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The information appearing in this publication is believed to be accurate. Integrated

circuits sold by UMC am covered by the warranty and patent mderm deal on p-ov sions

stipulated in the terms of sale only. UMC makes no warranty, expressed, statutory, implied

or by description regarding the information in this publication or regarding the freedom of

the described chip from patent infringement. Furthermore, UMC makes no warranty of

merchantability or fitness for any purpose. UMC reserves the right to halt production or

alter specifications and prices at any time without notice. Accordingly, the reader is

cautioned to verify that the data sheets and other information m this publication are Current

before placing orders.

Products described heron are intended for use in norma! commercial app iontions.

Applications which require extended temperature range, unusual environmental requirements,

or high reliability applications, e.g. military, medical life-support or life sustaining

equipment, are specifically not recommended without additional processing oy CMC tor

such applications.

Reference to products of other manufacturers is solely for purposes of comparison and

does not imply total equivalency of design, performance, or other characteristics

Preliminary: this producl is in limited production. The specifications are preliminary

and subject to change. Hence, prior to programming or designing this product into a system,

the customer is advised ;o check with CMC for current infem-'ation.

Advanced Product Description: this product has not been manufactured in volume.

The specifications are preliminary and subject to change, and device characterization has

not been fixed Hence, prior to programming or designing this product into a system, the

customer is advised to check with UMC lor current information



Milestones in UMC's History

May 1*980

Apr. 1982

Dec. 1983

Aug. 1984

Nov. 1984

Oct. 1985

Apr. 1986

June 1986

Jan. 1987

Dec. 1987

Aug. 1988

Dec. 1988

June 1989

- Company formally established

- Production began

- Ranked first in profitability in Taiwan Top 500

- Began VLSI process and product development

- U.S. design facility established

- Developed 1.5 micron 64K SRAM VLSI
-- Developed L25 micron VLSI process with TRW
- Contracted with SMC of U.S. on computer IC development

- Dataquest listed UMC 32nd in worldwide MOS sales

- Construction of US$260 million ULSI Plant began

- Construction of new R&D office building began

- Developed 1.0 micron 256K SRAM and 1 M ROM
- ULSI Plant began production
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MEDICAL APPLICATIONS

UMC's products are not authorized for use in medical applications,

including, but not limited to, use in life support devices without the

written consent of the appropriate officer of UMC. Buyers of UMC
products are requested to notify UMC sales offices when planning to

use the products in the applications which involve medical applications.

NOTICE
The information in this document has been carefully checked. However,

no responsibility is assumed for inaccuracies.

The example of an applied circuit or combination with other equipment

shown herein indicates characteristics and performance of

semiconductor-applied products. UMC shall assume no responsibility

for any problem involving a patent caused when applying the

descriptions in the example.



i !3%,#!

TABLE OF CONTENTS
I

A. Contents
D Numerical

Functional

Cross-Reference

1

.

Microprocessor
2. PC Mainboard I

3. Display

4. Storage
5. I/O And Peripherals

6. PC Mainboard II

B. General Information
MOS Handling

Quality/Reliability

Packaging Information

Representatives/Distributors



CONTENTS

Numerical Contents

Part No.

UM2661

UM487

UM587

UM65G2/07/12

UM6502E

UM6522/A

UM6532/A

UM6551

UM6845/A/B

UM6S45R/RA/RB

UM6B45E/EA/E8

UM70C171/-507-65

UM74HCT590

UM74HCT612

UM74HCT646

UM82C01

UM82C088

UM82CH-C

UM82C2Q6

UM82C210"Series

UM82C211

UMB2C212

UMS2C215

UM82C230 Series

UM82C231

UMB2C232

UM82C38Q Series

UM82C381

UM82C382

UMB2C383

UM82C384

UM82C388

UM82C389

UM82C284-10/-12

UM82C28S-1GM2

Page

5-3

3-3

3-17

1-3

1-14

518

Description

Enhanced Programmable Communications Interface (EPCIt

HCGA Controller ,

VGA Controller

8-bit Microprocessor .

8-bil Microprocessor , . .

Versatile Interface Adapter (VIA)

RAM, I/O; Timer Array 5-35

Asynchronous Communication Interface Adapter IACIA) 5-42

CRT Controller 345

CRT Controller 3-68

CRT Controller 3-81

Color Palette with Triple 6-Bit DAC 3-98

8 bit Binary Counter with Output Registers 2-3

•Vtemory Mapper 2-7

Octal Bus Transceiver and Register 2-13

Capacitance Keyboard Encoder fCKE) 5 51

PC/XT Integration Chip 219

Printer Adapter Interface (PAI) 5-62

Integrated Peripheral Controller ..... 63

386SX/286 AT Chip Set 6 67

System Controller 6-69

Memory ConlroHer 6-74

Data/Address Buffer 6B5

286 PC/AT Chip Set 6-87

System /Memory Controller 6-90

l j.i i.i Buffer ,
6-116

386 PC/AT Chip Set 6-130

System Controller 6-136

Address Buffer 6-1 45

LJcjUj Buffer 6-149

Memory Controller 6-164

INTEL Cache Interface 6-166

AUSTEK Car.he interface S- 1 7

/

Clock Generator and Ready Interface 2-41

Bus Controller 2-48

A-1



UMC
CONTENTS

Part No.

UM82C450

UM82C451

UM82C452

UM82C54/-2

UM82C550

UM82C55A

UM82C59A-2

UM82C8167

UM82C84AE

UM82C852

UM82152

UM8237AE/-4/-5

UM82450

UM8250A

UM8250B

UM8253/-5

UM8259A-2

UM8272A/A-4

UM83C001

UM83C002

UM83C003

UM83C004

UM83C021

UM83C022

UM8326/B

UM8388

UM8397

UM8398

Description Page

Asynchronous Communication Element (ACE) 5-71

Parallel/Asynchronous Communication Element 5-86

Single Chip Multi-I/O 5-111

CMOS Programmable Interval Timer 2-63

Asynchronous Communication Element with 16-bit FIFO 5-135

CMOS Programmable Peripheral Interface 2-79

CMOS Programmable Interrupt Controller 2-98

Real-Time Clock (RTC) 5-158

CMOS Clock Generator and Driver 2-115

Multi I/O For XT 5-165

Cache Controller 2-122

Programmable DMA Controller (DMAC) 2-126

Asynchronous Communication Element (ACE) 5-188

Asynchronouc Communication Element (ACE) 5-204

Asynchronous Communication Element 5-219

Programmable Interval Timer 2-142

Programmable Interrupt Controller 2-153

Floppy Disk Controller 4-3

Hard Disk Controller 4-24

RAM Buffer Controller 4-44

Hard Disk Controller Interface 4-53

Hard Disk Controller Interface 4-57

Hard Disk Controller 4-61

AT HDC Interface 4-80

Floppy Disk Data Separator (FDDS) 4-96

Single-Chip Floppy Disk Controller 4-101

Single-Chip Floppy Disk Controller 4-113

Single-Chip Floppy Disk Controller 4-130

A-2



UIVIC CONTENTS

Part No.

MICROPROCESSOR

UM6502/07/12

UM6502E

PC MAINBOARD I

UM74HCT590

UM74HCT612

UM74HCT646

UM82C088

UM82C284-10/-12

UM82C288-10/-12

UM82C54/-2

UM82C55A

UM82C59A-2

UM82C84AE

UM82152

UM8237AE/-4/-5

UM8253/-5

UM8259A-2

PC MAINBOARD II

UM82C206

UM82C210 Series

UM82C211

UM82C212

UM82C215

UM82C230 Series

UM82C231

UM82C232

UM82C380 Series

UM82C381

UM82C382

UM82C383

UM82C384

UM82C388

UM82C389

DISPLAY

UM487

UM587

UM6845/A/B

UM6845R/RA/RB

UM6845E/EA/EB

UM70C171/-50/-65

Functional Contents

Description

8-bit Microprocessor

8-bit Microprocessor

8 bit Binary Counter with Output Registers

Memory Mapper

Octal Bus Transceiver and Register

PC/XT Integration-Chip

Clock Generator and Ready Interface

Bus Controller

CMOS Programmable Interval Timer

CMOS Programmable Peripheral Interface

CMOS Programmable Interrupt Controller

CMOS Clock Generator and Driver

Cache Controller

Programmable DMA Controller (DMAC)

Programmable Interval Timer

Programmable Interrupt Controller

Integrated Peripheral Controller

386SX/286 AT Chip Set

System Controller

Memory Controller

Data/Address Buffer

286 PC/AT Chip Set

System/Memory Controller

Data Buffer

386 PC/AT Chip Set

System Controller

Address Buffer

Data Buffer

Memory Controller

INTEL Cache Interface

AUSTEK Cache Interface

HCGA Controller

VGA Controller

CRT Controller

CRT Controller

CRT Controller

Color Palette with Triple 6-Bit DAC

Remarks

1,2,3,4 MHz Versions

1,2, 3, 4 MHz Versions

Page

1-3

1-14

- 2-3

- 2-7

- 2-13

10 MHz Version 2-19

— 2-41

_ 2-48

— 2-63

— 2-79

— 2-98

- 2-115

- 2-122

- 2-126

- 2-142

- 2-153

16, 20 MHz Versions 6-3

16, 20 MHz Versions 6-67

16, 20 MHz Versions 6-69

16, 20 MHz Versions 6-74

16, 20 MHz Versions 6-85

12 MHz Version 6-87

12 MHz Version 6-90

12 MHz Version 6-116

20, 25 MHz Versions 6-130

20, 25 MHz Versions 6-136

20, 25 MHz Versions 6-145

20, 25 MHz Versions 6-149

20, 25 MHz Versions 6-154

20, 25 MHz Versions 6-165

20, 25 MHz Versions 6-177

3-3

- 3-17

1, 1.5, 2 MHz Versions 3-45

1,2, 3 MHz Versions 3-68

1,2, 3 MHz Versions 3-81

35, 50, 65 MHz Versions 3-98

A-3



UMC
CONTENTS

Part No.

STORAGE

UM8272A/A-4

UM83C001

UM83C002

UM83C003

UM83C004

UM83C021

UM83C022

UM8326/B

UM8388

UM8397

UM8398

I/O AND PERIPHERALS

UM2661

UM6522/A

UM6532/A

UM6551

UM82C01

UM82C11-C

UM82C450

UM82C451

UM82C452

UM82C550

UM82C8167

UM82C852

UM82450

UM8250A

UM8250B

Description

Floppy Disk Controller

Hard Disk Controller

RAM Buffer Controller

Hard Disk Controller Interface

Hard Disk Controller Interface

Hard Disk Controller

AT HDC Interface

Floppy Disk Data Separator (FDDS)

Single-Chip Floppy Disk Controller

Single-Chip Floppy Disk Controller

Single-Chip Floppy Disk Controller

Enhanced Programmable Communications

Interface (EPCI)

Versatile Interface Adapter (VIA)

RAM, I/O, Timer Array

Asynchronous Communication Interface

Adapter (ACIA)

Capacitance Keyboard Encoder (CKE)

Printer Adapter Interface (PAI)

Asynchronous Communication Element (ACE)

Parallel/Asynchronous Communication

Element

Single Chip Multi-I/O

Asynchronous Communications Element

with FIFOs

Real-Time Clock (RTC)

Multi I/O For XT

Asynchronous Communication Element (ACE)

Asynchronous Communication Element (ACE)

Asynchronous Communication Element (ACE)

Remarks Page

4, 8 MHz Versions 4-3

For PC/XT H. D. C 4-24

4-44

For PC/XT MFM H. D. C. 4-53

For PC/XT MFM/R LL H. D. C. 4-57

For PC/AT H. D. C. 4-61

For PC/AT H. D. C. 4-80

4, 8 MHz Versions 4-96

Special Design For IBM PC 4-101

Design For IBM PC XT 4-113

Special Design For IBM PC 4-130

Three Baud Rates 5-3

1,2 MHz Versions 5-18

1,2 MHz Versions 5-35

1,2 MHz Versions 5-42

_ 5-51

- 5-62

- 5-71

- 5-86

_ 5-111

- 5-135

_ 5-158

- 5-165

- 5-188

- 5-204

_ 5-219

A-4



CROSS REFERENCE GUIDE

MICROPROCESSOR

PC MAINBOARD

UMC ROCKWELL

UM6502 R6502

UMC CHIPS ACER INTEL HARRIS AUSTEK

UM82C088 M1101

UM82C206 CS82C206

UM82C21

1

CS82C211

UM82C212 CS82C212

UM82C215 CS82C215

UM82C284 JP82284

UM82C288 182288

UM82C54 HD82C54

UM82C55A HD82C55

UM8259A-2 iP8259A-2

UM82C88 HD82C88

UM82152 A38152

UM8237AE-5 1P8237A-5

UM8253/-5 iP8253-5

-UM8259A-2 iP8259A-2

DISPLAY

UMC HITACHI INMOS OAK

UM587 OTI 037-C

UM6845/A/B HD6845S/68A45S/68B45S

UM70C171/-50/-65 IMSG171S

A-5



UMC
CROSS REFERENCE GUIDE

STORAGE

UMC NEC ZILOG INTEL SMC

UM8272A MPD765 Z765A iP8272A

UM8326 SMC FDC 9216

I/O AND PERIPHERALS

UMC VTI NS SIS

UM82C11-C SIS82C11

UM82C450 SIS82450

UM82C451 VT1 16451

UM82C452 VT1 16452

UM82C550 NS 16550

UM82C8167 NS58167

UM82450 NS 16450

UM8250B NS8250B

A-6



UMC

Microprocessor

Part No. Description Page

UM6S02/O7/12 8-bit Microprocessor 1-3

UM6502E 8-bit Microprocessor , 1-14

1-1



UM6502 07 12

8-bit Microprocessor

Features

Single 5V ± 5% power supply

N channel, silicon gate, depletion load technology

56 instructions

Decimal and binary arithmetic

Thirteen addressing modes

True indexing capability

Programmable stack pointer

Variable length stack

Interrupt capability

Non-maskable interrupt

Bi-directional data bus

Addressable memory range of up to 64K bytes

"Ready" input

Direct memory access capability

Bus compatible with MC6800
Choice of external or onboard clocks

1MHz, 2MHz, 3MHz and 4MHz versions

On-chip clock options

—External single clock input

—Crystal time base input

Pipeline architecture

General Description

The UM6502/07/12 microprocessors are totally soft-

ware compatible with one another. These products pro-

vide a wide selection of addressable memory range, in-

terrupt input options and on-chip clock oscillators and

drivers. The UM6502/07 on-chip clock versions are

aimed at high performance, low cost applications where

single phase inputs or crystals provide the time base. The

UM6512 external clock version is geared to multiprocessor

system applications where maximum timing control is

mandatory. These products are bus compatible with the

MC6800.

Pin Configurations

7J02 (OUT) vss

rjA)"N > ROY

Z]r/w 01

7JDB0

7JDB1

7JDB2

IRQ

v Ss

NMI

SYNC
7JDB3 vCc
7JDB4 ABO

Z1DB5

7JDB6

7JDB7

AB1

AB2

AB3

AB4

7J AB12 AB5

Zl AB11 AB6

~J AB10 AB7

1-3



UMC
UM6502 07 12

Block Diagram

REGISTER SECTION CONTROL SECTION

ADDRESS
BUS

ABO-«-

AB1 •

AB2 •

AB3

AB4 -

AB5-

AB6--

AB7 -

c

AB8

AB9 »-

AB10

AB11

AB12

AB13-

AB14-

AB15-

d

c

INDEX
REGISTER

YZ>

INDEX
REGISTER YZ>

STACK
POINTER
REGISTER

(SI

10

c

7^:

12

O

ACCUMULATOR

Jo
o

<£
C=l INPUT DATA

LATCH
(DL)

inu inivi

INTERRUPT
LOGIC

DATA BUS
BUFFER

O LEGEND:
= 8 BIT LINE

INSTRUCTION
DECODE

TIMING
CONTROL

Vt-i/

. . PROCESSOR
1/ —^ STATUS

7% -<t>l (INI"

I

-02 (IN)

CLOCK
GENERATOR

INSTRUCTION
REGISTER

q
TT

I CLOCK LUM6502
INPUTJ UM6507

<t>i OUT

-02 OUT
-- R/W
-•- DBE

-DBO
-»DB1
-»DB2
-•-DB3

-DB4
-*-DB5

-DB6
-DB7

Notes:

1. CLOCK GENERATOR IS NOT INCLUDED ON UM6512
2. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH EACH PRODUCT

Absolute Maximum Ratings*

Supply Voltage Vcc -0.3 to +7.0V

Input Voltage V| N -0.3 to +7.0V

Operating Temperature TA to 70°C

Storage Temperature TSTG -55to + 150°C

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of this

device at these or any other conditions above those indi-

cated in the operational sections of this specification is not

implied and exposure to absolute maximum rating condi-

tions for extended periods may affect device reliability.

1-4



UMC UM6502 07 12

DC Electrical Characteristics

(V C c = 5.0V ± 5%, T A = - 70°C)

(0i,02 applies to UM6512, O (in) applies to UM6502/UM6507)

Symbol Parameter Min. Max. Unit

V,H Input High Voltage

Logic and O (in) for , .1,2, 3 MHz

UM6502/UM6507 * MMHz
+ 2.0 Vcc V

+ 3.3 vCc V

01 and 2 on 'y f° r

UM6512 >
A " SpeedS VCc - 0.5 VCC + 0.25 V

V|L Input Low Voltage

Logic, o ( in )
(UM6502/UM6507) -0.3 +0.8

01,02 (UM6512) -0.3 +0.2 V

IlL Input Loading

(V|N =0V, VCC = 5.25V)

RDY, S.O. -10 -300 ma

1 INI
Input Leakage Current

(V,N =0 to 5.25V, Vcc = 0)

Logic (Excl. RDY, SO.) - 2.5 MA

01,02 (UM6512) - 100 MA

0o(in) (UM6502/UM6507) - 10.0 MA

! TSI Three-State (Off State) Input Current

(V,N = 0.4 to 2.4V, Vcc = 5.25V)

DB0-DB7 - ±10 ma

V H Output High Voltage

(I LOAD = -100juAdc, Vcc = 4.75V) 1,2 MHz 2.4 - V

SYNC, DB0-DB7, AB0-AB15, R/W

Vol Output Low Voltage

( I LOAD = 1-6 mAdc, VCC = 4.75 V) 1,2MHz - 0.4 V
SYNC, DB0-DB7, AB0-AB15, R/W

Pd Power Dissipation 1 MHz and 2MHz

(VCC = 5.25V)

- 700 mW

C Capacitance

(V,N =0, TA = 25°C, f= 1 MHz)

C IN RES, NMT, RDY, IRQ, S.O., DBE - 10

DB0-DB7 - 15

COUT AB0-AB15, R/W, SYNC - 12 pF

c0o (in) 0o (in) (UM6502/UM6507) - 15

OPi 0i (UM6512) - 50

C02 02 (UM6512) - 80

1-5
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Timing Waveforms

UM6502/UM6507

CLOCKS

00 (IN)

01 (OUT)

02 (OUT)

R/W

ADDR

DATA
(READ)

~\
- TCYC

r L0o

TQ1 +

T02-"

/

\

/
TPWH0j

TD

TRWS

REF "A"

DATA
(WRITE)

SYNC

RDY

UM6512
CLOCKS

01 (IN)

02 (IN)

/

ymm
TADS

yzfflzx

rH0o

\

\

/
TC^

-TpwH02

\
TD

TADH

REF "B"

TSYS

/

ymnzmzmnzL

TCYC

TPWHO! \
TD

TACC
TDSU

c

TMDS
THW

c
TSYH

REF "C"

DL

• TRS

THR

m
TD

f
— TPWH02

\
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Dynamic Operating Characteristics

(

V

cc = 5.0 ± 5%, TA = 0° to 70°C)

1 MHz 2 MHz 3 MHz 4 MHz

'"

Parameter Symbol Unit

Min. Max. Min. Max. Min. Max. Min. Max.

UM6512

Cycle Time TCYC 1.00 40 0.50 40 0.33 40 0.25 40 JUS

<t>i Pulse Width TPWH0! 430 - 215 - 150 - ns

02 Pulse Width TPWH02 470 - 235 - 160 _ ns

Delay Between 0j and 2 TD - - - ns

01 and 2 Rise and Fall Times' 1 ' Tr.t f 25 20 15 ns

UM6502/UM6507

Cycle Time TCYC 1.00 40 0.50 40 0.33 40 0.25 40 JtXS

00 (IN) Low Time'2 ' T L0O 480 - 240 - 160 _ 110 _ ns

00 (IN) H'9h Time'2 ' TH0O 460 - 240 - 160 _ 115 _ ns

O Neg to 0! Pos Delay'5 ' TQ1 + 10 70 10 70 10 70 10 70 ns

O Neg to 2 Neg Delay*5 ' T02- 5 65 5 65 5 65 5 65 ns

00 Pos to 0! Neg Delay*5 ' T01- 5 65 5 65 5 65 5 65 ns

00 Pos to 02 Pos Delay' 5 ' T02 + 15 75 15 75 15 75 15 75 ns

o (IN) Rise and Fall Time' 1 ' T RO- T FO 30 20 15 10 ns

0! (OUT), Pulse Width TPWH0! T L0O-2O T L0O T L0O-2O T L0O TL0Q-2O T L0O
T L Q

-2O TL0O ns

02 (OUT), Pulse Width TPWH02 T L O
-4O T L0O-1O T L Q

-4O T L O
-4O T L Q

-4O T L Q
-1O TL0Q-4O T L Q

-1O ns

Delay Between 0j and 02 TD 5 - 5 - 5 5 ns

0j and 02 Rise and Fall Times' 1
'
3 ' Tr.t f

- 25 - 25 - •15 - 15 ns

UM6502/UM6507/UM65 1

2

R/W Setup Time tRWS - 225 - 140 - 110 _ 90 ns

R/W Hold Time tRWH 30 - 30 - 15 - 10 — ns

Address Setup Time TADS - 225 - 140 - 110 — 90 ns

Address Hold Time TADH 30 - 30 - 15 - 10 _ ns

Read Access Time Tacc - 650 - 310 - 170 _ 110 ns

Read Data Setup Time TDSU 100 - 50 - 50 _ 50 _ ns

Read Data Hold Time THR 10 - 10 - 10 _ 10 _ ns

Write Data Setup Time TMDS 20 175 20 100 20 75 _ 70 ns

Write Data Hold Time THW 60 150 60 150 30 130 20 _ ns

Sync Setup Time TSYS - 350 - 175 - 100 - 90 ns

Sync Hold Time TSYH 30 - 30 - 15 _ 15 _ ns

RDY Setup Time'4 ' TRS 200 - 200 - 150 - 120 " ns

Notes:

1. Measured between 10% and 90% points.

2. Measured at 50% point.

3. Load = 1 TTL load + 30 pF.

4. RDY must never switch states within Trs to end of 2 .

5. Load= 100 pF.

6. The 2 MHz devices are identified by an "A" suffix.

7. The 3 MHz devices are identified by a "B" suffix.

8. The 4 MHz devices are identified by a "C" suffix.

Timing Diagram Note:

Because the clock generation for the UM6502/UM6507

and UM6512 is different, the two clock timing sections are

referenced to the main timing diagram by three reference

lines marked REF 'A', REF 'B' and REF 'C\ Reference
between the two sets of clock timings is without meaning.

Timing parameters referring to these line and scale varia-

tions in the diagrams are of no consequence.

1-7



UMC UM6S02/07/12

Pin Description

Clocks (01,02^
The UM6512 requires a two phase non-overlapping clock

that runs at the Vcc voltage level.

The UM6502/UM6507 clocks are supplied with an internal

clock generator. The frequency of these clocks is ex-

ternally controlled. Clock generator circuits are shown

elsewhere in this data sheet.

Address Bus (AB0-AB1 5)

;
(See sections on each microprocessor for respective address

lines on these devices.)

These outputs are TTL compatible, capable of driving

one standard TTL load and 130 pF.

Data Bus (DB0-DB7)

Eight pins are used for the data bus. This is a bidirec-

tional bus, transferring data to and from the device and

peripherals. The outputs are three-state buffers, capable

of driving one standard TTL load and 130 pF.

Data Bus Enable (DBE)

This TTL compatible input allows external control of the

three-state data output buffers and will enable the micro-

processor bus driver when in the high state. In normal

operation DBE would be driven by the phase two (<p2 )

clock, thus allowing data output from the microprocessor

only during 4>2 . During the read cycle, the data bus drivers

are internally disabled, becoming essentially an open circuit.

To disable the data bus drivers externally, DEB should

be held low. This signal is available on the UM651 2 only.

Ready (RDY)
This input signal allows the user to halt the microprocessor

on all cycles except write cycles. A negative transition to

the low state during, or coincident with phase one, {4>i ) will

halt the microprocessor with the output address lines reflec-

ting the current address being fetched. This condition will

remain through a subsequent phase two (02 ) in which the

Ready signal is low. This feature allows microprocessor

interfacing with low speed PROMs as well as fast (max. 2

cycle) Direct Memory Access (DMA). If ready is low during a

write cycle, it is ignored until the following read operation.

Ready transitions must not be permitted during </>2 time.

Interrupt Request (IRQ)

This TTL level input requests that an interrupt sequence

begin within the microprocessor. The microprocessor will

complete the current instruction being executed before

recognizing the request. At the time, the interrupt mask bit

in the Status Code Register will be examined. If the inter-

rupt mask flag is not set, the microprocessor will begin an

interrupt sequence. The Program Counter and Processor

Status Register are stored in the stack. The microprocessor

will then set the interrupt mask flag high so that no further

interrupts may occur. At the end of this cycle, the program

counter low will be loaded from address FFFE, and pro-

gram counter high from location FFFF, therefore trans-

ferring program control to the memory vector located at

,

these addresses. The RDY signal must be in the high state

for any interrupt to be recognized. A 3KJ2 external resistor

should be used for proper wire-OR operation.

Non-Maskable Interrupt (NMD
A negative going transition on this input requests that

a non-maskable interrupt sequence be generated within

the microprocessor.

NMI is an unconditional interrupt. Following comple-

tion of the current instruction, the sequence of operations

defined for IRQ will be performed, regardless of the state

interrupt mask flag. The vector address loaded into the

program counter, low and high, are locations FFFA and

FFFB respectively, thereby transferring program control

to the memory vector located at these addresses. The

instructions loaded at these locations cause the micro-

processor to branch to a non-maskable interrupt routine

in memory.

NMI also requires an external 3K£2 resistor to Vcc for

proper wire-OR operations.

Inputs IRQ and NMI are hardware interrupt lines that

are sampled during <f>2 (phase 2) and will begin the ap-

propriate interrupt routine on 4>\ (phase 1) following the

completion of the current instruction.

Set Overflow Flag (S. O.)

A NEGATIVE going edge on this input sets the overflow

bit in the Status Code Register. This signal is sampled

on the trailing edge of (/>i

.

SYNC
This output line is provided to identify those cycles in

which the microprocessor is doing an OP CODE fetch. The

SYNC line goes high during <j>i of an OPCODE fetch and

stays high for the remainder of that cycle. If the RDY line

is pulled low during the 4>i clock pulse in which SYNC
went high, the processor will stop in its current state and

will remain in the state until the RDY line goes high. In

this manner, the SYNC signal can be used to control RDY
to cause single instruction execution.

Reset (RES)

This input is used to reset or start the microprocessor

from a power down condition. During the time that this

line is held low, writing to or from the microprocessor

is inhibited. When a positive edge is detected on the

input, the microprocessor will immediately begin the

reset sequence.

After a system initialization time of six clock cycles, the

mask interrupt flag will be set and the microprocessor

will load the program counter from the memory vector

locations FFFC and FFFD. This is the start location for

program control.

After Vcc reaches 4.75 volts in a power up routine, reset

must be held low for at least two clock cycles. At this

time the R/W and SYNC signals will become valid. When
the reset signal goes high following these two clock cycles,

the microprocessor will proceed with the normal reset

procedure detailed above.

Read/Write (R/W)

This output signal is used to control the direction of data

transfers between the processor and other circuits on the

iata bus. A high level on R/W signifies data into the pro-

cessor; a low is for the data transfer out of the processor.

1-i!
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Programming Characteristics

INSTRUCTION SET- ALPHABETIC SEQUENCE

"ADC Add Memory to Accumulator with Carry

AND "AND" Memory with Accumulator
ASL Shift left One Bit (Memory or Accumulator)

BCC Branch on Carry Clear

BCS ( Branch on Carry Set

BEQ Branch on Result Zero

BIT Test Bits in Memory with Accumulator
BMI Branch on Result Minus

BNE Branch on Result not Zero

BPL Branch on Result Plus

BNK Force Break

BVC Branch on Overflow Clear

BVS Branch on Overflow Set

CLC Clear Carry Flag

CLD Clear Decimal Mode
CLI Clear Interrupt Disable Bit

CLV Clear Overflow Flag

CMP Compare Memory and Accumulator

CPX Compare Memory and Index X
CPY Compare Memory and Index Y

DEC Decrement Memory by One
DEX Decrement Index X by One
DEY Decrement Index Y by One

EOR "Exclusive-OR" Memory with Accumulator

INC Increment Memory by One
INX Increment Index X by One
I NY Increment Index Y by One

JMP Jump to New Location

JSR Jump to New Location Saving Return Address

ADDRESSING MODES

Accumulator Addressing

This form of addressing is represented with a one byte
instruction, implying an operation on the accumulator.

Immediate Addressing

In immediate addressing, the operand is contained in the

second byte of the instruction, with no further memory
addressing required.

Absolute Addressing

In absolute addressing, the second byte of the instruction

specifies the eight low order bits of the effective address

while the third byte specifies the eight high order bits.

Thus, the absolute addressing mode allows access to the

entire 65K bytes of addressable memory.

UM6502 07 12

LDA Load Accumulator with Memory
LDX Load Index X with Memory
LDY Load Index Y with Memory
LSR Shift One Bit Right (Memory or Accumulator)

NOP No Operation

ORA "OR" Memory with Accumulator

PHA Push Accumulator on Stack

PHP Push Processor Status on Stack

PLA Pull Accumulator from Stack

PLP Pull Processor Status from Stack

ROL Rotate One Bit Left (Memory or Accumu-
lator)

ROR Rotate One Bit Right (Memory or Accumulator
RTI Return from Interrupt

RTS Return from Subroutine

SBC Subtract Memory from Accumulator with

Borrow

SEC Set Carry Flag

SED Set Decimal Mode
SEI Set Interrupt Disable Status

STA Store Accumulator in Memory
STX Store Index X in Memory
STY Store Index Y in Memory

TAX Transfer Accumulator to Index X
TAY Transfer Accumulator to Index Y
TSX Transfer Stack Pointer to Index X
TXA Transfer Index X to Accumulator

TXS Transfer Index X to Stack Pointer

TYA Transfer Index Y to Accumulator

Zero Page Addressing

The zero page instructions allow for shorter code and
execution times by only fetching the second byte of the
instruction and assuming a zero high address byte. Careful

use of the zero page can result in a significant increase in

code efficiency.

Indexed Zero Page Addressing - (X, Y indexing)

This form of addressing is used in conjunction with the
index register and is referred to as "Zero Page, X" or
"Zero Page, Y." The effective address is calculated by
adding the second byte to the contents of the index
register. Since this is a form of "Zero Page" addressing,

the content of the second byte references a location on

I

page zero. In addition due to the "Zero Page" addressing

1-9
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nature of this mode, no carry is added to the high order

8 bits of memory and crossing of page boundaries does

not occur.

Indexed Absolute Addressing — (X, Y indexing)

This form of addressing is used in conjunction with the X

and Y index registers and is referred to as "Absolute, X,"

and "Absolute, Y." The effective address is formed by

adding the contents of X or Y to the address contained

in the second and third bytes of the instruction. This mode

allows the index register to contain the index, or count

value, and the instruction to contain the base address.

This type of indexing allows any location reference and

the index to modify multiple fields, resulting in reduced

coding and execution time.

Implied Addressing

In the implied addressing mode, the address containing

the operand is implicitly stated in the operation code

of the instruction.

Indexed Indirect Addressing

In indexed indirect addressing (referred to as "Indirect,

X"), the second byte of the instruction is added to the

contents of the X index register, discarding the carry.

The result of this addition points to a memory location

on page zero whose contents is the low order eight bits

of the effective address. The next memory location on

page zero contains the high order eight bits of the effective

address. Both memory locations specifying the high and

low order bytes of the effective address must be on page

zero.

Indirect Indexed Addressing

In indirect indexed addressing (referred to as "Indirect,

Y"), the second byte of the instruction points to a memory

location on page zero. The content of this memory

location is added to the contents of the Y index register,

the result being the low order eight bits of the effective

address. The carry from this addition is added to the

contents of the next page zero memory location, the result

being the high order eight bits of the effective address.

Relative Addressing

Relative addressing is used only with branch instructions

and establishes a destination for the conditional branch.

The second byte of the instruction becomes the operand

which is an "Offset" added to the contents of the lower

eight bits of the program counter when the counter is set

to the next instruction. The range of the offset is-128

to + 127 bytes from the next instruction.

Absolute Indirect

The second byte of the instruction contains the low order

eight bits of a memory location. The high order eight

bits of that memory location is contained in the third

byte of the instruction. The content of the fully specified

memory location is the low order byte of the effective

address. The next memory location contains the high

order byte of the effective address which is loaded into

the sixteen bits of the program counter.

PROGRAMMING MODEL

15

PCH

ACCUMULATOR

] INDEX. REGISTER

I INDEX REGISTER

PCL PROGRAM COUNTER "PC"

STACK POINTER "S"

lv| |B|Dll|z|c| PROCESSOR STATUS REG "P"

I—*» CARRY 1 =TRUE

ZERO 1 = RESULT ZERO

-* IRQ DISABLE 1 = DISABLE

-* DECIMAL MODE 1 = TRUE

-*- BRK COMMAND 1 = BRK

-*. OVERFLOW

-*. NEGATIVE

1 =TRUE

1 = NEG.
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Clock Generation Circuits*

* Crystals used are CTS Knight MP Series or equivalents. (Series Mode)

r OSCILLATOR CIRCUIT
(ONE TTL PACKAGE REQUIRED)

1
1 0.05 MF

4 V>A »

~
DIVIDE BY 2 OR 4 CIRCUIT

~

1

(ONE TTL PACKAGE REQUIRED)
+5V 5V

Ai_ a —h.
1.5K

2.2K 2.2K

500 pF

L.

';D^
TDH{^^

D n Q

1/2

74LS74

C o Q

5 B
| 12

D n Q

1/2

74LS74

C s Q

10

+5V +5V
JUMPER "A" = -r-4

JUMPER "B" =t2

Crystal Frequency
Output Frequency

+ 2 -5-4

3.579545 MHz 1 .7897 MHz 0.894886 MHz

4.194304 MHz 2.097152 MHz 1 .048576 MHz

^0O (UM65O2/UM65O7

<Pi (UM6512)

. 02<UM6512)

33K

1.8K lsk
"V\A

1

|
vw

1 I^N74LS04U q N^4LS04

UM6502/UM6507

SYSTEM
CLOCK

+5V
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Instruction Set

Instructions Immediate Absolute Zero page Accum. Implied (Ind. X) Kind. Y)

Mnemonic Operation OP n # OP n # OP n # OP n # OP n # OP n # OP n #ADCAND
A S L

B C C
B C S

A + M + C - A (4> (1)

AaM-+A (1)

C<-|7 0|<-0
BRANCH ONC-0 (2)

BRANCH ON C=1 (2)

69
29

2

2

2

2

6D
2D
0E

4
4

6

3

3

3

65
25
06

3

3

5

2

2

2 0A 2 1

61

21

6

6
2

2

71

31

5

5

2

2

B E Q
B 1 T
B M 1

B N E
B P L

BRANCH ON Z=1 (2)

A AM
BRANCH ON N = 1 (2)

BRANCH ON Z = (2)

BRANCH ON N = (2)

2C 4 3 24 3 2

B R K
B V C
B V S

C L C
C L D

BREAK
BRANCH ON V = (2)

BRANCH ON V = 1 (2)

o-»-c

0-»-D

00

18

D8

7

2

2

1

1

1

C L 1

C L VCMP
C P . X
C P Y

0-*1
0-»-V
A-M
X-M
Y-M

C9
EO
CO

2

2

2

2

2

2

CD
EC
CC

4
4

4

3

3

3

C5
E4
C4

3

3

3

2

2

2

58
B8

2

2

1

1

C1 6 2 D1 5 2

DEC
D E X
D E Y
E R
1 N C

M- 1 -*M
X - 1 -»• X
Y- 1 -+Y
AVM-cA (1)

M + 1 -»• M
49 2 2

CE

4D
EE

6

4

6

3

3

3

C6

45
E6

5

3

5

2

2

2

CA
88

2

2

1

1

41 6 2 51 5 2

1 N X
1 N Y
J M P

J S R
L D A

X + 1-f X
Y+HY
JUMP TO NEW LOC
JUMP SUB
M A (1) A9 2 2

4C
20
AD

3

6

4

3

3

3 A5 3 2

E8
C8

2

2

1

1

A1 6 2 B1 5 2

L D X
L D Y
L S RNOP

R A

M-+X (1)

M-+Y (1)

0-H7 o'hc
NO OPERATION
A VM->-A

A2
AO

09

2

2

2

2

2

2

AE
AC
4E

OD

4
4
6

4

3

3

3

3

A6
A4
46

05

3

3

5

3

2

2

2

2

4A 2 1

EA 2 1

01 6 2 11 5 2

P H APHP
P L A
P L P

R L

A -» MS S - 1 -»• S
P-»-MS S- 1 -+S
S + 1 -+ S MS -»• A
S+ 1 -+S MS-*P
k-17 0l4-IC|*J 2E 6 3 26 5 2 2A 2 1

48

08
68
28

3

3

4

4

1

2

1

1

R R
R T 1

R T SSBCSEC
S E D

HcJ->|o 7|J
RTRN INT
RTRN SUB
A-M-C-»-A (1)

1 -+C
1 -+D

E9 2 2

6E

ED

6

4

3

3

66

E5

5

3

2

2

6A 2 1

40
60

38

F8

6

6

2

2

1

1

1

1

E1 6 2 F1 5 2

S E 1

S T A
S T XSTYTAX

1 -+1

A-+M
X-+M
Y->-M
A-^X

8D
8E
8C

4
4
4

3

3

3

85
86
84

3

3
3

2

2

2

78

AA

2

2

1

1

81 6 2 91 6 2

T A Y
T S X
T X A
T X S
T Y A

A-*- Y
S-*X
X-*.A
X-*S
Y-* A

A8
BA
8A
9A
98

2

2

2

2

2

1

1

1

1

1

(1) ADD 1 TO N IF PAGE BOUNDARY IS CROSSED
(2) ADD 1 TO N IF BRANCH OCCURS TO SAME PAGE

ADD 2 TO N IF BRANCH OCCURS TO DIFFERENT PAGE
(3) CARRY NOT = BORROW
(4) IF IN DECIMAL MODE Z FLAG IS INVALID

ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT
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Z Page.

X

Abs. X Abs. Y Relative Indirect ZPage. Y Processor Status Codes

OP n # OP n # OP n # OP n # OP n # OP n #
7 6 5 4 3 2 1

Mnemonic
N V . B D 1 Z c

75
35
16

4
4
6

2
2
2

7D
3D
1E

4
4
7

3
3
3

79
39

4
4

3
3

90
BO

7

2
2
2

N
N
N

V . . . . z
z
z

c

c

A
A
A
B
B

D
N
S
C
C

C
D
L
C
s

FO

30
DO
10

2

2
2
2

2

2
2
2

M 7 M 6 . . . . Z
B
B
B
B
B

E
I

M
N
P

Q
T
I

E
L

50
70

2
2

2
2

. .1.1. B
B
B
c
C

R
V
V
L
L

K
C
S
C
D. . . . .

D5 4 2 DD 4 3 D9 4 3 N
N
N

. . . . .

Z
z
z

c
c
c

C
C
C
C
C

L
L
M
P
P

I

V
P
X
Y

06

55
F6

6

4
6

2

2
2

DE

5D
FE

7

4
7

3

3
3

59 4 3

N
N
N
N
N

z
z

z
z

D
D
D
E
I

E
E
E

N

C
X
Y
R
C

B5 4 2 BD 4 3 B9 4 3

6C 5 3

N
N

z
z

I

I

J

J

L

N
N
M
S
D

X
Y
P
R
AN z

B4
56

15

4
6

4

2
2

2

BC
5E

1D

4
7

4

3
3

3

BE

19

4

4

3

3

B6 4 2 N
N

z
z
z c

L
L
L
N

D
D
S

R

X
Y
R
P
AN z

36 6 2 3E 7 3

N

N

z
(RESTORED)

Z c

P
P

P
P
R

H
H
L
L

A
P

A
P

L

76

F5

6

4

2

2

7E

FD

7

4

3

3 F9 4 3

N Z
(RESTORED)

c R
R
R
S
S
S

T
T
B
E
E

R
I

S
C
C
D

N V . . . . Z

. . . 1 . .

(3)

1

95

94

4

4

2

2

9D 5 3 99 5 3

96 4 2

1 . S
S
S
S
T

E
T
T
T
A

I

A
X
Y
XN Z

N
N
N

N

Z
Z
Z

Z

T
T
T
T
T

A
S
X
Y
Y

Y
X
S
S
A

X INDEX X + ADD
Y INDEX Y _ SUBTRACT
A ACCUMULATOR a AND
M MEMORY PER EFFECTIVE ADDRESS V OR
Ms MEMORY PER STACK POINTER V EXCLUSIVE OR

M7 MEMORY BIT 7

M 6 MEMORY BIT 6
n NO. CYCLES
# NO. BYTES

Ordering Information

1 MHz 2 MHz 3 MHz 4 MHz

UM6502 UM6502A UM6502B UM6502C

UM6507 - - -

UM6512 UM6512A UM6512B UM6512C

Part

Number Clocks Pins IRQ NMI RYD Addressing

UM6502

UM6507

UM6512

On-Chip

On-Chip

External

40

28

40

V

V i

64 K

8K
64 K
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UM6502E

8-Bit Microprocessor

Features

UM6502E is the enhanced timing version of UM6502
Single 5V ± 5% power supply

N channel, silicon gate, depletion load technology

56 instructions

Decimal and binary arithmetic

Thirteen addressing modes

True indexing capability

Programmable stack pointer

Variable length stack

Interrupt capability

Non-Maskable interrupt

General Description

The UM6502/UM6502E/UM6507/UM6512 microproces-

sors are totally software compatible with one another.

These products provide a selection of addressable memory
range, interrupt input options and on-chip clock oscillators

and drivers. The UM6502/UM6502E/UM6507 on-chip

clock versions are aimed at high performance, low cost

Bi-directional data bus

Addressable memory range of up to 64K bytes

"Ready" input

Direct memory access capability

Bus compatible with MC6800

Choice of external or on-board clocks

1MHz, 2MHz, 3MHz and 4MHz versions

On-chip clock options

— External single clock input

— Crystal time base input

Pipeline architecture

applications where single phase inputs or crystals provide-

the time base. The UM6512 external clock version is

geared for the multi-processor system applications where

maximum timing control is mandatory. These products

are bus compatible with the MC6800 product offering.

Pin Configurations

vssC 1 40 ZIres
rdyC 2 39 Zl 2 (OUT)

(OUT) C 3 38 Zls.o.

irq|_ 4 37 I] 00 UN)

N. C. IZ 5 36 ZlN. C.

NMl[Z 6 35 ZIn. C.

SYNCC 34 ZJ R/W

vccE 8 33 ZJOBO
ABOlZ 9 C 32 Zl DB1

ABlfZ 10 31 U DB2

AB2IZ 11
01

30 Zl DB3

AB3C1 12 m 29 Zl OB4

AB4d 13 28 Z| DB5

AB5Q 14 27 ~J DB6

AB6Q 15 26 Zl DB7

AB7[Z 16 25 ~J AB15

AB8Q 17 24 Zl AB14
AB9|Z 18 23 Zl AB13
AB10[Z 19 22 Zl AB12

AB11(Z 20 21 H VSS

RES C.

vssC
ROY C
VCC C
ABO rz

abi rz

AB2 \Z

AB3C

AB4 C
AB5 rz

AB6 rz

AB7 \Z

AB8 [Z

AB9 (Z

Zlfo (OUT)

Z]<fo(IN)

Zl r/w

ZlDBO

ZIdbi

ZIDB2

Z1db3

Z1DB4

Z1DB5

Zl DB6

Zl0B7

Zl AB12

ZJ AB11

Zl AB10
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Absolute Maximum Ratings*

Supply Voltage Vcc -0.3 to +7.0V

Input Voltage V
in

-0.3 to +7.0V

Operating Temperature TA to 70°C

Storage Temperature TSTG -55 to +150°C

•Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (Vcc = 5.0V ± 5%, TA = - 70°C)

(01.02 applies to UM6512, O(jn) applies to UM6502/UM6502E/UM6507)

Symbol Parameter Min. Max. Unit

V,H Input High Voltage

Logic and 00 (in) for ir 1,2, 3 MHz
UM6502/UM6502E/UM6507 /l 4 MHz

0i and 02 only for ,

UM6512 1 All Speeds

+ 2.0

+ 3.3

VCC - 0.5

vCc
vCc

VCc + 0.25

V
V

V

V| L Input Low Voltage

Logic, 0b (in)
(UM6502/UM6502E/UM6507)

01,02 (UM6512)

-0.3

-0.3

+0.8

+0.2 V

liu Input Loading

(V in = V, VCC = 5.25V )

RDY, S.O.
-10 -300 MA

'in Input Leakage Current

(V in
= to 5.25 V, Vcc = 0)

Logic (Excl. RDY, S.O.)

0,.02 (UM6512)

0o(in) (UM6502/UM6502E/UM6507)

-
2.5

100

10.0

yA
PA
VA

•tsi Three-State (Off State) Input Current

(V in
= 0.4 to 2.4 V, VCC = 5.25 V)

DB0-DB7 _ ±10 UA

V H Output High Voltage

('LOAD = -100yAdc, Vcc = 4.75 V) 1, 2 MHz
SYNC, DB0-DB7, AB0-AB15, R/W

2.4 - V

Vol Output Low Voltage

(I LOAD = 1.6mAdc, VCc = 4.75V) 1, 2 MHz
SYNC, DB0-DB7, AB0-AB15, R/W

- 0.4 V

pD Power Dissipation 1MHzand2MHz
(Vcc = 5.25V)

- 700 mW

c

^out
C0o(in)
C0,

C02

Capacitance

(V in
= 0, TA = 25°C, f = 1 MHz)

RES, NMI, RDY, IRQ, S.O., DBE
DB0-DB7
AB0-AB15, R/W, SYNC

0b(in) (UM6502/UM6502E/UM6507)
0, (UM6512)

<k (UM6512)

- 10

15

12

15

50

80

pF
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Block Diagram

REGISTER SECTION

ADDRESS

BUS

AB1 -

AB2 .

AB3.

AB4-

AB5-

Sj-

AB8-

AB9 •

AB10.

AB11 -

AB12.

AB13.

ABM .

c

d c

c

CONTROL SECTION -

INDEX
REGISTER

10

INDEX
REGISTER
o

ack Ic;
NTER Nl—K

STACK
PO
REGISTER

(SI

7v

<Z

o

ACCUMULATOR

IO

c=f INPUT DATA
LATCH
IDLI

DATA BUS
BUFFER

1»

i=>
LEGEND:

= 8BIT LINE

I A 1 1 ii

RES IRQ NMI

JJJ.
INTERRUPT

LOGIC

I_J 1

INSTRUCTION
DECODE

£->
PROCESSOR
STATUS
REGISTER

TIMING
CONTROL

7\ -0, (INT

-02 (INI

CLOCK
GENERATOR

INSTRUCTION

REGISTER

11111'

M CLOCK] UM6502
INPUT _JUM6507

01 OUT

•-02 OUT

-*. DBO

-»-DBl

-». DB2

_*. DB3

-*. DB4

-p. D85

-». DB6

-«. DB7

Notes: 1 . Clock generator is not included on UM6512.
2. Addressing capability and control options vary with each product.
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Timing Waveforms

UM6502/UM6502E/
UM6507 CLOCK

00 (IN)

'TL0O"
'CYC-

'01 +

01 (OUT)

'02:

J

02 (OUT) \

R/W

ADDR

DATA
(READ)

REF "A" -»

DATA
(WRITE)

SYNC

RDY

UM6512
CLOCKS

01 (IN)

02 (IN)

/

/
TPWH01

«-Tr

'RWS-

yunm.
'ADS-

mm:

-TH0O-

K

\

/
'02+

REF "B"

'SYS"

/

X/////////////////W

'CYC

PWH01 \

~x

' PWH02-

— Tr

'ACC

'MSD

<

\
TRWH -—•

<

'DSU>-

:c

'HW

'SYH

REF"C"_»

'RS

/

:c
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UMC UMS502E

Dynamic Operating Characteristics (Vcc = 5.0 ± 5%, TA = 0° to 70°C)

1MHz 2 MHz 3 MHz 4 MHz
UnitParameter Symbol

Min. Max. Min. Max. Min. Max. Min. Max.

UM6502E

Cycle Time TCYC 1.00 40 0.50 40 0.33 40 0.25 40 MS

o (IN) Low Time'2 ' TL0o 480 - 240 - 160 - 110 - ns

o (IN)HighTime'
2 ' TH0o 460 - 240 - 160 - 115 - ns

O Negto0, Pos Delay'5 ' T01 + 10 70 - 50 - 45 - 35 ns

O Negto0, NegDelay (5) T02- 5 65 - 45 - 40 - 35 ns

O Pos to 0, Neg Delay'5 ' TP1- 5 65 - 45 - 40 - 30 ns

O Pos to 0, PosDelay'5 ' T02+ 15 75 - 45 - 45 - 35 ns

O (IN) Rise and Fall Time' 1
> TRO- TFO 30 - 20 - 15 - 10 ns

0, (OUT), Pulse Width TPWH0, TL0O
-2O TL0O

TL0o
-2° TL0O

TL0o
-2° T L0„ T L0O

"2° TL0O
ns

0, (OUT). Pulse Width TPWH0, w« TL0O

-10 T L0o

-«> TL0O
^ TL0O

^° TL0O
^° T L0O

^° T L0O

- 1O ns

Delay Between 0, and 2 TD 5 - 5 - 5 - 5 - ns

0, and 0, Rise and Fall

Times' 1 - 3 '

Tr.t f
- 25 - 25 - 15 - 15 ns

UM6502E

R/W Setup Time TRWS - 125 - 100 - 75 - 60 ns

R/W Hold Time TRWH 30 - 30 - 15 - 15 - ns

Address Setup Time TADS - 125 - 100 - 75 - 70 ns

Address Hold Time TADH 30 - 30 - 15 - 15 - ns

Read Access Time TACC - 1000-225 - 500-150 - 330-115 - 250-105 ns

Read Data Setup Time TDSU 100 - 50 - 40 - 35 - ns

Read Data Hold Time THR 10 - 10 - 10 - 10 - ns

Write Data Setup Time TMDS 20 175 - 100 - 75 - 60 ns

Write Data Hold Time THW 60 - 60 - 30 - 30 - ns

Sync Setup Time TSYS
- 125 - 100 - 75 - 60 ns

Sync Hold Time TSYH 30 - 30 - 15 - 15 - ns

RDY Setup Time'4 ' TRS 200 - 150 - 120 - 120 - ns

UM6512

Cycle Time TCYC 1.00 40 0.50 40 0.33 40 0.25 40 Ms

0, Pulse Width TPWH0, 430 - 215 - 150 - ns

0, Pulse Width TPWH0, 470 - 235 - 160 - ns

Delay Between 0, and 0, TD - - - ns

0, and 0, Rise and Fall

Times' 1 '

Tr.tf 25 20 15 ns

(Cont.)
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Symbol

1MHz 2 MHz 3 MHz 4 MHz

Min. Max. Min. Max. Min. Max. Min. Max.

Unit

UM6602/UM6607

Cycle Time TCYC 1.00 40 0.50 40 0.33 40 0.25 40 MS

.(IN) Low Time12 ' TL0O
480 - 240 - 160 - 110 — ns

0,(IN)HighTime(2) TH0O
460 - 240 - 160 - 115 _ ns

0„ Neg to 0, Pos Delay'5 ' T01 + 10 70 10 70 10 70 10 70 ns

0„ Neg to 0, Neg Delay'5 ' T02- 5 65 5 65 5 65 5 65 ns

0,, Pos to 0, Neg Delay'5 ' T01- 5 65 5 65 5 65 5 65 ns

O Pos to 0, Pos Delay'5 ' T02+ 15 75 15 75 15 75 15 75 ns

o (IN) Rise and Fall Time' 1 ' TR0' TF0 30 20 15 10 ns

0, (OUT), Pulse Width

0, (OUT). Pulse Width

Delay Between 0, and
}

TPWH0,

TPWH0,

TD

TL0O
2O

TL0o

- 4°

5

TL0„ T
L0o

-2O

TL0o
-«>

5

TL0O

T L0.-«>

TL0o

- 2°

TL0
ft

-*O

5

TL0O

TL0O
-1O

TL0o

- 2°

TL0O

- 40

5

TL0O

TL0O

- 1 O

ns

ns

ns

0, and 0, Rise and Fall

Times(1.3)
TR.TF - 25 - 25 - 15 - 15 ns

UM6602/UM6607/UM6612

R/W Setup Time TRWS - 225 - 140 _ 110 _ 90 ns

R/W Hold Time TRWH 30 - 30 - 15 _ 10 _ ns

Address Setup Time TADS - 225 - 140 - 110 _ 90 ns

Address Hold Time TADH 30 - 30 - 15 - 10 _ ns

Read Access Time TACC - 650 - 310 - 170 — 110 ns

Read Data Setup Time TDSU 100 - 50 - 50 - 50 _ ns

Read Data Hold Time THR 10 - 10 - 10 - 10 _ ns

Write Data Setup Time TMDS 20 175 20 100 20 75 _ 70 ns

Write Data Hold Time THW 60 150 60 150 30 130 20 _ ns

Sync Setup Time TSYS - 350 - 175 - 100 _ 90 ns

Sync Hold Time TSYH 30 - 30 - 15 - 15 _ ns

RDY Setup Time*4 ' TRS 200 ~ 200 - 150 - 120 - ns

Notes:

1

.

Measured between 10% and 90% points.

2. Measured at 50% points.

3. Load - 1 TTL load + 30 pF.

4. RDY must never switch states within TRS to end of 0,

.

5. Load = 100 pF.

Timing Diagram Note:

Because the clock generation for the UM6502/UM6502E/
UM6507 and UM6512 is different, the two clock timing sections

are referenced to the main timing diagram by three reference
lines marked REF 'A', REF 'B'and REF 'C. Reference between
the two sets of clock timings is without meaning. Timing
parameters referring to these lines and scale variations in the

diagrams are of no consequence.
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PIN FUNCTIONS

Clocks (0i, 02

)

The UM6512 requires a two phase non-overlapping clock

that runs at the Vcc voltage level.

The UM6502/UM6502E/UM6507 clocks are supplied

with an internal clock generator. The frequency of these

clocks is externally controlled. Clock generator circuits

are shown elsewhere in this data sheet.

Address Bus (AB0-AB15)
(See sections on each microprocessor for respective add-
ress lines on those devices.)

These outputs are TTL compatible, capable of driving

one standard TTL load and 130 pF.

Data Bus (DB0-DB7)
Eight pins are used for the data bus. This is a bi-

directional bus, transferring data to and from the device

and peripherals. The outputs are three-state buffers,

capable of driving one standard TTL load and 130 pF.

Data Bus Enable (DBE)
This TTL compatible input allows external control of

the three-state data output buffers and will enable the

microprocessor bus driver when in the high state. In

normal operation DBE would be driven by the phase
two (02 ) clock, thus allowing data output from micro-

processor only during 02. During the read cycle, the

data bus drivers are internally disabled, becoming
essentially an open circuit. To disable data bus drivers

externally, DBE should be held low. This signal is

available on the UM6512 only.

Ready (RDY)
This input signal allows the user to halt the micropro-

cessor on all cycles except write cycles. A negative

transition to the low state during or coincident with

phase one, (0i) will halt the microprocessor with the

output address lines reflecting the current address being

fetched. This condition will remain through a sub-

sequent phase two (02 ) in which the Ready signal is

low. This feature allows microprocessor interfacing with
low speed PROMS as well as fast (max. 2 cycle) Direct

Memory Access (DMA). If ready is low during a write

cycle, it is ignored until the following read operation.

Ready transitions must not be permitted during 2

time.

Interrupt Request (IRQ)
This TTL level input requests that an interrupt sequence
begin within the microprocessor. The microprocessor
will complete the current instruction being executed
before recognizing the request. At the time, the in-

terrupt mask bit in the Status Code Register will be
examined. If the interrupt mask flag is not set, the

microprocessor will begin an interrupt sequence. The
Program Counter and Processor Status Register are

stored in the stack. The microprocessor will then set

the interrupt mask flag high so that no futher inter-

rupts may occur. At the end of this cycle, the program
counter low will be loaded from address FFFE, and
program counter high from location FFFF, therefore

transferring program control to the memory vector

located at these addresses. The RDY signal must be in

the high state for any interrupt to be recognized. A 3KJ2

external resistor should be used for proper wire-OR
operation.

Non-Maskable Interrupt (NMI)
A negative going transition on this input requests that a

non-maskable interrupt sequence be generated within

the microprocessor.

NMI is an unconditional interrupt. Following com-
pletion of the current instruction, the sequence of

operations defined for IRQ will be performed, regardless

of the state interrupt mask flag. The vector addresses

loaded into the program counter, low and high, are

locations FFFA and FFFB respectively, thereby trans-

ferring program control to the memory vector located

at these addresses. The instructions loaded at these

locations cause the microprocessor to branch to a

non-maskable interrupt routine in memory.

NMI also requires an external 3KJ2 resistor to Vcc
for proper wire-OR operations.

Inputs IRQ and NMI are hardware interrupts lines that

are sampled during 02 (phase 2) and will begin the

appropriate interrupt routine on the 0j (phase 1)

following the completion of the current instruction.

Set Overflow Flag (S. 0.)

A NEGATIVE going edge on this input sets the overflow

bit in the Status Code Register. This signal is sampled
on the trailing edge of

1
.

SYNC
This output line is provided to identify those cycles in

which the microprocessor is doing an OP CODE fetch.

The SYNC line goes high during 0,' of an OP CODE
fetch and stays high for the remainder of that cycle. If

the RDY line is pulled low during the 0i clock pulse

in which SYNC went high, the processor will stop in

its current state and will remain in the state until the

RDY line goes high. In this manner, the SYNC signal

can be used to control RDY to cause single instruction

execution.

Reset (RES)
This input is used to reset or start the microprocessor

from a power down condition. During the time that this

line is held low, writing to or from the microprocessor

is inhibited. When a positive edge is detected on the

input, the microprocessor will immediately begin the

reset sequence.

After a system initialization time of six clock cycles, the

mask interrupt flag will be set and the microprocessor

will load the program counter from the memory vector

locations FFFC and FFFD. This is the start location for

program control.

After Vcc reaches 4.75 volts in a power up routine,

reset must be held_ low for at least two clock cycles. At
this time the R/W and SYNC signal will become valid.

When the reset signal goes high following these two
clock cycles, the microprocessor will proceed with the

normal reset procedure detailed above.

Read/Write (R/W)
This output signal is used to control the direction of

data transfers between the processoj^and other circuits

on the data bus. A high level on R/W signifies data into

the processor; a low is for the data transfer out of the

processor.
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PROGRAMMING CHARACTERISTICS

INSTRUCTION SET - ALPHABETIC SEQUENCE

ADC Add Memory to Accumulator with Carry LDA Load Accumulator with Memory
AND "AND" Memory with Accumulator LDX Load Index X with Memory
ASL Shift left One Bit (Memory or Accumulator) LDY Load Index Y with Memory

BCC Branch on Carry Clear
LSR Shift One Bit Right (Memory or Accumulator)

BCS Branch on Carry Set NOP No Operation

BEQ Branch on Result Zero ORA "OR" Memory with Accumulator
BIT Test Bits in Memory with Accumulator
BMI Branch on Result Minus PHA Push Accumulator on Stack

BNE Branch on Result not Zero PHP Push Processor Status on Stack

BPL Branch on Result Plus PLA Pull Accumulator from Stack

BNK Force Break PLP Pull Processor Status from Stack

BVC Branch on Overflow Clear ROL Rotate One Bit Left (Memory or Accumulator)
BVS Branch on Overflow Set ROR Rotate One Bit Right (Memory or Accumu-

CLC Clear Carry Flag
lator)

CLD Clear Decimal Mode RTI Return from Interrupt

CLI Clear Interrupt Disable Bit
RTS Return from Subroutine

CLV Clear Overflow Flag SBC Subtract Memory from Accumulator
CMP Compare Memory and Accumulator with Borrow
CPX Compare Memory and Index X SEC Set Carry Flag

CPY Compare Memory and Index Y SED Set Decimal Mode
DEC Decrement Memory by One SEI Set Interrupt Disable Status

DEX Decrement Index X by One STA Store Accumulator in Memory
DEY Decrement Index Y by One STX Store Index X in Memory

EOR "Exclusive-or" Memory with Accumulator
STY Store Index Y in Memory

INC

INX
INY

Increment Memory by One
Increment Index X by One
Increment Index Y by One

TAX
TAY
TSX
TXA

Transfer Accumulator to Index X
Transfer Accumulator to Index Y
Transfer Stack Pointer to Index X
Transfer Index X to Accumulator

JMP Jump to New Location TXS Transfer Index X to Stack Pointer
JSR Jump to New Location Saving Return Address TYA Transfer Index Y to Accumulator

ADDRESSING MODES

Accumulator Addressing

This form of addressing is represented with a one byte

instruction, implying an operation on the accumulator.

Immediate Addressing

In immediate addressing, the operand is contained in the

second byte of the instruction, with no further memory
addressing required.

Absolute Addressing

In absolute addressing, the second byte of the instruc-

tion specifies the eight low order bits of the effective

address while the third byte specifies the eight high

order bits. Thus, the absolute addressing mode allows

access to the entire 65K bytes of addressable memory.

Zero Page Addressing

The zero page instructions allow for shorter code and
execution times by only fetching the second byte of the

instruction and assuming a zero high address byte,

careful use of the zero page can result in significant

increase in code efficiency.

Indexed Zero Page Addressing - (X, Y indexing)

This form of addressing is used in conjunction with the

index register and is referred to as "Zero Page, "X" or

"Zero Page, Y." The effective address is calculated by
adding the second byte to the contents of the index

register. Since this is a form of "Zero Page" addressing,

the content of the second byte references a location in

page zero. Additionally due to the "Zero Page" address-

ing nature of this mode, no carry is added to the high

order 8 bits of memory and crossing of page boundaries

does not occur.

Indexed Absolute Addressing - (X, Y indexing)

This form of addressing is used in conjunction with X
and Y index registers and is referred to as "Absolute,
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X," and "Absolute. Y." The effective address is formed

by adding the contents of X or Y to the address con-

tained in the second and third bytes of the instruction.

This mode allows the index register to contain the index

or count value and the instruction to contain the base

address. This type of indexing allows any location

referencing and the index to modify multiple fields

resulting in reduced coding and execution time.

Implied Addressing

In the implied addressing mode, the address containing

the operand is implicitly stated in the operation code

of the instruction.

Relative Addressing

Relative addressing is used only with branch instructions

and establishes a destination for the conditional branch.

The second byte of the instruction becomes the operand

which is an "Offset" added to the contents of the lower

eight bits of the program counter when the counter is set

at the next instruction. The range of the offset is- 128

to + 127 bytes from the next instruction.

Indexed Indirect Addressing

In indexed indirect addressing (referred to as [Indirect,

X] ), the second byte of the instruction is added to the

contents of the X index register, discarding the carry.

The result of this addition points to a memory location

on page zero whose content is the low order eight bits

of the effective address. The next memory location in

page zero contains the high order eight bits of the

effective address. Both memory locations specifying

the high and low order bytes of the effective address

must be in page zero.

Indirect Indexed Addressing

In indirect indexed addressing (referred to as [Indirect]

,

Y), the second byte of the instruction points to a

memory location in page zero. The content of this

memory location is added to the contents of the Y

index register, the result being the low order eight bits

of the effective address. The carry from this addition

is added to the contents of the next page zero memory

location, the result being the high order eight bits of th

effective address.

Absolute Indirect

The second byte of the instruction contains the low

order eight bits of a memory location. The high order

eight bits of that memory location is contained in the

third byte of the instruction. The content of the fully

specified memory location is the low order byte of the

effective address. The next memory location contains

the high order byte of the effective address which is

loaded into the sixteen bits of the program counter.

PROGRAMMING CHARACTERISTICS

PROGRAMMING MODEL

ACCUMULATOR

INDEX REGISTER

") INDEX REGISTER X

7 *
|N|V| |B|P|||Z[C| PROCESSOR STATUS REG "P"

|
PCL

|
PROGRAM COUNTER "PC"

7

|
S

|
STACK POINTER "S"

L CARRY 1=TRUE

ZERO 1= RESULT ZERO

-p. IRQ DISABLE 1 = DISABLE

-+ DECIMAL MODE 1 = TRUE

_^. BRK COMMAND 1=BRK

-+. NEGATIVE

1 =TRUE

1 =NEG.
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Clock Generation Circuits*

UM6502E

•Crystals used are CTS Knight MP Series or equivalents. (Series Mode)

OSCILLATOR CIRCUIT
(ONE TTL PACKAGE REQUIRED)

,0.05 UF

DIVIDE BY 2 OR 4 CIRCUIT '

(ONE TTL PACKAGE REQUIRED)
+5V sv

AL_ A ^13

-j^DhJ£^%£
500 pF

D R Q

1/2

74LS74

"
tt 1/2

D R Q

74LS74

C
s V

+5V +5v
JUMPER "A" =-=-4

JUMPER "B" = -r2

Crystal

Frequency

Output Frequency

^2 5-4

3.579545 MHz 1.7897 MHz 0.894886 MHz

4.194304 MHz 2.097152 MHz 1.048576 MHz

0O(UM65O2/UM65O2E
"""/UM6507)

01 (UM6512)

.02 (UM6512)

f
{^ri» i» (^

l».

HDr-

UM6502/UM6SO7

"SYSTEM
CLOCK

UM6502/
UMS5Q7

10pF- -

TV

Is. '4LS(74LS04 f^.74LS04,
|N^74LS04

SYSTEM
CLOCK

Ordering Information

Crystal Application Circuit

1MHz 2 MHz 3 MHz 4 MHz

UM6502 UM6502A UM6502B UM6502C
UM6502E UM6502AE UM6502BE UM6502CE

UM6507 - _ _

UM6512 UM6512A UM6512B UM6512C

Part

Number
Clocks Pins IRQ NMI RYD Addressing

UM6502 On-Chip 40 V y/ V 64K

UM6502E On-Chip 40 n/ V n/ 64 K

UM6507 On-Chip 28 V V V 8K

UM6512 External 40 V y/ V 64 K
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Instruction Set

INSTRUCTIONS
IMME-
DIATE

ABSO-
LUTE

ZERO-
PAGE ACCUM IMPLIED (IND. X) (IND. Y)

MNEMONIC OPERATION OP n # OP n # OP n # OP n # OP n # OP h # OP n #

ADCAND
A S L
B C C
B C S

A + M + C"*A (4)(1)
AAM-+A (1)

C«-|7 01 «-0
BRANCH ON C-0 (2)

BRANCH ONC = 1 (2)

69
29

2
2

2
2

6D
2D
OE

4
4
6

3
3
3

65
25
06

3
3
5

2
2
2 OA 2 1

61
21

6
6

2
2

71

31

5
5

2
2

B E Q
B 1 T
B M I

B N E
B P L

BRANCH ON Z-1 (2)

AAM
BRANCH ON N-1 (2)

BRANCH ON Z-0 (2)

BRANCH ONN-0 (2)

2C 4 3 24 3 2

B R K
B V C
B V S
C L C
C L D

BREAK
BRANCH ON V = (2)

BRANCH ON V = 1 (2)

-+C
-»-D

00

18
D8

7

2
2

1

1

1

C L 1

C L VCMP
C P X
C P Y

-+1
-+V

A-M
X-M
Y-M

C9
E0
CO

2
2
2

2
2
2

CD
EC
CC

4
4
4

3
3
3

C5
E4
C4

3
3
3

2
2
2

58
B8

2
2

1

1

C1 6 2 D1 5 2

DEC
D E X
D E Y
E R
1 N C

M- 1 -*-M
X-1 -*X
Y - 1 -* Y
AVM ->A (1)

M+ 1 -»-M
49 2 2

CE

4D
EE

6

4
6

3

3
3

C6

45
E6

5

3
5

2

2
2

CA
88

2
2

1

1

41 6 2 51 5 2

1 N X
1 N Y
J M P
J S R
L D A

X + 1 -* X
Y+ 1 -* Y
JUMP TO NEW LOC
JUMP SUB
M -+A (1) A9 2 2

4C
20
AD

3
6
4

3
3
3 A5 3 2

E8
C8

2
2

1

1

A1 6 2 B1 5 2

L D X
L D Y
L S RNOP

R A

M -»-X (1)

M -+Y (1)

-»|7 Ol -*C
NO OPERATION
AVM -A

A2
A0

09

2
2

2

2
2

2

AE
AC
4E

OD

4
4
6

4

3
3
3

3

A6
A4
46

05

3
3
5

3

2
2
2

2

4A 2 1

EA 2 1

01 6 2 11 5 2

P H APHP
P L A
P L P
R L

A -»-MS S-1 -S
P -» MS S-1 -* S
S+ 1 -+S MS -*A
S + 1 -»« MS -* P

2E 6 3 26 5 2 2A 2 1

48
08
68
28

3
3
4
4

1

2
1

1

'<- 17 Ol +- ICI
+J

R R
R T 1

R T SSBCSEC
S E D

ura -*ra

—

1W
RTRN INT
RTRN SUB
A-M-C -*A (1)

1 -*c
1 -»-D

E9 2 2

6E

ED

6

4

3

3

66

E5

5

3

2

2

6A 2 1

40
60

38
F8

6
6

2
2

1

1

1

1

E1 6 2 F1 5 2

S E 1

S T A
S T XSTYTAX

1 -M
A -+M
X -»-M
Y -*M
A -*X

8D
8E
8C

4
4
4

3
3
3

85
86
84

3
3
3

2
2
2

78

AA

2

2

1

1

81 6 2 91 6 2

T A Y
T S X
T X A
T X S
T Y A

A -*Y
S -* x
X -*A
X -*-S

Y -A

A8
BA
8A
9A
98

2
2
2
2
2

1

1

1

1

1

Notes: (1) ADD 1 TON IF PAGE BOUNDARY IS CROSSED
(2) ADD 1 TO N IF BRANCH OCCURS TO SAME PAGE

ADD 2 TO N IF BRANCH OCCURS TO DIFFERENT PAGE
(3) CARRY NOT -BORROW
(4> IF IN DECIMAL MODE Z FLAG IS INVALID

ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT
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Z PAGE.
X ABS. X ABS. Y RELA-

TIVE
INDI-
RECT

Z PAGE.
Y

PROCESSOR STATUS
CODES

OP n # OP n # OP n # OP n # OP n # OP n #
7 6 5 4 3 2 1

MNEMONIC
N V . B D 1 Z C

75
35
16

4
4
6

2
2
2

7D
3D
1E

4
4
7

3
3
3

79
39

4
4

3
3

90
BO

7

2
2
2

N V . . . . Z C
N Z •

N Z C

ADC
A -N D
A S L
B C C
B C S

FO

30
DO
10

2

2
2
2

2

2
2
2

M 7 M 6 . . . . Z .

B E Q
B I T
B M I

B N E
B P L

50
70

2
2

2
2

. . . 1 . 1 . .

. . . . . . .

B R K
B V C
B V S
C L C
C L D

D5 4 2 DD 4 3 D9 4 3

. ..0
N Z C
N Z C
N Z C

C L I

C L VCMP
C P X
C P Y

06

55
F6

6

4
6

2

2
2

DE

5D
FE

7

4
7

3

3
3

59 4 3

N Z .

N Z .

N z .

N Z .

N Z .

DEC
D E X

E Y
E R
1 N C

B5 4 2 BD 4 3 B9 4 3

6C 5 3

N Z .

N Z .

N Z .

I N X
I N Y
J M P
J S R
L D A

B4
56

15

4
6

4

2
2

2

BC
5E

1D

4
7

4

3
3

3

BE

19

4

4

3

3

B6 4 2 N Z .

N . . . Z

N Z .

L D X
L D Y
L S RNOP

R A

36 6 2 3E 7 3

N . . . . .. Z .

(RESTORED)
N Z C

P H APHP
P L A
P L P
R L

76

F5

6

4

2

2

7E

FD

7

4

3

3 F9 4 3

N Z C
(RESTORED)

N V . . . z (3)

. . . 1 . . .

R R
R T I

R T SSBCSEC
S E D

95

94

4

4

2

2

9D 5 3 99 5 3

96 4 2

1

N Z .

S E 1

S T A
S T XSTYTAX

N Z .

N Z .

N Z .

N Z .

T A Y
T S X
T X A
T X S
T Y A

X INDEX X + AD0 M? MEMORY BIT 7
Y INDEX Y _ SUBTRACT M6 MEMORY BIT 6
A ACCUMULATOR a AND n NO. CYCLES
M MEMORY PER EFFECTIVE ADDRESS V OR # Noi BYTES
Ms MEMORY PER STACK POINTER V EXCLUSIVE OR |
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PC Mainboard I
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UM82C54/-2

UM82C55A
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UM82152

UM8237AE/-4/-5

UM8253/-5

UM8259A-2
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3 8iiM

UM74HCT590
8-bit Binary Counter

Output Registers
with

Features

8-bit binary counter with parallel register output.

3-state register output.

Direct clear to counter.

High speed counter with guaranteed frequency: DC to

General Description

This is an 8-bit binary counter that feeds an 8-bit storage

register. The register has parallel Tri-state outputs QA ~

QH enabled by G = 0. Two separate clocks, CCK and

RCK, are provided for both the binary counter and storage

register. The binary counter features a direct clear input

CCLR and a count enable input CCKEN. For cascading,

a ripple carry output RCO is provided. Expansion is easily

accomplished for two stages by connecting RCO of the

20 MHz.

High driving capability dOL 24 mA, VQL
= 0.5V) for

direct interface with TTL, NMOS and CMOS devices.

Can drive up to 20 TTL loads.

first stage to CCKEN of the second stage. Cascading for

larger count chains can be accomplished by connecting

RCO of each stage to CCK of the following stage.

Both the counter and register clocks are positive-edge.

When connecting both clocks together, the counter state

will always be one count ahead of the register.

Pin Configuration Block Diagram

QB C 16 3 VCC

QC E 2 15 3 QA

QD Q 3
C
2 14 3 G

QE C 4 X 13 3 RCK

QF C 5
o
51

12 3 CCKEN

QG £ 6 o 11 3 CCK

QH C 10 3 CCLR

GND C 8 9 3 RCO

QA~QH Regi ster Output.

RCK Regi ster Clock, Posil ive Trigger.

CCK Couriter Clock, Posil ive Trigger.

RCO Ripp le Carry Output

G Outp ut Ens ble, G =
1 =» Output = High-Z

CCKEN Cour ter Clock Enable, Active Low.

CCLR Couriter Clear, Active Low.
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UMC
UM74HCT590

Absolute Maximum Ratings*

Supply Voltage, Vcc —0.5 to 7V

*Comments

Stresses above those listed under "Absolute Maximum

Input Voltage V . . -0.5V to +7V
Ratin9s" maV cause permanent damage to the device.

1 These are stress ratings only. Functional operation of

Operating Free-Air Temperature Range . . . -40°C to 85°C this device at these or any other conditions above those

Storage Temperature Range -55°C to 125°C indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating
Maximum Power Dissipation 0.55 mw ... , «. j j „ • j « * j •H conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (VDD == 5V, TA = 0°C to 85°C )

Symbol Parameter Min. Typ. Max. Unit Conditions

vCc Power Supply 4.5 5 5.5 V

V|H Input High- Level Voltage 2.0 - - V

V| L Input Low- Level Voltage - - 0.8 V

'oh
High- Level Output Current

On QA~QH
- - -4 mA VOH = 3.0V

>OL
Low- Level Output Current

On QA~QH
- - 24 mA V0|_= 0.5V

'OHR
High- Level Output Current

On RCO
- - 0.4 mA Vrco = 3.4V

'OLR
Low-Level Output Current

On RCO
- - 8 mA Vrco = 0-5V

V H High- Level Output Voltage 3.0 3.8 - V |'oh| °r |'ohr| = Max -

Vol Low-Level Output Voltage - 0.4 0.5 V 'OL or 'OLR
= Max -

'in Input Current -1.0 - + 1.0 MA V,N = 5V ~ 0V

'oz OFF-State Output Current -8 - + 8 juA V = 5V~0V.

'cc Operating Supply Current - - 100 MA
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UMC
UM74HCT590

Timing Requirement and Switching Characteristics:

(VDD = 5V,TA =0°Cto85°C)

Parameter Min. Typ. Max. Unit Conditions

Clock Frequency CCK or CCR: Fmax 20 35 - MHz

Pulse Width of CCK or RCK: Tw 20 - - ns Recommended Value

20 - - ns Recommended ValuePulse Width of CCLR:' Tw

20 - - ns Recommended Value

Count enable time: CCKEN Low

before CCK t

Clear inactive set-up time: Tsu
CCLR Low go High before CCK t

20 - - ns Recommended Value

Time Delay from CCK t-to RCO t : TpLH - 15 25 ns

C L
= 15 pf.

R L
= 2K£2

Time Delay from CCK t to RCO 4: TPHL - 20 25 ns

- 20 25 nsTime Delay from CCLR 1 to RCO t: TPLH

Time Delay from RCK t to Q t : TPLH - 15 25 ns

C
L

= 45 PF

R L = 66712

Time Delay from RCK t to Q !• : TPHL - 20 25 ns

Time Delay

when G 4-

Q Floating to Q Low: TPZL - 15 20 ns

Q Floating to Q High: TPZH - - 20 ns

Time Delay

when G t

Q High to Q Floating: TPH2 - 15 20 ns

C L
= 5PF

R L
= 667ft

Q Low to Q Floating: TPLZ - 15 ns

Note: The Parameter Symbol, Voltage Waveform and Measurement Information is Shown on the Next Page.
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UMC UM74HCT590

Parameter Measurement: (Conditions under VDD = 5V, TA = 25°C)

Totem Pole Outputs:

FROM OUTPUT UNDER TEST

;Cl

V

Tw :

\-+ T

'/....-..
1

W *"|

4V

' / Xr
,8V

TPZL' TPZH : G

.*" TPZL """"
11.3V ><

1.2VN^-

2.5V

Tri- State Outputs: (QA ~ QH)

I

X \ Sj TPZM "' T
l

TPHL ° ' TPLH „ S] CLOSE

TpZL o ' TPLZ S2 OPEN

S, OPEN
TPZM u ' TPHZ ^

Si CLOSE

'su-

1.8V -Jf

C&LR '\

CCK J(

'PHL-

TPH2' TPLZ :

1.8V-

-

G

TPL2 |

fr -- --i?v

^L - - ,,v

TPHZ
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s :n **&• UM74HCT612

Memory Mapper

Features

Fully compatible with TTL, NMOS and CMOS devices.

Expands 4 address lines to 12 address lines.

General Description

The UM74HCT612 essentially contains a 4-line to 16-line

decoder and a 16-word by 12-bit RAM. It is designed to

expand a microprocessor's memory address capability by

8 bits (from 4 to 12). That is, four bits of the memory
address bus can be used to select one of 16 map registers

that contain 12 bits each. These 12 bits are presented to

the system memory address bus along with the unused

memory address bit from the CPU. By periodically re-

loading the mapper registers from the data bus, one can

access any of the 16 pages of memory.

Designed for paged memory mapping.

High-current 3-state outputs.

the control of R/W.

When CS is high and MM (Map Mode" Control) is active

low, the map operation will output the contents of map
register selected by the map address input (MAO ~ MA3).

When CS and MM are both high (pass mode), the address

bit on MAO ~ MA3 appears at M08 ~ M01 1 , respectively,

with the other bits forcing low level. MOO ~ M07 are

low.

There are four modes of operation (read, write, map, and

pass). When CS (Chip Select) is active low, through DO ~

D7, data may be read from or written into the map register

selected by the register select inputs (RSO ~ RS3) under

All outputs are tri-state outputs with high current capa-

bility. The STROBE input is used to enter data into

selected map register during I/O operation. Map outputs

are enabled by the ME input.

Pin Configuration Block Diagram

RS2

MA3
flS3

£5

STROB

R/W

DO

D1 C
02 CZ

D3 d
D4 tZ

D5

MM CZ
MOO CT

M01

M02

M03
M04 CZ

M05

"ss

"\S

33 Z3

32 Zl 09

11 Zl D8

21

vcc
MA2
RST

MAI

RSO

MAO

011

D10

D7

D6

Zl NC

M011

M010

25 p M09

24 pH M08
M07

P M06

ME

ja

16 x 12 RAM

CONTROL

m 1

BUFFE-c

7^

*NC: Not connected.
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UMC

Absolute Maximum Ratings*

D.C. Supply Voltage, VDD -0.5V to 7V
(respect to V^)

Input Voltage V, -0.5V to 7V

Operating Temperature C to 70 C

Storage Temperature —65 C to 1 50 C

Maximum Power Dissipation 0.1W

UM74HCT612

*Comments

Stresses above those listed under "Absolute Maximum

Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics

(VDD = 5V ± 10%, TA = 0°C ~ 70°C)

Symbol

'DD

'OHD

'OHM

'OLM

'CC

Parameter

Power Supply

Input High-Level Voltage

Input Low-Level Voltage

Output High- Level Voltage

on D0-D11

Output High-Level Voltage

on MO0~MO11

Output Low- Level Voltage

on D0~D11

Output Low- Level Voltage

on MO0~MO11

Input Current

OFF-State Output Current

Steady Current

4.5

2.0

4.4

3.8

4.4

3.8

1.0

Min. Typ

4.9

4.0

4.9

Max.

5.5

0.8

4.3

0.001

0.3

0.001

0.4

0.1

Unit

0.4

0.1

0.5

1.0

10

MA

Conditions

Recommended

Recommended

Recommended

MA

juA

OH = -20ptA

OH = -6.0 mA

OH = -20 MA

OH = -8.0 mA

OL = 20/xA

0L = 12 mA

OL = 2°MA

OL = 20 mA

V,N = 5V-0V

V = 3V~0V

V )N
= VDD orOV, No Load.
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UMC
UM74HCT612

Timing Requirement and Switching Characteristics: (VDD = 5V ±10%,TA == 0°C to 70°C)

Parameter Min. Typ. Max. Unit Conditions

Pulse Width of STROB: Tsbw 75 - - ns Recommended Value

CS Setup Time: Tcssu

(CS tow to STROB low)
20 - - ns Recommended Value

R/W Setup Time: Trwsu
(R/W low to STROB low)

20 - - ns Recommended Value

RS Setup Time: Trssu

(RS valid to STROB low)
20 - - ns Recommended Value

DATA Setup Time: Tdasu
(D0-D11 valid to STROB high)

75 - - ns Recommended Value

CS Hold Time: Tcshd

( STROB high to CS high)
20 - - ns Recommended Value

R/W Hold Time: Trwnd
(STROB high to R/W high)

20 - - ns Recommended Value

RS Hold Time: Trshd
(STROB high to RS invalid)

20 - - ns Recommended Value

DATA Hold Time: Tdahd
(STROB high to DO - D1 1 invalid)

20 - - ns Recommended Value

RStoD0-D11: TRSDV
(TpHLorTpLH)

- 39 75 ns

Figure 1 with

RL= IK, CL = 50P
f

Timing Diagram

see Figure 6.

CS*toD0-D11: TCLDV
(TpZLorTpZH)

- 26 50 ns

CS t to D0-D11, disable: TCHDZ
(TpHZorTpLZ)

- 33 65 ns

R/WttoD0-D11: TWHDV
(TpZLorTpZH)

- 20 35 ns

R/W 4 to D0-D11, disable: TWLDZ
(TpHZorTpLZ)

- 30 50 ns

CS t to MO0-MO1 1 . TCHQ
(TpHLorTpLH)

- 48 85 ns

Figure 1 with

RL=1K; CL = 50P
f

Timing Diagram

see Figure 7.

MM 1 to MOO-M0 11: TM LQ
(TpHLorTpLH)

- 20 40 ns

MM t to MO0-MO11: TMHQ
(TpHLorTpLH)

- 22 40 ns

MA to MOO-M0 11, MM = low: TAVQ1
(TpHLorTpLH)

- 39 70 ns

MAtoM08-M011,MM = high: TAVQ2
(TpHLorTpLH)

- 13 •30 ns

ME 4- to MO0-MO11: TELQ
(TpZLorTpZH)

- 17 30 ns

ME t to MO0-ME1 1 , disable: TEHQZ
(TpHZorTpLZ)

- 14 25 ns

Note: See Figures 2, 3, 4, arid 5, for definitions of TpLH, TpHL, TpHZ, TpLZ, TpZH, TpZL.
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UMC
UM74HCT612

Pin Description

Symbol Description

D0-D11 I/O connection to data and control|bus. Used for reading from or writing into the map register.

RS0-RS3 Register select inputs for I/O operation.

R/W Read or write control pin used in I/O operation. When low, data bus is used to write into register.

When high, data bus is used to read from register.

STROB Strobe
i
input. Used to enter data into register.

CS Chip select input. When low, the Read and Write Modes are active.

MA0-MA3 Inputs to select one of 16 registers, when in map mode.

MOO-M0 11

Map outputs. Present the map register contents to the system memory address bus in the map
mode. When in pass mode, these outputs provide the map address data on M08 — M01 1 and low
level on MO0-MO11.

MM Map mode input. When low, the map mode isactive; when high, it is in pass mode.

ME Map output enable pin. When low, outputs MOO—M011 are active. When high, these are high
impedance.

Function Table

CS MM R/W OperationSTROBE

X Write Mode, DO ~ D7 => Selected Register.

X 1 X Read Mode, Selected Register => D0~D7.

1 X X Map Mode, Register Contents =*• MO0~MO11 (If ME = 0).

1 1 X X
Pass Mode.

MAO ~ MA3 =» MD8 ~ MD1 1 and MDO ~ MD7 are all low
(If ME = 0).

Parameter Measurements

3- State Output

TEST POINT

VDD

Si

OUTPUT -WW

y

Parameter Si S2

TpHL
Open Open

TpLH

TpZH
Open Closed

TpHZ

TpZL
Closed Open

TpLE

Figure 1
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UMC UM74HCT612

Set-Up and Rise, Fall Times

Delay Times

Enable or Disable

3V

Ex: Tdasu >» Data Valid to STROG High.

Tdahd=» STROB High to Data Invalid

Figure 2

Pulse Duration

HIGH-LEVEL -i
1

1

X.3V .-.

I

1

Ex: Tsbvv =» STA08 Pulse Width.

1.3V*lr

J/,,

Figure 3

yf ^KC
3V

TpLH
f

OUTPUT INPHASE-

1? 1 SLT
-"

Jn 3V . >.1.3>
S\ "I TpHL pS»

OUTPUT OUTOF-PHASE-

1.3V»K

TpHL f"

VOH

vol

V H

vol

Note: The input signal is characteristic with Tr
= Tf = 6 ns Zout = 50fl.

Figure 4

"^x^ ^!v
____

OUTPUT VOH I T„LZ L.^ rr~
i v

J TpHZ
I I

\
Vn

Note: The input signal is characteristic with : Tr
= Tf = 6 ns ZOU |

- 50SJ

Figure 5
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UMC
UM74HCT612

Timing Waveforms

Read and Write Mode

X
\ /

Ti—JT.

X ADDRESS VALID XNEW ADDRESS
VALID

1 TCLDVr"*>

Y OUTPUT Nj Y
\ VALD / \

T ' I KTWHDV-"J i I -"J TRSDV I—Tdahd—-

1

| —| TcHDZf*- !

INPUT VALID

>
/ OUTPUT \l /OUTPUA/
\ VALID ) \ VALIDA OUTPUT

VALID

Figure 6

Map and Pass Mode

X TCHQ

\ X
TMLQ"

TAVQI

ADDRESS VALID XADDRESS VALI

-| TU„0 |- ^lT"°2

'

{
vau

° )C
VALID »- VALID

t
HIGHZ X >A"° % X

Figure 7
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JMC UM74HCT646
Octal Bus Transceiver

and Register

Features

8 bi-directional data bus

Transmits real-time data or stored data in either

direction

3-state outputs with driving capability for direct bus

interface

General Description

The UM74HCT646, fabricated using the UMC silicon gate

CMOS process, is a bi-directional bus transceiver with D-type

flip-flops and control circuitry arranged for multiplexed

transmission of data directly from the input bus or from

the internal registers.

Low power consumption with function, pin-out, speed

and drive compatibility with 74LS logic family and
interfaces directly with TTL, NMOS and CMOS devices

Available in 24 lead DIP

Data on the A or B bus will be clocked into the registers

on the low-to-high transition of the appropriate clock pin

(CAB or CBA). The examples demonstrate the four fund-

amental bus-management functions that can be performed

with the octal bus transceivers and registers.

Pin Configuration Block Diagram

SAB
SBA
CAB
CBA

CONTROL LOGIC

IE

31

-DFF AND (O-N, B:DFF AND
MULTIPLEXER VV MULTIPLEXEF

3E

A

3E

31

31

31

AAW

W

«

«

31

IE

3E

31

3E

31
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UMI UM74HCT646

Absolute Maximum Ratings*

Supply Voltage, Vcc 7V

Operating Free-Air Temperature

Range 0°C to 70°C

Storage Temperature Range . . / —55°C to 125°C

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of this

device at these or any other conditions above those indi-

cated in the operational sections of this specification is not

implied and exposure to absolute maximum rating condi-

tions for extended periods may affect device reliability.

DC Electrical Characteristics (vcc
= 5V, TA = 25° C unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit Conditions

vCC Power Supply Voltage 4.5 5.0 5.5 V

V|H High-Level Input Voltage 2.0 - - V

V,L Low-Level Input Voltage - 0.5 0.8 V

I.

Input Current
(all except I/O pins)

- 0.01 0.1 ma V, =0V~5V

V0H High-Level Output Voltage
4.8 - - V I Ioh l=20/iA

3.0 - - V I l0H I
= Max

Vol Low-Level Output Voltage

- - 0.1 V Iol = 20mA

- - 0.5 V l OL = 24 mA

loz
3-state Leakage Current
When Output is Disabled

- - 0.5 ma V = ~ 5V

'cc Quiescent Supply Current - - 8 ma V|N
= 0U or Vcc with No Load

AC Characteristics ( I nput t
r

, t
f
< 2 ns)

Symbol Parameter
i!*.: -t

TA = 25° C, Vcc = 5.0V
Unit

Min. Typ. Max.

'max Maximum Clock Frequency C
L
= 50pF 30 45 - MHz

Vlh Maximum Propagation Delay,

A or B Input to B or A Output

CL = 50pF - 12 25
ns

tpi-iL C
L
= 50pF - 12 25

XPLH
Maximum Propagation Delay,

CBA or CAB Input to

A or B Output

C L
= 50pF - 16 35

ns

tPHL C L
= 50pF - 16 35

tpLH Maximum Propagation Delay,

SBA or SAB Input to A or B Output
(with A or B High)

C L
= 50pF - 16 35

ns

*PHL C L
= 50pF - 16 35

tpLH Maximum Propagation Delay,
SBA or SAB Input to A or B Output
(with A or B High)

C L
= 50pF - 16 35

ns

Vhl C L
=50pF - 16 . 35

VzL Maximum Output Enable Time,
G or Dl R Input to A or B Output

R
L
= 1 kQ.

C
L
= 50 pF - 20 45

ns

tP2H C L
= 50pF - 20 45

tPHZ Maximum Output Disable Time,
G or DIR Input to A or B Output

R, = 1 kfi

Cl=50pF

- 20 45
ns

*PLZ
- 20 45

xw
Pulse Duration, Clock
High or Low

12 - - ns

^U
Setup Time, A before CAB t

or B before CAB t
15 - - ns
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UMO
UM74HCT646

Pin Description

Symbol

A1 ~ A8
B1 ~ B8

G

DIR

SAB

SBA

CAB
CBA

Description

Bi-directional data bus and register input

Bi-directional data bus and register input

Output enable. This pin is an active low pin, when high all outputs are disabled and A and B
ports are isolated.

Direction control. This pin is used to determine the direction of data flow.

When DIR = 1 => From A ^ B

DIR = =» From B -» A
Determines whether data transmitted is from the data inputs or the register associated with those

pins.

When SAB (SBA) = 1 => Register -* B (A) Bus.

SAB (SBA) = 1 =» A (B) - B (A)

Positive trigger clock. When rising edge is triggered, data from A (B) input are loaded into their

associated register.

The transceiver function can work only when G~ is active

low (G=0). DIR determines the direction of data flow. In

the transceiver mode, data present at the high-impedance

port may be stored in either register or in both.

Enable (G) and direction (DIR) pins are provided to control

the transceiver functions. In the transceiver mode, data

present at the high-impedance port may be stored in either

register or in both. The select controls (SAB and SBA)
can multiplex stored and real-time (transparent mode)

data. The direction control determines which bus will

receive data when enable G is active (low). In the isolation

mode (control G high). Data may be stored in one register

and/or B data may be stored in the other register.

When an output function is disabled, the input function

is still enabled and may be used to store and transmit

data. Only one of the two buses, A or B, may be driven

at a time. .

Function Table

Inputs Data l/Ot

Operation or Function
G DIR CAB CBA SAB SBA A1 Thru A8 B1 Thru B8

X X t XXXX t

X

X

X

X

Input

Not specified

Not specified

Input

Store A, B unspecified

Store B, A unspecified

H X t t

H X HorL HorL
X

X

X

X
Input Input

Store A and B Data

Isolation, hold storage

L L X HorL
L L X X

X

X
L

H
Output Input

jReal-time B Data to A Bus

Stored B Data to A Bus

L H HorL X
L H X X

L

H

X
X

Input Output
I Real-time A Data to B Bus

Stored A Data to B Bus

The data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled,
i.e., data at the bus pins will be stored on every low-to-high transition on the clock inputs.
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S__»e •» si UM74HCT646

Bus Management Functions

X I .Ml I

III I

I I |l I

L J • I J

n
CO

tt

(21) (3) (1) (23) (2) (22)

G DIR CAB CBA SAB SBA

L L XHorLX L

REAL-TIME TRANSFER
BUS B TO BUS A

(21) (3) (1) (23) (2) (22)

G" DIR CAB CBA SAB SBA

X X t X X X

X X X t X X

H X t t X X

STORAGE FROM
A B, OR A AND B

IX
C/3

i!r

in
•

•

'

• •
:

: v
i i " »i\

t-TTT-tl/
i |i* •

• •; :

L Jluj

m
(21) (3) (1) (23) (2) (22)

G DIR CAB CBA SAB SBA
LHHorLX L X

REAL-TIME TRANSFER
BUS A TO BUS B

(21) (3) (1) (23) (2) (22)

G" DIR CAB CBA SAB SBA

L L X X X H

L H X X H X

TRANSFER
STORED DATA
TO A OR B

Parameter Measurements

FROM OUTPUT

UNDER TEST

TEST
POINT

4^^-0 '

'CC

T
1

C L T
LOAD CIRCUIT

Parameter Rl c
L Sj s3

*en

tpzH
1 KQ, 50 pF

OPEN CLOSED

Vzl CLOSED OPEN

tdis

*phz
1 KJ2 50 pF

OPEN CLOSED

*PLZ CLOSED OPEN

Figure 1. 3-state Outputs
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UM74HCT646

FROM OUTPUT
UNDER TEST

I
r

TEST
POINT

LOAD CIRCUIT

Parameter cL

*pd
or

tt

Standard outputs 50 pF

High-current outputs 50 pF

HIGH-LEVEL
PULSE

LOW-LEVEL
PULSE

Figure 2. Totem-Pole Outputs

/^.OV \ 2 -0v

Hi^ Ko7

VOLTAGE WAVEFORMS

Figure 3. Pulse Durations

INPUT

IN-PHASE

OUTPUT

OUT-OF-PHASE

OUTPUT

«v/
XPLH

3.8V

10%

TPHL

"90%\
,

90%

tr

5V
10%

V0.8V

lPHL

90%
0.5V

'OH

'OL

lPLH-

3.8V
10%

"90%" VOH

VOL

Figure 4. Propagation Delay Times and Output Transition Times

REFERENCE
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OUTPUT CONTROL
(LOW-LEVEL ENABLING)

OUTPUT
WAVEFORM 1

OUTPUT
WAVEFORM 2

Ordering Information

tPHZ*

Figure 6. Enable and Disable Times for 3-state Outputs

Number Package

UM74HCT646 24LDIP
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jIVlii UM82C088

PC/XT Integration Chip

Features

Fully IBM-PC/XT compatible

82C84 Clock generator with 2 clock-inputs to generate
the CPU clock. These are 14.318 MHz and 30 MHz
which will support 4.77 MHz ancHO MHz CPU clocks
with 1/3 duty cycle.

82C88 Bus Controller

82C37 4 channel DMA controller, channel is used
for DRAM refresh

82C59 8 channel interrupt controller, level is used
for system time base, and level 1 for keyboard input
82C53 3 channel timer, channel is used for system
time base, channel 1 for DRAM refresh, and channel
2 for speaker audio

82C55 Peripheral l/O r used for keyboard interface

and system configuration switch (same as the PC/XT)
74322 Keyboard interface, supports PC/XT type key-
board

74280 Parity check and generator
74670 4 bit page register for DMA
Wait state logic

NMI control logic

ROM decoder for one 2764 and one 27256
RAM decoder for 4164 or 41256 DRAM
H/W and S/W CPU speed change and indicator
Built-in delay line for RAS, CAS
Low power consumption: less than 300 mW at 10
MHz CPU speed

Small PCB size: 100 pin plastic Flat package

General Description

The UM82C088 is an IC specifically designed to function

as the peripheral controller for 8088 microprocessors in

an IBM PC/XT compatible computer. It is implemented

in 1.5/1 CMOS technology and is packaged in a 100 pin

plastic flat package.

Block Diagram System Configuration

ADDR
BUFFER

PARITY/NMI

74280

DMA-82C37

PAGE -670

DATA
3UFFER

IPC-82C59

I/O

DEC
TIMER
82C5382C88

BUS
CNTL

SYSTEM
SET-UP

PPI-82C55

8284

CLK
GEN.

MEMORY
DEC KEYBOARD

INTERFACE

SPEED
CHANGE

DELAY
LINE WAIT

LOGIC

8088 CPU

L
8087 CPU PC-SLOT

UM82C088

SPK

ADDRESS
DATA

BUFFER

ROM

RAM

SWITCH

NOSC HOSC

KEYBOARD
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Pin Configuration

vcc
XA11
XA10
XA9
XA8

(DISK 2) XA7
(DISK 1) XA6

(DISPLAY 2) XA5

(DISPLAY 1) XA4

(M2) XA3

(M1) XA2
(SW87) XA1

(I PL) XAO
XDO
XD1

XD2
XD3
XD4

XD5

XD6
XD7

DDIR
TOCK
HOSC
GND
VCC
NOSC

PG

MEMW
MEMR
IOW

10 R

RESET
CLK
AEN
ALE

IORDY
TC

DRQ1
DRQ2

DRQ3
DACKO
DACK1
DACK2
DACK3
IRQ2
IRQ3

IRQ4
IRQ5

100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81

UM82C088

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

VCC

GND
XA12

XA13
XA14

XA15 (SPEED)

XA16
XA17
XA18

XA19

KBC

MA7
MA8
TEST
CAS2

CAS1
CASO

RAS
ADDRSEL
MPD

MOE
R0M1
ROMO
VCC
GND
A16

A17
A18
A19
AD7
AD6
AD5
AD 4

AD3
AD2

AD1
ADO
LOCK
S2

SI

SO

- KBD
_ NMI

- INT

- RDY
- INTN
-SPK
- MODE
- IRQ7

- IRQ6

-GND
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Pin Description

Pin No.

17

14

24

18

23

22

21

20

19

26

25

51

53

54

49

Symbol

NOSC

HOSC

CLK

PG

RST

IOR

IOW

MEMR

MEMW

I/O

ALE

AEN

SO

S2

LOCK

NMI

Description

The clock input pin to which a 14.318 MHz clock is attached. The
frequency is 3 times the CLK frequency in 4.77 MHz mode.

The 2nd clock input pin to which a high speed clock is attached (max
frequency = 30 MHz). The oscillator frequency is 3 times the CLK
frequency during high speed mode.

The clock output signal used by the 8088 CPU. The frequency of this line

is 1/3 duty cycle of NOSC or HOSC, depending on which speed mode
is selected.

Power-Good is an active high input signal which is used to generate the
RST output. An RC connection can be used to establish a power up reset

of proper duration.

Reset, an active high output signal which is used to reset the CPU and
system. Its timing characteristics are determined by pin PG.

This command output line instructs an I/O device to transmit its data on
to the data bus. It is supported by the internal 82C88 during the CPU cycle

or the internal 82C37 during the DMA cycle. This signal is active low.

This command output line instructs an I/O device to read the data on
the data bus. It is supported by the internal 82C88 during the CPU cycle or
the internal 82C37 during the DMA cycle. This signal is active low.

This command output line instructs the memory to drive its data onto
the data bus. It is supported by the internal 82C88 during the CPU cycle or

the internal 82C37 during the DMA cycle. This signal is active low.

This command output line instructs the memory to record the data present
on the data bus. It is supported by the internal 82C88 during the CPU cycle
or the internal 82C37 during the DMA cycle. This signal is active low.

Address latch enable. This output signal serves to strobe the address from
CPU into the address latch. This signal is active high.

Address enable output. Used to control the system bus for the CPU or
DMA. When high, the DMA controller has control of the address bus,
data bus and command lines.

Status input pin from the CPU. The internal 82C88 decodes these inputs

to generate command and control signals at the appropriate times.

Input pin that indicates that the internal 82C37 is not to gain control of

the system bus while lock is active low.

Non-maskable interrupt. An edge trigger (a transition from low to high)

output to the 8088 CPU which causes a type 2 interrupt, (a transition

from low to high). There are three different sources to generate NMI:
one is input from lock, the others are internal parity check logic and INTN
input.
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Pin Description (Continued)

Pin No. Symbol I/O Description

48 INT Interrupt output, this pin goes high whenever a valid interrupt request is

asserted. It is used to interrupt the CPU and is generated from internal

82C59.

46 INTN I Input from external 8087 NPX to generate an NMI output to indicate

an error condition of 8087.

47 RDY Ready output. This output acknowledges the internal wait logic or IORDY
input pin, which will complete the data transfer. This signal is active high.

27 I Input signal used to insert wait state into CPU & DMA bus cycles.IORDY

71 Output signal used to enable the external memory buffer, which is selected

by internal memory decoder logic (ROM0-ROM1 & CAS0-CAS2). This

line is active low.

MOE

12 DDIR Output signal which controls the direction of pins XD0-XD7. A high on

this line indicates data from system to chip, and low on this line indicates

data from chip to system.

74 RAS Memory column address, active high.

75

77

CASO

CAS2

Generated by internal memory decoder logic to strobe DRAM column

address, address range from 00000H to 9FFFFH, total 3 banks for 256KB

DRAM (max. 640KB). These signals are active high.

73 ADDRSEL Address select used to select the DRAM row-address or column-address.

A high indicates the row address has been selected and a low indicates

the column address is enabled.

79

80

MA8
MA7

Provides DRAM chips MA7, MA8 address lines. First cycle is row-address

and second cycle is column address and refresh cycle address.

72 MPD I/O Memory parity data. Inputs when MEMR is active, and outputs when

MEMW is active. Used for internal parity-check logic.

69

70

Generated by internal memory decoder logic to enable the external EPROM

chips. Address Ranges from F6000H to FFFFFH max, to select two 27256s

or one 2764 and one 27256. These lines are active low.

ROM0
ROM1

55

62

ADO

AD7

I/O Address/Data bus. These eight lines constitute the time in multiplexed

memory/IO address & data buses, which are connected directly to the

8088 CPU AD0-AD7 bus.

66

63

A16

A19

I Address bus. These are the four most significant address lines for memory/

IO operations and are connected directly to the 8088 CPU A16/S3-

A19/S6bus.

3

1

100

96

X/

X^

\0

\7

I/O Address bus. Comes from system buses AD0-AD7 which are internally

latched by ALE during the CPU-Cycle, and are supported by the internal

82C37 during the DMA-Cycle.
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Pin Description (Continued)

Pin No. Symbol I/O Description

85

82

XA16

XA19

Address bus comes from system buses A16-A19 which are outputs only.

4

11

XDO

XD7

I/O Data bus outputs when the CPU write is active from the system bus ADO-
AD?. Inputs when the CPU read is active or during the DMA cycle.

95

92

89

86

X/

XA

\8

15

I/O Address pins A8 through A15 are Bi-directional and are supported by
the external 8088 CPU A8-A15 bus during the CPU cycle, and by the

internal 82C37 during the DMA cycle.

36

39

42

43

IR

IR

02

Q7

I These six input-only signals are used to generate interrupt requests to

the CPU from the internal 82C59. IRQ2 is highest priority an' IRQ7

the lowest. A rising-edge signal will generate an INT output to the CPU
if the level of the 82C59 is not masked.

29

31

DR

DR

Q1

Q3

I These three lines are active-high input-only lines used by the peripherals

to request DMA cycles, which are connected to the internal 82C37.

32

35

DA(:ko These four signals are low-level active output-only signals issued by the

internal 82C37 to indicate that the corresponding DRQ has been honored

and the 82C37 will take the bus and proceed with the requested DMA
cycle.DACK3

28 TC Terminal count. This signal is an output-only active high signal issued by
the internal 82C37. It indicates that one of the DMA channels has reached

its preprogrammed number of transfer cycles.

13 IOCK I This is a low-level input-only signal used to report error conditions on
the bus-attached interface circuits. This signal when set low, will generate

a NMI output.

81 KBC I/O Keyboard clock. When pulled low by internal logic, will reset the external

keyboard. Otherwise the clock generated by the external keyboard is

used as data.

50 KBD I/O Keyboard data. When pulled low from internal logic KBD will reset the

external keyboard, or a serial data transmitting line from the keyboard to

the internal logic, which is SYNC'd with the keyboard clock.

45 SPK Generated from the internal 82C53. Can generate a programmable
frequency output to drive an external AMP for a speaker.

44 MODE Speed indicator. A high on this line indicates the CPU is working in high

speed mode, a low on this line indicates the CPU is working in 4.77 MHz
mode.
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Pin Description (Continued)

Pin No. Symbol I/O Description

16

40

68

91

vcc Power supply.

15

41

67

90

GND Ground

78 TEST This pin is provided for TEST only.

Set Up Descriptions

The following set up signals are multiplexed inputs with XA bus, but only available during RST active.

(a) Set up Pin Description

Pin No. Symbol I/O Description

3 IPL I/O 82C55 port C-BIT 0, during port B-BIT 3 = 0.

2 SW87 I/O 82C55 port C-BIT 1, used to decide 8087 existence during port B-BIT3

= 0.

1

100

M1

M2
I/O Memory size setting

PortOEOH,Bit4,5.

99

98

DISPLAY1
DISPLAY2

I/O 82C55 port C-Bit 0, 1. Used to decide display card type during port B-

Bit3= 1.

97

96

DISK1

DISK2

I/O 82C55 port C-Bit 2, 3. Used to decide disk number during port B-Bit 3 =

1.

86 HL I/O Select CPU speed, 1 = Low,0 = High.

(b) Set up DIP-SW Description

SWNO Description ON OFF SWNO Description ON OFF

SW-1 Speed H1 L0
SW-5

6-ON Disk

Type

EGA CGA

SW-2 8087 W/O W 6-0 F - MGA

SW-3

4-0 n Mem Size 640 K 512K
SW-7

8-0 n Disk No. 1 Disk 2 Disk

4-Off - 256K 8-Off 3 Disk 4 Disk
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Functional Description

Clock Generator

The clock generator is the functional equivalent of an

82C84 generator. It also generates the clock for the timer.

Features:

Generates system clock for the 8088.

Frequency sources are TTL signals

TTL outputs for peripheral devices.

Power-up reset for the processor.

READY synchronization.

Bus Controller

The bus controller is the functional equivalent of an 8288

for CPU bus operations, and generates the bus controls

for CPU operations.

Mode Controller

The system clock can be switched via either software or

hardware

:

Software user can write port 0C0H to select the system

clock. A write command to this port will toggle CPU
speed.

Hardware user can utilize a button key or a jumper to

XA15 (HL) signal to select the appropriate mode during

power on reset.

Each switching manner is independent of the other.

Hardware setting is recognized only when RST is active,

after then the system clock can be switched only by soft-

ware.

Wait State Generator

When system clock is running at 4.77 MHz, the wait state

generator generates one wait state on all CPU I/O and

DMA operations. When system clock is 10 MHz, the wait

state generator inserts 4 wait states on all CPU I/O opera-

tions and 1 wait state on all DMA operations. It also

synchronizes the external ready (I/O CHRDY) that may
' be used to generate wait states for slower I/O devices.

No wait state is inserted for on-board memory access.

When the system clock is running at the turbo rate (10

MHz) two wait states will be inserted for memory access

on the expansion slots.

Inserted wait state:

Onboard Memory

Onboard I/O

Slot Memory

Slot I/O

DMA

Low

1

1

1

High

4

2

4

1

DMA

The DMA (Direct Memory Access) is the functional

equivalent of an 82C37 DMA controller. This function

improves the microprocessor's system by allowing external

devices to directly transfer information from the system

memory. Channel is reserved for the refresh of RAM
memory.

Features:

Address increment or decrement.

Four independent DMA channels.

Software DMA request. Enable/disable control of

individual DMA requests. Independent autoinitializa-

tion of all channels.

Interrupt Controller

The programmable interrupt controller in the UM82C088
functions as a system-wide interrupt manager in a Turbo

XT system, which is compatible to an Intel 82C59
interrupt controller. This function controls when and

which I/O device is being serviced by the microprocessor

in an efficient manner.

Features:

Eight level priority controller.

Programmable base vector address.

Programmable interrupts modes (algorithms).

Compatible with the 8088.

Timer

The timer is the functional equivalent of an 82C53 timer.

Channel is tied to interrupt 0, channel 1 is used to

generate refresh, and channel 2 is used for the speaker

port.

Features:

Three independent 16-bit counters.

Count binary or BCD.

PIO

The PIO is used for system configuration, to control

the keyboard and speaker ports, and to enable error checks.

Keyboard Port

The keyboard port connects to an IBM compatible key-

board.

Parity Generator

The parity generator checks and generates even parity

for RAM memory.
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'Remarks:

(1 Port OCOH: Write only.

A write command to this port will toggle CPU

speed.

(2) Port OEOH: Status Read only.

Bit 4 Bit 5 Bit 6 Bit 7

X Speed mode

I

M1
L.

M2

Memory Size.

1 1 : 256KB Low

01: 512KB 1 High

-0: 640KB

Programming

The UM82C088 accepts I/O read/write commands from

the CPU.

The timer is programmed the same as the 82C53 timer,

the DMA controller is programmed the same as the 82C37

DMA controller, and the interrupt controller is pro-

grammed the same as the 82C59 interrupt controller.

PIO

The PIO is the equivalent of the 82C55 PIO, but it is con-

figured in a fixed way for system configuration, control-

ing the speaker port, and the keyboard port.

Keyboard Data Register

The keyboard data register is a read only register that

is used to read data from the keyboard. When a character

is in the register, interrupt 1 will be sent to the interrupt

controller. The register may be cleared by setting bit

7 of the PIO register.

I/O Address Map

Address Definition

000H-01FH DMA Contoller (82C37)

020H-03FH Interrupt Controller (82C59)

040H-05FH System Timer (82C53)

060H-07FH Parallel port (82C55)

080H-09FH DMA Page Register (74670)

0A0H-0BFH NMI Mask Register

0C0H-0C3H Change Speed

0E0H-0E3H Status

DC Electrical Characteristics (Vcc = 4.75 to 5.25V, TA = to 70°C)

Symbol Parameter Min. Max. Unit Conditions

V|L Input Low Voltage -0.3 + 0.8 V

V,H Input High Voltage +2.2 Vcc+0.3 V

Vol Output Low Voltage +0.4 V
l0L = 4.0 mA

l0L = 16.0 mA (KBC , Kgi^.Mpp only)

Vqh Output High Voltage +3.0 V
lOH = -2.0 mA

lOH = 8.0 mA (MPD only)

VIHR-

V| LR

PG Input Hysteresis 0.25 V

'cc Operating Supply Current 50 mA
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AC Characteristics (Vcc = 4.75 to 5.25V, TA = o to 70°c, C L
= 20pF)

Symbol Parameter
Normal Speed High Speed

Unit
Min. Max. Min. Max.

T1 Input clock period 70 30 ns

T2 Input clock high time 25 12 ns

T3 Input clock low time 25 12 ns

T4 Input clock rising/falling time 3 3 ns

T5 CPU CLK High time 75 82 38 45 ns

T6 CPUCLK Low time 125 133 53 61 ns

T7 CPU CLK cycle period 210 100 ns

T8
High speed mode change to low speed

mode CLK high time
110 180 ns

T9
Low speed mode change to high speed mode
CLK high time 110 140 ns

T10 RDY delay time -10 -10 ns

T11 ALE active delay time (from status) 4 20 4 20 ns

T12 ALE inactive delay time (from CLK) 15 15 ns

T13 Command active delay time (from CLK) 15 15 ns

T14 Command inactive delay time (from CLK) 15 15 ns

T15 Status inactive setup time 35 35 ns

T16
Address (AD0-AD7, XA8-XA15, A16-A19)
valid to MOE active/inactive delay

40 40 ns

T17

Command active/inactive to RAS active/

inactive, MEM READ cycle

Command active to RAS active,

MEM WRITE cycle

Command inactive to RAS inactive,

MEM WRITE cycle

37

2

6

76

41

20

2

6

39

24

ns

ns

ns

T18

Command active to ADDRSEL active delay,

MEM READ cycle

Command active to ADDRSE L active delay,

MEM WRITE cycle

36

106

73

143

19

52

36

69

ns

ns

T19

Command inactive to ADDRSEL inactive delay,

MEM READ cycle

Command inactive to ADDRSEL inactive delay,

MEM WRITE cycle

36

71

73

108

19

34

36

54

ns

ns

T20

Command active to CAS active delay,

MEM READ cycle

Command active to CAS active delay,

MEM WRITE cycle

106

176

145

215

52

83

71

105

ns

T21

Command inactive to CAS inactive delay,

MEM READ cycle

Command inactive to CAS inactive delay,

MEM WRITE cycle
2

8

43 2

8

26

ns

ns I
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AC Characteristics (Continued)

Symbol Parameter
Normal Speed High Speed

Unit
Min. Max. Min. Max.

T22 Command to MOE delay (ROM cycle) 12 12 ns

T23 Command to ROM delay 12 12 ns

T24 XD to AD bus delay 40 40

T25 Read data hold time 10 10 ns

T26
Command inactive to ADO—AD7 output

floating
35 30 ns

T27 Command active to ADO—AD7 active 95 180 23 105 ns

T28
Command active to data valid for on

board IOR
115 210 43 135 ns

T29 AD to XD bus, MPD active 40 40 ns

T30 AD to XD bus, MPD inactive delay 40 40 ns

T31 Address setup time 30 30 ns

T32 Address hold time 25 25 ns

T33 CLKtoDDIRdelay 50 50 ns

T34 On board IOW data setup time 150 150 ns

T35 On board IOW data hold time 25 25 ns

T36 XA address to MA7, MA8 delay 40 40 ns

T37 ADDRSEL to MA7, MA8 delay 10 10 ns

T38 DACKX delay time (from DCLK Low) 170 170 ns

T39 AEN active delay time (from DCLK high) 140 140 ns

T40 AEN inactive delay time (from DCLK high) 110 140 100 220 ns

T41
XA15-XA0 active delay time (from DCLK
high)

110 110 ns

T42
XA15-XA0 inactive delay time (from DCLK
low)

110 100 ns

T43
XA19-XA16 active delay time (from

DACKX active)
40 40 ns

T44
XA19-XA16 inactive delay time

(from DCLK low)
110 100 ns

T45
DMA read command active delay time

from DCLK high)
150 150 ns

T46
DMA read command inactive delay time

(from DCLK high)
145 145 ns

T47
DMA write command active delay time

(from DCLK high)
150 150 ns

T48
DMA write command inactive delay time

(from DCLK high)
115 115 ns

T49 DMA cycle DDIR delay time (from AEN) 40 40 ns

T50 TC delay time (from DCLK high) 40 40 ns
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Application Circuits
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Application Circuits (Continued)
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Application Circuits (Continued)
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Application Circuits (Continued)
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Application Circuits (Continued)
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Application Circuits (Continued)
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Application Circuits (Continued)
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Application Circuits (Continued)
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Application Circuits (Continued)
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Timing Waveforms

NOSC/HOSC
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NOSC '

HOSC.

High Speed Change to Low Speed

CLK
J L

RDY'

Low Speed Change to High Speed

J L

RDY TIMING

J L

MEMW
IOR

IOW

CPU Timing
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Timing Waveforms (Continued)

RAM MEM
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CYCLE

MEM READ &
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ON BOARD I/O READ AD0-AD7 OUTPUT
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MEM WRITE 8.
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XD0-XD7 OUTPUT
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Read, Write Timing
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Timing Waveforms (Continued)
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Ordering Information

DMA Cycle Timing

Part No. Package

UM82C088F 100pin F.P.
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Clock Generator and
Ready Interface

Features

Generates system clock for 80286 processors

Uses crystal or TTL signal for frequency source

Provides local READY and Multibus* READY
synchronization

General Description

UM82C284-10/-12 is a clock generator/driver which pro-

vides clock signals for 80286 processors and support com-

ponents. It also contains logic to supply READY to the

Single +5V power supply

Generates system reset output from Schmitt Trigger

input

10 MHz and 12.5 MHz versions

CPU from either asynchronous or synchronous sources and

synchronous RESET from an asynchronous input with

hysteresis. It is fabricated using the Si-Gate CMOS process.

Pin Configuration Block Diagram

* Multibus is an Intel Trademark

RESET

B
SYNCHRONIZER

...
XTAL
OSC

MUX 1—1 ^>°-..„

>

j
EFI u-
r/c

SYNCHRONIZERo~ '

c

"

d- READY
LOGIC

SRDYEN
SRDY

—

u

*

h

—
D- PCLK

GENERATOR

^
S1 —

c

*

RESET

•-CLK

•-READY

PCLK
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Absolute Maximum Ratings*

Temperature Under Bias 0°C to 70°C

Storage Temperature -65°Cto +150°C

All Output and Supply Voltages -0.5V to +7V
All Input Voltages -1 .OV to +5.5V

Power Dissipation 1 Watt

Pin Description

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

Symbol I/O Description

CLK System Clock is the signal used by the processor and support devices which must be synchro-
nous with the processor. The frequency of the CLK output is twice the desired internal pro-
cessor clock frequency. CLK can drive both TTL and MOS level inputs.

F/C I Frequency/Crystal Select is a strapping option to select the source for the CLK output. When
F/C is strapped LOW, the internal crystal oscillator drives CLK. When F/C is strapped HIGH,
the EFI input drives the CLK output.

X1, X2 I Crystal In are the pins to which a parallel resonant fundamental mode crystal is attached for

the internal oscillator. When F/C is LOW, the internal oscillator will drive the CLK output
at the crystal frequency. The crystal frequency must be twice the desired internal processor
clock frequency.

EFI I External Frequency In drives CLK when the F/C input is strapped HIGH. The EFI input
frequency must be twice the desired internal processor clock frequency.

PCLK Peripheral Clock is an output which provides a 50% duty cycle clock with 1/2 the frequency
of CLK. PLCK will be in phase with the internal processor clock following the first bus cycle
after the processor has been reset.

ARDYEN I Asynchronous Heady Enable is an active LOW input which qualifies the ARDY input. ARDYEN
selects AhuY as the source ot ready tor the current bus cycle. Inputs to ARDYEN may be
applied asynchronously to CLK. Setup and hold times are given to assure a guaranteed response
to synchronous inputs.

ARDY I Asynchronous Ready is an active LOW input used to terminate the current bus cycle. The
ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied asynchronously to
CLK. Setup and hold times are given to assure a guaranteed response to synchronous inputs.

SRDYEN I Synchronous Heady Enable is an active LOW input which qualifies SRDY. SRDYEN selects

SRDY as the source for READY to the CPU for the current bus cycle. Setup and hold times
must be satisfied for proper operation.

SRDY I Synchronous Ready is an active LOW input used to terminate the current bus cycle. The SRDY
input is qualified by the SRDYEN input. Setup and hold times must be satisfied for proper
operation.

READY Ready is an active LOW output which signals that the current bus cycle is to be completed. The
ISRDY, SRDYEN, ARDY, ARDYEN, S1, SO and RES inputs which control READY are

explained later in the READY generator section. READY is an open collector output requiring

an external 300 ohm pullup resistor.

SO, S1 I Status inputs prepare the UM82C284-10/-12 for a subsequent bus cycle. SOandSI synchronize
PCLK to the internal processor clock and control READY. These inputs have pullup resistors to
keep them HIGH if nothing is driving them. Setup and hold times must be satisfied for proper
operation.

RESET Reset is an active HIGH output which is derived from the RES input. RESET is used to force
the system into an initial state. When RESET is active, READY will be active (LOW).

RES I Reset In is an active LOW input which generates the system reset signal, RESET. Signals to

RES may be applied asynchronously to CLK. A Schmitt trigger input is provided on RES,
so that an RC circuit can be used to provide a time delay. Setup and hold times are given to

assure a guaranteed response to synchronous inputs.

VDD System Power: +5V power supply."

Vss System Ground: volts.
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Functional Description

Introduction

The UM82C284-10/-12 generates the clock, ready, and

reset signals required for 80286 processors and support

components. The UM82C284-10/-12 is packaged in an 18-

pin DIP and contains a crystal controlled oscillator, MOS
clock generator, peripheral clock generator, Multibus ready

synchronization logic and system reset generation logic.

Clock Generator

The CLK output provides the basic timing control for an

80286 system. CLK has output characteristics sufficient

to drive MOS devices. CLK is generated by either an

internal crystal oscillator or an external source as selected

by the F/C strapping option. When F/C is LOW, the crystal

oscillator drives the CLK output. When F/C is HIGH,
the EFI input drives the CLK output.

The UM82C284-10/-12 provides a second clock output

(PCLK) for peripheral devices. PCLK is CLK divided by
two. PCLK has a duty cycle of 50% and TTL-output drive

characteristics. PCLK is normally synchronized to the

internal processor clock.

After reset, the PCLK signal may be out of phase with

the internal processor clock. The "ST and SO signals of

the first bus cycle are used to synchronize PCLK to the

internal processor clock. The phase of the PCLK output

changes by extending its HIGH time beyond one system

clock (see waveforms). PCLK is forced HIGH whenever

either SO or S1 were active (LOW) for the two previous

CLK cycles. PCLK continues to oscillate when both

SO and SI are HIGH.

Since the phase of the internal processor clock will not

change, except during reset, the phase of PCLK will not

change, except during the first bus cycle after reset.

Oscillator

The oscillator circuit of the UM82C284-10/-12 is a linear

Pierce Oscillator which requires an external parallel res-

onant, fundamental mode & crystal. The output of the

oscillator is internally buffered. The crystal frequency

chosen should be twice the required internal processor

clock frequency. The crystal should have a typical load

capacitance of 32 pF.

X1 and X2 are the oscillator crystal connections. For

stable operation of the oscillator, two loading capacitors

are recommended, as shown in Figure I. The sum of the

board capacitance and loading capacitance should equal

the values shown. It is advisable to limit stray board

capacitances (not including the effect of the loading capaci-

tors or crystal capacitance) to less than 10pF between

the X1 and X2 pins. Decouple VDD and Vss as close

to the UM82C284/-10/-12 as possible.

CD

if
SEE TABLE

2 FOR
CAPACITOR
VALUES

UM82C284
X2 -10/-12

READY

vcc

VCC
CLK

80286
CPU or

SUPPORT
COMPONENT

READY

I

VCC

DECOUPLING
CAPACITOR

Figure 1. Recommended Crystal and READY
Connections

Reset Operation

The reset logic provides the RESET output to force the

system into a known, initial state. When the RES input is

active (LOW), the RESET output becomes active (HIGH).

RES is synchronized internally at the falling edge of CLK
before generating the RESET output (see waveforms).

Synchronization of the RES input introduces a one or

two CLK delay before affecting the RESET output.

At power up, a system does not have a stable VDD and

CLK. To prevent spurious activity, RES should be

asserted until Vcc and CLK stabilize at their operating

values. 80286 processors and support components also

require their RESET Inputs to be HIGH a minimum of 16

CLK cycles. An RC network, as shown in Figure 2, will

keep RES LOW long enough to satisfy both needs.

-4
1N9142: . :iok£2

L 11

UM82C284-10/-12 „

i

-10JUF

Figure 2. Typical RC RES Timing Circuit

A Schmitt Trigger input with hysteresis on RES assures

a single transition of RESET with an RC circuit on RES.
The hysteresis separates the input voltage level at which
the circuit output switches from HIGH to LOW from
the input voltage level at which the circuit output switches

from LOW to HIGH. The RES HIGH to LOW input

transition voltage is lower than the RES LOW to HIGH
input transition voltage. As long as the slope of the R~ES
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input voltage remains in the same direction (increasing

or decreasing) around the RES input transition voltage,

the RESET output will make a single transition.

Ready Operation

The UM82C284-107-12 accepts two ready sources for the

system ready signal which terminates the current bus

.
cycle. E ither a synchronous (SRDY) or asynchronous ready

(ARDY) source may be used. Each ready input has an en-

able (SRDYEN and ARDYEN) for selecting the type of

ready source required to terminate the current bus cycle.

An address decoder would normally select one of the

enable inputs.

force the READY signal inactive (HIGH) at the start of

a bus cycle, the READY output floats when either SI

or SO are sampled LOW at the falling edge of CLK. Two
system clock periods are allowed for the pull-up resistor

to pull the READY signal to V,H ,
When RESET is active,

READY is forced active one CLK later (see waveforms).

Figure 3 illustrates the operation of SRDY and SRDYEN.
These inputs are sampled on the falling edge of CLK
when Si and SO are inactive and PCLK is HIGH. READY
is forced active when both SRDY and SRDYEN are

sampled as LOW.

READY is enabled (LOW), if either SRDY + SRDYEN
0" when sampled by the

logic.

'= "0" or ARDY + ARDYEN =

UM82C284-10/-12 READY generation

will remain active for at least two CLK cycles.

READY

The READY output has an open-collector driver allowing

other ready circuits to be wire-ORed with it, as shown

in Figure 1. The READY signal of an 80286 system

requires an external 910 ohm ± 5% pull-up resistor. To

Table 2. UM82C284-10/-12 Crystal Loading Capacitance Values

Figure 4 shows the operation of ARDY and ARDYEN.
These inputs are sampled by an internal synchronizer

at each falling edge of CLK. The output of the syn-

chronizer is then sampled when PCLK is HIGH. If the

synchronizer finds both the ARDY and ARDYEN have

been resolved as active, the SRDY and SRDYEN inputs

are ignored. Either ARDY or ARDYEN must be HIGH
at the end of T (see figure 4)

.

READY remains active until either S1 or SO are sampled

LOW, or the ready inputs are sampled as inactive.

Crystal Frequency
CI Capacitance

(pin 7)

C2 Capacitance

(pin 8)

1 to 8 MHz

8 to 25 MHz

60 pF

25 pF

40 pF

15pF

Note: Capacitance values must include stray board capacitance.

PCLK

ARDYEN

SRDYEN JT

SRDY

READY

Figure 3. Synchronous Ready Operation
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PCLK

SRDYEN

ARDVT

ARDYEN'

Figure 4. Asynchronous Ready Operation

DC Electrical Characteristics

(TA = 0°C to 70°C, VDD = 5V, ±10%)

Symbol Parameter

10 MHz 12.5 MHz

Unit Conditions

Min. Max. Min. Max.

V|L Input LOW Voltage 0.8 0.8 V

V,H Input HIGH Voltage 2.0 2.0 V

V|HR RES and EFI Input HIGH Voltage 2.6 2.6 V

VHYS RES Input Hysteresis 0.25 0.25 V

Vol RESET, PCLK Output LOW Voltage 0.45 0.45 V l0L
= 5 mA

Vqh RESET, PCLK Output HIGH Voltage 2.4 2.4 V 'oh
= - 1 mA

VoLR READY, Output LOW Voltage 0.45 0.45 V l0L =9 mA

V LC CLK Output LOW Voltage 0.45 0.45 V l0L = 5 mA

VOHC CLK Output HIGH Voltage 4.0 4.0 V l0H =-800MA

'cc Power Supply Current 75.0 75.0 mA at 25 MHz Output

CLK Frequency

'«-• Input Leakage Current ±10.0 ±10.0 AtA o<v
IN <vcc

c. Input Capacitance 10.0 10.0 PF Fc
= 1 MHz
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AC Characteristics

(TA = 0°C to 70°C, VDD = 5V, ±10%)

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in data sheet waveforms, unless otherwise noted.

Symbol Parameter

10 MHz 12.5 MHz

Unit Conditions
Min. Max. Min. Max.

1 EFItoCLK Delay 25 25 ns at 1 .5V Note 1

2 EFI LOW Time 22.5 14 ns at 0.8V Note 1

3 EFI HIGH Time 22.5 22 ns at 2.0V Note 1

4 CLK Period 50 500 40 500 ns

5 CLK LOW Time 12 11 - ns at 0.6V Note 1, Note 2

6 CLK HIGH Time 16 13 ns at 3.8V Note 1 , Note 2

7 CLK Rise Time 8 8 ns 1 .0V to 3.5V Note 1

8 CLK Fall Time 8 8 ns 3.5 V to 1 .0V Note 1

9

Status Setup Time for Status Going

Active
20 22

ns Note 1

Status Setup Time for Status Going

Inactive
20 20

10 Status Hold Time 1 3 ns Note 1

11 SRDY or SRDYEN Setup Time 15 15 ns Note 1

!12 2 2 ns Note 1SRDY or SRDYEN Hold Time

13 ns Note 1, Note 3ARDY or ARDYEN Setup Time

14 ARDYor ARDYEN Hold Time 30 25 ns Note 1 , Note 3

15 RES Setup Time 20 18 ns Note 1, Note 3

16 RES Hold Time 10 8 ns Note 1 , Note 3

17 READY Active Delay 5 5 ns at 0.8V Note 4

18 READY Active Delay 24 18 ns at 0.3V Note 4

19 PCLK Delay 35 23 ns Note 5

20 RESET Delay 5 27 3 22 ns Note 5

21 PCLK LOW Time t4-20 t4-20 ns Note 5, Note 6

22 PCLK HIGH Time t4-20 t4-20 ns Note 5, Note 6

Note 1 : CLK Loading: CL
= 100pF.

Note 2: With the internal crystal oscillator using recommended
crystal and capacitive loading, or with the EFI input

meeting specifications t2, and t3. Use a parallel-resonant,

fundamental mode crystal. The recommended crystal

loading for CLK frequencies of 8-25 MHz are 25pF from
pin Xj to ground, and 15pF from pin X2 to ground. These

recommended values are ±5pF and include all stray

capacitance. Decouple Vqq and V55 as close to the

UM82C284-10/-12 as possible.

Note 3: This is an asynchronous input. This specification is given

for testing purposes only, to assure recognition at specific

CLK edge.

Nate 4: READY loading: l QL = 7 mA, C L = 150pF. In system

application, use 910 ohm ±5% pullup resistor to meet

80286, 80286-6 and 80286-4 timing requirements.

Note 5: PCLK and RESET loading: C L
= 75pF.

Note 6: t4 refers to any allowable CLK period.

READY loading

CPU Frequency 10 MHz 12£MHz

Resistor

CL

'OL

700 n
150pF
7 mA

600 D,

150pF
9 mA
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Timing Waveforms

CLK as a FUNCTION of EFI

© © ©
©I—_-,l©^_, _,u_ h-1©

_y~\j^ww^_
Note: The EFI input LOW and HIGH times as shown are required to guarantee the CLK LOW and HIGH times shown.

RESET and READY TIMING as a FUNCTION of RES with S1 and SO HIGH

-0-

Note 1
:
This is an asynchronous input. The setup and hold times shown are required to guarantee the response shown.

Note 2: Tie 700 ohm ±5% pullup resistor to the READY output.

READY and PCLK Timing with RES HIGH

Note 1 : This is an asynchronous input. The setup and hold times shown are required to guarantee the response shown.
Note 2: Tie 700 ohm ±5% pullup resistor to the READY output.

Ordering Information

Product Frequency

UM82C284-10 10 MHZ

UM82C284-12 12.5 MHz
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Bus Controller

Features

Provides commands and control for local and system

bus.

Offers wide flexibility in system configurations.

Flexible command timing.

Optional Multibus* compatible timing.

Single + 5V supply.

10 MHz and 12.5 MHz versions

General Description

The UM82C288 Bus Controller is a 20-pin Si-Gate CMOS
component for use in 80286 microsystems. The bus

controller provides command and control outputs with

flexible timing options. Separate command outputs are

used for memory and I/O devices. The data bus is con-

trolled with separate data enable and direction control

signals.

Two modes of operation are possible via a strapping option:

Multibus* compatible bus cycles, and high speed bus cycles.

Multibus is a patented bus of INTEL CORP.

Pin Configuration Block Diagram
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COMMAND
OUTPUTS

SO —
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M/io —
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00
ro
O
IS>

00
00

©

ro
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H VCC

Zl so

Zl M/IO

Zl DT/R

Z] DEN

Zl CEN/AEN

Zl CENL

Z] INTA

Zl Iorc

Zl Iowe

READY |_
COMMAND
OUTPUT
LOGIC

CLK (Z

si LZ

MCE |Z

ALE \Z

COh

STATE
MACHINE

MB [Z
TROL CONTROL

OUTPUTSINHuib

CMDLY C CEN/AEN —
CENL —

CMDLY —
CONTROL
INPUT
LOGIC

-—^ DT/R

MRDC l_ OlJTPUT
-—»-ALE
—»-MCE

LOGICMWTC |_

V
ss C

READY —

I

MB
I

Multibus is an Intel Trademark
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Absolute Maximum Ratings*

Ambient Temperature Under Bias 0°C to 70°C

Storage [Temperature -65°C to +150°C

Voltage on Any Pin with Respect

to GND -0.5V to +7V

Power Dissipation 1 Watt

Comments*

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device. These

are stress ratings only. Functional operation of this device

at these or any other conditions above those indicated in

the operational sections of this specification is not implied

and exposure to absolute maximum rating conditions

for extended periods may affect device reliability.

AC Characteristics (TA = o°C to 70°C, VDD = 5V, ± 10%)

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in data sheet waveforms, unless otherwise noted.

Symbol Parameter

10 MHz 12.5 MHz

Unit Conditions
Min. Max. Min. Max.

1 CLK Period 50 250 40 250 ns

2 CLK HIGH Time 16 238 13 239 ns at 3.8V

3 CLK LOW Time 12 234 11 237 ns at 0.6V

4 CLK Rise Time 8 8 ns 1.0V to 3.5V

5 CLK Fall Time 8 8 ns 3.5V to 1.0V

6 M/IO and Status Setup Time 18 15 ns

7 M/IO and Status Hold Time 1 1 ns

8 CENL Setup Time 15 15 ns

9 CENL Hold Time 1 1 ns

10 READY Setup Time 26 18 ns

11 READY Hold Time 25 20 ns

12 CMDLY Setup Time 15 15 ns

13 CMDLY Hold Time 1 1 ns

14 AEN Setup Time 15 15 ns Note 1

15 AEN Hold Time ns Note 1

16 ALE, MCE Active Delay from CLK 3 16 3 16 ns Note 2

17 ALE, MCE Inactive Delay from CLK 19 19 ns Note 2

18 DEN (Write) Inactive from CENL 23 23 ns Note 2

19 DT/R LOW from CLK 23 23 ns Note 2

20 DEN (Read) Active from DT/R 5 21 5 21 ns Note 2

21 DEN (Read) Inactive Delay from CLK 3 21 3 19 ns Note 2

22 DT/R HIGH from DEN Inactive 5 20 5 18 ns Note 2

23 DEN (Write) Active Delay from CLK 23 23 ns Note 2

24 DEN (Write) Inactive Delay from CLK 3 19 3 19 ns Note 2

25 DEN Inactive from CEN 25 25 ns Note 2

I

(Cont.

2-49



UMC
UM82C288-10 -12

DC Electrical Characteristics

(TA = 0°C to 70°C, VDD = 5V, ±10%)

Symbol
10 MHz 12.5 MHz

Units ConditionsParameter
Min. Max. Min. Max.

V|L Input LOW Voltage -0.5 .8 -0.5 .8 V

V|H Input HIGH Voltage 2.0 Vcc+0.5 2.0 Vcc+0.5 V
V, LC CLK Input LOW Voltage -0.5 .6 -0.5 .6 V

V IHC CLK Input HIGH Voltage 3.8 VCC +0.5 3.5 Vcc+0.5 V

Vol
Output LOW

Voltage

Command Output .45 .45 V
Control Output .45 .45 V

Voh
Output HIGH

Voltage

Command Outputs 2.4 2.4 V
Control Outputs 2.4 2.4 V

«IL

Input Leakage Current
(all other inputs)

±10 ±10 MA
OV<VI|N <
Vdd

•lo Output Leakage Current ±10 ±10 MA 45V<VOUT
<vDD

!CC Power Supply Current 100 100 mA
CCLK CLK Input Capacitance 12 12 PF Fc = 1 MHz
C| Input Capacitance 10 10 PF Fc

= 1 MHz

Co Input /Output Capacitance 20 20 PF Fc
= 1 MHz

Notes: 1. Command Outputs are INTA, IORC, IOWC, MRDC, MWRC,
2. Control Outputs are DT/R, DEN, ALE and MCE.

AC Characteristics (Continued)

Symbol Parameter

10 MHz 12.5 MHz
Units Conditions

Min. Max. Min. Max.

26 DEN Active from CEN 24 24 ns Note 2

27
DT/R HIGH from CLK

(when CEN = LOW) 25 25 ns Note 2

28 DEN Active from AEN 26 26 ns Note 2

29 CMD Active Delay from CLK 3 21 3 21 ns Note 3

30 CMD Inactive Delay from CLK 5 20 5 20 ns Note 3

31 CMD Inactive from CEN 25 25 ns Note 3

32 CMD Active from CEN 25 25 ns Note 3

33 CMD Inactive Enable from AENf 40 40 ns Note 3

34 CMD Float Delay from AEN 40 40 ns Note 4

35 MB Setup Time 20 20 ns Note 1

36 MB Hold Time ns Note 1

37 Command Inactive Enable from MB^ 40 40 ns Note 3

38 Command Float Time from MBt 40 40 ns Note 4

39 DEN Inactive from MBt 26 26 ns Note 2

40 DEN Active from MB| 30 30 ns Note 2

Note: 1 . AEN and MB are asynchronous inputs. This specification is for testing purposes only, to assure recognition at a specific CLK edge.

2. Control output load: CI = 150 pF.

3. Command output load: CI = 300 pF.

4. Float condition occurs when output current is less then I |_q in magnitude.
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Pin Description

Symbol

CLK

SO, S1

I/O

M/IO

MB

CENL

CMDLY

READY

Description

System Clock provides the basic timing control for the UM82C288-10/-12 and 80286 microsystem.
Its frequency is twice the internal processor clock frequency. The falling edge of this input signal

establishes when inputs are sampled and command and control outputs change.

Bus Cycle Status starts a bus cycle and, along with M/IO, defines the type of bus cycle. These inputs
are active LOW. A bus cycle is started when either S1 or SO is sampled LOW at the falling edge of
CLK. These inputs have pullups sufficient to hold them HIGH when nothing drives them. Setup
and hold times must be met for proper operation.

80286 Bus Cycle Status Definition

M/IO S1 SO Type of Bus Cycle

Interrupt acknowledge MCE O/P
I/O Read

I/O Write

None; idle

Halt or shutdown

Memory read

Memory write

None; idle

Memory or I/O Select determines whether the current bus cycle is in the memory space or I/O space.
When LOW, the current bus cycle is in the I/O space. Setup and hold times must be met for proper
operation.

Multibus Mode Select determines timing of the command and control outputs. When HIGH, the
bus controller operates with Multibus-compatible timings. When LOW, the bus controller optimizes
the command and control output timing for short bus cycles. The function of the CEN/AEN input
pin is selected by this signal. This input is intended to be a strapping option and not dynamically
changed. This input may be connected to VDD or GND.

Command Enable Latched is a bus controller select signal which enables the bus controller to respond
to the current bus cycle being initiated. CENL is an active HIGH input latched internally at the
end of each Ts cycle. CENL is used to select the appropriate bus controller for each bus cycle in

a system where the CPU has more than one bus it can use. This input may be connected to Vcc
to select this UM82C288-10/-12 for all transfers. No control inputs affect the CENL Setup and
hold times must be met for proper operation.

Command Delay allows delaying the start of a command. CMDLY is an active HIGH input. If

sampled HIGH, the command output is not activiated and CMDLY is again sampled at the next
CLK cycle. When sampled LOW the selected command is enabled. If READY is detected LOW before
the command output is activated, the UM82C288-10/-12 will terminate the bus cycle, even if no
command was issued. Setup and hold times must be satisfied for proper operation. This input may be
connected to GND if no delays are required before starting a command. This input has no effect
on UM82C288-10/-12 control outputs.

Ready indicates the end of the current bus cycle. READY is an active LOW input. Multibus mode
requires at least one wait state to allow the command outputs to become active. READY must be
LOW during reset,. to force the UM82C288-10/-12 into the idle state. Setup and hold times must
be met for proper operation. The 82C284 drives READY LOW during RESET.

(Com.

2-51



UMC
UM82C288-10 -12

Pin Description (Continued)

Symbol I/O Description

CEN/AEN 1

Command Enable/Address Enable controls the command and DEN outputs of the bus controller.

CEN/AEN inputs may be asynchronous to CLK. Setup and hold times are given to assure a

guaranteed response to synchronous inputs. This input may be connected to Vfjc or GND.

When MB is HIGH, this pin has the AEN function. AEN is an active LOW input which indicates

that the CPU has been granted use of a shared bus and the bus controller command outputs may

exit 3-state OFF and become inactive (HIGH). AEN HIGH indicates that the CPU does not have

control of the shared bus and forces the command outputs into 3-state OFF and DEN inactive

(LOW). AEN would normally be controlled by a bus arbiter which activates AEN when that

arbiter owns the bus to which the bus controller is attached.

When MB is LOW this pin has the CEN function. CEN is an unlatched active HIGH input which

allows the bus controller to activate its command and DEN outputs. With MB LOW, CEN LOW
forces the command and DEN outputs inactive but does not tristate them.

ALE
Address Latch Enable controls the address latches used to hold an address stable during a bus cycle.

This control output is active HIGH. ALE will not be issued for the halt bus cycle and is not affected

by any of the control inputs.

MCE

Master Cascade Enable signals that a cascade address from a master 8259A interrupt controller may

be placed onto the CPU address bus for latching by the address latches under ALE control. The

CPU's address bus may then be used to broadcast the cascade address to slave interrupt controllers

so only one of them will respond to the interrupt acknowledge cycle. This control output is active

HIGH. MCE is only active during interrupt acknowledge cycles and is not affected by any control

input. Using MCE to enable cascade address drivers requires latches which save the cascade address

on the falling edge of ALE.

DEN
Data Enable controls when data transceivers connected to the local data bus should be enabled.

DEN is an active HIGH control output. DEN is delayed for write cycles in the Multibus mode.

DT/R

Data Transmit/Receive establishes the direction of data flow to or from the local data bus. When

HIGH, this control output indicates that a write bus cycle is being performed. A LOW indicates a

read bus cycle. DEN is always inactive when DT/R changes states. This output is HIGH when no

bus cycle is active. DT/R is not affected by any of the control inputs.

I/O Write Command instructs an I/O device to read the data on the data bus. This command output

is active LOW. The MB and CMDLY inputs control when this output becomes active. READY
controls when it becomes inactive.

IOWC

TORC

I/O Read Command instructs an I/O device to place data onto the data bus. This command output

is active LOW. The MB and CMDLY inputs control when this output becomes active. READY
controls when it becomes inactive.

Memory Write Command instructs a memory device to read the data on the data bus. This command

output is active LOW. The MB and CMDLY inputs control when this output becomes active. READY
controls when it becomes inactive.

MWTC

Memory Read Command instructs the memory device to place data onto the data bus. This com-

mand output is active LOW. The MB and CMDLY inputs control when this output becomes active.

READY controls when it becomes inactive.

MRDC

Inta

Interrupt Acknowledge tells an interrupting device that its interrupt request is being acknowledged.

This command output is active LOW. The MB and CMDLY inputs control when this output becomes

active. READY controls when it becomes inactive.

Vdd System Power. +5V power supply

Vss System Ground: volts
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Functional Description

Introduction

(The UM82C288-10/-12 bus controller is used in 80286

systems to provide address latch control, data transceiver

control, and standard level-type command outputs. The

command outputs are timed and have sufficient drive capa-

bilities for large TTL buses and meet all IEEE-796 require-

ments for Multibus. A special Multibus mode is provided to

statisfy all address/data setup and hold time requirements.

Command timing may be tailored to special needs using a

CMDLY input to determine the start of a command and

READY to determine the end of a command.

'Connections to multiple buses is supported with a latched

enable input (CENL). An address decoder can determine

which, if any, bus controller should be enabled for the

bus cycle. This input is latched to allow an address decoder

to take full advantage of the pipelined timing on the

80286 local bus.

Buses shared by several bus controllers are supported.'

An AEN input prevents the bus controller from driving

the shared bus command and data signals, except when

enabled by an external bus arbiter such as the 82289.

Separate DEN and DT/R outputs control the data trans-

ceivers for all buses. Bus contention is eliminated by

disabling DEN before changing DT/R. The DEN timing

allows sufficient time for tristate bus drivers to enter

3-state OFF before enabling other drivers onto the same

bus.

The term CPU refers to any 80286 processor or 80286

support component which may become an 80286 local

bus master and thereby drive the UM82C288-10/-12

status inputs.

Processor Cycle Definition

Any CPU which drives the local bus uses an internal clock

which is one-half the frequency of the system clock (CLK)

(see Figure 3). Knowledge of the phase of the local bus

master's internal clock is required for proper operation of

the 80286 local bus. The local bus master informs the

bus controller of its internal clock phase when it asserts

the status signals. Status signals are always asserted be-

ginning in Phase 1 of the local bus master's internal clock.

'CH

ONE PROCESSOR CLOCK CYCLE-

ONE BUS T-STATE

PHASE 1

OF PROCESSOR
CLOCK CYCLE

PHASE 2

OF PROCESSOR
CLOCK CYCLE

CLK

VCL

PCLK
UM82C284-10/-12

(FOR REFERENCE)

/ \ f

/ \

Figure 1. CLK Relationship to the Processor Clock and Bus T-States.
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Bus State Definition Bus Cycle Definition

The UM82C288-10/-12 bus controller has three bus states

(see Figure 2): Idle (T,), Status (Ts ) and Command (Tc ).

Each bus state is two CLK cycles long. Bus state phases

correspond to the internal CPU processor clock phases.

The T| bus state occurs when no bus cycle is currently

active on the 80286 local bus. This state may be repeated

indefinitely. When control of the local bus is being passed

between masters, the bus remains in the T| state.

NEW CYCLE

NEW /
CYCLE /

( IDLE \
I T, 1 READY

v NEW CYCLE

\ READY

I STATUS

READY

NEW CYCLE

COMMAND]-^

V
Tc

/

The SI and SO inputs signal the start of a bus cycle. When

either input becomes LOW, a bus cycle is started. The T
s

bus state is defined to be the two CLK cycles during which

either S1 or SO is active (see Figure 3). These inputs are

! sampled by the UM82C288-10/-12 at every falling edge of

CLK. When either SI or SO are sampled LOW, the next

CLK cycle is considered the second phase of the internal

CPU clock cycle.

The local bus enters the Tc bus state after the Ts state.

The shortest bus cycle may have one Ts state and one

Tc state.

Tc states,

state.

Longer bus cycles are formed by repeating

A repeated Tq bus state is called a wait

Figure 2. UM82C288-10/-12 Bus States.

The READY input determines whether the current Tc

bus state is to be repeated. The READY input has the

same timing and effect for all bus cycles. READY is

sampled at the end of each Tc bus state to see if it is

active. If sampled HIGH, the Tc bus state is repeated.

This is called inserting a wait state. The control and

command outputs do not change during wait states.

When READY is sampled LOW, the current bus cycle is

terminated. Note that the bus controller may enter the

Ts bus state directly from Tc if the status lines are sampled

active at the next falling edge of CLK.

'CH

CLK

'CL

S1-S0 V IH

FROM
CPU v, L

XC
READY

READYiimiiiMsi \ mm.

Figure 3. Bus Cycle Definition.
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Table 1. Command and Control Outputs for Each Type of Bus Cycle

Type of Bus Cycle M/IO S1 so
Command
Activated

DT/R
State

ALE, DEN
Issued?

MCE
Issued?

Interrupt Acknowledge InTa LOW YES YES

I/O Read
1 TORC LOW YES NO

I/O Write 1 IOWC HIGH YES NO

None; Idle 1 1 None HIGH NO NO

Halt/Shutdown 1 None HIGH NO NO

Memory Read 1 1 MRDC LOW YES NO

Memory Write 1 1 MWTC HIGH YES NO

None; Idle 1 1 1 None HIGH NO NO

Operating Modes

Two types of buses are supported by the UM82C288-10/
-12: Multibus and non-Multibus. When the MB input is

strapped HIGH, Multibus timing is used. In Multibus mode,

the UM82C288-107- 12 delays command and data activation

to meet IEEE-796 requirements on address to command
active and write data to command active setup timing.

Multibus mode requires at least one wait state in the bus

cycle since the command outputs are delayed. The non-

Multibus mode does not delay any outputs and does not

require wait states. The MB input affects the timing of

the command and DEN outputs.

Command and Control Outputs

The type of bus cycle performed by the local bus master

is encoded in the M/IO, SI, and SO inputs. Different

command and control outputs are activated, depending

on the type of bus cycle. Table 1 indicates the cycle

decode done by the UM82C288-10/-12 and the effect on

command, DT/R; ALE, DEN, and MCE outputs.

Bus cycles come in three forms: read, write, and halt.

Read bus cycles include memory read, I/O read, and

interrupt acknowledge. The timing of the associated

read command outputs (MRDC, IORC, and INTA), control

outputs (ALE, DEN, DT/R) and control inputs (CEN/AEN,
CENL, CMDLY, MB, and READY) are identical for all

read bus cycles. Read cycles differ only in which command
output is activated. The MCE control output is only

asserted during interrupt acknowledge cycles.

Write bus cycles activate different control and com-

mand outputs with different timing than read bus cycles.

Memory write and I/O write are write bus cycles whose
timing for command outputs (MWTC and IOWC), control

outputs (ALE, DEN, DT/R) and control inputs (CEN/AEN,
CENL, CMDLY, MB, and READY) are identical. They

differ only in which command output is activated.

Halt bus cycles are different because no command or

control output is activated. All control inputs are ignored

until the next bus cycle is started via S1 and SO.

CLK

S1-S0

ALE

DEN

DT/R

CMD

READY mmmmm\m\/sE

Figure 4. Idle-Raad-ldle Bus Cycles with MB - "0".
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-write bus cycle-

To

clk

si -so

DEN

'OH
DT/R

CMD

READY
w///////////////////////////rmmv ////////»

Figure 5. Idle-Write-ldle Bus Cycles with MB = "0".

Figures 4—8, show the basic command and control output

timing for read and write bus cycles. Halt bus cycles are

not shown since they activate no outputs. The basic idle-

read-idle and idle-write-idle bus cycles are shown. The

signal label CMD represents the appropriate command

output for the bus cycle. For Figures 4—8, the CMDLY
input is connected to Vss and CENL to VDD . The effects

of CENL and CMDLY are described later in the section

on control inputs.

Figures 4 and 6 show non-Multibus cycles. MB is con-

nected to V^ while CEN is connected to VDD . Figure 4

shows a read cycle with no wait states, while Figure 5

shows a write cycle with one wait state. The READY input

is shown to illustrate how wait states are added.

Bus cycles can occur back-to-back with no T| bus states

between Tc and Ts . Back-to-back cycles do not affect

the timing of the command and control outputs. Com-

mand and control outputs always reach the states shown

for the same clock edge (within Ts , Tc , or following bus

state) of a bus cycle.

A special case in control timing occurs for back-to-back

write cycles with MB = "0". In this case, DT/R and DEN
remain HIGH between the bus cycles (see Figure 6). The

command and ALE output timing does not change.

DT/R

CMD

2ND WRITE CYCLE

\1, I Tr

Figure 6. Write-Write Bus Cycles with MB = "0".

Figures 7 and 8 show a Multibus cycle with MB = "1".

AEN and CMDLY are connected to Vgg. The effects

of CMDLY and AEN are described later in the section

2-56



UMC
UM82C288-10/-12

on control inputs. Figure 7 shows a read cycle with one

wait state and Figure 8 shows a write cycle with two

wait states. The second wait state of the write cycle is

shown only for example purposes and is not required.

The READY input is shown to illustrate how wait states

are added.

Figure 7. Idle-Read-ldle Bus Cycles with MB = "V

CLK

Si -SO

ALE

V

DT/R
OH

CMD

READY fflfli "\»y °wm&MM
Figure 8. Idle-Write-ldle Bus Cycles with MB = "V
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The MB control input affects the timing of the command

and DEN outputs. These outputs are automatically delayed

in Multibus mode to satisfy three requirements:

1. 50 ns minimum setup time for valid address before

any command output becomes active.

2. 50 ns minimum setup time for valid write data before

any write command output becomes active.

3. 65 ns maximum time from when any read command

becomes inactive until the slave's read data drivers

reach 3-state OFF.

Three signal transitions are delayed by MB = "1" as com-

pared to MB= "0".

1. The HIGH to LOW transition of the read command

outputs (IORC, MRDC, and INTA) are delayed one

CLK cycle.

2. The HIGH to LOW transition of the write command

outputs (IOWC and MWTC) are delayed two CLK

cycles.

3. The LOW to HIGH transition of DEN for write cycles

is delayed one CLK cycle.

Back -to-back bus cycles with MB = "1" do not change the

timing of any of the command or control outputs. DEN
always becomes inactive between bus cycles with MB =

"1".

Except for a halt or shutdown bus cycle, ALE will be

issued during the second half of T
s

for any bus cycle.

ALE becomes inactive at the end of the Ts to allow

latching the address to keep it stable during the entire

bus cycle. The address outputs may change during Phase

2 of any Tc bus state. ALE is not affected by any control

input.

longer than ALE to hold the cascade address from a master

8259A valid after the falling edge of ALE. With the excep-

tion of the MCE control output, an INTA bus cycle is

identical in timing to a read bus cycle. MCE is not affected

by any control input.

Control Inputs

The control inputs can alter the basic timing of command

outputs, allow interfacing to multiple buses, and share a

bus between different masters. For many 80286 systems,

each CPU will have more than one bus which may be used

to perform a bus cycle. Normally, a CPU will only have

one bus controller active for each bus cycle. Some buses

may be shared by more than one CPU (i.e. Multibus),

requiring only one of them use the bus at a time.

Systems with multiple and shared buses use two control

input signals of the UM82C288-10/-12 bus controller,

CENL and AEN (see Figure 10). CENL enables the bus

controller to control the current bus cycle. The ANE

input prevents a bus controller from driving its command

outputs. AEN HIGH means that another bus controller

may be driving the shared bus.

In Figure 10, two buses are shown: a local bus and a

Multibus. Only one bus is used for each CPU bus cycle.

The CENL inputs of the bus controllers select which bus

controller is to perform the bus cycle. An address decoder

determines which bus to use for each bus cycle. The

UM82C288-10/-12 connected to the shared Multibus must

be selected by CENL and be given access to the Multibus

by AEN before it will begin a Multibus operation.

Figure 9 shows how MCE is timed during interrupt

acknowledge (INTA) bus cycles. MCE is one CLK cycle

Figure 9. MCE Operation for an INTA Bus Cycle.

CENL must be sampled HIGH at the end of the Ts bus

state (see waveforms) to enable the bus controller to

activate its command and control outputs. If sampled

LOW, the commands and DEN will not go active and

DT/R will remain HIGH. The bus controller will ignore

the CMDLY, CEN, and READY inputs until another bus

cycle is started via S1 and SO. Since an address decoder

is commonly used to identify which bus is required for

each bus cycle, CENL is latched to avoid the need for

latching its input.

The CENL input can affect the DEN control output. When

MB = "0", DEN normally becomes active during Phase 2 of

Ts in write bus cycles. This transition occurs before

CENL is sampled. If CENL is sampled LOW, the DEN

output will be forced LOW during Tc as shown in the

timing waveforms.
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When MB = "1
", CEN/AEN becomes AEN. AEN controls

when the bus controller command outputs enter and exit

3-state OFF. AEN is intended to be driven by a bus arbiter,

like the 82289, which assures only one bus controller is

driving the shared bus at any time. When AEN makes a

LOW to HIGH transition, the command outputs im-

mediately enter 3-state OFF and DEN is forced inactive.

An inactive DEN should force the local data transceivers

connected to the shared data bus into 3-state OFF (see

Figure 10). The LOW to HIGH transition of AEN should

only occur during T, or T
s bus states.

The HIGH to LOW transition of AEN signals that the

bus controller may now drive the shared bus command
signals. Since a bus cycle may be active or be in the process

of starting, AEN can become active during any T-state.

AEN LOW immediately allows DEN to go to the appropri-

ate state. Three CLK edges later, the command outputs

will go active (see timing waveforms). The Multibus re-

quires this delay for the address and data to be valid on

the bus before the commands become active.

When MB = "0", CEN/AEN becomes CEN. CEN is an asyn-

chronous input which immediately affects the command

ff1°rT|

SRDY
UM82C284.10/-12

'<=
READY

CLK

UM82C288-10/ 12

M/iO

si. so

CENL

MB CEN

T~r

SRDYEN

CLK READY S"T,S5

A

ADDRESS
DECODER

ADDRESS
DATA

}
UM82C288 10/ 12

M/IS DEN
51-30"

DT/R

CENL ALE

MB AEN

t»~n

READY AEN

M/IO 82289
Si, SO

SYS/SSSB

c

T w

so 20 Kn
Wy—

o

z
/STB OE

H }

CLK READY M/55

51,33

80286

>»c 1 C=3

Figure 10. System Use of AEN and CENL.
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and DEN outputs. When CEN makes a HIGH to LOW
transition, the commands and DEN are immediately

forced inactive. When CEN makes a LOW to HIGH transi-

tion, the Commands and DEN outputs immediately go to

the appropriate state (see timing waveforms). READY
must still become active to terminate a bus cycle if CEN
remains LOW for a selected bus controller (CENL was

latched HIGH).

Some memory or I/O systems may require more address

or write data setup time to command active than provided

by the basic command output timing. To provide flexible

command timing, the CMDLY input can delay the activa-

tion of command outputs. The CMDLY input must be

sampled LOW to activate the command outputs. CMDLY
does not affect the control outputs ALE, MCE, DEN,

and DT/R".

CMDLY is first sampled on the falling edge of the CLK
ending Ts . If sampled HIGH, the command output is

not activated, and CMDLY is again sampled on the next

falling edge of CLK. Once sampled LOW, the proper

command output becomes active immediately, if MB = "0".

If MB = "1", the proper command goes active no earlier than

shown in Figures 7 and 8.

READY can terminate a bus cycle before CMDLY allows

a command to be issued. In this case no commands are

issued and the bus controller will deactivate DEN and

DT/R in the same manner as if a command had been

issued.

Waveform Discussion

The waveforms show the timing relationships of inputs

and outputs and do not show all possible transitions of all

signals in all modes. Instead, all signal timing relationships

are shown via general cases. Special cases are shown when

needed. The waveforms provide some functional descrip-

tions of the UM82C288-107-12, however, most functional

descriptions are provided in Figures 3 through 9.

To find the timing specification for a signal transition

in a particular mode, first look for a special case in the

waveforms. If no special case applies, then use a timing

specification for the same or related function in another

mode.

Waveforms

STATUS, ALE, MCE, CHARACTERISTICS

CLK

M/IO,S1,S0

ALE

~Qr
X-€h

-©

H©r"©-

MCE

r
—K

I©- ©-
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CENL, CMDLY, DEN CHARACTERISTICS WITH
MB = "0" AND CEN = "1" DURING WRITE
CYCLE

CLK

S1-S0

DEN

CENL

CMDLY

Y
©
/

iltlF

r
©
x.ft^

w///////////////t%

READ CYCLE CHARACTERISTICS WITH
MB= "0" AND CEN = "1"

CMDLY

DT/R

READY

WfflfflMMA

-<5&-
|

r

CEN ///// mfmiii
WRITE CYCLE CHARACTERISTICS WITH MB = "0" AND CEN = "1"

CLK

S1-S0

DEN

vO_H
DT/R

CMDLY

CMD

READY

CENL

MWf«^
</m//m////////\

WMMm

^m0£L£SMMm
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CEN CHARACTERISTICS WITH MB = "0"

CLK

CEN

DEN

CMD

DT/R

READY miiiiia M////////////////////////////A

AEN CHARACTERISTICS WITH MB="1"

CLK

AEN

"CW

DEN

Note: AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response shown in the waveforms.

Ordering Information

Product Frequency

UM82C288-10 10 MHz

UM82C288-12 12.5 MHz
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CMOS Programmable
Interval Timer

Features

Compatible with other microprocessors

High speed, "zero wait state" operation with 8 MHz
8086/88 and 801 86/1 88

Three independent 16-bit counters

Handles inputs from DC to 8 MHz - 10 MHz for

UM82C54-2

General Description

The UM82C54/-2 is a high-performance, CMOS version

of the industry standard 8254 counter/timer which is

designed to solve the timing control problems common
in microcomputer system design. It provides three

independent 16-bit counters, each capable of handling
clock inputs up to 10 MHz. All modes are software
programmable. The UM82C54/-2 is pin compatible with

Low power CMOS -
lcc = 10 mA @ 8 MHz count

frequency

Completely TTL compatible

Six programmable counter modes

Binary or BCD counting

Status read back command

the HMOS 8254, and is a superset of the 8253.

Six programmable timer modes allow the UM82C54/-2
to be used as an event counter, elapsed time indicator,

programmable one-shot, and in many other applications.

The UM82C54/-2 is available in 24-pin DIP and 28-pin
plastic leaded chip carrier (PLCC) packages.

Pin Configurations Block Diagram

°7 C 24 3 vcc
°6 C 2 23 3 Vffl

D
6 C 3 22 3 m

°4 C 4 C 21 3 C5
°3 C 5

§
20 3 *

°* c 19 3 *o
°. c 7 8 3 CUC 2

°o C 8 £ 3 OUT?
CIKO C • b 16 3 GATE J

OUTO [_ 10 16 13 cm i

GATEO C 11 3 GATE 1

GND C 13 13 OUT1

°5 o
6 o, ncyccWfiSB

nnnnnnn
/ 4 1 I 1 »!>!C

"<L 5 25 J NC
U3[I 6 O CS

»i: 7 23 3 A,

u
' L 8 U M82C54L/-2 2*D«0

2ilcm
ciko r to 2 3 P"1 2

NC L
12 13 14 15 16 17 18

1 ~2 GATE 2

LJuuuur U
OUTO GATE0GN0NCOUT1 GATE1CU1

Diagrams are for pin reference only.

Package sizes are not to sc ale.

« DATA
BUS

BUFFER

READ/
WRITE
LOGIC

T
CONTROL
WORD

REGISTER
A

n

AiNW

C
-CLK0

-GATE0

• OUTO

-CLK 1

. GATE 1

• OUT1

/LiA

VtV

-CLK 2

- GATE 2

• OUT 2

u
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Absolute Maximum Ratings4

Ambient Temperature Under Bias 0°C to 70 C

Storage Temperature —65°C to +150°C

Supply Voltage -0.5 to +8.0V

Operating Voltage +4V to +7V
Voltage on any Input GND -2V to +6.5V

Voltage on any Output ... GND -0.5V to Vcc +0.5V

Power Dissipation 1 Watt

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (TA = 0°C to 70°C, Vcc = 5V ± 10%, GND = 0V)

Symbol Parameter Min. Max. Units Conditions

V
IL

Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2.0 Vcc + 0.5V V

vol Output Low Voltage 0.45 V lOL = 2.0 mA

Vqh Output High Voltage 2.4 V lOH =-400/xA

l|L Input Load Current ± 10 juA V
IN = VCC to 0V

'OFL Output Float Leakage Current ±10 (xA VOUT = VCC *° °'45V

'cc Vcc Supply Current 10 mA 8MHz82C54
CLK Freq-

10MHz 82C54-2

'CCSB Vcc Supply Current-Standby 10 /iA CLK Freq = DC

Capacitance (TA = 25°c, vcc = gnd = 0V)

Symbol Parameter Min. Max. Units Conditions

C
IN

Input Capacitance 10 PF
fc

= 1 MHz
Unmeasured pins

returned to GND
C

l/0
I/O Capacitance 20 pF

COUT Output Capacitance 20 PF

AC Characteristics (TA = o°c to 70°C, vcc = 5V ± 1 0%, GND = 0V)

BUS Parameters (Note 1

)

READ CYCLE

Symbol Parameter
UM82C54 UM82C54-2

Unit
Min. Max. Min. Max.

*AR Address Stable Before T^D I 45 30 ns

*SR C~S Stable Before RD 4- ns

tRA Address Hold Time After RD 4 ns

*RR RD Pulse Width 150 95 ns

tRD Data Delay from "RD I 120 85 ns

*AD Data Delay from Address 220 185 ns

lDF "RD t to Data Floating 5 90 5 65 ns

tRV Command Recovery Time 200 165 ns

Note: AC timing

1. AC timing measured at VQH = 2.0V, VQL = 0.8V.
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AC Characteristics (Continued)

WRITE CYCLE

Symbol Parameter
UM82C54 UM82C54-2

Unit
Min. Max. Min. Max.

tAW Address Stable Before"WR 4-
ns

*SW CS Stable Before VVRI
ns

%A Address Hold Time After~WR t ns

tWW WR Pulse Width 150 95 ns

tDW Data Setup Time Before WR t 120 95 ns

%D Data Hold Time AfterWR t ns

*RV Command Recovery Time 200 165 ns

CLOCK AND GATE

Symbol Parameter
UM82C54 UM82C54-2

Unit
Min. Max. Min. Max.

^LK Clock Period 125 DC 100 DC ns

tpWH High Pulse Width 60(31 30(31 ns

tpWL Low Pulse Width 6or3 ' 50131 ns

Tr Clock Rise Time 25 25 ns

lF Clock Fall Time 25 25 ns

*GW Gate Width High 50 50 ns

*GL Gate Width Low 50 50 ns

^S Gate Setup Time to CLK t 50 40 ns

tGH Gate Hold Time After CLK t 50t2) 50121 ns

TOD Output Delay from CLK i 150 100 ns

toDG Output Delay from Gate I 120 100 ns

%C CLK Delay for Loading 55 55 ns

*WG Gate Delay for Sampling -5 50 -5 40 ns

two OUT Delay from Mode Write 260 240 ns

tCL CLK Set Up for Count Latch -4 45 -40 40 ns

Notes:

2. In Modes 1

rising clock

3. Low-going c

and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns for the UM82C54/-2 of the
edge may not be detected.

llitches that violate tpWH , tpWL may cause errors requiring counter reprogramming.
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Pin Description

Pin

Number
Symbol I/O Description

1-8 D 7 -D I/O Data: Bi-directional three state data bus lines, connected to system data bus.

9 CLKO I Clock 0: Clock input of Counter 0.

10 OUT0 Output 0: Output of Counter 0.

11 GATEO I Gate 0: Gate input of Counter 0.

12 GND Ground: Power supply connection.

13 OUT1 Out 1 : Output of Counter 1

.

14 GATE 1 I Gate 1 : Gate input of Counter 1

.

15 CLK 1 I Clock 1 : Clock input of Counter 1

.

16 GATE 2 I Gate 2: Gate input of Counter 2.

17 OUT 2 Out 2: Output of Counter 2.

18 CLK2 I Clock 2: Clock input of Counter 2.

19-20 Ao,A, I Address: Select inputs for one of the

three counters or Control Word Register

for read/write operations, Normally

connected to the system address bus.

A1 A0 Selects

Counter

1 Counter 1

1 Counter 2

1 1 Control Word Register

21 CS I Chip Select: A low on this input enables the UM82C54/-2 to respond to RD
and WR signals. RD and WR are ignored otherwise.

22 RD I Read: This input is low during CPU read operations.

23 Wr I Write: This input is low during CPU write operations.

24 vCc Power: +5V power supply connection.

Functional Description

General

The UM82C54/-2 is a programmable interval timer/

counter designed for use with microcomputer systems. It

is a general purpose, multi-timing element that can be
treated as an array of I/O ports in the system software.

The UM82C54/-2 solves one of the most common prob-

lems in any microcomputer system, the generation of ac-

curate time delays under software control. I nstead of set-

ting up timing loops in software, the programmer con-

figures the UM82C54/-2 to match his requirements and
programs one of the counters for thedesired delay. After

the desired delay, the UM82C54/-2 will interrupt the

CPU. Software overhead is minimal and variable length

delays can easily be accommodated.

Some of the other computer/timer functions common
to microcomputers which can be implemented with

theUM82C54/-2are:

Real time clock

Event counter

Digital one-shot

Programmable rate generator

Square wave generator

Binary rate multiplier

Complex waveform generator

Complex motor controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to inter-

face the UM82C54/-2 to the system bus (see Figure 1).
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A l\ DATA /LA
D7-D0\ ) BUS . ;

\ Y BUFFER W

READ/
WRITE
LOGIC

CONTROL
WORD

REGISTER

ft

DCOUN
1

J

-CLKO

-GATEO

-OUT0

-GATE 1

-OUT1

c

Figure 1. Data Bus Buffer and Read/Write

Logic Function

« DATA
BUS

BUFFER

AA

READ/
WRITE
LOGIC

AA

O

CLKO

GATE

-»-OUT0

-CLK 1

-GATE 1

-OUT1

-CLK 2

-GATE 2

"OUT 2 I
Figure 2. Control Word Register and

Counter Functions

Read/Write Logic

The Read/Write Logic accepts inputs from the system

bus and generates control signals for the other func-

tional blocks of the UM82C54/-2. Aj and A select one

of the three counters or the Control Word Register

to be read from/written into. A "low" on the RD
input tells the UM82C54/-2 that the CPU is reading one

of the counters. A "low" on the WR input tells the

UM82C54/-2 that the CPU is writing either a Control

Word or an initial count. Both RD and WR are qualified

by CS; RD and WR are ignored unless the UM82C54/-2
has been selected by holding CS low.

Control Word Register

The Control Word Register (Figure 2) is selected by

the Read/Write Logic when A,, A = 11. If the CPU
then does a write operation to the UM82C54/-2, the

data is stored in the Control Word Register and is

interpreted as a Control Word used to define the

Counter operation.

The Control Word Register can only be written to; status

information is available with the Read-Back Command.

Counter 0, Counter 1, Counter 2

These three functional blocks are identical in operation,

so only a single Counter will be described. The internal

block diagram of a single counter is shown in Figure 3.

The Counters are fully independent. Each Counter

may operate in a different Mode.

The Control Word Register is shown in the figure; it

is not part of the Counter itself, but its contents de-

termine how the Counter operates.

INTERNAL BUS

^4 . K^

^> <~>

LSZ , K^

Figure 3. Counter Internal Block Diagram
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The status register, when latched, contains the current

contents of the Control Word Register and status of

the output and null count flag. (See detailed explana-

tion of the Read-Back command.)

The actual counter is labeled CE (for "Counting Ele-

ment). It is a 16-bit presettable synchronous down

counter.

OLM and OL L are two 8-bit latches. OL stands for

"Output Latch"; the subscripts M and L for "Most

significant byte" and "Least significant byte" respec-

tively. Both are normally referred to as one unit and

called just OL. These latches normally "follow" the

CE, but if a suitable Counter Latch Command is sent

to the UM82C54/-2, the latches "latch" the present count

until read by the CPU and then return to "following"

the CE. One latch at a time is enabled by the counter's

Control Logic to drive the internal bus. This is how

the 16-bit Counter communicated over the 8-bit internal

bus. Note that the CE itself cannot be read; whenever

you read the count, it is the OL that is being read.

Similarly, there are two 8-bit registers called CRM and

CR
L

(for "Count Register"). Both are normally referred

to as one unit and called just CR. When a new count

is written to the Counter, the count is stored in the

CR and later transferred to the CE. The Control Logic

allows one register at a time to be loaded from the

internal bus. Both bytes are transferred to the CE

simultaneously. CRM and CR L are cleared when the

Counter is programmed for one byte count (either

most significant byte only or least significant byte only)

the other byte will be zero. Note that the CE cannot

be written into; whenever a count is written, it is written

into the CR.

The Control Logic is also shown in the diagram. CLK n,

GATE n, and OUT n are all connected to the outside

world through the Control Logic.

UM82C54/-2 System Interface

The UM82C54/-2 is treated by the system software as an

array of peripheral I/O ports; three are counters and

the fourth is a control register for MODE programming.

Basically, the select inputs A , A! connect to the A ,

Aj address bus signals of the CPU. The CS can be

s ADDRESS BUS 1161 \

A
1

A
o

I

s CONTROL BUS s

l/OR l/OW

s DATA BUS (8) s

" ' 2 1 "

a, a eg

COUNTER

D0-D7

UM82CS4/-

COUNTER
1

>

K

RT5 WR

COUNTER
2

OUT GATE CLK OUT GATE C OUT GATE CLK

Ml
,, -1

'

. i

Figure 4. UM82C54/-2 System Interface

derived directly from the address bus using a linear

select method or it can be connected to the output of

a decoder.

Operational Description

General

After power-up, the state of the UM82C54/-2 is un-

defined. The Mode, count value, and output of all

Counters is undefined.

How each Counter operates is determined when it is

programmed. Each Counter must be programmed

before it can be used. Unused counters need not be

programmed.

Programming the UM82C54/-2

Counters are programmed by writing a Control Word

and then an initial count.

All Control Words are written into the Control Word

Register, which is selected when Ai,A =11. The

Control Word specifies which Counter is being pro-

grammed.

By contrast, initial counts are written into the Counters,

not the Control Word Register. The Aj , A inputs

are used to select the Counter to be written. The

format of the initial count is determined by the Control

Word used.
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Control Word Format

Ai,A =11; CS = 0; R~D=1; WR =

D 7

SC- Select Counter:

SC1 SCO

Select Counter

1 Select Counter 1

1 Select Counter 2

1 1
Read-Back Command
(See Read Operations)

RW - Read/Write:

RW1 RWO

Counter Latch Command (See Read
Operations)

1 Read/Write least significant byte only.

1 Read/Write most significant byte only.

1 1 Read/Write least significant byte first,

then most significant byte

6 D$ D4 D3 Da D t

|
SCI

I
SCO

I

RW1
|
RWO

|
M2 | M1 | MO BCD

M-MODE:
M2 M1 MO

BCD:

ModeO |

1 Mode 1 |

X 1 Mode 2
I

X 1 1 Mode 3 j

1 Mode 4 I

1 1 Mode 5 j

Binary Counter 16-bits

Binary Coded Decimal (BCD) Counter
(4 Decades)

Figure 5. Control Word Format

Write Operations

The programming procedure for the UM82C54/-2 is

very flexible. Only two conventions need to be re-

membered:

1. For each Counter, the Control Word must be written

before the initial count is written.

2. The initial count must follow the count format
specified in the Control Word (least significant byte
only, most significant byte only, or least significant

byte and then most significant byte).

Since the Control Word Register and the three Counters
have separate addresses (selected by the Ai , A inputs),

and each Control Word specifies the Counter it applies

to (SCO, SC1 bits), no special instruction sequence is

required. Any programming sequence that follows
the conventions above is acceptable.

A new initial count may be written to a Counter at

any time without affecting the Counter's programmed
Mode in any way. Counting will be affected as described

in the Mode definitions. The new count must follow

the programmed count format.

If a Counter is programmed to read/write two-byte
counts, the following precaution applies: A program
must not transfer control between writing the first

and second byte to another routine which also writes

into that same Counter. Otherwise, the Counter will

be loaded with an incorrect count.

Read Operations

It is often desirable to read the value of a Counter
without disturbing the count in progress. This is easily

done in the UM82C54/-2.

There are three possible methods for reading the
Counters. The first is through the Read-Back command,
which is explained later. The second is a simple read
operation of the Counter, which is selected with the

A 1( A inputs. The only requirement is that the CLK
input of the selected Counter must be inhibited by
using either the GATE input or external logic. Other-

wise, the count may be in process of changing when
it is read, giving an undefined result.

2-69



UMC UM82C54 -2

Control Word -

LSB of count -

MSB of count -

Control Word -

LSB of count -

MSB of count -

Control Word -

LSB of count -

MSB of count

-

Control Word -

Control Word -

Control Word •

LSB of count -

LSB of count
LSB of count -

MSB of count -

MSB of count

-

MSB of count -

Counter

Counter
Counter
Counter 1

Counter 1

Counter 1

Counter 2
Counter 2
Counter 2

Counter

Counter 1

Counter 2

Counter 2

Counter 1

Counter
Counter
Counter 1

Counter 2

A!

1

1

1

1

1

A,

1

1

1

1

1

Ao

1

1

1

1

1

Ao

1

1

1

1

1

A, Ao

Control Word - Counter 2 1 1

Control Word - Counter 1 1 1

Control Word -- Counter 1 1

LSB of count -- Counter 2 1

MSB of count -- Counter 2 1

LSB of count -- Counter 1 1

MSB of count -- Counter 1 1

LSB of count -- Counter

MSB of count

-

- Counter

Aj Ao

Control Word -- Counter 1 1 1

Control Word -- Counter 1 1

LSB of count -- Counter 1 1

Control Word -- Counter 2 1 1

LSB of count -- Counter

MSB of count -- Counter 1 1

LSB of count -- Counter 2 1

MSB of count -- Counter

MSB of count -- Counter 2 1

Note: In all four examples, all counters are programmed to read/write two-byte counts.

These are only four of many possible programming sequences.

Figure 6. A Few Possible Programming Sequences

Counter Latch Command

The other method involves a special software command
called the "Counter Latch Command". Like a Control

Word, this command is written to the Control Word

Register, which is selected when A
t , A = 11. Also,

like a Control Word, the SCO, SC1 bits select one of the

three Counters, but two other bits, D s and D 4 , dis-

tinguish this command from a Control Word.

A,, A =11;CS-0;RD = 1;WR-0

D, D, D, D 4 D, D, D
1

|
SC1 | SCO |

| | x
| x | x

SC1 , SCO — specify counter to be latched

SC1 SCO Counter

1 1

1

1 1

2

Read-Back Command

D5, D4 — 00 designates Counter Latch Command
x — don't care

Figure 7. Counter Latch Command Format

The selected Counter's output latch (OL) latches the

count when the Counter Latch Command is received.

This count is held in the latch until it is read by the

CPU (or until the Counter is reprogrammed). The

count is then unlatched automatically and the OL
returns to "following" reading the contents of the

Counters "on the fly" without affecting counting in

progress. Multiple Counter Latch Commands may

be used to latch more than one Counter. Each latched

Counter's OL holds its count until read. Counter

Latch Commands do not affect the programmed Mode

of the Counter in any way.

If a Counter is latched and then, some time later, latched

again before the count is read, the second Counter

Latch Command is ignored. The count read will be

the count at the time the first Counter Latch Command
was issued.

With either method, the count must be read according

to the programmed format; specifically, if the Counter

is programmed for two byte counts, two bytes must

be read. The two bytes do not have to be read one

right after the other; read or write or programming

operations of other Counters may be inserted between

them.

Another feature of the UM82C54/-2 is that reads and

writes of the same Counter may be interleaved; for

example, if the Counter is programmed for two byte

counts, the following sequence is valid.

1

.

Read least significant byte.

2. Write new least significant byte.

3. Read most significant byte.

4. Write new most significant byte.
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If a Counter is programmed to read or write two-byte
counts, the following precaution applies: A program
MUST NOT transfer control between reading the first

and second byte to another routine which also reads

from that same Counter. Otherwise, an incorrect count
will be read.

Read-Back Command

The read-back command allows the user to check the

count value, programmed mode, and current state

of the OUT pin and Null Count flag of the selected

counter(s).

The command is written into the Control Word Register

and has the format shown in Figure 8. The command
applies to the counters selected by setting their corres-

ponding bits D 3 ,D 2 ,Di = 1.

A ,Ai = 11 CS = RD=1 WR =

D7 D, D, D, D
3 D, D, D

1 1 CNT2 CNT1 CNTOCOUNT STATUS

D, :
= Latch count of selected counter(s)

D 4 : = Latch status of selected counter(s)
D

3 : 1 = Select counter 2
D, : 1 = Select counter 1

D, : 1 = Select counter
D, : Reserved for future expansion: Must be

Figure 8. Read Back Command Format

The read-back command may be used to latch multiple

counter output latches (OL) by setting the COUNT bit

D s = and selecting the desired counter(s). This single

command is functionally equivalent to several counter
latch commands, one for each counter latches. Each

counter's latched count is held until it is read (or the

counter is reprogrammed). That counter is automa-
tically unlatched when read, but other counters remain

latched until they are read. If multiple count read-back

commands are issued to the same counter without
reading the count, all but the first are ignored; i.e.,

the count which will be read is the count at the time
the first read-back command was issued.

The read-back command may also be used to latch

status information of selected counter(s) by setting

STATUS bit D4 = 0. Status must be latched to be

read; status of a counter is accessed by a read from that

counter.

The counter status format is shown in Figure 9. Bits

D s through D contain the counter's programmed
Mode exactly as written in the last Mode Control Word.
OUTPUT bit D 7 contains the current state of the

OUT pin. This allows the user to monitor the counter's

output via software, possibly eliminating some hardware
from a system

.

D 7 D, D, D 4 D 3 D
3

D, D

OUTPUT NULL
COUNT RW1 RWO M2 M1 MO BCD

D7 1 = Out pin is 1

= Out pin is

D
6 1 = Null count

= Count available for reading
D

5
-D = Counter programmed mode (see figure 7)

Figure 9. Status Byte

NULL COUNT bit D 6 indicates when the last count
written to the counter register (CR) has been loaded

into the counting element (CE). The exact time this

happens depends on the Mode of the counter and is

described in the Mode Definitions, but until the count
is loaded into the counting element (CE), it can't be

read from the counter. If the count is latched or read

before this time, the count value will not reflect the

new count just written. The operation of Null Count
is shown in Figure 10.

This Action: Causes:

A. Write to the control word register:' 1
' Null count=1

B. Write to the count register (CR);''
2

' Null count=1
C. New count is loaded into CE(CR-OE); Null countO
11 'Only the counter specified by the control word will

have its null count set to 1. Null count bits of other
counters are unaffected.

in]
' If the counter is programmed for two-byte counts
(least significant byte then most significant byte)
null count goes to 1 when the second byte is written.

Figure 10. Null Count Operation

If multiple status latch operations of the counter(s)

are performed without reading the status, all but the

first are ignored; i.e., the status that will be read is

the status of the counter at the time the first status

read-back command was issued.

Both count and status of the selected counter(s) may
be latched simultaneously by setting both COUNT and
status bits D 5 , D4 = 0. This is functionally the same
as issuing two separate read-back commands at once,

and the above discussions apply here also. Specifically,

if multiple count and/or status read-back commands
are issued to the same counter(s) without any interven-

ing reads, all but the first are ignored. This is illustrated

in Figure 1 1.

If both count and status of a counter are latched, the

first read operation of that counter will return latched

status, regardless of which was latched first. The next

one or two reads (depending on whether the counter

is programmed for one or two type counts) return

latched count. Subsequent reads return unlatched

count.
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cs RD Wr A x Ao

1 Write into Counter

1 1 Write into Counter 1

1 1 Write into Counter 2

1 1 1 Write Control Word

1 Read from Counter

1 1 Read from Counter 1

1 1 Read from Counter 2

1 1 1 No-Operation (3-State)

1 X X X X No-Operation (3-State)

1 1 X X No-Operation (3-State)

Figure 12. Read/Write Operations Summary

Mode Definitions

The following are defined for use in describing the

operation of the UM82C54/-2.

CLK PULSE: a rising edge, then a falling edge, in that

order, of a Counter's CLK input.

TRIGGER: a rising edge of a Counter's Gate input.

COUNTER
LOADING: the transfer of a count from the CR to

the CE (See "Functional Description")

Mode 0: Interrupt on Terminal Count

Mode is typically used for event counting. After the

Control Word is written, OUT is initially low, and will

remain low until the Counter reaches zero. OUT then

goes high and remains high until a new count or a new

Mode Control Word is written to the Counter.

GATE = 1 enables counting; GATE = disables count-

ing. GATE has no effect on OUT.

After the Control Word and initial count are written

to a Counter, the initial count will be loaded on the

next CLK pulse. This CLK pulse does not decrement

the count, so for an intial count of N, OUT does not

go high until N + 1 CLK pulses after the initial count

is written.

If a new count is written to the Counter it will be loaded

on the next CLK pulse and counting will continue from

the new count. If a two-byte count is written, the

following happens:

1 - Writing the first byte disables counting. Out is set

low immediately (no clock pulse required).

2 - Writing the second byte allows the new count to

be loaded on next CLK pulse.

This allows the counting sequence to be synchronized

by software. Again OUT does not go high until N + 1

CLK pulses after the new count of N is written.

If an initial count is written while GATE = 0, it will

still be loaded on the next CLK pulse. When GATE

goes high, OUT will go high N CLK pulses later; no

CLK pulse is needed to load the Counter as this has

already been done.

D7 D6 D 5

Command
D4 D3 D2 D, Do

Description Result

1 1 1 Read back count and status of

Counter

Count and status latched

for Counter

1 1 1 1 Read back status of Counter 1 Status latched for Counter 1

1 1 1 1 1 Read back status of Counters 2, 1 Status latched for Counter
2, but not Counter 1

1 1 1 1 Read back count of Counter 2 Count latched for Counter 2

1 1 1 Read back count and status of

Counter 1

Count latched for Counter 1

,

but not status

1 1 1 1 Read back status of Counter 1 Command ignored, status

already latched for Counter 1

Figure 11. Read-Back Command Example
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Mode 1 : Hardware Retriggerable One-Shot

OUT will be initially high. OUT will go low on the

CLK pulse following a trigger to begin the one-shot

pulse, and will remain low until the Counter reaches

zero. OUT will then go high and remain high until

the CLK pulse after the next trigger.

After writing the Control Word and initial count, the

Counter is armed. A trigger results in loading the

Counter and setting OUT low on the next CLK pulse,

thus starting the one-shot pulse N CLK cycles in dura-

tion. The one-shot is retriggerable, hence OUT will

remain low for N CLK pulses after any trigger. Theone-

CW - 10 LSB - 4

juwimiuwjmr
GATE

OUT I
i-M-hmnsmsi^i
CW-10 LSB -3

"L-TLJ-

JlAAAAAAAATLr
~\ r

N N N N 3°in°2 m,ioXi
CW-10 LSB - 3 l SB = 2

TJ-U U
JVUUU1AAAAAT

I
"M"M 3°I 2 I°I;I?ISIfpI

Note: THE FOLLOWING CONVENTIONS APPLY TO Al L MODE TIMING DIAGRAMS
1 COUNTERS ARE PROGRAMMED FOR BINARY (NOT BCDI COUNTING AND FOR

READING/WRITING LEAST SlGNIFICANTBYTEILSBI ONLY
2 THE COUNTER IS ALWAYS SELECTED ICS ALWAYS LOWI
3 CW STANDS FOR 'CONTROL WORD' . CW-10 MEANS A CONTROL WORD OF 10 HEX

ISWRITTEN TO THE COUNTER
4 LSB STANDS FOR "LEAST SIGNIFICANT BYTE " OF COUNT.
5 NUMBERS BELOW DIAGRAMS ARE COUNT VALUES

THE LOWER NUMBER IS THE LEAST SIGNIFICANT BYTE
THE UPPER NUMBER IS THE MOST SIGNIFICANT BYTE SINCE THE COUNTER IS
PROGRAMMED TO READ/WHITE LSB ONLY, THE MOST SIGNIFICANT BYTE CANNOT
BE READ.
N STANDS FOR AN UNDEFINED COUNT
VERTICAL LINES SHOW TRANSITIONS BETWEEN COUNT VALUES

Figure 13. Mode

shot pulse can be repeated without rewriting the same
count into the counter. GATE has no effect on OUT.

If a new count is written to the Counter during a one-

shot pulse, the current one-shot is not affected unless

the Counter is retriggered. In that case, the Counter

is loaded with the new count and the one-shot pulse

continues until the new count expires.

Mode 2: Rate Generator

This Mode functions like a divide-by-N counter. It is

typically used to generate a Real Time Clock interrupt.

OUT will initially be high. When the initial count has

decremented to 1, OUT goes low for one CLK pulse.

OUT then goes high again, the Counter reloads the

initial count and the process is repeated. Mode 2 is

periodic; the same sequence is repeated indefinitely.

For an initial count of N, the sequence repeats every

N CLK cycles.

CW = 12 LSB = 3

"L-TLJ"

JUUU\J\I\IU\IU\J\r
GATE

OUT
:mm TU

1 I L

"hhl'l-'ISISI. I8ISIS II

CW=12 LSB -3

"LTU
J\i\juuu\j\nj\ni\r

i r
n|n|n|n|n|o|o|o |° |0|0|

CW=12 LSB = 2

"L_ru—

u

J\f\J\IU\J\RIUU\J\f

¥1 in:

i r
n|n|n|„

|

N |°|° |»|£|«|;| o

Figure 14. Mode 1
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GATE = 1 enables counting; GATE = disables count-

ing. If GATE goes low during an output pulse, OUT
is set high immediately. A trigger reloads the Counter

with the initial count on the next CLK pulse; OUT goes

low N CLK pulses after the trigger. Thus the GATE
input can be used to synchronize the Counter.

After writing a Control Word and initial count, the Co-

unter will be loaded on the next CLK pulse. OUT goes

low N CLK pulses after the initial count is written. This

allows the Counter to be synchronized by software also.

Writing a new count while counting does not affect the

current counting sequence. If a trigger is received after

writing a new count but before the end of the current

period, the Counter will be loaded with the new count

on the next CLK pulse and counting will continue from

the new count. Otherwise, the new count will be loaded

at the end of the current counting cycle.

CW = 14 LSB = 3

^~L_n__r

J1A/U1AAJUVLTLT

\j—i_r
N

I
N , N

I

N
I I I

, , | |

CW-14 LSB-3

:LK JlilAAAJlAnrLTLT
\_J

U~
N N I N N

CW=14 LSB-4

ofooolololo
3 I 2 I 2 I 3 I 2 I 1 13

wrTJ~U u
c- JIAAAATLTL/UIAT

U"
N N I N N

I I 3 I U ? I °5 12 \°
3

Note: A GATE transition should not occur one clock

prior to terminal count.

Figure 15. Mode 2

Mode 3: Square Wave Mode

Mode 3 is typically used for Baud rate generation.

Mode 3 is similar to Mode 2 except for the duty cycle

of OUT. OUT will initially be high. When half the

inital count has expired, OUT goes low for the rema-

inder of the count. Mode 3 is periodic; the sequence

above is repeated indefinitely. An initial count of N
results in a square wave with a period of N CLK cycles.

GATE = 1 enables counting; GATE = disables count-

ing. If GATE goes low while OUT is low, OUT is set

high immediately; no CLK pulse is required. A trigger

reloads the Counter with the initial count on the next

CLK pulse. Thus the GATE input can be used to

synchronize the Counter.

After writing a Control Word and initial count, the

Counter will be loaded on the next CLK pulse. OUT
goes low N CLK pulses after the initial count is written.

This allows the Counter to be synchronized by software.

Writing a new count while counting does not affect the

CW-16 LSB-4

w*""L_n__r

j\i\Jv\nj\jmiwj\ru\rL

N N N N isismsismsisisis
CW"16 LSB-5

wr1__TLJ~

JUirLTlAAAAAAAJLTLTL

1ZJ 1 / 1 r
"hMHsinsmsis i?isisi?i

CW= 1© LSB = 4

wR~L_ru~

^JUlAAAAAAAAAfLrLTL

T_J 1 T
l-hM-IS ISI2I2I2I? ismsrsi

Note: A GATE transition should not occur one clock

prior to terminal count.

Figure 16. Mode 3
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current counting sequence. If a trigger is received after

writing a new count but before the end of the current

half-cycle of the square wave, the Counter will be loaded

with the new count on the next CLK pulse and counting

will continue from the new count. Otherwise, the new

count will be loaded at the end of the current half-cycle.

Mode 3 is implemented as follows:

EVEN COUNTS: OUT is initially high. The initial

count is loaded on one CLK pulse and then is decre-

mented by two on succeeding CLK pulses. When the

count expires OUT changes value and the Counter is

reloaded with the initial count. The above process is

repeated indefinitely.

ODD COUNTS: OUT is initially high. The initial count

minus one (an even number) is loaded on one CLK pulse

and then is decremented by two on succeeding CLK
pulses. One CLK pulse after the count expires, OUT
goes low and the Counter is reloaded with the initial

count minus one. Succeeding CLK pulses decrement

the count by two. When the count expires, OUT goes

high again and the Counter is reloaded with the initial

count minus one. The above process is repeated inde-

finitely. So for odd counts, OUT will be high for (N

+ 1 )/2 counts and low for (N - 1 )/2 counts.

Mode 4: Software Triggered Mode

OUT will be initially high. When the initial count

expires, OUT will go low for one CLK pulse and then

go high again. The counting sequence is "Triggered"

by writing the initial count.

GATE = 1 enables counting; GATE = disables count-

ing. GATE going low freezes OUT in current logic state.

After writing a Control Word and initial count, the

Counter will be loaded on the next CLK pulse. This

CLK pulse does not decrement the count, so for an

initial count of N, OUT does not strobe low until N +

1 CLK pulses after the initial count is written.

If a new count is written during counting, it will be

loaded on the next CLK pulse and counting will con-

tinue from the new count. If a two-byte count is

written, the following happens:

1

.

Writing the first byte has no effect on counting.

2. Writing the second byte allows the new count to be

loaded on the next CLK pulse.

This allows the sequence to be "retriggered" by soft-

ware. OUT strobes low N + 1 CLK pulses after the

new count of N is written.

CW-18 LSB-3

fT-TU
J1AAAAAAAAJ\T

n/ u

—

"M"h IS I S I ? I 3|g|gl

CW-18 LSB-3

'"L-TLT

JUUUUUUUUUW
I

"L_r~
N N 1 N N O000IOIOFF

3 3 3 | 2 | 1 I | FF

CW=18 l_SB»3 LSB-2

ii_n_/

—

U
juumrduumnr

i_r
N N N N OOOOOOFF

3 I 2 I 1 I 2 I 1 I I FF

I

Figure 17. Mode 4

Mode 5: Hardware Triggered Strobe (Retriggerable)

OUT will initially be high. Counting is triggered by a

rising edge of GATE. When the initial count has ex-

pired, OUT will go low for one CLK pulse and then go

high again.

After writing the Control Word and initial count, the

counter will not be loaded until the CLK pulse after a

trigger. This CLK pulse does not decrement the count,

so for an initial count of N, OUT does not strobe low

until N + 1 CLK pulses after trigger.

A trigger results in the Counter being loaded with the

initial count on the next CLK pulse. The counting

sequence is triggerable. OUT will not strobe low for

N + 1 CLK pulses after any trigger. GATE has no

effect on OUT.

If a new count is written during counting, the current

counting sequence will not be affected. If a trigger

occurs after the new count is written but before the
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current count expires, the Counter will be loaded with

the new count on the next CLK pulse and counting

will continue from there.

Operations Common to all Modes

Programming

When a.Control Word is written to a Counter, all Control

Logic is immediately reset and OUT goes to a known in-

itial state; no CLK pulses are required for this.

Gate

The GATE input is always sampled on the rising edge
of CLK. In Modes 0, 2, 3, and 4 the Gate input is

level sensitive, and the logic level is sampled on the

rising edge of CLK. In Modes 1 , 2, 3, and 5 the GATE
input is rising-edge sensitive. In these Modes, a rising

edge of Gate (trigger) sets an edge-sensitive flip-flop

in the Counter. This flip-flop is reset immediately

after it is sampled. In this way, a trigger will be detected

no matter when it occurs — a high logic level does

not have to be maintained until the next rising edge

of CLK. Note that in Modes 2 and 3, the GATE input

is both edge- and level-sensitive.

Counter

New counts are loaded and Counters are decremented

on the falling edge of CLK.

The largest possible initial count is 0; this is equivalent

to 216
for binary counting and 10

4
for BCD counting.

The Counter does not stop when it reaches zero. In

Modes 0, 1,4, and 5 the Counter "wraps around" to

the highest count, either FFFF hex for binary counting

or 9999 for BCD counting, and continues counting.

Modes 2 and 3 are periodic; the Counter reloads itself

with the initial count and continues counting from there.

CW - 1 A LSB = 3

JlJ^TlAAAAJUUir
'IK 'JJL

U"
n|n| n

|

n
|
n

| §|°|?I8I£|§

CW - 1 A LSB - 3

<JirLrirLnj\rL/v\JiJi^

Y_T~
N|N|N |n|n| N |0|0|0|0|0 |o |ff

CW-1A LSB -3 LSB -5

Jl/lTLTLTlAJlAJVLriA/"

DTC VY
U"

"I* M"M SIS I? 18 IE IE IS 12

Figure 18. Mode 5

Signal

Status

Modes
Low or Going Low Rising High

Disable

counting
- Enables

counting

1 -
1) Initiates counting
2) Resets output

after next clock

-

2
1) Disable counting
2) Sets output

immediately high

Initiates

counting
Enables
counting

3
1

)

Disables counting
2) Sets output

immediately high

Initiates

counting
-'

Enables
counting

4
Disables

counting
- Enables

counting

5 - Initiates

counting
-

Figure 19. Gate Pin Operations Summary

Mode Min
Count

Max
Count

1

1 1 •

2 2

3 3

4 1

5 1

Note: is equivalent to 2" for binary counting and 104 for
BCD counting

Figure 20. Minimum and Maximum Initial Counts
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Timing Waveforms

WRITE

Ao-l X
%

Y
f

tsw

X X
byv

Sa/d'W
Vw

READ

X X
X f

"
<AD 3 V— — — — — — —____ — —— -< VALID %-- — — — —___

RECOVERY

\ t V_^
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Timing Waveforms (Continued)

CLOCK AND GATE

*-*wc-*-

* VwL

r
j^X r\ A~\

i"s
= f~

"J — t(

X t

,r^..

:*-/

"LAST BYTE OF COUNT BEING WRITTEN

A.C. Testing Input, OUTPUT Waveform

INPUT/OUTPUT

t-2.0 2.0 >

> TEST POINTS <
^0.8

.

0.8 y

A.C. testing: Inputs are driven at 2.4V for a logic "1"

and 0.45V for a logic "0". Timing measurements are

made at 2.0V for a logic "1 " and 0.8V for a logic "0".

A.C. Testing Load Circuit

DEVICE
UNDER
TEST

:C
L
= 150 pF

("L includes JIG cape citance i

Ordering Information

Part No. Count Frequency Package Type

UM82C54

UM82C54-2

UM82C54L

UM82C54L/-2

8 MHz

10 MHz

8 MHz

10 MHz

24LDIP

24LDIP

28 L PLCC

28 L PLCC
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UMO UM82C55A
CMOS Programmable
Peripheral Interface

Features

Pin compatible with NMOS 8255A
24 programmable I/O pins

Fully TTL compatible

Bus-hold circuitry on all I/O ports eliminates pull-up

resistors

High speed, no "wait state" operation with 8MHz

General Description

The UM82C55A is a high performance CMOS version of the

industry standard 8255A and is manufactured using a

self aligned silicon gate CMOS process. It is a general

purpose programmable I/O device which may be used with

many different microprocessors. There are 24 I/O pins

which may be individually programmed in 2 groups of 12

and used in 3 major modes of operation. The high

80C86

Direct bit set/reset capability

Enhanced control word read capability

Single 5V power supply

2.5mA drive capability on all I/O port outputs

Low standby current — Iccsb
= 10mA

performance of the UM82C55A makes it compatible with

microprocessors such as the 8086, 8048, 8051

.

Static CMOS circuit design ensures low operating power.

TTL compatibility of V
|H

=2.0 volts over the industrial

temperature range and bus hold circuitry eliminates the

need for pull-up resistors.

Pin Configuration Block Diagram

PA3C 1

PA2[Z 2

PA1 C 3

PAoLZ 4

rd[Z 5

cs[I 6

gnd(Z 7

A1C 8

AoLZ 9

PC7\Z 10

PC6C 11

PC5[Z 12

PC4[Z 13

pco[Z 14

PC1 LZ 15

PC2LZ 16

PC3C 17

PBOLZ 18

PB1 lz 19

PB2\Z 20

Zl PA4

zi pas

Zl PA6

u pa7

Zlwn
Zl RESET

ZId

Zl D2
Z]D3

Z1d4

I]ds

ZlD6

Z]d7

ZIvcc
ZlPB7

Zl PB6

ZIPB5

Zl PB4

ZIPB3

power r -

SUPPLIES
"J

BIDIRECTIONAL

'«

A-

QHOOP

PORT c=^,

1
f) PORT C C \q
* UPPFR N ^

VtVi.

0,-Oo DATA BUS IBI-

OtRECTIONAD
RESET RESET INPUT

K CHIP SELECT

RD READ INPUT

WR WRITE INPUT

A0.A1 PORT ADDRESS

PA7-PA0 PORT A (BIT)

PB7-PB0 PORT B (BIT)

PC7PC0 PORT C (BIT)

vcc +5 VOLTS

GND VOLTS

^ J V PB7-PB0
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Absolute Maximum Ratings*

Supply Voltage +8.0 VOLTS
Operating Voltage Range +4V to +7V
Input Voltage Applied GND-2.0V to 6.5V

I/O Pin Voltage Applied GND-0.5V to VCC+0.5V
Storage Temperature Range —65°C to +150°C

Operating Temperature Range 0°C to +70°

C

Maximum Power Dissipation 1 Watt

Comments

Stresses above those listed under "Absolute Maximum

Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics

(VCC = 5.0V+/-5%; TA = 0°C to +70°C)

Symbol Parameter Min. Max. Units Conditions

V|H Logical One Input Voltage 2.0 V

V|L Logical Zero Input Voltage 0.8 V

V H Logical One Output Voltage 3,0

VCC-0.4
V
V

I h = -2.5mA
l OH=-100jUA

Vol Logical Zero Output Voltage 0.4 V Iql =+2.5mA

IlL Input Leakage Current -1.0 1.0 fXA Ov<V|N<VCC

lo I/O Pin Leakage Current -10.0 10.0 JUA Ov<V <VCc

Ibhh Bus Hold High Leakage Current -50 -300 //A Vo = 3.0V
Ports A, B, C

'bhl Bus Hold Low Leakage Current +50 +300 *XA V = 1 .ov

Port A only

'dar Darlington Drive Current -2.0 mA Ports A, B,C
Test Condition 3

Ice Power Supply Current 10 JUA VCC = 5.5V
v in = vcc or Gnd
Outputs Open

Capacitance

(TA = 25°C; Vcc =GND = 0V; V
IN =+5VorGND)

Symbol Parameter Min. Max. Units Conditions

C IN» Input Capacitance 5 PF FREQ = 1 MHZ
Unmeasured Pins

Returned to GND

C l/0* I/O Pin Capacitance 20 PF

'Guaranteed and sampled, but not 100% tested
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AC Characteristics

(Vcc = +5V +5%, GND = OV; T A = 0°C to +70° C)

READ

Symbol Parameter Min. Max. Unit Conditions

tAR Address Stable Before READ ns

*RA Address Stable After READ ns

*RR READ Pulse Width 150 ns

*RD Data Valid From READ 100 ns 1

tDF Data Float After READ 10 75 ns 2

*RV Time Between READs and/or

WRITES
300 ns

*—__—___

—

WRITE

Symbol Parameter Min. Max. Unit Conditions

tAW Address Stable Before WRITE ns

%A Address Stable After WR ITE 20 ns Ports A & B

tww WRITE Pulse Width

60

100

ns

ns

PortC

tpW Data Valid to WRITE High 100 ns

*WD Data Valid After WRITE High 30 ns Ports A & B
60 ns PortC

OTHER TIMING

Symbol Parameter Min. Max. Unit Conditions

%B WR = 1 to Output 350 ns 1

t|R Peripheral Data Before RD ns

^R Peripheral Data After RD ns

*AK ACK Pulse Width 100 ns

tST STB Pulse Width 100 ns

tps Per. Data Before STB High 20 ns

tPH Per. Data After STB High 50 ns

*AD ACK = to Output 175 ns 1

t|<D ACK = 1 to Output Float 20 250 ns 2

%OB WR =1 toOBF=0 150 ns

^OB ACK = 0toOBF = 1 150 ns

tSIB STB = to IBF = 1 150 ns

tRIB RD = 1 tolBF=0 150 ns

tRIT RD = 0to INTR = 200 ns

XSIT STB = 1 to INTR = 1 150 ns

UlT ACK = 1 tolNTR = 1 150 ns

twiT WR = 0to INTR=0 200 ns

tRES Reset Pulse Width 500 ns see note 1

Note: Period of initial Reset pulse after power-on must be at least 50usec. Subsequent Reset pulses may be 500 ns

minimum.
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AC Test Circuits

UM82C55A

V1

R1

FROM OUTPUT
UNDER TEST

Timing Waveforms

MODE (BASIC INPUT)

INPUT

CS,A1,A0

D7-D ,

MODE (BASIC OUTPUT)

WR

D7-D0

•-

CS.A1 ,A0 ^|
^"

OUTPUT

MODE1 (STROBED INPUT)

TEST POINT

— Q1* "Includes stray and jig
~~l—

capacitance

Test Condition V1 R1 R2 C1

1 1.7V 523i2 Open 150pf

2 5.0V 2ki2 1.7kS2 50 pf

3 1.5V 750i2 Open Open

TEST CONDITION DEFINITION TABLE

X
t|R ^

x
-*AR-

TRR

/

< x
lRD

*HR

X
TRA-

X
TDF

\
lAW

>:

TDW-
r

— %A

>

X
>:

TWB

1 '
r

••

STB

r"
/

K-^ib -»

IBF

^IT

^ •

/

'

tRIB

INTR

-i^j '7
,

/
RD

Vh
I .

/

k.INPUT FROM
1

-

PERIPHERAL - - " - H r- ~ - - -

'Kb
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Timing Waveforms (Continued)

MODE 1 (Strobe Output)

OUTPUT

MODE 2 (BIDIRECTIONAL)

PERIPHERAL
BUS

DATA FROM
8080TOUM82C55A

\ fDATA FROM DATA FROM
PERIPHERAL TO UM82C55A UM82C55A TO PERIPHERAL*T

DATA FROM
UM82C55A TO 8080

Note: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. (INTR = IBF • MASK • STB
RD + OBF -MASK -ACK • WR)

WRITE TIMING READ TIMING

Aq-iCS X

ĥ- 1
!

X.

DW —^H-'WD-H

H—-N

X
*AR _^ra|-—

DATA BUS HIGH IMPEDANCE ] VALID j HIGH IMPEDANCE

i
tww
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Pin Description

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface

the UM82C55A to the system data bus. Data is transmitted

or received by the buffer upon execution of input or

output instructions by the CPU. Control words and status

information are also transferred through the data bus

buffer.

Read/Write and Control Logic

The function of this block is to manage all of the internal

and external transfers of both Data and Control or Status

words. It accepts inputs from the CPU Address and

Control buses and in turn, issues commands to both

of the Control Groups.

Ics)

Chip Select. A "low" on this input pin enables the

communication between the UM82C55A and the CPU.

(RD)

Read. A "low" on this input pin enables the UM82C55A
to send the data or status information to the CPU on the

data bus. In essence, it allows the CPU to "read from"

the UM82C55A.

(WR)

Write. A "low" on this input pin enables the CPU to write

data or control words into the UM82C55A.

(Aq and A
1

)

Port Select and Port Select 1. These input signals, in

conjunction with the RTJ and WR inputs, control the

selection of one of the three ports or the control word

registers. They are normally connected to the least

significant bits of the address bus (A
Q
and A.. ).

UM82C55A BASIC OPERATION

A A, RD Wr cT Input Operation (Read)

1 Port A -» Data Bus

1 1 Port B -»• Data Bus

1 1 Port C -»• Data Bus

1 1 1 Control Word -+ Data Bus

Output Operation (Write)

1 Data Bus -» Port A

1 1 Data Bus -*• Port B

1 1 Data Bus -* Port C

1 1 1 Data Bus -+ Control

Disable Function

X X X X 1 Data Bus -»• 3-State

X X 1 1 Data Bus -»• 3-State

C=S ™ <=><

V-r—v '

c4=>-

sj—i—• I

Figure 1. UM82C55A Block Diagram Data Bus Buffer and

Read/Write Control Logic Functions

(Reset)

Reset. A "high" on this input clears the control register

and all ports (A, B, C) are set to the input mode. "Bus
hold" devices internal to the UM82C55A will hold the
I/O port inputs to a logic "1" state with a maximum
hold current of 300 fiA.

Group A and Group B Controls

The functional configuration of each port is programmed
by the system software. In essence, the CPU "outputs"
a control word to the UM82C55A. The control word
contains information such as "mode", "bit set", "bit

reset", etc., that initializes the functional configuration of

the UM82C55A.

Each of the Control blocks (Group A and Group B) accepts

"commands" from the Read/Write Control Logic, receives

"control words" from the internal data bus and issues the

proper commands to its associated ports.

Control Group A- Port A and Port C upper (C7-C4)
Control Group B-Port B and Port C lower (C3-CQ)

The control word register can be both written and read

as shown in the "Basic Operation" table. Figure 4 shows
the control word format for both Read and Write
operations. When the control word is read, bit D7 will

always be a logic "1", as this implies control word mode
information.

Ports A, B and C
The UM82C55A contains three 8-bit ports (A, B, and C).

All can be configured to a wide variety of functional

characteristics by the system software but each has its

own special features or "personality" to further enhance
the power and flexibility of the UM82C55A.

Port A One 8-bit data output latch/buffer and one 8-bit

data input latch. Both "pull-up" and "pull-down"

bus-hold devices are present on Port A.
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Port B One 8-bit data input/output latch/buffer and one
8-bit data input buffer.

Port C One 8-bit data output latch/buffer and one 8-bit
data input buffer (no latch for input) This port
can be divided into two 4-bit ports under the
mode control. Each 4-bit port contains a 4-bit
latch and it can be used for the control signal
outputs and status signal inputs in conjunction
with ports A and B.

Figure 2. UM82C55A Block Diagram Showing Group A
and Group B Control Functions

Operational Description

Mode Selection

There are three basic modes of operation that can be
selected by the system software:

ModeO - Basic Input/Output
Mode 1 - Strobed Input/Output
Mode 2 - Bi-Directional Bus

When the reset input goes "high", all ports will be set to
the input mode with all 24 port lines held at a logic "one"
level by internal bus hold devices. After the reset is

removed, the UM82C55A can remain in the input mode
with no additional initialization required. This eliminates
the need for pullup or pulldown resistors in all-CMOS
designs. During the execution of the system program,
any of the other modes may be selected using a single
output instruction. This allows a single UM82C55A to
service a variety of peripheral devices with a simple
software maintenance routine.

The modes for Port A and Port B can be separately
defined, while Port C is divided into two portions as
required by the Port A and Port B definitions. All of the
output registers, including the status flip-flops, will be
reset whenever the mode is changed. Modes may be
combined so that their functional definition can be
"tailored" to almost any I/O structure. For instance:
Group B can be programmed in Mode to monitor simple
switch closings or display computational results, Group A
could be programmed in Mode 1 to monitor a keyboard or
tape reader on an interrupt-driven basis.

&h° ^VeJ/o ^h/o ^sbo

PB7-PB0 PC3-PC0 PC1-PC4 PA1-PA0

C

&>'i!it lilt' &
PB7-PB0 CONTROL CONTROL PB7-PB0

OR I/O OR I/O

MODE 2 —*4 B f

^°
J | J J J))) ^Bi-DIRECTIONAL

PA7-PA0 I/O PA7-PA0

CONTROL

Figure 3. Basic Mode Definitions and Bus Interface

CONTROL WORD

D7 D6 D5 D4 D3 D2 D1 DO

PORT C (LOWER)
1 = INPUT
= OUTPUT

PORTB
1 = INPUT
- OUTPUT

MODE SELECTION
- MODE

1 = MODE 1

PORT C (UPPER)
1 = INPUT
= OUTPUT

PORTA
1 = INPUT
= OUTPUT

MODE SELECTION
00 = MODE
01 = MODE 1

1 X - MODE 2

MODE SET FLAG
1 = ACTIVE

Figure 4. Mode Definition Format
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The mode definitions and possible mode combinations

may seem confusing at first but after a cursory review of

the complete device operation a simple, logical I/O

approach will surface. The design of the UM82C55A has

taken into account things such as efficient PC board layout.

control signal definition vs PC layout and complete

functional flexibility to support almost any peripheral

device with no external logic. Such design represents the

maximum use of the available pins.

CONTROL WORD

D7 D6 D5 D4 D3

X X

DONTCARE

D2

BIT SET/RESET
1 =SET
0= RESET

BIT SELECT

1 2 3 4 5 6 7

1 1 1 1 BO

1 1 1 1 B1

1 1 1 1 B2

BIT SET/RESET FLAG
= ACTIVE

Figure 5. Bit Set/Reset Format

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using

a single OUT put instruction. This feature reduces software

requirements in control-based applications.

When Port C is being used as status/control for Port A or B,

these bits can be set or reset by using the Bit Set/Reset

operation just as if they were data output ports.

Interrupt Control Functions

When the UM82C55A is programmed to operate in mode 1

or mode 2, control signals are provided that can be used as

interrupt request inputs to the CPU. The interrupt request

signals, generated from port C, can be inhibited or enabled

by setting or resetting the associated INTE flip-flop, using

the bit set/reset function of port C.

This function allows the programmer to enable or disable

a CPU interrupt by a specific I/O device without affecting

any other device in the interrupt structure.

INTE Flip-flop Definition

(BIT-SET) - INTE is SET - Interrupt enable.

(BIT-RESET) - INTE is RESET - Interrupt disable.

Note: All Mask flip-flops are automatically reset during

mode selection and device Reset.

Operating Modes

Mode (Basic Input/Output). This functional configura-

tion provides simple input and output operations for each

of the three ports. No handshaking is required, data is

simply written to or read from a specific port.

Mode O Basic Functional Definitions:

• Two 8-bit ports and two 4-bit ports

• Any port can be input or output

• Outputs are latched

• Inputs are not latched

• 16 different Input/Output configurations possible.
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MODE (BASIC INPUT)

UM82CSSA

RD

INPUT

CS, A1 , AO

D7-D0

\
X

X
jAiL

MODE (BASIC OUTPUT)

D7-D0

CS, A1,AO

OUTPUT

X
*wa

LRR /
••- tRR

"<^^<
lRD

X
lRA

X
>--

\ *ww /
X

LWD"

X
zx

TWB
x

Mode Port Definition

A B Group A Group B

D4 D3 Di Do Port A
PortC

(Upper)
# PortB

PortC

(Lower)
u u Output Output Output Output

1 Output Output 1 Output Input

1 Output Output 2 Input Output
1 1 Output Output 3 Input Input

1 Output Input 4 Output Output

1 1 Output Input 5 Output Input

1 1 Output Input 6 Input Output

1 1 1 Output Input 7 Input Input

Input Output 8 Output Output
1 Input Output 9 Output Input

1 Input Output 10 Input Output
1 1 Input Output 11 Input Input

1 Input Input 12 Output Output

1 1 Input Input 13 Output Input

1 1 Input Input 14 Input Output

1 1 1 input Input 15 Input Input
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Mode Configurations

CONTROL WORD #0

D7 D6 D5 D4 D3 D2 D1 DO

1

D7-D0 -+

CONTROL WORD #1

D7 D6 D5 D4 D3 D2 D1 DO

1 1

D7-D0 *

CONTROL WORD #2

D7 D6 D5 D4 D3 D2 D1 DO

1 1

D7-D0 -»

CONTROL WORD #3

D7 D6 D5 D4 D3 D2 D1 DO

f—— PA7-PA0

PC7-PC4

¥—"-PC3-PC0

PB7-PB0

-/—.-PA7-PA0

4
-/—.-PC7-PC4

A—-PC3-PC0

/8-^PB7-PB0

/—•- PA7-PA0

4
+—^PC7-PC4

4
J—*. PC3-PC0

-/ PB7-PB0

1 1 1

PA7-PA0

PC7-PC4

p— PC3-PC0

/^— PB7-PB0

CONTROL WORD #4

D7 D6 D5 D4 D3 D2 D1 DO

1 1

D7-D0 -»

CONTROL WORD #5

D7 D6 D5 D4 D3 D2 D1 DO

1 1 1

D7-D0 -*-

A
UM82C55A

-[

CONTROL WORD #6

D7 D6 D5 D4 D3 D2 D1 DO

1 1 1

PC7-PC4

-/—»»PC3-PC0

8
/ H3B7-PB0

-f—- PA7-PA0

-PC7-PC4

-f PC3-PC0

-f—^PB7-PB0

-/—"-PA7-PA0

-—/ PC7-PC4

7^-*>PC3-PC0

f PB7-PB0

CONTROL WORD #7

D7 D6 D5 D4 D3 D2 D1 DO

D7-D0

PA7-PA0

f PC3-PC0

-—

y

PB7-PB0
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CONTROL WORD #8

D7 D6 D5 D4 D3 D2 D1 DO

1 1

A

UM82C55A

-i

-^— PA7-PA0

/^ -PC7-PC4

A
-PC3-PC0

/
8 > PB7-PB0

CONTROL WORD #9

D7 D6 D5 D4 D3 D2 D1 DO

10 10 1

D7-D0 •*-

A
UM82C55A

-l

« /
g PA7-PA0

/ »PC7-PC4

4
PC3-PC0

PB7-PB0

CONTROL WORD #10

D7 D6 D5 D4 D3 D2 D1 DO

1 1 1

PA7-PA0

*—^PC7-PC4

-f—*-PC3-PC0

-*—

/

PB7-PB0

CONTROL WORD #11

D7 D6 D5 D4 D3 D2 D1 DO

D7-D0-

A
UM82C55A

-i

.PA7-PA0

/ »PC7-PC4

-PC3-PC0

-y£ PB7-PB0

UM82CSSA

CONTROL WORD #12

D7 D6 D5 D4 D3 D2 D1 DO

1 1 1

D7-D0 -»

PA7-PA0

PC7-PC4

t<—*- PC3-PC0

/° „ PB7-PB0

jCONTROLWORD#13

D7 D6 D5 D4 D3 D2 D1 DO

1

D7-D0-

A
UM82C55A

:{
-+-

PA7-PA0

PC7-PC4

-*—/- PC3-PC0

* "-PB7-PB0

CONTROL WORD #14

D7 D6 D5 D4 D3 D2 D1 DO

10 110 10

D7-D0^_

A
UM82C55A

<

PA7-PA0

t~ / PC7-PC4

4
PC3-PC0

PB7-PB0

CONTROL WORD #15

D7 D6 D5 D4 D3 D2 D1 DO

D7-D0-

A
UM82C55A

{_

—t PA7-PA0

-A— PC7-PC4

^ A PC3-PC0

|«

—

^— PB7-PB0
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Operating Modes

Mode 1 (Strobed Input/Output). This functional

configuration provides a means for transferring I/O data to

or from a specified port in conjunction with strobes or

"handshaking" signals. In mode 1, port A and port B
use the lines on port C to generate or accept these

"handshaking" signals.

Mode 1 Basic Functional Definitions

• Two Groups (Group A and Group B)

• Each group contains one 8-bit port and one
4-bit control/data port.

• The 8-bit data port can be either input or output.

Both inputs and outputs are latched.

• The 4-bit port is used for control and status of

the 8-bit port.

Input Control Signal Definition

STB (Strobe Input)

A "low" on this input loads data into the input latch.

IBF (Input Buffer Full F/F)

A "high" on this output indicates that the data has been

loaded into the inpu t latch; in essence, an acknowledge-

ment. IBF is set by STB input being low and is reset by
the rising edge of the RD input.

INTR (Interrupt Request)

A "high" on this output can be used to interrupt the

CPU when an input device is requesting service. INTR
is set by the condition; STB is a "one", IBF is a "one"
and INTE is a "one". It is reset by the falling edge of

RD. This procedure allows an input device to request

service from the CPU by simply strobing its data into

the port.

INTE A
Controlled by bit set/reset of PC^

INTE B

Controlled by bit set/reset of PC 2
"

MODE 1 (PORTA)

CONTROL WORD
D7 D6 D5 D4 D3 D2 01 DO

1 111/0

u
Kl

PC6.7
1 = INPUT
- OUTPUT

PA7-PA0 C^
|7nte~1
I A I

PC4

PC5

u
L, PC3

PC6.7^

STB,,

IBF A

M0DE1 (PORTB)

CONTROL WORD
D7 D6 D5 D4 D3 D2 D1 DO

EMOT

Figure 6. MODE 1 Input

m - tST "
'*"

STB

^IB

'

IBF

/

*SIT

T Y

/
I

"" ^IB —•-

\
INTR

*RIT •m to \. )

^HV /
RD

Vh
_Jf

'

-._ _ . .

-H
— *

L-
r~

j

•«

—

Vs »

Figure 7. MODE 1 (Strobed Input)
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Output Control Signal Definition

OBF (Output Buffer Full F/F). The OBF output will

go "low" to indicate that the CPU has written data out

to the specified port. The OBF F/F will be set by the

rising edge of the WR input and reset by ACK Input being

low.

ACK (Acknowledge Input). A "low" on this input

informs the UM82C55A that the data from port A or port

B has been accepted. In essence, a response from the

peripheral device indicating that it has received the data

output by the CPU.

INTR (Interrupt Request). A "high" on this output can

be used to interrupt the CPU when an output device

has accepted data transmitted by the CPU. INTR is set

when ACK is a "one", OBF is a "one" and INTE is a

"one". It is reset by the falling edge of WR.

INTE A

Controlled by Bit Set/Reset of PC6
-

MODE1 (PORTA)

CONTROL WORD

D7 D6 D5 D4 D3 D2 D1 DO

ra
U?PC4, 5

INPUT
= OUTPUT

=0

I
INTE

|

I A i

PC4.5

-OBF
A

-ACK"„

CONTROL WORD

D7 D6 D5 D4 D3 D2 D1 DO

MODE 1 (PORT B)

IXlXMxH°M
I
INTE

;

I B I

IE

OBF
B

ACK C

INTE B

Controlled by Bit Set/Reset of PC2
-

Figure 8. MODE 1 Output

WR \^
/

O^
I I

\ »
\

OBF
tWOB

T^sI /
r°i

«

—

,i

si:

INTR
— %IT

\ / / /
P

/ // r/

ACK

5
>^/ ,

P
- XA\T

OUTPUT ns
<

*—

i

"TWB

Figure 9. MODE 1 (Strobed Output)
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Combinations of MODE 1; Port A and|Port B can be individually defined as input or output in Mode 1 to support a wide

variety of strobed I/O applications:

RD MD

CONTROL WORD

D7 D6 05 D4 D3 02 D1 DO

1 1 1/0 1 V
[PCPC6.7

1 = INPUT
= OUTPUT

-O

PORTA - (STROBED INPUT)

PORT B - (STROBED OUTPUT)

WR KD

CONTROL WORD

D7 D6 D5 D4 D3 D2 D1 DO

1 1/01 1 V
cPC4, 5
1 = INPUT
= OUTPUT

RD *C

PA7-PA0

PC7

PC6

PC3

PC4-5

PB7-PB0

PC2

PC1

PCO

3>
OBF.

ACK,
"A

-*- INTR*

I/O

C^
STB C

-*- IBF rB

-* INTR r

PORT B - (STROBED INPUT)
PORT A - (STROBED OUTPUT)

Figure 10. Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Bidirectional Bus I/O)

The functional configuration provides a means for

communicating with a peripheral device or structure on a

single 8-bit bus for both transmitting and receiving data

(bidirectional bus I/O). "Handshaking" signals are provided

to maintain proper bus flow discipline similar to MODE 1

.

Interrupt generation and enable/disable functions are also

available.

MODE 2 Basic Function Definitions:

• Used in Group A only.

• One 8-bit, bi-directional bus Port (Port A) and a

5-bit control Port (Port C).

• Both inputs and outputs are latched.

• The 5-bit control port (Port C) is used for control

and status for the 8-bit, bi-directional bus port

(Port A).

Bidirectional Bus I/O Control Signal Definition

INTR (Interrupt Request). A high on this output can be

used to interrupt the CPU for both input or output

operations.

Output Operations

OBF (Output Buffer Full). The OBF output will go "low"

to indicate that the CPU has written data out to port A.

ACK (Acknowledge). A "Low" on this input enables the

tri-state output buffer of port A to send out the data.

Otherwise, the output buffer will be in the high impedance

state.

INTE 1 (The INTE Flip-Flop Associated with OBF).

Controlled by bit set/reset of PC6
•

Input Operations

STB (Strobe Input). A "low" on this input loads data into

the input latch.

IBF (Input Buffer Full F/F). A "high" on this output

indicates that data has been loaded into the input latch.

INTE 2 (The INTE Flip-Flop Associated with IBF).

Controlled by bit set/reset of PCV
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CONTROL WORD

07 D6 D5 D4 D3 D2 D1 DO

Effl 1/0 1/0 1/0

PC2-0C
1 = INPUT
= OUTPUT

PORTB
1 = INPUT
= OUTPUT

-+ GROUP B MODE
= MODE

1 = MODE 1

WFt •<:

RD- PC2-0

Figure 1 1 . MODE Control Word Figure 12. MODE 2

PERIPHERAL
BUS

DATA FROM
CPU TO UM82C55A

DATA FROM
PERIPHERAL TO UM82C55A

DATA FROM
UM82C55ATOCPU

Figure 13. MODE 2 (Bidirectional)

Note: Any sequence where WR occurs before ACK and STB occurs before RD is permissible (INTR = IBF MASK
STB RD + OBF MASK • ACK • WR)
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MODE 2 AND MODE (INPUT) MODE 2 AND MODE (OUTPUT)

CONTROL WORD

D7 D6 D5 D4 D3 D2 D1 DO

ra 1/0

PC2-PC0
1 = INPUT
= OUTPUT
RD HD

WR -•O

PC3

PA7-PA0

PC7

PC6
UM82C55A

PC4

PC5

PC2-0

PB7-PB0

00
• INTR,

OBF^

ACK,

STB^

IBF A

MODE 2 AND MODE 1 (OUTPUT)

CONTROL WORD

D7 D6 D5 D4 D3 D2 D1 DOwmm
RD

WR

C

o

PC3

PA7-PA0

PC7

PC6

UM82C55APC4

PC5

PB7-PB0

PC1

PC2

PCO

P0_-*OBFA
ACK A

•STB,

-* IBF,

3
OBF

E

ACK CyB
-*- INTR D

CONTROL WORD

D7 D6 D5 D4 D3 D2 D1 DO

1 1 XXX 1/0

PC2-0 -*—

I

1 = INPUT
= OUTPUT
RD »-0

WR -O

UM82C55A

PC3

PA7-PA0

PC7

PC6

PC4

PC5

PC2-0

PB7-PB0

00
OBF,

AC^

STB A

I/O

MODE 2 AND MODE 1 (INPUT)

CONTROL WORD

D7 D6 D5 D4 D3 D2 D1 DO

IXMXH'M

RD-

Figure 14. MODE 2 Combinations

Mode Definition Summary

PA

MODEO
IN OUT
IN OUT

PA, IN OUT
PA2 IN OUT
PA3 IN OUT
PA4 IN OUT
PA S IN OUT
PA6 IN OUT
PA 7 IN OUT
PBo IN OUT
PBi IN OUT
PB2 IN OUT
PB3 IN OUT
PB4 IN OUT
PB S IN OUT
PB6 IN OUT
PB7 IN OUT
PC IN OUT
PC, IN OUT
PC2 IN OUT
PC3 IN OUT
PC4 IN OUT
PC S IN OUT
PC6 IN OUT
PC 7 IN OUT

M0DE1
IN OUT
IN
IN

IN

IN
IN

IN
IN

IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

IN
IN
IN
IN
IN
IN

IN
IN

OUT
OUT
OUT
OUT
OUT
OUT
OUT
OUT

INTRr
HEb
STBr
INTRa
STBa
IBFa
I/O

I/O

INTR B
0BFb
ACKB
INTRA
I/O
I/O
ACKA
OBFA

INTR,

MODE 2

Group A Only

I/O

I/O

I/O
INTRA
STBA
IBFa

UBFa
I

MODE
OR MODE 1

ONLY
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Special Mode Combination Considerations:

There are several combinations of modes possible. For
any combination, some or all of Port C lines are used for
control or status. The remaining bits are either inputs or
outputs as defined by a "Set Mode" command.

During a read of Port C^jhe state of all the Port C lines
except the ACK and STB lines, will be placed on the
data bus. In place of the ACK and STB line states, flag
status will appear on the data bus in the PC2, PC4, and
PC6 bit positions as illustrated by Figure 17.

Through a "Write Port C" command, only the Port C
pins programmed as outputs in a Mode group can be
written. No other pins can be affected by a "Write Port
C" command, nor can the interrupt enable flags be
accessed. To write to any Port C output programmed
as an output in a Mode 1 group or to change an interrupt
enable flag, the "Set/Reset Port C Bit" command must
be used.

With a "Set/Reset Port C Bit" command, any Port C
line programmed as an output (including INTR, IBF and
OBF) can be written, or an interrupt enable flag can be
either set or reset. Port C lines programmed as inputs,
including ACK and STB lines, associated with Port C are
not affected by a "Set/Reset Port C Bit" command.
Writing to the_corresponding Port C bit positions of the
ACK and STB lines with the "Set/Reset Port C Bit"
command will affect the Group A and Group B interrupt
enable flags, as illustrated in Figure 1 7.

UM82C55A

D7

INPUT CONFIGURATION
D6 D5 D4 D3 D2 D1 DO

I/O I/O INTEA !INTR/ INTEr IBF C INTRt

GROUP A
I

GROUP

B

D7

OUTPUT CONFIGURATION
D6 D5 D4 D3 D2 D1

INTEA

DO

I/O I/O INTR, INTE OBF

I

GROUPA

'NTRB
|

GROUP

B

Figure 15. MODE 1 Status Word Format

D7 D6 D5 D4 D3 D2 D1 DO

OBFA
|

INTE
1

IBFA

"
I

INTE2^1S§
GROUPA GROUP

B

(DEFINED BY MODE OR MODE 1 SELECTION)

Figure 16. MODE 2 Status Word Format

Interrupt Enable Flag

INTE B

INTE A2

INTE A1

Position

PC2

PC4

PC6

Alternate Port C Pin Signal (Mode)

ACKB (Output Mode 1 ) or STBB (Input Mode 1

)

STBa (Input Mode 1 or Mode 2)

ACKA (Output Model or Mode 2)

Figure 17. Interrupt Enable Flags in Modes 1 and 2

Current Drive Capability:

Any output on Port A, B or C can sink or source 2.5mA.
This feature allows the UM82C55A to directly drive
Darlington type drivers and high-voltage displays that
require such sink or source current.

Reading Port C Status

In Mode 0, Port.C transfers data to or from the peripheral
device. When the UM82C55A is programmed to function

in Modes 1 or 2, Port C generates or accepts "hand-shaking"
signals with the peripheral device. Reading the contents of
Port C allows that programmer to test or verify the "status"
of each peripheral device and change the program flow
accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is

executed to perform this function.
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Applications of the UM82C55A

The UM82C55A is a very powerful tool for interfacing

peripheral equipment to the microcomputer system.

It represents the optimum use of available pins and is

flexible enough to interface almost any I/O device without

the need for additional external logic.

Each peripheral device in a microcomputer system usually

has a "service routine" associated with it. The routine

manages the software interface between the device and the

CPU. The functional definition of the UM82C55A is

programmed by the I/O service routine and becomes an

extension of the system software. By examining the I/O

devices interface characteristics for both data transfer and

timing, and matching this information to the examples and

tables in the detailed operational description, a control

word can easily be developed to initialize the UM82C55A

to exactly "fit" the application. Figures 18 through 24

present a few examples of typical applications of the

UM82C55A.

MODE 1

(OUTPUT)

MODE1
{OUTPUT)

PAO

PA1

PA2

PA3

PA4
PA5

PA6

PA 7

PC7

PC6

PC5

PC4

DATA READY
ACK
PAPER FEED

FORWARD/RE

_» DATA READY
ACK

HIGHSPEED
PRINTER

DATA READY

ACK
PAPER FEED

FORWARD/REV
RIBBON

CARRIAGE SEN

CONTROL LOGIC AND DRIVERS

Figure 18. Printer Interface

NTERRUPT
REQUEST-"

1

INTERRUPT
PC3

MODE 1

(INPUT)

RO
R1 FULLY
R2 DECODED
R3;

KEYBOARD

R4
R5
SHIFT
CONTROL

STROBE
ACK

PA1
REQUEST 1

PC3

MODE 1

(INPUT)

UM82C55A

RO

R1 FULLY
F2 DECODED

R3
KEYBOARD

R4

R5

SHIFT

CONTROL

STROBE
ACKNOWLEDGE
BUSY LT

TEST LT

PA3
PA4
PA5
PA6
PA7

PA2

PA3

PA4

PA5

PA6

PA7

PC4

PC5

PC6

PC7

KC4

PCS

UM82C55A

«•

—
BO

B1 BURROUGHS
B2 SELF-SCAN
B3 DISPLAY

B4

B5

BACKSPACE
CLEAR

DATA READY

-

MODE 1

(OUTPUT)

PB1

PB2
PB3

PB4

PB5

PB6

PB7

PC1

PC2
PC6

PC7

MODEO
(INPUT)

PBO

PB1

PB2

PB3

PB4

PB5

PB6

PB7

—6'
~~d»

6' "5

6 "5

<<' h

(5 ~~(5

ACK
BLANKING
CANCEL WORD

(< ~<s

I | X'~ "">>

INTERRl
REQU

I PCO J 1

*

JPT -* 1

EST

=

TERMINAL
ADDRESS

Figure 19. Keyboard and Display Interface Figure 20. Keyboard and Terminal Address Interface
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MODEO
(OUTPUT)

PAO
PA1

PA2
PA3
PA4
PA5
PA6
PA7
PC4

PC5
PC6

PC7

LSB

12-BIT
D-A

CONVERTER
(DAC)

MSB

STB DATA
OUTPUT EN

UM82C55A

BIT _
5ET/RESET

PCO
PC1

PC2 SAMPLE EN
STB

LSB

8-BIT
AD

CONVERTER
(ADC)

MSB

PC3

MODEO
(INPUT)

-

PBO
PB1

PB2
PB3
PB4
PB5
PB6

PB7

INTERRUPT
REQUEST

^1

ANALOG
" OUTPUT

ANALOG
INPUT

PC3 PAC

PA1

PA2
PA3
PA4
PA5
PA6
PA 7

PC7

PC6
PC5

PC4

MODEO
(OUTPUT)

-

UM82C55A

PC2
PC1

PCO

PBO
PB1

PB2
PB3

PB4
PB5
PB6

PB7

MODE _
(OUTPUT)

CRT CONTROLLER
• CHARACTER GEN
• REFRESH BUFFER
• CURSOR CONTROL

RO
R1

R2
R3
R4
R5
SHIFT
CONTROL

DATA READY
ACK
BLANKED
BLACK/WHITE

ROW STB
COLUMN STB
CURSOR H/V STB

CURSOR/ROW/COLUMN
-ADDRESS
H& V

Figure 21. Digital to Analog, Analog to Digital Figure 22. Basic CRT Controller Interface

INTERRUPT
REQUEST

PC3

MODE 2 -

UM82C55A

MODEO
(OUTPUT)

PAO
PA1
PA2
PA3
PA4
PA5
PA6
PA7

PC4

PC5
PC7

PC6

<m 1*

PC2
PC1

PCO

PBO
PB1

PB2

PB3
PB4
PB5
PB6

PB7

INTERRUPT
REQUEST

FLOPPY DISK

CONTROLLER
AND DRIVE

DO
D1

D2
D2
D4
D5
D6
D7

DATA STB
ACK (IN)

DATA READY
ACK (OUT)

TRACK "0" SENSOR
SYNC READY
INDEX

ENGAGE HEAD
FORWARD/REV
READ ENABLE
WRITE ENABLE
DISC SELECT
ENABLE CRC
TEST •

BUSY LT

±L
PC3

MODE 1

(INPUT)

UM82C55A

MODE0_
(INPUT)

MODE
(OUTPUT)"

PAO
PA1

PA2
PA3
PA4
PA5
PA6

PA 7

PC4

PC5
PC6

PCO
PC1

PC2

PBO
PB1

PB2
PB3

PB4
PB5
PB6

PB7

RO
R1

R2
R3
R4
R5
R6
R7

8 LEVEL
PAPER
TAPE

READER

STB
ACK
STOP/GO

MACHINE TOOL

START/STOP
LIMIT SENSOR (H/V)

OUT OF FLUID

CHANGE TOOL
LEFT/RIGHT
UP/DOWN

HOR. STEP STROBE
VERT. STEP STROBE
SLEW/STEP
FLUID ENABLE
EMERGENCY STOP

Figure 23. Basic Floppy Disk Interface Figure 24. Machine Tool Controller Interface
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CMOS Ptogtammable
Interrupt Controller

Features

Pin compatible with NMOS 8259A-2

Eight-level priority controller

Expandable to 64 levels

Programmable interrupt modes

Low standby current — 10 'mA

Individual request mask capability

80C86/88 and 8080/85/86/88 compatible

Fully static design

Single 5V power supply

Available in 28-lead plastic DIP and 28-lead PLCC

packages

General Description

The UM82C59A-2 is a high performance CMOS ver-

sion of the NMOS Priority Interrupt Controller. The
UM82C59A-2 is designed to relieve the system CPU from

the task of polling in a multi-level priority interrupt

system. The high speed and industry standard configura-

tion of the UM82C59A-2, make it compatible with micro-

processors such as the 80C86/88, 8086/88 and 8080/85.

The UM82C59A-2 can handle up to 8 vectored priority

interrupts for the CPU and is cascadable to 64 without

additional circuitry. It is designed to minimize the

software and real time overhead in handling multi-level

priority interrupts. Two modes of operation make the

UM82C59A-2 optimal for a variety of system requirements.

Static CMOS circuit design, requiring no clock input,

insures low operating power.

Pin Configurations Block Diagram

esc 28 z
wHC 2 27 z
rd[Z 3 26 13

°7C 4 25 z
Did 5 24 Z
o 5 r 6 s 23 Z
D,C M

a
IS

22 z
D,C 8 2! z
°iC ?!

>
20 z

o,C 10 19
~j

DoC 11 18 Z
CASOQ 12 17 z
CAS1 [2 13 16 z
GND

~
14 15 z

Ap

INTA

SP'EN

CAS2

4 3 2 1 28 27 26

25 HIR7

24 DIR6

UM82CS9AL-2 22

12 13 14 15 16 17 18

HIR4

3 IR3

3 IR2

Si l
z t °

g Iuj z i

CAS1

CAS 2

o DATA
BUS •

BUFFER

=3 READ/
WRITE
LOGIC

o
*

— CASCADE
BUFFER/

COMPARATOR

V

vV CONTROL LOGIC

IS

SERVICE
REG
IISR) O C

H
NTERRUPT
REQUEST
REG

AN
VV

INTERNAL BUS
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Absolute Maximum Ratings*

Ambient Temperature Under Bias 0°C to 70°C

Storage Temperature -65°C to + 150°C

Supply Voltage (w.r.t. ground) -0.5 to 7.0V

Input Voltage (w.r.t. ground) -0.5 to Vcc + 0.5V

Output Voltage (w.r.t. ground) -0.5 to Vcc + 0.5V

Power Dissipation 0.9 Watt

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (TA = 0°C to 70°C, Vrr = 5V ± 10%

Symbol Parameter Min Max Unit Conditions

'ccs Standby Supply Current 10 HA

V|N = VCC or GND
All IR = Vcc
Outputs Unloaded

VCC = 5-5V

'cc Operating Supply Current 5 mA (Note)

V,H Input High Voltage 2.2 VCC + 0.5 V

V| L Input Low Voltage -0.5 0.8 V

Vol Output Low Voltage 0.4 V l 0L = 2.5 mA

VOH Output High Voltage
3.0

VCC ~ 0-4
V

l 0H = -2.5 mA
l 0H =-100juA

'li
Input Leakage Current ±1.0 MA ov<v IN <vcc

'lo Output Leakage Current ± 10 MA ov<vOUT <vcc

1 LIR IR Input Leakage Current
-300

+ 10
ma V|N=0

V,N = Vcc

Note: Repeated data input with 80C86-2 timings.

Capacitance (TA = 25° C; vcc = GND = OV)

Symbol Parameter Min Max Unit Conditions

C
IN Input Capacitance 7 PF fc = 1 MHz

C
l/0

I/O Capacitance 20 PF Unmeasured pins at GND

COUT Output Capacitance 15 PF
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TIMING REQUIREMENTS

Symbol Parameter Min. Max. Unit Conditions

TAHWL Ao/CS Setup to WR ns

TWHAX Ao/CS Hold after WR ns

TWLWH WR Pulse Width 190 ns

TDVWH Data Setup to WR 160 ns

TWHDX Data Hold after WR ns

TJLJH Interrupt Request Width (Low) 100 ns See Note 1

TCVIAL
Cascade Setup to Second or Third
INTA (Slave Only)

40 ns

TRHRL

End of RD to next RD;
End of INTA to next INTA within

an INTA sequence only

160 ns

TWHWL End of WR to next WR 190 ns

*TCHCL .

End of Command to next Command
(Not same command type)

End of INTA sequence to

next INTA sequence

400 ns

*Worst case timing forTpwri in an actual microprocessor system is typically much greater than 400 ns (i.e. 8085A = 1.6/us, 8085A-2 = 1/us,

80C86=1/us).
Note: This is the low time required to clear the input latch in the edge triggered mode.

TIMING RESPONSES

Symbol Parameter Min. Max. Unit Conditions

TRI_DV Data Valid from RD/iNTA 120 ns

TRHDZ 10 85 ns 2Data Float after RD/INTA

TJHIH Interrupt Output Delay 300 ns

TIALCV
Cascade Valid from First INTA

(Master Only)
360 ns

TRLEL Enable Active from RD or INTA 100 ns

Trheh Enable Inactive from RD or INTA 150 ns

TAHDV Data Valid from Stable Address 200 ns

TCVDV Cascade Valid to Valid Data 200 ns

AC Test Circuits

OUTPUT
FROM

DEVICE UNDER TEST

'Includes Stray and
Jig Capacitance

AC Testing Input Output Waveform

INPUT

VIH + 0.4V

x y
OUTPUT

2.4V

Test Condition V1 R1 R2 C1

1 1.7V 523« Open 100 pF

2 4.5V 1.8KI2 1.8KH 30 pF

Test Condition Definition Table

AC Testing: All input signals must switch between V|l_ — 0.4V

and Vj|_| + 0.4V. Tp and Tp must be less than or

equal to 15 ns.
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Timing Waveforms

WRITE

\
ADDRESS BUS

A X
/

WH h *

xz: i?

READ/INTA

\

ADDRESS BUS

*0 X

y
"\=

TRLDV
TAHDV -

DATA BUS— -------.. 3

^TRHEH

X
>

OTHER TIMING mrK '

\ /r— TRHRL —A.

\ /-— TWHWL —»A
RD

INTA.
WR N /
RD

INTA.

1
INTA SEQUENCE

NOTES:

Interrupt output must remain HIGH at least until leading edge of first INTA.

1
.
Cycle 1 in 80C86 and 80C88 systems, the Data Bus is not active.
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Pin Description

Pin No. Symbol I/O Description

28 vCc I SUPPLY: +5V Supply.

14 GND 1 GROUND.

1 CS 1

CHIP SELECT: A low on this pin enables RTJ and WR communication between the

CPU and the UM82C59A-2. INTA functions are independent of CS.

2 WR 1

WRITE: A low on this pin when CS is low enables the UM82C59A-2 to accept

command words from the CPU.

3 RD 1

READ: A low on this pin when CS is low enables the UM82C59A-2 to release status

onto the data bus for the CPU.

4-11 D7 -D I/O
BIDIRECTIONAL DATA BUS: Control, status and interrupt-vector information

is transferred via this bus.

12, 13, 15 CAS0-CAS2 I/O

CASCADE LINES: The CAS lines form a private UM82C59A-2 bus to control a

multiple UM82C59A-2 structure. These pins are outputs for a master UM82C59A-2

and inputs for a slave UM82C59A-2.

16 SP/EN I/O

SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin. When in the

Buffered Mode it can be used as an output to control buffer transceivers (EN). When

not in the buffered mode it is used as an input to designate a master (SP = 1 ) or slave

(SP = 0).

17 INT
INTERRUPT: This pin goes high whenever a valid interrupt request is asserted. It

is used to interrupt the CPU, thus it is connected to the CPU's interrupt pin.

18-25 IR0-IR7 1

INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request is executed

by raising an IR input (low to high), and holding it high until it is acknowledged

(Edge Triggered Mode), or just by a high level on an IR input (Level Triggered Mode).

Internal pull-up resistors are implemented on IRO-7.

26 1

INTERRUPT ACKNOWLEDGE: This pin is used to enable UM82C59A-2 interrupt-

vector data onto the data bus by a sequence of interrupt acknowledge pulses issued

by the CPU.

INTA

27 Ao 1

A ADDRESS LINE: This pin acts in conjunction with the CS, WR, and RD pins.

It is used by the 82C59A-2 to decipher various Command Words the CPU writes

and status the CPU wishes to read. It is typically connected to the CPU A address

line (A! for 80C86, 80C88).

Functional Description

Interrupts in Microcomputer Systems

Microcomputer system design requires that I/O devices

such as keyboards, displays, sensors and other components

receive servicing in an efficient manner so that large

amounts of the total system tasks can be assumed by the

microcomputer with little or no effect on throughput.

The most common method of servicing such devices is the

Polled approach. This is where the processor must test

each device in sequence and in effect "ask" each one if

it needs servicing. It is easy to see that a large portion of

the main program is looping through this continuous

polling cycle and that such a method would have a serious,

detrimental effect on system throughput, thus limiting

the tasks that could be assumed by the microcomputer

and reducing the cost effectiveness of using such devices.
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A more desirable method would be one that would allow

the microprocessor to be executing its main program and
only stop to service peripheral devices when it is told to

do so by the device itself. In effect, the method would
provide an external asynchronous input that would inform
the processor that it should complete whatever instruction

that is currently being executed and fetch a new routine

that will service the requesting device. Once this servicing

is complete, however, the processor would resume exactly

where it left off.

This method is called interrupt. It is easy to see that

system throughput would drastically increase, and thus

more tasks could be assumed by the microcomputer to

further enhance its cost effectiveness.

The Programmable Interrupt Controller (PIC) functions
as an overall manager in an Interrupt-Driven system

environment. It accepts requests from the peripheral

equipment, determines which of the incoming requests

is of the highest importance (priority), ascertains whether

the incoming request has a higher priority value than the

level currently being serviced, and issues an interrupt

to the CPU based on thisdetermination.

Each peripheral device or structure usually has a special

program or "routine" that is associated with its specific

functional or operational requirements; this is referred

to as a "service routine". The PIC, after issuing an

interrupt to the CPU, must somehow input information

into the CPU that can "point" the Program Counter to

the service routine associated with the requesting device.

This "pointer" is an address in a vectoring table and will

often be referred to, in this document, as vectoring data.

The UM82C59A-2

The UM82C59A-2 is a device specifically designed for

use in real time, interrupt driven microcomputer systems.

It manages eight levels or requests and has built-in features

for expandability to other UM82C59A-2's (up to 64 levels).

It is programmed by system's software as an I/O peripheral.

A selection of priority modes is available to the pro-

grammer so that the manner in which the requests are

processed by the UM82C59A-2 can be configured to

match system requirements. The priority modes can

be changed or reconfigured dynamically at any time during

the main program. This means that the complete
interrupt structure can be defined as required, based on
the total system environment.

Interrupt Request Register (IRR) and

In-Service Register (ISR)

The interrupts at the IR input lines are handled by two
registers in cascade, the Interrupt Request Register (IRR)

UM82C59A-2

and the In-Service Register (ISR). The IRR is used to
store all the interrupt levels which are requesting service,

and the ISR is used to store all the interrupt levels which
are currently being serviced.

cPu-bftlvEkj
MULTIPLEXOR

C=3

§

v11^I/O (N) I-

\7

Figure a. Polled Method

Figure b. Interrupt Method

Priority Resolver

This logic block determines the priorities of the bits set

in the IRR. The highest priority is selected and strobed

into the corresponding bit of the ISR during INTA
sequence.

Interrupt Mask Register (IMR)

The IMR stores the bits which mask the interrupt lines

to be masked. The IMR operates on the IRR. Masking
of a higher priority input will not affect the interrupt

request lines of lower priority.
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INT (Interrupt)

This output goes directly to the CPU interrupt input.

The V0H level on this line is designed to be fully com-

patible with the 8080A, 8085A, 80C88 and 80C86 input

levels.

INTA (Interrupt Acknowledge)

INTA pulses will cause the UM82C59A-2 to release vector-

ing information onto the data bus. The format of this data

depends on the system mode (/iPM) of the UM82C59A-2.

Data Bus Buffer

This 3-state, bidirectional 8-bit buffer is used to interface

trie UM82C59A-2 to the system Data Bus. Control words

and status information are transferred through the Data

Bus Buffer.

Read/Write Control Logic

The function of this block is to accept Output commands

from the CPU. It contains the Initialization Command

Word (ICW) registers and Operation Command Word

(OCW) registers which store the various control formats

for device operation. This function block also allows

the status of the UM82C59A-2 to be transferred onto

the Data Bus.

CS (Chip Select)

A LOW on this input enables the UM82C59A-2. No

reading or writing of the device will occur unless the

device is selected.

WR (Write)

A LOW on this input enables the CPU to write control

words (ICWs and OCWs) to the UM82C59A-2.

RD (Read)

A LOW on this input enables the UM82C59A-2 to send the

status of the Interrupt Request Register (IRR). In

Service Register (ISR), the Interrupt Mask Register

(IMR), or the interrupt level (in the poll mode) onto the

Data Bus.

A

This input signal is used in conjunction with WR and

RD signals to write commands into the various command

registers, as well as reading the various status registers

of the chip. This line can be tied directly to one of the

address lines.

The Cascade Buffer/Comparator

This function block stores and compares the IDs of all

UM82C59A-2's used in the system. The associated three

I/O pins (CASO-2) are outputs when the UM82C59A-2

is used as a master and are inputs when the UM82C59A-2

W

COMPARATOR

CONTROL LOGIC

m
c

n

ADDRESS BUS (IG)

CONTROL BUS

l/OR l/OW INT INTA

DATA BUS (8)

" A
Aq D7-D0 AD WR INT INTA

UM82C59A-2

CAS2 IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ
SP/EN 7 6 5 4 3 2 10

I I I I

Figure 4. UM82C59A-2 Block Diagram Figure 5. UM82C59A-2 Interface to Standard System Bus

2-104



UM82CS9A-2

is used as a slave. As a master, the UM82C59A-2 sends

the ID of the interrupting slave device onto the CASO-2

lines. The slave thus selected will send its preprogrammed

subroutine address onto the Data Bus during the next

one or two consecutive INTA pulses. (See section

"Cascading the UM82C59A-2".)

Interrupt Sequence

The powerful features of the UM82C59A-2 in a micro-

computer system are its programmability and the interrupt

routine addressing capability. The latter allows direct

or indirect jumping to the specified interrupt routine

requested without any polling of the interrupting devices.

The normal sequence of events during an interrupt depends

on the type of CPU being used.

The events occur as follows in an MCS-80/85 system:

1. One or more of the INTERRUPT REQUEST lines

(IR7-0) are raised high, setting the corresponding IRR
bit(s).

2. The UM82C59A-2 evaluates these requests, and sends

an INT to the CPU, if appropriate.

3. The CPU acknowledges the INT and responds with

an INTA pulse.

4. Upon receiving an INTA from the CPU group, the

highest priority ISR bit is set, and the corresponding

IRR bit is reset. The UM82C59A-2 will also release

a CALL instruction code (11001101) onto the 8-bit

data bus through D -D7 pins.

5. This CALL instruction will initiate two more
INTA pulses to be sent to the UM82C59A-2 from

the CPU group.

6. These two INTA pulses allow the UM82C59A-2 to

release its preprogrammed subroutine address onto

the Data Bus. The lower 8-bit address is released, at

the first INTA pulse and the higher 8-bit address is

released at the second INTA pulse.

7. This completes the 3-byte CALL instruction released

by the UM82C59A-2. In the AEOI mode, the ISR

bit is reset at the end of the third INTA pulse.

Otherwise, the ISR bit remains set until an appropriate

EOI command is issued at the end of the interrupt

sequence.

The events occurring in an 80C86 system are the same

until step 4.

4. Upon receiving an INTA from the CPU group, the

highest priority ISR bit is set and the corresponding

IRR bit is reset. The UM82C59A-2 does not drive

the data bus during this cycle.

5. The 80C86 will initiate a second INTA pulse. During

this pulse, the UM82C59A-2 releases an 8-bit pointer

onto the Data Bus where it is read by the CPU.

6. This completes the interrupt cycle. In the AEOI mode,

the ISR bit is reset at the end of the second INTA
pulse. Otherwise, the ISR bit remains set until an

appropriate EOI command is issued at the end of the

interrupt subroutine.

If no interrupt is present at step 4 of either sequence

(i.e., the request was too short in duration), the

UM82C59A-2 will issue an interrupt level 7. Both the

vectoring bytes and the CAS lines will look like an

interrupt level 7 was requested.

Interrupt Sequence Outputs

MCS®-80, MCS-85

This sequence is timed by three INTA pulses. During

the first INTA pulse, the CALL opcode is enabled onto

the data bus.

Content of First Interrupt Vector Byte

CALL CODE
D7 06 D5 D4 D3 D2 D1 DO

| 1 1 1 1 1

During the second INTA pulse, the lower address of the

appropriate service routine is enabled onto the Data Bus.

When interval = 4 bits, A5 -A7 are programmed, while

Ao-A4 are automatically inserted by the UM82C59A-2.

When interval = 8, only A4 and A7 are programmed,

while A -A5 are automatically inserted.

Content of Second Interrupt Vector Byte

IR Interval =4

D7 D6 D5 D4 03 D2 D1 DO

7 A7 A6 A5 1 1 1

6 A7 A6 A5 1 1

5 A7 A6 A5 1 1

4 A7 A6 A5 1

3 A7 A6 A5 1 1

2 A7 A6 A5 1

1 A7 A6 A5

A7 A6 A5

IR Interval = 8

D7 D6 05 D4 D3 D2 01 DO

7 A7 A6 1 1 1

6 A7 A6 1 1

5 A7 A6 1 1

4 A7 A6 1

3 A7 A6 1 1

2 A7 A6 1

1 A7 A6 1

A7 A6
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During the third INTA pulse, the higher address of the

appropriate service routine, which was programmed as

byte 2 of the initialization sequence (A5-A15), is enabled

onto the bus.

Content of Third Interrupt Vector Byte

D7 D6 D5 D4 D3 D2 &1 DO

|
A15 A14 A13 A12 A11 A10 A9 AS I

80C86, 80C88

80C86, 80C88 mode is similar to MCS-80 mode except

that only two interrupt Acknowledge cycles are issued

by the processor and no CALL opcode is sent to the

processor. The first interrupt acknowledge cycle is similar

to that of MCS-80,85 systems in that the UM82C59A-2

uses it to internally freeze the state of the interrupts for

priority resolution and as a master it issues the interrupt

code on the cascade lines at the end of the INTA pulse.

On this first cycle, it does not issue any data to the

processor and leaves its Data Bus buffers disabled. On

the second interrupt acknowledge cycle in 80C86, 80C88

mode, the master (or slave if so programmed) will send

a byte of data to the processor with the acknowledged

interrupt code composed as follows (note the state of

the ADI mode control is ignored and A 5 -Au are unused

in80C86,80C88mode.):

Content of Interrupt Vector Byte for

80C86, 80C88 System Mode

D7 D6 D5 D4 D3 D2 D1 DO

IR7 T7 T6 T5 T4 T3 1 1 1

IR6 T7 T6 T5 T4 T3 1 1

IR5 T7 T6 T5 T4 T3 1 1

IR4 T7 T6 T5 T4 T3 1

IR3 T7 T6 T5 T4 T3 1 1

IR2 T7 T6 T5 T4 T3 1

IR1 T7 T6 T5 T4 T3 1

IRO T7 T6 T5 T4 T3

Programming the UM82C59A-2

The UM82C59A-2 accepts two types of command words

generated by the CPU:

1. Initialization Command Words (ICWs): Before normal

operation can begin, each UM82C59A-2 in the system

must be brought to a starting point — by a sequence

of 2 to 4 bytes timed by WR pulses.

2. Operation Command Words (OCWs): These are the

command words which command the UM82C59A-2

to operate in various interrupt modes. These modes

are:

a. Fully nested mode c. Special mask mode

b. Rotating priority mode d. Polled mode

The OCWs can be written into the UM82C59A-2 anytime

after initialization.

Initialization Command Words (ICWS)

General

Whenever a command is issued with A = and D4 = 1,

this is interpreted as Initialization Command Word 1

(ICW1). ICW1 starts the initialization sequence during

which the following automatically occur.

a. The edge sense circuit is reset, which means that

following initialization, an interrupt request (IR) input

must make a low-to-high transition to generate an

interrupt.

b. The Interrupt Mask Register is cleared.

c. I R7 input is assigned priority 7.

d. The slave mode address is set to 7.

e. Special Mask Mode is cleared and Status Read is set to

IRR.

f. If IC4 = 0, then all functions selected in ICW4 are set

to zero. (Non-Buffered mode*, no Auto-EOI, MCS-80,

85 system).

*NOTE: Master/Slave in ICW4 is only used in the buffered

mode.

Initialization Command Words 1 and 2 (ICW1, ICW2)

A5-A1J: Page starting address of service routines. In an

IMCS-80 ,85 system, the 8 request levels will generate CALLS
to 8 locations equally spaced in memory. These can be

programmed to be spaced at intervals of 4 or 8 memory

locations, thus the 8 routines will occupy a page of 32

or 64 bytes, respectively.

The address format is 2 bytes long (A -A 15 ). When the

routine interval is 4, A0-A4 are automatically inserted by

the UM82C59A-2, while A5 -Ai 5 are programmed exter-

nally. When the routine interval is 8, A -A5 are automa-

tically inserted by the UM82C59A-2 while A6 -Ais are

programmed externally.

The 8-byte interval will maintain compatibility with current

software, while the 4-byte interval is best for a compact

jump table.
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In an 80C86, 80C88 system, A ls -Au are inserted in the

[five most significant bits of the vectoring byte and the

UM82C59A-2 sets the three least significant bits according

to the interrupt level. Ai -As are ignored and ADI

(Address interval) has no effect.

LTIM: If LTIM = 1, then the UM82C59A-2 will operate

in the level interrupt mode. Edge detect logic on

the interrupt inputs will be disabled.

ADI: CALL address interval. ADI = 1 then interval = 4;

ADI = then interval = 8.

SNGL: Single. Means that this is the only UM82C59A-2

in the system. If SNGL = 1, no ICW3 will be

issued.

IC4: If this bit is set - ICW4 has to be issued. If ICW4

is not needed, set IC4 = 0.

ICW1

NO (SNGL = 1)

NO(IC4 = 0)

READY TO ACCEPT
INTERRUPT REQUESTS

UM82C59A2

ICW1

o4 D 3 2

CALL ADDRESS INTERVAL
1 - INTERVAL OF 4
- INTERVAL OF 8

ArAs OF INTERRUPT
VECTOR ADDRESS

(MCS-80/85 MODE ONLY)

Ao D, , °6 Dj

ICW2

04 °3 °2 C
1

D

1

Ais/ *»/
/t 7 /t6

*13/ A12/
/t4

All/

/t 3

A» A, A8

A

A15-A, OF INTERRUPT 1

ICW3 (MASTER DEVICE!

D, D6 Ds D4 D3 Dj D| Do

VECTOR ADDRESS 1

(MCSBO/85 MODE)
T,T3 OF INTERRUPT
VECTOR ADDRESS
(8086/8088 MOOEI 1

1 s7 s6 s5 s4 s3 s 2 Si So

1 -IR INPUT has A SLAVE
0- IR INPUT DOES NOT HAVE

A SLAVE

A D7

ICW3 (SLAVE DEVICE)

6 D5 D4 D3 Dj Ol Do

1 IDj ID, I0

1 1 2 3 4 5 6 7

1 1 1 1

1 1 1 1

1 1 1 1

ICW4

SFNM BUF M/S AEOI IJPM

1 AUTO EOI
0= NORMAL EOI

_X (-NON BUFFERED MODE
-BUFFERED MODE/SLAVE
-BUFFERED MODE/MASTER

1 -SPECIAL FULLY NESTED
MODE

= NOT SPECIAL FULLY
NESTED MODE

Figure 6. Initialization Sequence

NOTE: Slave ID is equal to the corresponding master IR Input

Figure 7. Initialization Command Word Format
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Initialization Command Word 3 (ICW3)

This word is read only when there is more than one

UM82C59A-2 in the system and cascading is used, in

which case SNGL = 0. It will load the 8-bit slave register.

The functions of this register are:

a. In the master mode (either when SP = 1, or in buffered

mode when M/S = 1 in ICW4), a "1" is set for each

slave in the system. The master then will release byte

1 of the call sequence (for MCS80/85 system) and will

enable the corresponding slave to release bytes 2 and

3 (for 80C86, 80C88 only byte 2) through the cascade

lines.

b. In the slave mode (either when 5P = 0, or if BUF = 1

and M/S = in ICW4), bits 2-0 identify the slave.

The slave compares its cascade input with these bits

and if they are equal, bytes 2 and 3 of the call

sequence (or just byte 2 for 80C86, 80C88) are released

by it on the Data Bus.

Initialization Command Word 4 (ICW4)

SFNM; If SFNM = 1, the special fully nested mode

is programmed.

BUF: If BUF = 1, the buffered mode is programmed.

In buffered mode, SP/EN becomes an enable

output and the master/slave determination

is by M/S.

M/S: If buffered mode is selected: M/S = 1 means

the UM82C59A-2 is programmed to be a

master, M/S = means the UM82C59A-2

is programmed to be a slave. If BUF = 0,

M/S has no function.

AEOI: If AEOI = 1, the automatic end of interrupt

mode is programmed.

juPM: Microprocessor mode: /zPM = sets the

UM82C59A-2 for MCS-80,85 system operation,

MPM = 1 sets the UM82C59A-2 for 80C86

system operation.

Operation Command Words (OCWs)

After the initialization Command Words (ICWs) are

programmed into the UM82C59A-2, the device is ready

to accept interrupt requests at its input lines. However,

during the UM82C59A-2 operation, a selection of

algorithms can command the UM82C59A-2 to operate

in various modes through the Operation control Words

(OCWs).

Operation Control Words (OCWs)

A0 D7 D6 D5 D4 D3 D2 D1 DO

OCW1

1 M7 M6 M5 M4 M3 M2 M1 MO

OCW2

R SL EOI L2 L1 L0

OCW3

ESMM SMM 1 P RR RIS

Operation Control Word 1 (OCW1 )

OCW1 sets and clears the mask bits in the interrupt Mask

Register (IMR). M7 -M represent the eight mask bits.

M = 1 indicates the channel is masked (inhibited), M =

indicates the channel is enabled.

Operation Control Word 2 (OCW2)

R, SL, EDI — These three bits control the Rotate and

End of Interrupt modes and combinations of the two.

A chart of these combinations can be found on the

Operation Command Word Format.

Lj, Lj, L — These bits determine the interrupt level

acted upon when the SL bit is active.
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Ao 7 6 D S

OCW1

°4 D) 2 D
, D

1 M7 M6 M5 M4 M3 M2 M1 MO

|
INTERRUPT MASK
1 = MASK SET
» MASK RESET

Ao D 7 D6 °S

OCW2

°4 °J °2 °1 Do

R SL EOI 1-2 L| L

"1

-

IR LEVEL TO BE
ACTED UPON

1 2 3 4 5 6 7

1 1 1 1

1 1 1 1

1 1 1 1

"
'

"

NON-SPECI FIC EOI COMMAND }

SPECIFIC EOI COMMAND /

ROTATE ON NON-SPECIFIC EOI COMMAND )

ROTATE IN AUTOMATIC EOI MODE (SETI )

ROTATE IN AUTOMATIC EOI MODE (CLEAR) )
•ROTATE ON SPECIFIC EOI COMMAND )

•SET PRIORITY COMMAND
f

NO OPERATION

ENDOF INTERRUPT

AUTOMATIC ROTATION

SPECIFIC ROTATION

1

1 1

1 1

1

I ! ?

1 1

1

•L0-L2 ARE USED

OCW3
O? °6 Ds C>4 O3

RIS I

READ REGISTER COMMAND

READ
IR REG
ON NEXT
RD PULSE

READ
IS REG
ON NEXT
RD PULSE

1 "= POLL COMMAND
- NO POLL COMMAND

SPECIAL MASK MODE

RESET
SPECIAL
MASK

SET
SPECIAL
MASK

Figure 8. Operation Command Word Format
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Operation Control Word 3 (0CW3)

ESMM — Enable Special Mask Mode. When this bit is

set to 1 it enables the SMM bit to set or reset the Special

Mask Mode. When ESMM = 0, the SMM bit becomes

a "don't care".

SMM - Special Mask Mode. If ESMM = 1 and SMM = 1,

the UM82C59A-2 will enter Special Mask Mode. If

ESMM = 1 and SMM = 0, the UM82C59A-2 will revert

to normal mask mode. When ESMM = 0, SMM has no

effect.

Fully Nested Mode

This mode is entered after initialization unless another

mode is programmed. The interrupt requests are ordered

in priority from through 7 (0 highest). When an

interrupt is acknowledged the highest priority request

is determined and its vector placed on the bus. Addi-

tionally, a bit of the Interrupt Service register (ISO-7)

is set. This bit remains set until the microprocessor issues

an End of Interrupt (EOI) command immediately before

returning from the service routine, or if AEOI (Automatic

End of Interrupt) bit is set, until the trailing edge of the

last INTA. While the IS bit is set, all further interrupts

of the same or lower priority are inhibited, while higher

levels will generate an interrupt (which will be acknow-

ledged only if the microprocessor internal interrupt enable

flip-flop has been re-enabled through software).

After the initialization sequence, IRO has the highest

priority and IR7 the lowest. Priorities can be changed,

as will be explained, in the rotating priority mode.

End Of Interrupt (EOI)

The In Service (IS) bit can be reset either automatically

following the trailing edge of the last in sequence INTA

pulse (when AEOI bit in ICW4 is set) or by a command

word that must be issued to the UM82C59A-2 before

returning from a service routine (EOI command). An
EOI command must be issued twice if in the Cascade mode,

once for the master and once for the corresponding slave.

There are two forms of EOI command: Specific and

Non-Specific. When the UM82C59A-2 is operated in

modes which preserve the fully nested structure, it can

determine which IS bit to reset on EOI. When a Non-

Specific EOI command is issued the UM82C59A-2 will

automatically reset the highest IS bit of those that are

set, since in the fully nested mode the highest IS level

was necessarily the last level acknowledged and serviced.

A non-specific EOI can be issued with OCW2 (EOI = 1,

SL = 0, R = 0).

When a mode is used which may disturb the fully nested

structure, the UM82C59A-2 may no longer be able to

determine the last level acknowledged. In this case a

Specific End of Interrupt must be issued which includes

as part of the command the IS level to be reset. A
specific EOI can be issued with OCW2 (EOI = 1, SL = 1,

R = 0, and L0-L2 is the binary level of the IS bit to be

reset).

It should be noted that an IS bit that is masked by an

IMR bit will not be cleared by a non-specific EOI if the

UM82C59A-2 is in the Special Mask Mode.

Automatic End of Interrupt (AEOI) Mode

If AEOI = 1 in ICW4, then the UM82C59A-2 will operate

in AEOI mode continuously until reprogrammed by ICW4.

In this mode the UM82C59A-2 will automatically perform

a non-specific EOI operation at the trailing edge of the

last interrupt acknowledge pulse (third pulse in MCS-80/85,

second in 80C86/88). Note that from a system standpoint,

this mode should be used only when a nested multi-level

interrupt structure is not required within a single

UM82C59A-2.

Automatic Rotation (Equal Priority Devices)

In some applications there are a number of interrupting

devices of equal priority. In this mode a device, after

being serviced, receives the lowest priority, so a device

requesting an interrupt will have to wait, in the worst

case until each of 7 other devices are serviced at most

once. For example, if the priority and "in service"

status is:

Before Rotate (IR4 the highest priority requiring service)

IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO

"IS" STATUS 1 1

PRIORITY

STATUS
lo

Pr

7 N 6 5 4 3 2 1 ,°

west

iority

^

P

tghest

riority
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After Rotate (IR4 was serviced, all other priorities

rotated correspondingly)

IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO

"IS" STATUS 1

PRIORITY

STATUS
highest

_

priority

r\ lowest

priority

There are two ways to accomplish Automatic Rotation

using OCW2, the Rotation on Non-Specific EOI Command
(R = 1, SL = 0, EOI = 1) and the Rotate in Automatic

EOI Mode which is set by (R = 1, SL = 0, EOI = 0) and

cleared by (R = 0, SL = 0, EOI = 0).

Specific Rotation (Specific Priority)

The programmer can change priorities by programming

the bottom priority and thus fixing all other priorities;

i.e., if IR5 is programmed as the bottom priority device,

then IR6 will have the highest one.

The Set Priority command is issued in OCW2 where:

R = 1, SL = 1; L0-L2 is the binary priority level code of

the bottom priority device.

Observe that in this mode internal status is updated by

software control during OCW2. However, it is independent

of the End of Interrupt (EOI) command (also executed

by OCW2). Priority changes can be executed during

an EOI command by using the Rotate on Specific EOI

command in OCW2 (R = 1, SL = 1, EOI = 1 and L0-

L2 = IR level to receive bottom priority).

Interrupt Masks

Each Interrupt Request input can be masked individually

by the Interrupt Mask Register (IMR) programmed through

OCW1. Each bit in the IMR masks one interrupt channel

if it is set (1). Bit masks IR0, Bit 1 masks IR1 and so

forth. Masking an IR channel does not affect the other

channels operation.

Special Mask Mode

Some applications may require an interrupt service routine

to dynamically alter the system priority structure during

its execution under software control. For example, the

routine may wish to inhibit lower priority requests for

UM82CS9A-2

a portion of its execution but enable some of them for

another portion.

The difficulty here is that if an Interrupt Request is

acknowledged and an End of Interrupt command did

not reset its IS bit (i.e., while executing a service routine),

the UM82C59A-2 would have inhibited all lower priority

requests with no easy way for the routine to enable

them.

That is where the Special Mask Mode comes in. In the

special Mask Mode, when a mask bit is set in OCW1, it

inhibits further interrupts at that level and enables

interrupts from all other levels (lower as well as higher)

that are not masked.

Thus, any interrupts may be selectivity enabled by loading

the mask register.

The special Mask Mode is set by OCW3 where: SSMM =

1 , SMM = 1 , and cleared where SSMM =
1 , SMM = 0.

Poll Command

In this mode, the INT output is not used or the micropro-

cessor internal Interrupt Enable flip-flop is reset, disabling

its interrupt input. Service to devices is achieved by

software using a Poll command.

The Poll command is issued by setting P ="1"in OCW3.
The UM82C59A-2 treats the next RD pulse to the

UM82C59A-2 (i.e., RD = 0, CS = 0) as an interrupt

acknowledge, sets the appropriate IS bit if there is a

request, and reads the priority level. Interrupt is frozen

from WR to RD.

The word enabled onto the data bus during R~D is:

D7 D6 D5 D4 D3 D2 D1 'DO

I
- - - - W2 W1 WO

W0-W2: Binary code of the highest priority level

requesting service.

1 : Equal to a "1" if there is an interrupt.

This mode is useful if there is a routine command
common to several levels so that the INTA sequence is

not needed (saves ROM space). Another application

is to use the poll mode to expand the number of priority

levels to more than 64.
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LTIMBIT
0> EDGE

1 = LEVEL

TO OTHER PRIORITY CELLS

<tt

MASK
iAJ£H.

SET

CLR ISR

ISR BIT

c

rCH

H

NON
MASKED
REQ

d-3
k99

Notes:

1. MASTER CLEAR ACTIVE ON LY DURING ICW1
2. FREEZE/IS ACTIVE DURING INTA/AND POLL SEQUENCES ONLY
3. TRUTH TABLE FOR D-LATCH

C I D I O I OPERATION

Figure 9. Priority Cell - Simplified Logic Diagram

Reading the UM82C59A-2 Status

The input status of several internal registers can be read

to update the user information on the system. The

following registers can be read via OCW3 (IRR and ISR

orOCWI (IMR)).

Interrupt Request Register (IRR): 8-bit register which

contains the levels requesting an interrupt to be acknow-

ledged. The highest request level is reset from the IRR

when an interrupt is acknowledged. (Not affected by

IMR).

|

In-Service Register (ISR): 8-bit register which contains

the priority levels that are being serviced. The ISR

is updated when an End of Interrupt Command is

issued.

Interrupt Mask Register: 8-bit register which contains

the interrupt request lines which are masked.

The IRR can be read when prior to the RD pulse, a

Read Register Command is issued with OCW3 (RR = 1,

RIS=1).

There is no need to write an OCW3 before every status

read operation, as long as the status read corresponds

with the previous one; i.e., the UM82C59A-2 "remembers"

whether the IRR or ISR has been previously selected

by the OCW3. This is not true when poll is used. After

initialization, the UM82C59A-2 is set to IRR.

For reading the IMR, no OCW3 is needed. The output

data bus will contain the IMR whenever RD is active

and AO = 1 (OCW1). Polling overrides status read when

P= 1, RR= 1 inOCW3.

Edge and Level Triggered Modes

This mode is programmed using bit 3 in ICW1

.

If LTIM = '0', an interrupt request will be recognized

by a low to high transition on an IR input. The IR

input can remain high without generating another

interrupt.

If LTIM = "T, an interrupt request will be recognized

by a 'high' level on IR Input, and there is no need for

an edge detection. The interrupt request must be

removed before the EOI command is issued or the CPU
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interrupt is enabled to prevent a second interrupt from

occurring.

The priority cell diagram shows a conceptual circuit of

the level sensitive and edge sensitive input circuitry of

the UM82C59A-2. Be sure to note that the request latch

is a transparent D type latch.

In both the edge and level triggered modes the IR inputs

must remain high until after the falling edge of the first

INTA. If the IR input goes low before this time a

DEFAULT IR7 will occur when the CPU acknowledges

the interrupt. This can be a useful safeguard for detecting

interrupts caused by spurious noise glitches on the IR

inputs. To implement this feature the IR7 routine is

used for "clean up" simply executing a return instruction,

thus ignoring the interrupt. If IR7 is needed for other

purposes a default IR7 can still be detected by reading

the ISR. A normal IR7 interrupt will set the corres-

ponding ISR bit, a default IR7 won't. If a default IR7

routine occurs during a normal IR7 routine, however,

the ISR will remain set. In this case it is necessary to

keep track of whether or not the IR7 routine was

previously entered. If another IR7 occurs it is a

default.

In power sensitive applications, it is advisable to place

the UM82C59A-2 in the edge-triggered mode. This

will minimize the current through the pull-up resistors

on the IR pins.

\_/ S

INT

INTA

/

-e= \~T
80C86/80C88 8080/8085

t
80C86/80C88

\r\r^8080/8085

LATCH
ARMED

EARLIEST I

R

CAN BE REMOVED
LATCH*

•EDGE TRIGGERED MODE ONLY ARMED

The Special Fully Nested Mode

This mode will be used in the case of a big system where

cascading is used, and the priority has to be conserved

within each slave. In this case the fully nested mode

will be programmed to the master (using ICW4). This

mode is similar to the normal nested mode with the

following exceptions:

a. When an interrupt request from a certain slave is in

service, this slave is not locked out from the master's

priority logic and further interrupt requests from higher

priority IR's within the slave will be recognized by

Figure 10. IR Triggering Timing Requirements

the master and will initiate interrupts to the processor.

(In the normal nested mode a slave is masked out

when its request is in service and no higher requests

from the same slave can be serviced.)

When exiting the Interrupt Service routine the software

has to check whether the interrupt serviced was the

only one from that slave. This is done by sending

a non-specific End of Interrupt (EOI) command to

the slave and then reading its In-Service register and

checking for zero. If it is empty, a non-specified EOI

can be sent to the master, too. If not, no EOI should

be sent.
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Buffered Mode

When the UM82C59A-2 is used in a large system where

bus driving buffers are required on the data bus and the

cascading mode is used, there exists the problem of

enabling buffers.

The buffered mode will structure the UM82C59A-2 to

send an enable signal on SP/EN to enable the buffers.

In this mode, whenever the UM82C59A-2's data bus

outputs are enabled, the SF/ETJ output becomes active.

This modification forces the use of software program-

ming to determine whether the UM82C59A-2 is a master

or a slave. Bit 3 in ICW4 programs the buffered mode,

and bit 2 in ICW3 determines whether it is a master or

a slave.

Cascade Mode

The UM82C59A-2 can be easily interconnected in a

system of one master with up to eight slaves to handle

up to 64 priority levels.

UM82C59A-2

The master controls the slaves through the 3 line cascade

bus. The cascade bus acts like chip selects to the slaves

during the INTA sequence.

In a cascade configuration, the slave interrupt outputs

are connected to the master interrupt request inputs.

When a slave request line is activated and afterwards

acknowledged, the master will enable the corresponding

slave to release the device routine address during bytes

2 and 3 of INTA. (Byte 2 only for 80C86/8088).

The cascade bus lines are normally low and will contain

the slave address code from the trailing edge of the first

INTA pulse to the trailing edge of the third pulse. Each

UM82C59A-2 in the system must follow a separate

initialization sequence and can be programmed to work

in a different mode. An EOI command must be issued

twice: Once for the master and once for the corresponding

slave. An adress decoder is required to activate the Chip

Select (CS) input of each UM82C59A-2.

The cascade lines of the Master UM82C59A-2 are activated

only for slave inputs, non slave inputs leave the cascade

line inactive (low).

7^

* * v vt
El A DO-7 INTa" INT

CASO
UM82C59A-2
SLAVE A

CAS '

CAS 2

SP7EN7 6 5 4 3 2 10
T- I 1 1 1 1

7 6 5 4 3 2 10

ADDRESS BUS (16)

CONTROL BUS

DATA BUS (8)

7V

\/ * V-r
CS A DO-7 JNTfc INT

CASO
UM82C59A-2
SLAVE B

CAS1

CAS 2h~
5P7EN7 6 5 4 3 2 1

V 11 1 n

6 1

7S

V \ V
A DO-7 IRTA"

30

UM82C59A-2
' 1

MASTER
CAS 2

SP/ENM7M6M5 M4 M3 M2 Ml MO
Y 4 4 "4 4 4 * *

INTERRUPT REQUESTS

Figure 11. Cascading the UM82C59A-2
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JMi UM82C84AE

CMOS Clock Generator and Driver

Features

Generates the system clock for CMOS or NMOS
j

microprocessors

Up to 25 MHz operation

Uses a parallel mode crystal circuit or external frequency

source

Provides ready synchronization

General Description

The UM82C84AE is a high performance CMOS clock

generator-driver which is designed to service the require-

ments of both CMOS and NMOS microprocessors such as

the 80C86, 80C88, 8086 and the 8088. The chip contains

a crystal controlled oscillator, a divide-by-three counter
and complete "Ready" synchronization and reset logic.

Static CMOS circuit design permits operation with an
external frequency source from DC to 25MHz. Crystal

controlled operation to 25MHz is guaranteed with the

Generates system reset output from Schmitt Trigger

input

Capable of clock synchronization with other 8284A
TTL compatible inputs/outputs

Very low power consumption

Single +5V power supply

use of a parallel, fundamental mode crystal and two small

load capacitors.

All inputs (except X1, X2 and RES) are TTL compatible
with a V|H of 2.0 volts over the industrial temperature

and voltage ranges.

Power consumption is a fraction of that of the equivalent

bipolar circuits. This speed-power characteristic of CMOS
permits the designer to custom tailor his system design

with respect to power and/or speed requirements.

I

Pin Configuration Block Diagram

CSYNC Q
PCLK [2

AEN1 [~_

RDY1 \2

READY [^

RDY2 Q
AEN2 [2

~>

CLK \Z

GND |7

_

'8 ~Jvcc

17 ^JXI

16 I]X2

15 I]ASYNC

14 Z] EF *

13 I]F/C

12 ^]OSC

11 ZJres

10 Hreset

Control
Pin

Logic 1 Logic

F/C External
Clock

Crystal

Drive

RES Normal Reset

RDY1
RDY2

Bus Ready Bus not
Ready

AEN1
AEN2

Address
Disabled

Address
Enabled

ASVNC 2 Stage Ready
Synchronization

1 Stage Ready
Synchronization

RESET

REAOY

2-115



UMC UM82C84AE

Absolute Maximum Ratings*

Supply Voltage +8.0 Volts

Operating Voltage Range +4V to +7V

Applied Voltage on Any Pin

V|N GND -0.3V to VCc0.3V
Ambient Temperature Under Bias TA 0°C to +70°C

Storage Temperature Range

TSTG -65°C to +150°C

Maximum Power Dissipation 1 Watt

*Commerits

Stresses above those listed under "Absolute Maximum

Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics

Vcc = 5.0V + 1 0% TA = 0°C to +70°C

Symbol Parameter Min. Max. Unit Conditions

V| H
Logic One

Input Voltage

2.0 V

V| L
Logic Zero

Input Voltage
0.8 V

VT+
Reset Input

High Voltage
0.7 VCC V

vT +-vT -
Reset Input

Hysteresis
0.2 Vcc

V H
Logic One

Output Voltage
VCC "0.4 V

•oh
= -4.0mA for

CLK output

Ioh = -2.5mA for

all others

Vol Logic Zero

Output Voltage
0.4 V

Iol = +4.0mAfor

CLK output

Iol = +2.5mAfor

for others

ICL
Input Leakage

Current
-1.0 1.0 MA

OV<V|N<Vcc except

ASYNC, X 1 -see note 1

Ice
Power S

Supply Current
40 mA

Crystal

Frequency = 25MHz
Outputs Open

Notes:

ASYNC pin includes an internal 17.5KS2 nominal pull-up resistor. For ASYNC input at GND, ASYNC input leakage current

= 130/iA nominal.

X1 -crystal feedback input.

Capacitance

(TA = 25°C. VCc = GND=0V; V !N =+5V or GND)

Symbol Parameter Min. Max. Unit Conditions

C|N*
Input

Capacitance
5 ,pf Freq. = 1 MHz

'This parameter is guaranteed and sampled, but not 100% tested
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AC Characteristics

(TA = 0°C to +70°C, VCc = 5V + 10%)

TIMING REQUIREMENTS

Symbol Parameter Min. Max. Unit Conditions

tEHEL External Frequency HIGH Time 13 ns 90%-90%V|N
tELEH External Frequency LOW Time 13 ns 10%-10%V|N
tELEL EFI Period 36 ns

XTAL Frequency 2.4 25 MHz
tRIVCL RDY1, RDY2 Active Setup to CLK 35 ns ASYNC = HIGH
tRIVCH RDY1, RDY2 Inactive Setup to CLK 35 ns ASYNC= LOW
tRIVCL RDY1, RDY2 Inactive Setup to CLK 35 ns

tCLRIX RDY1,RDY2HoldtoCLK ns

tAYVCL ASYNC Setup to CLK 50 ns

tCLAYX ASYNCHoldtoCLK ns

tA1VR1V AEN1, AEN2 Setup to RDY1, RDY2 15 ns

tCLA1X AEN1,AEN2HoldtoCLK ns

tYHEN CSYNC Setup to EFI 20 ns

tEHYL CSYNCHoldtoEFI 20 ns

tYHYL CSYNC Width 2.tELEL ns

tUHCL RES Setup to CLK 65 ns (Note 2)

tCLHH RES Hold to CLK 20 ns (Note 2)

TIMING RESPONSES

Symbol Parameter Min. Max. Unit Conditions
tCLCL CLK Cycle Period 125 ns

tCHCL CLK HIGH Time (1/3tCLCL)+2.0 ns Fig. 7 & Fig. 8
tCLCH CLK LOW Time (2/3tCLCL)215.0 ns Fig. 7 & Fig. 8
tCH1CH2 CLK Rise or Fall Time 10 ns 1.0V to 3.5V
tCL2CL1

tPHPL PCLK HIGH Time tCLCL-20 ns

tPLPH PCLK LOW Time tCLCL-20 ns

tRYLCL Ready Inactive to CLK (See note 4) -8 ns Fig. 8 & Fig. 10
tRYHCH Ready Active to CLK (See note 3) (2/3tCLCL)-15.0 ns Fig. 9 & Fig. 10
tCLIL CLK to Reset Delay 40 ns

tCLPH CLK to PCLK HIGH Delay 22 ns

tCLPL CLK to PCLK LOW Delay 22 ns

tOLCH OSC to CLK HIGH Delay -5 22 ns

tOLCL OSC to CLK LOW Delay 2 35 ns

Notes:

1

.

Output signals switch between V h and V i. unless otherwise specified.

2. Setup and hold necessary only to guarantee recognition at next clock.

3. Applies only to T3 TW states.

4. Applies only to T2 states.

5. All timing delays are measured at 1 .5 volts unless otherwise noted.

6. Input signals must switch between V| L max-.4 V h and V| H min +.4 volts

in 1 5ns unless otherwise specified.
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Timing Waveforms

NAME I/O

tEHEL

EFI I

OSC O

CLK O

PCLK O

CSYNC I

RES I

RESET O

\ / L_n_i \^clcl r^\ ^_
LCH1CH2

^
LOLCL tCLPH —" *

"*\ r

LCLPL

lEHYL
lYHEH

"V.

lPLPH " lPHPL

'^CLIIH tUHCL
-tYHYL-^

J—
tCLIL

\_

Note: All timing measurements are made at 1 .5 volts, unless otherwise noted.

Figure 2. Waveforms for Clocks and Reset Signals

CLK-
lCLR1X

lR1VCH

RYD1.2"

AEN1.2- \

n, n j
rn_..

s
lA1R

ASYNC-

l̂CLAYX

READY' J

CLR1X

J~i

\
CLR1X

m

tRYHCH

Figure 3. Waveforms for Ready Signals (For Asynchronous Devices)

CLK.

*CLR1X

r\
RYD1.2

L A1R1V~

AEN1.2

-f

ASYNC- 1
tCLAYX'

lR1VCL

lCLA1X

r^\

5C
lCLR1X

R1VCL

READY- CIl RYHCH I 'I RYLCL

Figure 4. Waveforms for Ready Signals (For Synchronous Devices)
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X1 CLK

X2

F/C

CSYNC

LOAD
(SEE NOTE 1)iCIcu

Iff 2

PULSE
GENERATOR EFI CLK

VCC
F/C

p- CSYNC

LOAD
(SEE NOTE 1)

Figure 5. Clock High and Low Time (Using X1, X2) Figure 6. Clock High and Low Time (Using EFI)

'CC

AEN1 CLK

XI

READY
X2

RDY2 OSC
F/C

AEN2
CSYNC

LOAD
(SEE NOTE 1)

_L i.
CZ3C1 :r LOAD

(SEE NOTE 2)

PULSE
GENERATOR
TRIGGER

C2 it

|

I

PULSE
GENERATOR

TRIGGER
PULSE

GENERATOR

t
I

A

F/C

AEN1
RDY2
AEN2
SYNC

READY

LOAD
(SEE NOTE 1)

LOAD
(SEE NOTE 2)

Figure 7. Ready to Clock (Using X1, X2) Figure 8. Ready to Clock (Using EFI)

2.25V

FROM OUTPUT
UNDER TEST

Notes:

1. CL = 100pF
~

2. CL = 30pF
3. C L INCLUDES PROBE AND JIG CAPACITANCE

R= 740 fl FOR ALL OUTPUTS EXCEPT CLK
463 fi FOR CLK OUTPUT

(SEE NOTE 3)

Figure 9. Test Load Measurement Conditions

Table 1. Crystal Specifications

Parameter

Frequency

Type of Operation

Unwanted Modes

Load Capacitance

Typical Crystal

2.4-25MHz, Fundamental, "AT" cut

Parallel

-6db (Min)

18-32pf
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Pin Description

Symbol I/O Description

1
AEN1,

AEN2
ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus Ready

Signal (RYD1 or RDY2). AEN1 validates RDYl while AEN2 validates RDY2. Two AEN signal

inputs are useful in system configurations which permit the processor to access two Multi-Master

System Buses. In non Multi-Master configurations, the AEN signal inputs are tied true (LOW).

RDYl,

RDY2
1 BUS READY (Transfer Complete). RDY is an active HIGH signal which is an indication from a

device located.on the system data bus that data has been received, or is available. RDY1 is qualified

by AEN1 while RDY2 is qualified by AEN2.

1ASYNC READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization

mode of the READY logic. When ASYNC is low, two stages of READY synchronization are

provided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided.

READY READY: READY is an active HIGH signal which is the synchronized RDY signal input. READY is

cleared after the guaranteed hold time to the processor has been met.

X1.X2 1 CRYSTAL IN: X1 and X2 are the pins to which a crystal is attached. The crystal frequency is

3

times the desired processor clock frequency.

F/C 1 FREQUENCY/CRYSTAL SELECT: F/C is a strapping option. When strapped LOW, F/C permits

the processor's clock to be generated by the crystal. When F/C is strapped HIGH, CLK is generated

from the EFI input.

EFI 1 EXTERNAL FREQUENCY IN: When F/C is strapped HIGH, CLK is generated from the

input frequency appearing on this pin. The input signal is a square wave 3 times the frequency of the

desired CLK output.

CLK PROCESSOR CLOCK: CLK is the clock output used by the processor and all devices which directly

connect to the processor's local bus. CLK has an output frequency which is 1/3 of the crystal of EFI

input frequency and a 1/3 duty cycle.

PCLK PERIPHERAL CLOCK: PCLK is a peripheral clock signal whose output frequency is 1/2 that of

CLK and has a 50% duty cycle.

OSC OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuitry. Its frequency is

equal to that of the crystal.

RES 1 RESET IN: RES is an active LOW signal which is used to generate RESET. The UM82C84AE pro-

vides a Schmitt Trigger input so that an RC connection can be used to establish the power-up reset

of proper duration.

RESET RESET: RESET is an active HIGH signal which is used to reset the 80C86 family processors. Its

timing characteristics are determinded by RES.

CSYNC 1 CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple UM82C84AEs
to be synchronized to provide clocks that are in phase. When CSYNC is HIGH the internal counters

are reset. When CSYNC goes LOW the internal counters are allowed to resume counting. CSYNC
needs to be externally synchronized to EFI. When using the internal oscillator CSYNC should be

hardwired to ground.

GND Ground

vCc +5V supply
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Functional Description

Oscillator

The oscillator circuit of the UM82C84AE is designed
primarily for use with an external parallel resonant
fundamental mode crystal from which the basic operating
frequency is derived.

The crystal frequency should be selected at three times
the required CPU clock. X1 and X2 are the two crystal

input connections. For the most stable operation of
the oscillator (OSC) output circuit, two capacitors
(C1 = C2) as shown in the waveform figures are recom-
mended. The output of the oscillator is buffered and
brought out on OSC so that other system timing signals

can be derived from this stable, crystal-controlled source.

Capacitors C1, C2 are chosen such that their combined
capacitance:

CT:
C1 C2

C1+C2
(Including stray capacitance)

matches the load capacitance as specified by the crystal

manufacturer. This insures operation within the frequency
tolerance specified by the crystal manufacturer.

Clock Generator

The clock generator consists of a synchronous divide-by-
three counter with a special clear input that inhibits the
counting. This clear input (CSYNC) allows the output
clock to be synchronized with an external event (such as
another UM82C84AE clock). It is necessary to synchronize
the CSYNC input to the EFI clock external to the
UM82C84AE. This is accomplished with two flip-flops.

The counter output is a 33% duty cycle clock at one-third
the input frequency.

The F/C input is a strapping pin that selects either the
crystal oscillator or the EFI input as the clock for the -3
counter. If the EFI input is selected as the clock source,
the oscillator section can be used independently for another
clock source*. Output is taken from OSC.

Clock Outputs

The CLK output is a 33% duty cycle clock driver designed
to drive the 80C86, 80C88 processors directly. PCLK
is a peripheral clock signal whose output frequency is

1/2 that of CLK. PCLK has a 50% duty cycle.

Reset Logic

The reset logic provides a Schmitt Trigger input (RES) and
a synchronizing flip-flop to generate the reset timing.

The reset signal is synchronized to the falling edge of

CLK. A simple RC network can be used to provide power-
on reset by utilizing this function of the UM82C84AE.
Wave-forms for clocks and reset signals are illustrated in

Fig. 2.

Ready Synchronization

Two READY inputs (RDY1, RDY2) are provided to
accommodate two system buses. Each input has a

qualifier (AEN1 and AEN2, respectively). The AEN"
signals validate their respective RDY signa ls. If a Multi-

Master system is not being used the AEN pin should be
tied LOW.

Synchronization is required for all asynchronous active-

going edges of either RDY input to guarantee that the
RDY setup and hold times are met. Inactive-going edges
of RDY in normally ready systems do not require

synchronization but must satisfy RDY setup and hold as a
matter of proper system design.

I
The ASYNC input defines two modes of READY
synchronization operation.

When ASYNC is LOW, two stages of synchronization are
provided for active READY input signals. Positive-going

asynchronous READY inputs will first be synchronized
to flip-flop, one at the rising edge of CLK (requiring a
setup time tRIVCH) and then synchronized to flip-flop

two at the next falling edge of CLK, after which time the
READY output will go active (HIGH). Negative-going
asynchronous READY inputs will be synchronized directly

to flip-flop two at the falling edge of CLK, after which
time the READY output will go inactive. This mode of

operation is intended for use by asynchronous (normally
not ready) devices in the system which cannot be
guaranteed by design to meet the required RDY setup
timing, tR1 VCL, on each bus cycle.

When ASYNC is high or left open, the first READY flip-

flop is bypassed in the READY synchronization logic.

READY inputs are synchronized by flip-flop two on the
falling edge of CLK before they are presented to the
processor. This mode is available for synchronous devices
that can be guaranteed to meet the required RDY setup
time.

ASYNC can be changed on every bus cycle to select the
appropriate mode of synchronization for each device in

the system.

CLOCK
SYNCHRONIZE >

EFI > J>-

D O

>t

Figure 10. CSYNC Synchronization (TO OTHER UM82C84As)

"Note: If EFI input is used, then crystal input X1 must be tied to VCC or GND and X2 should be left open
inputs are used, then EFI should be tied to VCc or GND.

'
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ADVANCED PRODUCT DESCRIPTION Cache Controller

Features

Controls 32-kB, 4-way, set-associative cache

Available in 16-MHz, 20-MHz, and 25-MHz speeds

Direct interface to the 80386

Direct interface to industry-standard 8K x 8 SRAMs:

45 ns for 16-MHz systems

35 ns for 20-MHz systems

25 ns for 25-MHz systems

Full 32-bit addressability for 4-GB memory support

.

General Description

The UM82152 is a high-performance cache controller

for Intel 80386 based systems and provides high levels

of integration and functionality. It interfaces directly

to the 80386; no additional support logic is required.

A complete 32-kilobyte cache can be designed with just

one UM82152 and four 8K by 8-bit static RAMs.

The UM82152 architecture enables easy design-in with

current speed versions of the 80386, and simple migration

to faster version processors with no alteration to system

or memory design.

The 80386, operating in pipelined mode with the UM82152,

Cache coherency support

Software cache invalidation

On-chip programmable noncached regions

Write buffer support

Gate A20 support

1.5 micron CMOS technology

84-lead PLCC, JEDEC standard package

Pin and functionally identical to A38152*

runs with zero wait states during a cache hit (requested

data is present in cache). If the data is not present (cache

miss), it is fetched from main memory by the UM82152.
This approach yields the high-speed performance of fast

SRAMs for code and data most frequently used, while

providing design economies (such as board space savings

and lower component costs) by storing infrequently used

code and data in slower dynamic RAM (with cycle times

greater than 125 nanoseconds) that can be located in

large memory banks either on-board or off-board.

The reduced system bus traffic inherent in the UM82152
implementation produces system performance gains by
freeing the bus for use by other devices.

Block Diagrams

7^
CONTROL BUS

ZE

INTERNAL ADDRESS BUS

Iz
COMPARATORS

w

SYSTEMBUS ACCESS

UM82152 Internal Configuration

L_i

if

*.

8k « 8 SRAM

Bit x 8 SRAM

l ml?
SYSTEM INTERFACE

^ >
System Block Diagram

*A38152 is Austek's cache controller for 25 MHz 386 AT system.

Copyright © 1987 Austek Microsystems. All rights reserved.
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Pin Configuration

12

32

111 1 84
; 7EJ

nnnnnnnnnnnnnnnnnnnnn

UM82152

' uuuuuuuuuuuuuuuuuuuuu
33-

174
1

54

Pin

No
Signal

Pin

No
Signal

Pin

No
Signal

1 GND 29 CACHE-ADDR10 57 ADDR16

2 ADDR2 30 CACHE-ADDR9 58 ADDR17

3 BE0# 31 CACHE-ADD R8 59 ADDR18

4 BE1# 32 CACHE-ADD R7 60 ADDR19

5 BE2# 33 GND 61 ADDR20

6 BE3* 34 ADDR12 62 ADDR21

7 W/R# 35 ADDR11 63 ADDR22

8 CACHE-ADDR6 36 ADDR10 64 GND

9 CACHE-ADDR5 37 ADDR9 65 ADDR23

10 CACHE-ADDR4 38 ADDR8 66 ADDR24

11 CACHE-ADDR3 39 ADDR7 67 ADDR25

12 CACHE-ADDR2 40 ADS# 68 ADDR26

13 GND 41 VCC 69 ADDR27

14 SYS-WR# 42 CLK2 70 ADD R 28

15 SYS-RD# 43 GND 71 ADDR29

16 VCC 44 VCC 72 ADD R 30

17 SYS-ACK# 45 RESET 73 ADD R 31

18 0E# 46 SAMPLE 74 IO-ADDR3

19 W3# 47 NON-CACHE# 75 VCC

20 W2# 48 NA# 76 IO-ADDR2

21 W1# 49 LOCK# 77 IO-ADDR1

22 W0# 50 DMA# 78 IO-ADDR0

23 CACHE-ADDR1 51 READY* 79 D/C#

24 CACHE-ADDRO 52 CACHE-FAULT 80 M/IO#

25 GND 53 ADDR13 81 ADDR6

26 CACHE-ADDR12 54 VCC 82 ADDR5

27 VCC 55 ADDR14 83 ADDR4

28 CACHE-ADDR11 56 ADDR15 84 ADDR3

PROCESSOR
32-BIT

ADDRESS

PROCESSOR
BUS

CONTROL

PROCESSOR
CYCLE

DEFINITION

CLK2

UM82152

m
RESET

ADDR31-2

>|
ADDRESS BUS

BE #3-0

^lO-ADDR 3-0

CACHE-ADD R 12-0

W#3-0
ADS# 0E#
NA#

READY#
SYS-ACK*

SYS-RD*

W/R# SYS-WR*

M/IO#

D/C# SAMPLE
DMA# CACHE-FAULT
LOCK*

NON-CACHE*

UM82152 Signals
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Pin Description

Pin No. Symbol I/O Description

42 CLK2 I I Clock. Clock input.

45 RESET I

1

Reset. Resets the microcache to a known state.

74, 76~78 IO-ADDR I Chip I/O Address. Address pins to locate the controller in

the I/O space of the CPU.

2,34-39,53,

55-63, 65-73,

81-84
ADDR I Address Bus. The 30 physical address pins from the CPU.

3-6 BE# I Byte Enable. The 4 byte-enable pins from the CPU.

40 ADS# I !
Address Status. Direct connection from the CPU. Initiates a

valid bus cycle.

48 NA# : Next Address. Direct connection to the CPU. Requests the

CPU to use address pipelining.

51 READY* I/O Ready. Direct to the CPU. Indicates completion of the current

bus cycle. This signal is bidirectional as it will also be driven

by the system interface.

7 W/R# I Write/Read. Direct connection from the CPU. Indicates the

type of CPU bus cycle, either write or read.

80 M/I0# I Memory/Input, Output. Direct connection from the CPU.

Indicates the type of CPU bus cycle, either memory or I/O.

79 D/C* I Data/Control. Direct connection from the CPU. Indicates

the type of CPU bus cycle, either data or control.

50 DMA* I |DMA Cycle. Indicates that the cycle occurring is due to DMA
activity on the system bus. Cache coherency is maintained

by clearing any matching entries from the cache.

49 LOCK* I Lock. Direct connection from the CPU. When asserted in-

dicates the current cycle is locked, exclusive access must be

granted to the memory location addressed until LOCK* is

negated. For cache coherency reasons, any matching entries

are cleared from the cache.

17 SYS-ACK* I System Transfer Acknowledge. Control input from the system

interface to acknowledge completion of read and write transfers

to the system

.

15 SYS-RD* System Read. Control output to the system interface initiat-

ing a main memory read.

14 SYS-WR* System Write. Control output to the system interface initat-

ing a main memory read.
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Pin No.

46

52

47

8-12,23,24,

26,28~32

19-22

16,27,41,44

54,75

1,13,25,33

43,64

Symbol

SAMPLE

CACHE-FAULT

NON-CACHE#

CACHE-ADDR

W#

0E#

'CC

GND

I/O

UM82152

Description

Sample. Control output to the system interface to latch address
and status information describing a processor bus cycle.

SAMPLE is strobed at the end of a Tstate where the A38152
is either in a Ti state or a T2P state (when READY#will be
asserted).

Cache Fault. A request to the system for an interrupt due to
an internal error.

Noncache Transfers. Indicates a data access within a noncached
region. External decoding of addresses must be performed if

necessary.

Cache Memory Address Bus.

the cache RAMs.
The physical address pins to

Write Enable. Indicates a write to the cache RAMS when
asserted and a read when negated. There is a W# line for each
byte in a word.

Output Enable. The data output enable for the cache RAMs.

+5 Volt Supply

Ground
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LJIVIC UM8237AE -4 -5

Programmable DMA
Controller (DMAC)

Features

Enable/Disable Control of Individual DMA Requests

Four Independent DMA Channels

Independent Autoinitialization of all Channels

Memory-to-Memory Transfers

Memory Block Initialization

Single 5V power supply

High performance: Transfers up to 1.6M Bytes/

Second with 5 MHz UM8237AE-5

Directly Expandable to any Number of Channels

End of Process Input for Terminating Transfers

Software DMA Requests

Independent Polarity Control for DREQ and DACK

Signals

General Description

The UM8237AE/-4/-5 Direct Memory Access Controller

(DMAC) is a peripheral interface circuit for micro-

processor systems. It is designed to improve system

performance by allowing external devices to directly

transfer information from the system memory. Memory-

to-memory transfer capability is also provided. The

UM8237AE/-4/-5 offers a wide variety of programmable

control features to enhance data throughput and system

optimization and to allow dynamic reconfiguration

under program control.

UM8237AE/-4/-5 is fabricated in Si-Gate NMOS process,

with each channel having a full 64K address and word

count capability.

Pin Configuration Block Diagram

IORQ
iowE

MEMrQ
MEMWC
MARKQ
READY fZ
HLDAC
ADSTBd
AEN(Z
HRQ|Z
CSC 11

CLKQ 12

RESETd 13

DACK2Q 14

DACK3C 1 &

DREQ3[Z 16

DREQ2[~_ 17

DREQ1 (3 18

DREQOQ 19

(GND) Vgsd 20

10 y

HA7
Zl A6

~JA5

Zl A4
^EOP
^ A3

UA2
UA1
Z|A0

Uvcc
^]DB0

Z1DB1
[]DB2
^]DB3

Z]DB4
ZlDACKO
TJDACK1

ZJDB5
I]DB6
Z1DB7

EOP •—*"C
RESET »•

cs ^C
READY *>

CLOCK — ft»

AEN -« TIMING

CONTROL

MEMW-*
lOR « »C
Tow-*—»»C

QECREMENTOR

COUNT REG (16)
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Absolute Maximum Ratings*

Ambient Temperature under Bias 0°C to 70°C
Storage Temperature -65°C to + 150°C
Voltage on any Pin with Respect

to Ground _0.5 to 7V
Power Dissipation 1.5 Watt

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of
this device at these or any other conditions above those
indicated in the operational sections of this specification
is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device
reliability.

DC Electrical Characteristics (TA = o°c to 70°C, vcc = 5.0V ± 5%, v^ 0V)

Symbol

VOH

Parameter

Output HIGH Voltage

Vol

Vih

'll

Ilo

'CC

Co

C|0

Output LOW Voltage

Min.

2.4

3.3

Input HIGH Voltage

Input LOW Voltage

Input Load Current

Output Leakage Current

Vcc Supply Current

Output Capacitance

Input Capacitance

I/O Capacitance

2.0

-0.5

Typ.(i) Max.

65

75

10

0.45

VCc + 0.5

0.8

±10

±10

130

150

Unit Test Conditions

MA

MA

mA
mA

15

PF

pF

PF

IOH = -200juA

Iqh = -1Q0mA (HRQ Only)

Iol = 2.0 mA (data bus)

Iql = 3.2 mA (other outputs)

0V < V lN < VCC
0.45.V<VOUT < VCC
TA = +25 C

TA = 0°C

fc= 1.0 MHz, Inputs = 0V

NOTES:

2 KiST f° r/A * 25
°
C

'

n°mina
' ^^ volta9e and nominal Processing parameters

• sr^s^^rrWumn^o^,i^Sd waveform measurement points for both^ «* «**«

?h2
P
n»V^yr

n9 W cTIj; I
8? pluS 50 pF ^Pacitance, unless otherwise noted.
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AC Characteristics—DMA (master) Mode

(T A =0°Cto70°C, VCC = +5V±5%, Vss = OV)

Symbol Parameter
8237AE 8237AE-4 8237AE-5

Unit
Min. Max. Min. Max. Min. Max.

TAEL AEN HIGH from CLK LOW (S1) Delay Time 300 225 200 ns

TAET AEN LOW from CLK HIGH (S1) Delay Time 200 150 130 ns

TAFAB ADR Active to Float Delay from CLK HIGH 150 120 90 ns

TAFC READ orWRITE Float from CLK HIGH 150 120 120 ns

TAFDB DB Active to Float Delay from CLK HIGH 250 190 170 ns

TAHR ADR from READ HIGH Hold Time TCY-100 TCY-100 TCY-100 ns

TAHS DB from ADSTB LOW Hold Time 50 40 30 ns

TAHW ADR from WRITE HIGH Hold Time TCY-50 TCY-50 TCY-50 ns

TAK

DACK Valid from CLK LOW Delay Time (Note 7) 250 220 170 ns

EOP HIGH from CLK HIGH Delay Time 250 190 170 ns

EOP LOW to CLK HIGH Delay Time 250 190 100 ns

TASM ADR Stable from CLK HIGH 250 190 170 ns

TASS DB to ADSTB LOW Setup Time 100 100 100 ns

TCH Clock HIGH Time (Transitions < 10 ns) 120 100 80 ns

TCL Clock LOW Time (Transitions< 10 ns) 150 110 68 ns

TCY CLK Cycle Time 320 250 200 ns

TD'CL CLK HIGH to READ or WRITE LOW Delay (Note 4) 270 200 190 ns

TDCTR READ HIGH from CLK HIGH (S4) Delay Time

(Note 4)
270 210 190 ns

TDCTW WRITE HIGH from CLK HIGH (S4) Delay Time

(Note 4)
200 150 130 ns

TDQ1

TDQ2
HRQ Valid from CLK HIGH Delay Time (Note 5)

160 120 120 ns

250 190 120 ns

TEPS EOP LOW from CLK LOW Setup Time 60 45 40 ns

TEPW EOP Pulse Width 300 225 220 ns

TFAAB ADR Float to Active Delay from CLK HIGH 250 190 170 ns

TFAC READ or WRITE Active from CLK HIGH 200 150 150 ns

TFADB DB Float to Active Delay from CLK HIGH 300 225 200 ns

THS HLDA Valid to CLK HIGH Setup Time 100 75 75 ns

TIDH Input Data from MEMR HIGH Hold Time ns

TIDS Input Data to MEMR HIGH Setup Time 250 190 170 ns

TODH Output Data from MEMW HIGH Hold Time 20 20 10 ns

TODV Output Data Valid to MEMW HIGH 200 125 125 ns

TQS DREQ to CLK LOW (S1 , S4) Setup Time (Note 7) ns

TRH CLK to READY LOW Hold Time 20 20 20 ns

TRS READY to CLK LOW Setup Time 100 60 60 ns

TSTL ADSTB HIGH from CLK HIGH Delay Time 200 150 130 ns

TSTT ADSTB LOW from CLK HIGH Delay Time 140 110 90 ns
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AC Characteristics-Peripheral (Slave) Mode

(TA = 0°C to 70°C, Vcc = 5.0V ± 5%, VSS = 0V)

Symbol Parameter
8237AE 8237AE-4 8237AE-5

Unit
Min. Max. Min. Max. Min. MaxJ

TAR ADR Valid or CS LOW to READ LOW 50 50 50 ns

TAW ADR Valid to WRITE HIGH Setup Time 200 150 150 ns

TCW CS LOW to WR ITE H IG H Setup Time 200 150 150 ns

TDW Data Valid to WR ITE H IGH Setup Time 200 150 150 ns

TRA ADR or CS Hold from READ HIGH ns

TRDE Data Access from READ LOW (note 8) 200' 200 140 ns

TRDF DB Float Delay from READ HIGH 20 100 20 100 70 ns

TRSTD Power Supply HIGH to RESET LOW Setup Time 500 500 500 ns

TRSTS RESET to First IOWR 2TCY 2TCY 2TCY ns

TRSTW RESET Pulse Width 300 300 300 ns

TRW READ Width 300 250 200 ns

TWA ADR from WRITE HIGH Hold Time 20 20 20 ns
TWC CS HIGH from WRITE HIGH Hold Time 20 20 20 ns

TWD Data from WRITE HIGH Hold Time 30 30 30 ns
TWWS Write Width 200 200 160 ns

Pin Description

T
Pin No.

31

20

12

11

13

Symbol

Vcc

Vss

CLK

CS

19,18

17,16

RESET

I/O Description

+ 5 volt supply.

Ground.

Clock input controls the internal operations of the UM8237AE/-4/-5 and its

rate of data transfer. The input may be driven at up to 5 MHz for the
UM8237AE-5.

READY

HLDA

MARK

DREQ0-DREQ3

Chip Select is an active low input used to select the UM8237AE/-4/-5 as an
I/O device during the Idle cycle. This allows CPU communication on the
data bus.

Reset is an active high input which clears the Command, Status, Request
and Temporary registers. It also clears the first/last flip-flop and sets the
Mask register. Following a Reset the device is in the Idle cycle.

Ready is an input used to extend the memory read and write pulses from
the UM8237AE/-4/-5 to accommodate slow memories or I/O peripheral de-
vices. Ready must not make transitions during its specified setup/hold time.

The active high Hold Acknowledge from the CPU indicates that it has
relinquished control of the system busses.

This pin has no use for the UM8237AE/-4/-5, but should always be tied high.

The DMA Request lines are individual asynchronous channel request inputs

used by peripheral circuits to obtain DMA service. In fixed Priority, DREQ0
has the highest priority and DREQ3 has the lowest priority. A request is

generated by activating the DREQ line of a channel. DACK will acknowl-
edge the recognition of a DREQ signal. Polarity of DREQ is programmable.
Reset intializes these lines to active high. DREQ must be maintained until

the corresponding DACK goes active.
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Pin Description (Continued)

Pin No. Symbol I/O Description

30-26
23-21

DB0-DB7 I/O The Data Bus lines are bidirectional three-state signals connected to the

system data bus. The outputs are enabled in the Program condition during

the I/O Read to output the contents of an Address register, a Status register,

the Temporary register or a Word Count register to the CPU. The outputs

are disabled and the inputs are read during and I/O Write cycle when the

CPU is programming the UM8237AE/-4/-5 control registers. During DMA
cycles the most significant 8 bits of the address are output onto the data bus

to be strobed into an external latch by ADSTB. In memory-to-memory

operations, data from the memory comes into the UM8237AE/-4/-5 on the

data bus during the read-from-memory transfer. In the write-to-memory

transfer, the data bus outputs place the data into the new memory location.

1 Tor I/O I/O Read is a bidirectional active low three-state line. In the Idle cycle, it

is an input control signal used by the CPU to read the control registers. In

the Active cycle, it is an output control signal used by the UM8237AE/-4/-5

to access data from a peripheral during a DMA Write transfer.

2 iow I/O I/O Write is a bidirectional active low three-state line. In the Idle cycle,

it is an input control signal used by the CPU to load information into the

UM8237AE/-4/-5. In the Active cycle, it is an output control signal used by

the UM8237AE/-4/-5 to load data to the peripheral during a DMA Read

transfer.

36 EOP I/O End of Process is an active low bidirectional signal. Information concerning

the completion of DMA services is available at the bidirectional EOP pin.

The UM8237AE/-4/-5 allows an external signal to terminate an active

DMA service. This is accomplished by pulling the EOP input low with an

external EOP signal. The UM8237AE/-4/-5 also generates a pulse when the

terminal count (TC) for any channel is reached. This generates an EOP

signal which is output through the EOP Line. The reception of EOP, either

internal or external, will cause the UM8237AE/4/-5 to terminate the

service, reset the request, and, if Autoinitialize is enabled, to write the base

registers to the current registers of that channel. The mask bit and TC bit

in the status word will be set for the currently active channel by EOP

unless the channel is programmed for Autoinitialize. In that case, the mask

bit remains clear. During memory-to-memory transfers, EOP will be output

when the TC for channel 1 occurs. EOP should be tied high with a pull-up

resistor if it is not used to prevent erroneous end of process inputs.

32-35 A0-A3 I/O The four least significant address lines are bidirectional three-state signals.

In the Idle cycle they are inputs and are used by the UM8237AE/-4/-5 to

address the control register to be loaded or read. In the Active cycle they

are outputs and provide the lower 4 bits of the output address.

37-40 A4-A7 The four most significant address lines are three-state outputs and provide

4 bits of address. These lines are enabled only during the DMA service.

10 HRQ
i°

This is the Hold Request to the CPU and is used to request control of the

system bus. If the corresponding mask bit is clear, the presence of any

valid DREQ causes UM8237AE/-4/-5 to issue the HRQ. After HRQ goes

active at least one clock cycle (TCY) must occur before HLDA goes active.

25,24,

14, 15

DACK0-DACK3 DMA Acknowledge is used to notify the individual peripherals when one

has been granted a DMA cycle. The sense of these lines is programmable.

Reset initializes them to active low. J
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Pin Description (Continued)

Pin No. Symbol I/O Description

9 AEN Address Enable enables the 8-bit latch containing the upper 8 address bits

onto the system address bus. AEN can also be used to disable other system

bus drivers during DMA transfers. AEN is active HIGH.

Address

Strobe

ADSTB The active high, Address Strobe is used to strobe the upper address byte

into an external latch.

3 MEMR The Memory Read signal is an active low, three-state output used to access

data from the selected memory location during a DMA Read or a memory-
to memory transfer.

4 MEMW The Memory Write is an active low, three-state output used to write data

to the selected memory location during a DMA Write or a memory-to-

memory transfer.

Functional Description

The UM8237AE/-4/-5 block diagram includes the major
logic blocks and all of the internal registers. The data in-

terconnection paths are also shown. Not shown are

the various control signals between the blocks. The
UM8237AE/-4/-5 contains 344 bits of internal memory
in the form of registers. Figure 1 lists these registers by
name and shows the size of each. A detailed description

of the registers and their functions can be found under
Register Description.

The UM8237AE/-4/-5 contains three basic blocks of
control logic. The Timing Control block generates
internal timing and external control signals for the

UM8237AE/-4/-5. The Program Command Control
block decodes the various commands given to the
UM8237AE/-4/-5 by the microprocessor prior to servic-

ing a DMA Request. It also decodes the Mode Control
word used to select the type of DMA during the servic-

Name Size Number

Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1

Temporary Word Count Register 16 bits 1

Status Register 8 bits 1

Command Register 8 bits 1

Temporary Register 8 bits 1

Mode Registers 6 bits 4
Mask Register 4 bits 1

Request Register 4 bits 1

Figure 1. UM8237AE/-4/-5 Internal Registers

ing. The Priority Encoder block resolves priority con-
tention between DMA channels requesting service

simultaneously.

The Timing Control block derives internal timing from
the clock input. In UM8237AE/-4/-5 systems this

input will usually be the 02 TTL clock from an 8224
or CLK from an 8085AH or 8284A. For 8085AH-2
systems above 3.9MHz, the 8085 CLK (OUT) does

not satisfy UM8237AE/-4/-5 clock LOW and HIGH time
requirements. In this case, an external clock should

be used to drive the UM8237AE/-4/-5.

DMA Operation

The UM8237AE/-4/-5 is designed to operate in two
major cycles. These are called Idle and Active cycles.

Each device cycle is made up of a number of states. The
UM8237AE/-4/-5 can assume seven separate states, each
composed of one full clock period. State 1 (S1) is the

inactive state. It is entered when the UM8237AE/-4/-5
has no valid DMA requests pending. While in S1, the
DMA controller is inactive but may be in the Program
condition, being programmed by the processor. State
SO (SO) is the first state of a DMA service. The
UM8237AE/-4/-5 has requested a hold but the processor
has not yet returned an acknowledge. The UM8237AE/
-4/-5 may still be programmed until it receives HLDA
from the CPU. An acknowledge from the CPU will

signal that DMA transfers may begin. S1, S2, S3 and
S4 are the working states of the DMA service. If more
time is needed to complete a transfer than is available

with normal timing, wait states (SW) can be inserted

between S2 or S3 and S4 by the use of the Ready
line on the UM8237AE/-4/-5. Note that the data is

transferred directly from the I/O dev ice to memory
(or vice versa) with IOR and MEMW (or MEMR and
IOW) being active at the same time. The data is not
read into or driven out of the UM8237AE/-4/-5 in

l/O-to-memory or memory-to-l/O DMA transfers.
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Memory-to-memory transfers require a read-from and a

write-to-memory to complete each transfer. The states,

which resemble the normal working states, use two

digit numbers for identification. Eight states are re-

quired for a single transfer. The first four states (S11,

S12, S13, S14) are used for the read-from-memory half

and the last four states (S21, S22, S23, S24) for the

write-to-memory half of the transfer.

Idle Cycle

When no channel is requesting service, the UM8237AE/
-4/-5 will enter the Idle cycle and perform "S1" states.

In this cycle, the UM8237AE/-4/-5 will sample the

DREQ lines every clock cycle to determine if any

channel is requesting a DMA service. The device will also

sample CS, looking for an attempt by the micropro-

cessor to write or read the internal registers of the

UM8237AE/-4/-5. When CS is low and HLDA is low, the

UM8237AE/-4/-5 enters the Program Condition. The
CPU can now establish, change or inspect the internal

definition of the part by reading from or writing to the

internal registers. Address lines A0-A3 are inputs to the

device and select which registers will be read or written.

The IOR and LOW lines are used to select and time reads

or writes. Due to the number and size of the internal

registers, an internal flip-flop is used to generate an

additional bit of address. This bit is used to determine

the upper or lower byte of the 16-bit Address and Word

Count registers. The flip-flop is reset by Master Clear or

Reset. A separate software command can also reset this

flip-flop.

Special software commands can be executed by the

UM8237AE/-4/-5 in the Program Condition. These com-
mands are decoded as sets of addresses with the CS and

:

IOW. The commands do not make use of the data

bus. Instructions include Clear First/Last Flip-Flop and
Master Clear.

Active Cycle

When the UM8237AE/-4/-5 is in the Idle cycle and a

non-masked channel requests a DMA service, the device

will output an HRQ to the microprocessor and enter the

Active cycle. It is in this cycle that the DMA service

will take place, in one of four modes:

Single Transfer Mode - In Single Transfer mode the

device is programmed to make one transfer only. The
word count will be decremented and the address decre-

mented or incremented following each transfer. When
the word count "rolls over" from zero to FFFFH, a

Terminal Count (TC) will cause an Autoinitialize, if the

channel has been programmed to do so.

DREQ must be held active until DACK becomes active

in order to be recognized. If DREQ is held active

throughout the single transfer, HRQ will go inactive

and release the bus to the system. It will again go

active and, upon receipt of a new HLDA, another single

transfer will be performed, in 8080A, 8085AH, 8088, or

8086 systems this will ensure one full machine cycle

execution between DMA transfers. Details of timing

between the UM8237AE/-4/-5 and other bus control

protocols will depend upon the characteristics of the

microprocessor involved.

Block Transfer Mode — In Block Transfer mode the

\
device is activated by DREQ to continue making trans-

fers during the service until a TC, caused by word cou nt

going to FFFFH, or an external End of Process (EOP) is

encountered. DREQ need only be held active until

DACK becomes active. Again, an Autoinitialization will

occur at the end of the service if the channel has been
programmed for it.

Demand Transfer Mode — In Demand Transfer mode the

device is programmed to continue making transfers until

a TC or external EOP is encountered or until DREQ goes

inactive. Thus transfers may continue until the I/O

device has exhausted its data capacity. After the I/O

device has had a chance to catch up, the DMA service

is re-established by means of a DREQ. During the time
between services, when the microprocessor is allowed
to operate, the intermediate values of address and word
count are stored in the UM8237AE/-4/-5 Current

Address and Current Word Count registers. Only an EOP
can cause an Autoinitialize at the end of the service.

EOP is generated either by TC or by an external signal.

Cascade Mode — This mode is used to cascade more than
one UM8237AE/-4/-5 together for simple system expan-
sion. The HRQ and HLDA signals from the additional

UM8237AE/-4/-5 are connected to the DREO and
DACK signals of a channel of the initial UM8237AE/-4/
-5. This allows the DMA requests of the additional de-

vice to propagate through the priority network cir-

cuitry of the preceding device. The priority chain is

preserved and the new device must wait for its turn to

acknowledge requests. Since the cascade channel of the
initial UM8237AE/-4/-5 is used only for prioritizing the
additional device, it does not output any address or

control signals of its own. These could conflict with the
outputs of the active channel in the added device. The
UM8237AE/-4/-5 will respond to DREQ and DACK but
all other outputs, except HRQ, will be disabled.

Figure 2 shows two additional devices cascaded into an
initial device using two of the previous channels. This

forms a two level DMA system. More UM8237AE/
-4/-5 could be added at the second level by using the re-

maining channels of the first level. Additional devices
can also be added by cascading into the channels of the
second level devices, forming a third level.

Transfer Types

Each of the three active transfer modes can perform three

different types of transfers. These are Read, Write and
Verify. Write transfers move data from an I/O device to

the memory by activating MEMWand IOR! Read trans-

fers move d ata from memory to an I/O device by activat-

ing MEMR and IOW' Verify transfers are pseudo trans-

fers. The UM8237AE/-4/-5 operates, as in Read or Write
transfers, generating addresses, and responding to EOP,
etc. However, the memory and I/O control lines all re-

main inactive. Verify mode is not permitted during
memory to memory operations.
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Figure 2. Cascaded UM8237AE/-4/-5

Memory -to -Memory — To perform block moves of data
from one memory address space to another with a mini-
mum of program effort and time, the UM8237AE/-4/
-5 includes a memory-to-memory transfer feature. Pro-
gramming a bit in the Command register selects channels

and 1 to operate as memory-to-memory transfer
channels. The transfer is initiated by setting the software
DREQ for channel 0. The UM8237AE/-4/-5 requests a
DMA service in the normal manner. After HLDA is true,
the device, using eightstate transfers in Block Transfer
mode, reads data from the memory. The channel
;Current Address register is the source for the address
used and is decremented or incremented in the normal
manner. The data byte read from the memory is stored
in the UM8237AE/-4/-5 internal Temporary register.
Channel 1 then writes the data from the Temporary
register to memory using the address in its Current
Address register and incrementing or decrementing it

in the normal manner. The channel 1 Current Word
Count is decremented. When the word count of channel
1 goes to FFFFH, a TC is generated causing an EOP
output, terminating the service.

Channel may be programmed to retain the same ad-
dress for all transfers. This allows a single word to be
written to a block of memory.

The UM8237AE/-4/-5 will respond to external FO~F
signals during memory-to-memory transfers. Data com-
parators in block search schemes may use this input to
terminate the service when a match is found. The timing
of memory-to-memory transfers is found in Figure 10.
Memory-to-memory operations can be detected as an
active AEN with no DACK outputs.

Autoinitialize - By programming a bit in the Mode
register, a channel may be set up as an Autoinitialize
channel. During Autoinitialize initialization, the original
values of the Current Address and Current Word Count
registers are automatically restored from the Base
Address and Base Word count registers of that channel
following EOP.. The base registers are loaded simultane-
ously with the current registers by the microprocessor
and remain unchanged throughout the DMA service.
The mask bit is not set when the channel is in Autoini-

UM8237AE -4 -S

tialize. Following Autoinitialize, the channel is ready
to perform another DMA service, without CPU interven-
tion, as soon as a valid DREQ is detected.

Priority - The UM8237AE/-4/-5 has two types of pri-

ority encoding available as software selectable options.
The first is Fixed Priority, which fixes the channels in

priority order based upon the descending value of their

number. The channel with the lowest priority is 3,
followed by 2 and 1 , and the highest priority channel, 0.'

After the recognition of any one channel for service, the
other channels are prevented from interfering with that
service until it is completed.

The second scheme is Rotating Priority. The last chan-
nel to get service becomes the lowest priority channel
with the others rotating accordingly.

highest

lowest

1st

Service
2nd

Service
3rd

Service

1 -»— service *-> 3 -*— request \

l \ V

With Rotating Priority in a single chip DMA system, any
device requesting service is guaranteed to be recog-

nized after no more than three higher priority services

have occurred. This prevents any one channel from
monopolizing the system.

Compressed Timing- In order to achieve even greater

throughput where system characteristics permit, the
UM8237AE/-4/-5 can compress the transfer time to two
clock cycles. From Figure 11 it can be seen that state

S3 is used to extend the access time of the read pulse.

By removing state S3, the read pulse width is made equal
to the write pulse width and a transfer consists only of
state S2 to change the address and state S4 to perform
the read/write. S1 states will still occur when A8-A15
need updating (see Address Generation). Timing for

compressed transfers is found in Figure 12.

Address Generation — In order to reduce pin count, the

UM8237AE/-4/-5 multiplexes the eight higher order

address bits on the data lines. State S1 is used to output
the higher order address bits to an external latch, from
which they may be placed on the address bus. The fall-

ing edge of Address Strobe (ADSTB) is used to load

these bits from the data lines to the latch. Address En-
able (AEN) is used to enable the bits onto the address
bus through a threestate enable. The lower order address
bits are output by the UM8237AE/-4/-5 directly. Lines

A0-A7 should be connected to the address bus. Figure

9 shows the time relationships between CLK, AEN,
ADSTB, DB0-DB7 and A0-A7.

During Block and Demand Transfer mode services, which
include multiple transfers, the addresses generated will

be sequential. For many transfers the data held in the
external address latch will remain the same This data
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need change only when a carry or borrow from A7 to

A8 takes place in the normal sequence of addresses.

To save time and speed transfers, the UM8237AE/-4/-5

executes S1 states only when updating of A8-A1 5 in the

latch is necessary. This means for long services, S1

states and Address Strobes may occur only once every

256 transfers, a savings of 255 clock cycles for each

256 transfers.

Register Description

Current Address Register — Each channel has a 1 6-bit

Current Address register. This register holds the value

of the address used during DMA transfers. The address

is automatically incremented or decremented after

each transfer and the intermediate values of the address

are stored in the Current Address register during the

transfer. This register is written or read by the micro-

processor in successive 8-bit bytes. It may also be reini-

tialized by an Autoinitialize back to its original value.

Autoinitialize takes place only after an EOP.

Current Word Register — Each channel has a 16-bit

Current Word Count register. This register determines

the number of transfers to be performed. The actual

number of transfers will be one more than the number

programmed in the Current Word Count register (i.e.

programming a count of 100 will result in 101 transfers).

The word count is decremented after each transfer.

The intermediate value of the word count is stored in

the register during the transfer. When the value in the

register goes from zero to FFFFH, a TC will be generat-

ed. This register is loaded or read in successive 8-bit

bytes by the microprocessor in the Program Condition.

Following the end of a DMA service it may also be

reinitialized, by an AutoinitiaMzation, back to its original

value. Autoinitialize can occur only when an EOP

occurs. If it is not Autoinitialized, this register will

have a count of FFFFH after TC.

Base Address and Base Word Count Register — Each

channel has a pair of Base Address and Base Word

Count registers. These 16-bit registers store the original

value of their associated current registers. During Auto-

initialize these values are used to restore the current

registers to their original values. The base registers are

written simultaneously with their corresponding current

register in 8-bit bytes in the Program Condition by the

microprocessor. These registers cannot be read by the

microprocessor.

Command Register — This 8-bit register controls the

operation of the UM8237AE/-4/-5. It is programmed by

the microprocessor in the Program Condition and is

cleared by Reset or a Master Clear instruction. The

following table lists the functions of the command bits.

See Figure 4 for address coding.

Mode Register — Each channel has a 6-bit Mode register

associated with it. When the register is being written

to by the microprocessor in the the Program Condition,

bits and 1 determine which channel Mode register is

to be written.

Request Register — The UM8237AE/-4/-5 can respond

to requests for DMA service which are initiated by soft-

ware as well as by a DREQ. Each channel has a request

bit associated with it in the 4-bit Request register.

These are nonmaskable and subject to prioritization by

the Priority Encoder network. Each register bit is set

or reset separately under software control, or is cleared

upon generation of a TC or external EOP. The entire

register is cleared by a Reset. To set or reset a bit, the

software loads the proper form of the data word. See

Figure 3 for register address coding. In order to make

a software request, the channel must be in Block Mode.

Mask Register — Each channel has associated with it a

Command Register

R Memory -to-memory disable

Memory-to-memory enable

Channel address hold disable

Channel address hold enable

If bit =

Controller enable

Controller disable

Normal timing

Compressed timing

If bit 0= 1

Fixed priority

Rotating priority

Late wnte selection

Extended write selection

If bit 3= 1

DREQ sense active high

DREQ sense active low

DACK sense active low

DACK sense active high

Mode Register

^00 Channel select

Channel 1 select

Channel 2 select

Channel 3 select

rOO Verify transfer

|

01 Write transfer

Read transfer

Illegal

• XX If bits 6 and 7= 11

Automitialization disable

1 Autoinitialization enable

Address increment select

Address decrement select

" 00 Demand mode select

01 Single mode select

10 Block mode select

1 1 Cascade mode select
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Request Register

7 6 5 4 3 2 1

II I I I 1,1 D

î\

00 Select channel

01 Select channel 1

10 Select channel 2

1

1

Select channel 3

Reset request bit

Set request bit

mask bit which can be set to disable the incoming
DREQ. Each mask bit is set when its associated channel
produces an EOP, if the channel is not programmed for

Autoinitialize. Each bit of the 4-bit Mask register may
also be set or cleared separately under software control.

The entire register is also set by a Reset. This disables

all DMA requests until a clear Mask register instruction

allows them to occur. The instruction to separately set

or clear the mask bits is similar in form to that used with
the Request register. See Figure 3 for instruction

addressing.

6 5 4 3 2 10-

n
~R:

00 Select channel mask bit

01 Select channel 1 mask bit

10 Select channel 2 mask bit

Select channel 3 mask bit

Clear mask bit

Set mask bit

All four bits of the Mask register may also be written

with a single command.

Clear channel mask bit

Set channel mask bit

Clear channel 1 mask bit

Set channel 1 mask bit

Clear channel 2 mask bit

Set channel 2 mask bit

Clear channel 3 mask bit

Set channel 3 mask bit

Signals
Register Operation

CS IOR iOW A3 A2 A1 AO

Command Write 1 1 n
Mode Write 1 1 1 1

Request Write 1 1 n 1

Mask Set/Reset 1 1 1

Mask Write 1 1 1 1 1

Temporary Read 1 1 1 n 1

Status Read 1 1

Figure 3. Definition of Register Codes

Status Register — The Status register is available to be

read out of the UM8237AE/-4/-5 by the microprocessor.

It contains information about the status of the devices

at this point. This information includes which channels
have reached a terminal count and which channels have

UM8237AE -4 -S

pending DMA requests. Bits 0-3 are set every time a

TC is reached by that channel or an external EOP is

applied. These bits are cleared upon Reset and on each

Status Read. Bits 4-7 are set whenever their correspond-

ing channel is requesting service.

Channel has reached TC
Channel 1 has reached TC
Channel 2 has reached TC
Channel 3 has reached TC

Channel request

Channel 1 request

Channel 2 request

Channel 3 request

Temporary Register — The Temporary register is used

to hold data during memory-to-memory transfers. Fol-

lowing the completion of the transfers, the last word
moved can be read by the microprocessor in the Pro-

gram Condition. The Temporary register always con-

tains the last byte transferred in the previous memory-
to-memory operation, unless cleared by a Reset.

Software Commands - These are additional special

software commands which can be executed in the Pro-

gram Condition. They do not depend on any specific

bit pattern on the data bus. The two software com-
mands are:

Clear First/Last Flip-Flop: This command is executed

prior to writing or reading new address or word count

information to the UM8237AE/-4/-5. This initializes

the flip-flop to a known state so that subsequent

accesses to register contents by the microprocessor

will address upper and lower bytes in the correct

sequence.

Master Clear: This software instruction has the same
effect as the hardware Reset. The Command, Status,

Request, Temporary, and Internal First/Last Flip-

Flop registers are cleared and the Mask register is set.

The UM8237AE/-4/-5 will enter the idle cycle.

Clear Mask Register: This command clears the mask
bits of all four channels, enabling them to accept

DMA requests.

Figure 4 lists the address codes for the software com-
mands:

PROGRAMMING

The UM8237AE/-4/-5 will accept programming from the

host processor any time that HLDA is inactive; this is

true even if HRQ is active. The responsibility of the host

is to assure that programming and HLDA are mutually

exclusive. Note that a problem can occur if a DMA
request occurs, on an unmasked channel while the

UM8237AE/-4/-5 is being programmed. For instance,

the CPU may be starting to reprogram the two byte

Address register of channel 1 when channel 1 receives a

DMA request. If the UM8237AE/-4/-5 is enabled (bit

2 in the command register is 0) and channel 1 is un-
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Signals
Operation

A3 A2 A1 AO IOR IOW

1 Read Status Register

1 Write Command Register

1 1 Illegal

1 1 Write Request Register

1 1 Illegal

1 1 Write Single Mask Register Bit

1 1 1 Illegal

1 1 1 Write Mode Register

1 Illegal

1 Clear Byte Pointer Flip/Flop

1 1 Read Temporary Register

1 1 Master Clear

1 1 Illegal

1 1 Clear Mask Register

1 1 1 Illegal

1 1 1 Write All Mask Register Bits

Figure 4. Software Command Codes

masked, a DMA service will occur after only one byte of

the Address register has been reprogrammed. This can

be avoided by disabling the controller (setting bit 2 in

the command register) or masking the channel before

programming any other registers. Once the programming

is complete, the controller can be enabled/unmasked.

After power-up it is suggested that all internal locations,

especially the Mode registers, be loaded with some
valid value. This should be done even if some channels

are unused.

Application Information

Figure 6 shows a convenient method for configuring a

DMA system with the UM8237AE/-4/-5 controller and

an 8080A/8085AH microprocessor system. The multi-

mode DMA controller issues a HRQ to the processor

whenever there is at least one valid DMA request from

a peripheral device. When the processor replies with

a HLDA signal, the UM8237AE/-4/-5 takes control of

the address bus, the data bus and the control bus. The

address for the first transfer operation comes out in two

bytes — the least significant 8 bits on the eight address

outputs and the most significant 8 bits on the data bus.

The contents of the data bus are then latched into the

8282 8-bit latch to complete the full 16 bits of the

address bus.

Channel Register Operation
Signals

Internal Flip-Flop Data Bus DB0-DB7
CS IOR IOW A3 A2 A1 AO

Base and Current Address Write 1

1 1

A0-A7
A8-A15

Current Address Read 1

1 1

A0-A7
A8-A15

Base and Current Word Count Write 1

1

1

1 1

W0-W7
W8-W15

Current Word Count Read 1

1

1

1 1

W0-W7
W8-W15

1 Base and Current Address Write 1

1 1

A0-A7
A8-A15

Current Address Read 1

1 1

A0-A7
A8-A15

Base and Current Word Count Write 1

1

1

1 1

W0-W7
W8-W15

Current Word Count Read 1

1

1

1 1

W0-W7
W8-W15

2 Base and Current Address Write 1

1 1

A0-A7
A8-A1

5

Current Address Read 1

1 1

A0-A7
A8-A15

Base and Current Word Count Write 1

1

1

1 1

W0-W7
W8-W15

Current Word Count Read 1

1

1

1 1

W0-W7
W8-W15

3 Base and Current Address Write 1

1 1

A0-A7
A8-A15

Current Address Read 1

1 1

A0-A7
A8-A15

Base and Current Word Count Write 1

1

1

1 1

W0-W7
W8-W15

Current Word Count Read 1

1

1

1 1

W0-W7
W8-W15

Figure 5. Word Count and Address Register Command Codes
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ADDRESS BUS A0A1

5

HLDA

HOLD

CPU

CLOCK

RESET

MEMR
MEMW
Tor

Tow

±±.
AEN A0-A3 A4-A7 CS AOSTB

UM8237AEM/S m m „„„DA 6 6 DB0 '

5 |SH| ,
O * DB7

3 s II II |5 11 g
<

' U Q

A8-A15

8282

-N

SYSTEM DATA BUS

Timing Waveforms

Figure 6. UM8237AE/-4/-5 System Interface

Slave Mode Write Timing

cs ^jt.

^t
f

^
:z:c

TWC
(NOTE 91

INPUT VALID K
Figure 7. Slave Mode Write

Slave Mode Read Timing

31
JT

ADDRESS MUST BE VALID

X
Z3C

5-
.TRA
(NOTE 9)

DATA OUT VALID >
Figure 8. Slave Mode Read
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Timing Waveforms (Continued)

DMA Transfer Timing

J
jr

<m
f

\

\SS££SV

TASS— TAHS

ADDRESS VALID

\
jt- X

TOS|—
(NOTE 6)

TASM

TAHW

n:

SSSSSi.

ADDRESS VALID

.r^s 6

r

(FOR EXTENDED WRITE)'

WVWWWW^ %////////////

% f

\

— TAFAB

-TAHW

Jn

—pA
J

Figure 9. DMA Transfer
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Timing Waveforms (Continued)

Memory -to-Memory Transfer Timing

f \
Hh'

AODRESS VALID

^_^b

TIDH-

TIDS\ TIDS r

/

TEPS —

•

TEPW

VWWWWWWWWWWV .///////////

X
h-

ADDRESS. VALID

( A8-A15

TDCTW
TDCL

"Y./

>-

^^

Figure 10. Memory -to-Memory Transfer

Ready Timing

CLK

READ

WRITE

S2

TDCL

S3

\

sw

EXTENDED /
WRITE TRH

READY

SW

-TDCL

TDCTR

TDCTW

r

TQQ—» « »| -.

\\\\\\\\\v4 ^TRH
r

TRS

Figure 11. Ready
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Timing Waveforms (Continued)

Compressed Transfer Timing

CLK

A0-A7

TASM

TDCL

WRITE

READY

S4

X

TRS"

\

S2

TASM

VALID

TDCTR

S4

X
TDCL

J^i
TDCTW.

T̂RH
TRS"A A

F

TRH

Figure 12. Compressed Transfer

Reset Timing

vCc 4 -— TRSTD

RESET 7 f- \

VTor or low

"-3

Figure 13. Reset
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Ordering Information

Part No. Frequency Package

UM8237AE 3 MHz 40LDIP

UM8237AE-4 4 MHz 40LDIP

UM8237AE-5 5 MHz 40LDIP
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Programmable Interval Timer

Features

3 independent 16-bit counters

DC to 2.6 MHz (UM8253)

DC to 5.0 MHz (UM8253-5)

Programmable counter modes

Count binary or BCD
Single +5V supply

General Description

The UM8253/-5 is a programmable counter timer device

designed for use as a microcomputer peripheral. It is

processed using NMOS technology with a single +5V
supply and is packaged in a 24-pin plastic DIP.

It is organized as 3 independent 16-bit counters, each with

a count rate of up to 2.6 MHz. All modes of operation

are software programmable.

Pin Configuration Block Diagram

D, C
DeC
DsC
D4 E
DsC
D2 C.

Did
DoC

CLKO \2

OUT0 [2

GATE [2

GND C

^ VCC

Z1"rd

HA,,

Zl A
o

2} CLK2

22 OUT 2

2\ GATE 2

2] CLK 1

2] GATE 1

ZJOUT1

D 7-D \ B

RD

WR

DATA
BUS

BUFFER

C
READ/
WRITE
LOGIC

n
CONTROL
WORD

REGISTER

o

o

<^

INTERNAL BUS

COUNTER
#0

COUNTER
#1

- GATE

-OUT0

COUNTER
#2

-CLK2

. GATE 2

-OUT 2
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Absolute Maximum Ratings*

Ambient Temperature Under Bias Ta 0°C to 70°C

Storage Temperature TSTG -65°C to +150°C

Voltage on Any Pin with Respect to

Ground -0.5V to +7V

Power Dissipation 1 Watt

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics

(TA = 0°C to 70°C, VCc = 5V + 10%)

Symbol Parameter Min Max. Unit Conditions

V|L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2.2 VCC+0.5V V

Vol Output Low Voltage 0.45 V Note 1

V H Output High Voltage 2.4 V Note 2

IlL Input Load Current + 10 MA V|N = VcctoOV

!0FL Output Float Leakage + 10 MA Vqut = Vcc to 0.45V

'cc Vcc Supply Current 140 mA

Capacitance

(TA =25°C, VCc = GND = 0V)

Symbol Parameter Min. Typ. Max. Unit Conditions

C|N Input Capacitance 10 pF fc= 1 MHz

'Q/O I/O Capacitance 20 PF
Unmeasured pins

returned to Vgg

AC Characteristics

(TA = 0°C to 70°C, VCc = 5.0V ± 10%, GND = 0V)

Bus Parameters (Note 3)

READ CYCLE

Symbol Parameter
UM8253 UM8253-5

Unit
Min. Max. Min. Max.

tAR Address Stable Before READ 50 30 ns

tRA Address Hold Time for READ 5 5 ns

tRR READ Pulse Width 400 300 ns

tRD Data Delay From READ (4) 300 200 ns

tDF READ to Data Floating 25 125 25 100 ns

tRV
Recovery Time Between READ
and Any Other Control Signal

1 1

r

JUS
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AC Characteristics (Continued)

WRITE CYCLE

Symbol Parameter
UM8253 UM8253-5

Unit
Min. Max. Min. Max.

*AW Address Stable Before WRITE 50 30 ns

tWA Address Hold Time for WRITE 30 30 ns

tww WRITE Pulse Width 400 300 ns

tow Data Set Up Time for WR ITE 300 250 ns

tWD Data Hold Time for WRITE 40 30 ns

tRV
Recovery time Between WRITE
and Any Other Control Signal

1 1 Ms

Clock and Gate Timing

Symbol Parameter
UM8253 UM8253-5

Unit
Min. Max. Min. Max.

tCLK Clock Period 380 DC 380 DC ns

tPWH High Pulse Width 230 230 ns

tR/VL Low Pulse Width 150 150 ns

*GW Gate Width High 150 150 ns

tGL Gate Width Low 100 100 ns

*GS Gate Set Up Time to CLKt 100 100 ns

tGH Gate Hold Time After CLKt 50 50 ns

*OD Output Delay From CLK-M41 400 400 ns

tQDG Output Delay From Gate4-M 300 300 ns

Notes:

1. Iol = 2.2 mA.

2. IOH = -400jLlA.

3. AC timings measured at Vqh 2.2, Vql = 0.8.

4. C L = 150pF.

AC Testing Input, Output Waveform

^>TESTPOINTS<^

AC. TESTING: INPUTS ABE DRIVEN AT 2.4V FOR A LOGIC "1"
AND 0.45V FOR A LOGIC "0" TIMING MEASUREMENTS ARE
MADE AT 2.2V FOR A LOGIC "V AND 0.8V FOR A LOGIC

AC Testing Load Circuit

DEVICE
UNDER
TEST

I
CL - 150 pF

CL INCLUDES JIG CAPACITANCE
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Timing Waveforms

UM8253 -S

WRITE TIMING

A -1,CS

DATA BUS

X

X
*DW

WR

X
-tWA

TWD-

X

READ TIMING

^IZX
lAR

RD

-•-tRR

M^'
*RD - >

DATA BUS/
,,,77777777777777777777777777?
'/%/, HIGH IMPEDANCE /

/7//jY///A

X
-tRA

DF

VALID
7777777777777777777.
:high impedance

CLOCK AND GATE TIMING

XPWH

CLK

GATEG

OUTPUT

-tpWL-

r\ r~\
tgs

J
XGH

XCLK-

% £ *GW
TGL

TGS-»-

""-•^GH

tQD

.A /L
LODG
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Functional Description

General

The UM8253/-5 is a programmable interval timer/counter

specifically designed for use with microcomputer systems.

Its function is that of a general purpose, multi-timing

element that can be treated as an array of I/O ports in

the system software.

The UM8253/-5 solves one of the most common problems

in any microcomputer system; the generation of accurate

time delays under software control. Instead of setting up

timing loops in systems software, the programmer con-

figures the UM8253/-5 to match his requirements, in-

itializes one of the counters of the UM8253/-5 with the

desired quantity, then upon command the UM8253/-5
will count out the delay and interrupt the CPU when it

has completed its tasks. It is easy to see that the software

overhead is minimal and that multiple delays can easily

be maintained by assignment of priority levels.

Other counter/timer functions that are non-delay in nature

but also common to most microcomputers can be

implemented with the UM8253/-5.

• Programmable Rate Generator

• Event Counter

• Binary Rate Multiplier

• Real Time Clock

• Digital One-Shot

• Complex Motor Controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface

the UM8253/-5 to the system data bus. Data is transmitted

or received by the buffer upon execution of input or out-

put CPU instructions. The Data Bus Buffer has three basic

functions.

1. Programming the MODES of the UM8253/-5.

2. Loading the count registers.

3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus

and in turn generates control signals for overall device

operation. It is enabled or disabled by CS so that no

operation can occur to change the function unless the

device has been selected by the system logic.

RD (Read)

A "low" on this input informs the UM8253/-5 that the

CPU is inputting data in the form of a counter value.

WR (Write)

A "low" on this input informs the UM8253/-5 that the

CPU is outputting data in the form of mode information or

loading counters.

A , Ai

These inputs are normally connected to the address bus.

Their function is to select one of the three counters to be

operated on and to address the control word register for

mode selection.

Dow DATA
BUS

BUFFER

READ/
WRITE
LOGIC

CONTROL
WORD

REGISTER

W

AJ-K COUN"

VTV "

INTERNAL BUS'

J

. CLKO

- GATE

OUTO

- GATE 1

-OUT 1

/LlA

VrV

-CLK2

GATE 2

-OUT 2

Figure 1. Block Diagram Showing Data Bus Buffer and

Read/Write Logic Functions

CS RD WR At A Operation

1 Load Counter No.

1 1 Load Counter No. 1

1 1 Load Counter No. 2

1 1 1 Write Mode Word

1 Read Counter No.

1 1 Read Counter No. 1

1 1 Read Counter No. 2

1 1 1 No-Operation 3-State

1 X X X X Disable 3-State

1 1 X X No-Operation 3-State
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C§ (Chip Select)

A "low" on this input enables the UM8253/-5..No reading

or writing will occur unless the device is selected. The

CS input has no effect upon the actual operation of the

counters.

Control Word Register

The Control Word Register is selected when Ao , Aj are

1,1. It then accepts information from the data bus buffer

and stores it in a register. The information stored in this

register controls the operational MODE of each counter,

selection of binary or BCD counting and the loading of

each count register.

The Control Word Register can only be written into; no
read operation of its contents is available.

Counter #0, Counter #1, Counter #2

These three functional blocks are identical in operation

so only a single Counter will be described. Each Counter

consists of a single, 16-bit, pre-settable, DOWN counter.

The counter can operate in either binary or BCD and its

input, gate and output are configured by the selection of

MODES stored in the Control Word Register.

The counters are fully independent and each can have

separate mode configuration and counting operation,

binary or BCD. Also, there are special features in the

control words that handle the loading of the count value

so that software overhead can be minimized for these

functions.

The reading of the contents of each counter is available to

the programmer with simple READ operations for event

counting applications and special commands and logic are

included in the UM8253/-5 so that the contents of each

counter can be read "on the fly" without having to inhibit

the clock input.

UM8253/- 5 System Interface

The UM8253/-5 is a component of the UMC Microcom-

puter Systems and interfaces in the same manner as all

other peripherals of the family. It is treated by the systems

software as an array of peripheral I/O ports; three are

counters and the fourth is a control register for MODE
programming.

Basically, the select inputs A , Ai connect to the A , A t

address bus signals of the CPU. The CS can be derived

directly from the address bus using a linear select method.

Or it can be connected to the output of a decoder, such as

an 8205 for larger systems.

Operational Description

General

The complete functional definition of the UM8253/-5 is

programmed by the systems software. A set of control

words must be sent out by the CPU to initialize each

counter of the UM8253/-5 with the desired MODE and

*« DATA
BUS

BUFFER

READ/
WRITE
LOGIC o

-GATE

.OUT0

-CLK 1

- GATE 1

-CLK2

. GATE 2

INTERNAL BUS

Figure 2. Block Diagram Showing Control Word
Register and Counter Functions

ADDRESS BUS (16)

CONTROL BUS

DATA BUS (8)

±^ LA
Aj Ao CS D -D, RD WR

UM8253/5
COUNTER.: COUNTER COUNTER

1 2
r '

1 i

'
.

|
1 .

OUT GATE CLK OUT GATE CLK OUT GATE CLK

,i ,l 'l7

Figure 3. UM8253/-5 System Interface
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quantity information, prior to initialization, the MODE,
count, and output of all counters is undefined. These

control words program the MODE, loading sequence

and selection of binary or BCD counting.

Once programmed, the UM8253/-5 is ready to perform

whatever timing tasks it is assigned to accomplish.

The actual counting operation of each counter is

completely independent and additional logic is provided

on-chip so that the usual problems associated with efficient

monitoring and management of external, asynchronous

events or rates to the microcomputer system have been

eliminated.

Programming the UM8253/-5

All of the MODES for each counter are programmed by
the systems software by simple I/O operations.

Each counter of the UM8253/-5 is individually programmed
by writing a control word into the Control Word Register.

(A0( A, =11)

Control Word Format

BCD:

D 7 D6 Ds D4 D3 D2 D! Do

SC1 SCO RL1 RLO M2 M1 MO BCD

Definition of Control

SC - Select Counter:

SC1 SCO

Select Counter

1 Select Counter 1

1 Select Counter 2

1 1 Illegal

RL- Read/Load:

RL1 RLO

Counter Latching operation (see

READ/WRITE procedure Section)

1 Read/Load most significant byte only.

1 Read/ Load least significant byte only.

1 1 Read/Load least significant byte first,

then most significant byte.

M - MODE:

M2 M1 MO

ModeO

1 Mode 1

X 1 Mode 2

X 1 1 Mode 3

1 Mode 4

1 1 Mode 5

Binary Counter 16-bits

1 Binary Coded Decimal (BCD) Counter

(4 Decades)

Counter Loading

The count register is not loaded until the count value is

written (one or two bytes, depending on the mode selected

by the RL bits), followed by a rising edge and a falling

edge of the clock. Any read of the counter prior to that

falling clock edge may yield invalid data.

MODE Definition

MODE 0: Interrupt on Terminal Count. The output will

be initially low after the mode set operation. After the

count is loaded into the selected count register, the output

will remain low and the counter will count. When terminal

count is reached the output will go high and remain high

until the selected count register is reloaded with the mode
or a new count is loaded. The counter continues to

decrement after terminal count has been reached.

Rewriting a counter register during counting results in the

following:

(1

)

Write 1 st byte stops the current counting.

(2) Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go

low on the count following the rising edge of the gate input.

The output will go high on the terminal count. If a new
count value is loaded while the output is low it will not

affect the duration of the one-shot pulse until the

succeeding trigger. The current count can be read at any

time without affecting the one-shot pulse.

The one-shot is retriggerable, hence the output will remain

low for the full count after any rising edge of the gate

input.

MODE 2: Rate Generator. Divide by N counter. The

output will be low for one period of the input clock. The
period from one output pulse to the next equals the

number of input counts in the count register. If the count

register is reloaded between output pulses the present

period will not be affected, but the subsequent period

will reflect the new value.

The gate input, when low, will force the output high.

When the gate input goes high, the counter will start

from the initial count. Thus, the gate input can be used

to synchronize the counter.

When this mode is set, the output will remain high until

after the count register is loaded. The output then can

also be synchronized by software.
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MODE 3: Square Wave Rate Generator. Similar to MODE
2 except that the output will remain high until one half

the count has been completed (for even numbers) and go
low for the other half of the count. This is accomplished

by decrementing the counter by two on the falling edge of

each clock pulse. When the counter reaches terminal

count, the state of the output is changed and the counter

is reloaded with the full count and the whole process is

repeated.

If the count is odd and the output is high, the first clock

pulse (after the count is loaded) decrements the count by 1

.

Subsequent clock pulses decrement the clock by 2. After

timeout, the output goes low and the full count is reloaded.

The first clock pulse (following the reload) decrements the

counter by 3. Subsequent clock pulses decrement the
count by 2 until timeout. Then the whole process is

repeated. In this way, if the count is odd, the output will

be high for (N+ 1 )/2 counts and low for (N-1 )/2 counts.

UM8253 -5

In Modes 2 and 3, if a CLK source other thafi the system

clock is used, GATE should be pulsed immediately

following WR of a new count value.

MODE 4: Software Triggered Strobe. After the mode is

set, the output will be high. When the count is loaded,

the counter will begin counting. On terminal count, the

output will go low for one input clock period, then will

go high again.

If the count register is reloaded during counting, the new
count will be loaded on the next CLK pulse. The count
will be inhibited while the GATE input is low.

MODE 5: Hardware Triggered Strobe. The counter will

start counting after the rising edge of the trigger input

and will go low for one clock period when the terminal

count is reached. The counter is retriggerable. The output
will not go low until the full count after the rising edge
of any trigger.

Disables counting

1

)

Disables counting

2) Sets output immediately high

1

)

Disables counting

2) Sets output immediately high

Disables counting

Rising

1) Initiates counting

2) Resets output after next clock

1

)

Reloads counter

2) Initiates counting

1

)

Reloads counter

2) Initiates counting

Initiates counting

Figure 4. Gate Pin Operations Summary

UM8253A5 Read/Write Procedure

High

Enables counting

Enables counting

Enables counting

Enables counting

Write Operations

The systems software must program each counter of the

UM8253/-5 with the mode and quantity desired. The pro-

grammer must write out to the UM8253/-5 a MODE
control word and the programmed number of count register

bytes (1 or 2) prior to actually using the selected counter.

The actual order of the programming is quite flexible.

Writing out of the MODE control word can be in any

sequence of counter selection, e.g., counter #0 does not

have to be first or counter #2 last. Each counter's MODE
control word register has a separate address so that its

loading is completely sequence independent. (SCO, SC1

)

The loading of the Count Register with the actual count

value, however, must be done in exactly the sequence

programmed in the MODE control word (RLO, RL1 ). This

loading of the counter's count register is still sequence

independent like the MODE control word loading, but

when a selected count register is to be loaded it must be

loaded with the number of bytes programmed in the MODE
control word (RLO, RL1). The one or two bytes to be

loaded in the count register do not have to follow the

associated MODE control word. They can be programmed
at any time following the MODE control word loading as

long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value loaded

into the count register will actually be decremented.

Loading all zeroes into a count register will result in the

maximum count (2 for Binary or 10 for BCD).
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MODEO: INTERRUPT ON TERMINAL COUNT

jtjtjijtjtjijijtjtjtjtjtxl

MODE 3: SQUARE WAVE GENERATOR

clock JTJTJlJTJTJlJTJTJlJTJn_n_n_

|

l

OUTPUT (n

OUTPUT (n

4 2 4 2 4 2 4 2 4 2 4 2 4

WRn |_

4 3 2 1

=4>_T
6 4

I |

5
| I

2
I |

2 5 2 4 2 5 5 4 2

|

- 5) r 1 1 | 1

IINTERRUPT)
(n =4)

|

n -
1

1

WRm'"[

GATE

5

!| 1 -

3 24
1(INTERRUPT) 1 Uj

MODE1: PROGRAMMABLE ONE-SHOT

: JTJTJTJXTlJlJTJTJTJXnJTJT-

MODE4: SOFTWARE TRIGGERED STROBE

jiJiJiJiJiJijijijiJTJi_n_rL

WRn |_ r
J

2OUTPUT 4 3

(n=4)
I

I

I i r~

4 3 2 10

OUTPUT

4 3

T
4 3 2 1

4 3 2 10

MODE 2: RATE GENERATOR

clock JTJTlJFlJTJTJTnJlJTJTJTJTJTJT^

MODE 5: HARDWARE TRIGGERED STROBE

CLocKjToruiJiJTJiJTriJiJiJT-rL

WRn

OUTPUT

OUTPUT In = 31

RESET

0(3)

1 0(4) 3 2 1 0(3) 2 1

-|_J
3 2 1 0(3) 2 1 .0(3) 2 1

GATE

OUTPUT (n-4)

GATE

OUTPUT ln-4)

4 3 2 10

4 3 4 3 2 10
i_r

Figure 5. UM8253/-5 Timing Diagrams

In MODE the new count will not restart until the load has

been completed. It will accept one of two bytes depending

on how the MODE control words (RLO, RL1) are

programmed. Then proceed with the restart operation.

Read Operations

In most counter applications it becomes necessary to read

the value of the count in progress and make a computa-

tional decision based on this quantity. Event counters

are probably the most common application that uses this

function. The UM8253/-5 contains logic that will allow the

programmer to easily read the contents of any of the three

counters without disturbing the actual count in progress.

There are two methods that the programmer can use to

read the value of the counters. The first method involves

the use of simple I/O read operations of the selected

counter. By controlling the A , Aj inputs to the UM8253/

-5 the programmer can select the counter to be read
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(remember that no read operation of the mode register is

allowed A , A! -11 The only requirement with this

method is that in order to assure a stable count reading

the actual operation of the selected counter must be

inhibited either by controlling the Gate input or by

external logic that inhibits the clock input. The contents

of the counter selected will be available as follows:

First I/O Read contains the least significant byte (LSB).

second I/O Read contains the most significant byte

(MSB).

Due to the internal logic of the UM8253/-5 it is absolutely

necessary to complete the entire reading procedure. If two

bytes are programmed to be read then two bytes must be

read before any loading WR command can be sent to the

same counter.

Read Operation Chart

A, A RD

Read Counter No.

1 Read Counter No. 1

1 Read Counter No. 2

1 1 Illegal

Reading While Counting

In order for the programmer to read the contents of any

counter without affecting or disturbing the counting opera-

tion the UM8253/-5 has special internal logic that can

be accessed using simple WR commands to the MODE
register. Basically, when the programmer wishes to read

the contents of a selected counter "on the fly" he loads

the MODE register with a special code which latches the

present count value into a storage register so that its

contents contain an accurate, stable quantity. The

programmer then issues a normal read command to the

selected counter and the contents of the latched register

are available.

MODE Control Word
Counter n

LSB Count Register byte

Counter n

MSB Count Register byte

Counter n

Note: Format
that it is

shown is a simple example of loading the UM
the only format.

8253A5 and does not imply

Figure 6. Programming Format

MODE Register for Latching Count

Ao, A x
= 11

!d7 D6 D 5 D4 D3 D2 Dj Do

SC1 SCO X X X X

SC1 , SCO — specify counter to be latched.

D5, D4 — 00 designates counter latching operation.

X — don't care.

The same limitation applies to this mode of reading the

counter as the previous method. That is, it is mandatory

to complete the entire read operation as programmed.

This command has no effect on the counter's mode.
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Ai Ao

No. 1

No. 2

No. 3

No. 4

No. 5

No. 6

No. 7

No. 8

No. 9

MODE Control Word
Counter 1

MODE Control Word
Counter 1

1

MODE Control Word
Counter 2

1

LSB Count Register Byte
Counter 1

MSB Count Register Byte

Counter 1

LSB Count Register Byte
Counter 2

1

MSB Count Register Byte

Counter 2 1

LSB Count Register Byte

Counter

MSB Count Register Byte
Counter

Note: The exclusive addresses of each counter's count register make the task of programming the UM8253/-5

very simple matter, and maximum effective use of the device will result if this feature is fully utilized.

a

Figure 7. Alternate Programming Formats

CLK

8085

3MHz
-^2

1.5MHz
CLK

UM8253-5

3-5 clock!
If an 8085 c ock output is t<d drive a UM825 nput, it must be reduced to 2M Hz or less.

Figure 8. MCS-85™ Clock Interface

Ordering Information

Part Number Clock

UM8253 2.6MHz

UM8253-5 5MHz
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Programmable Interrupt Controller

Features

Eight-level priority controller

Expandable to 64 levels

Programmable interrupt modes

General Description

The UM8259A-2 Programmable Interrupt Controller handles

up to eight vectored priority interrupts for the CPU. It

is cascadable for up to 64 vectored priority interrupts

without additional circuitry. Packaged in a 28-pin DIP, it

uses NMOS technology and requires a single +5V supply.

Circuitry is static, requiring no clock input.

The UM8259A-2 is designed to minimize the software and

Individual request mask capability

Single +5V supply (no clocks)

28-pin dual-in-line package

real time overhead in handling multi-level priority

interrupts. It has several modes, permitting optimization

for a variety of system requirements.

The UM8259A-2 is fully compatible with the Intel 8259A-

2. Software originally written for the 8259A-2 will operate

the UM8259A-2 in all 8259A-2 equivalent modes.

Pin Configuration

cs LZ 1 28 ZlVcc
WR C 2

3

27

26

ZM
RD LZ Zl INTA

D 7 LZ 4 25 DIR7
D
6 [= 5 24 Zl IR6

D5 C 6 C 23 Zl IR5

D4 LZ 7 § 22 ZI IR4

D3 LZ 8 Ol
21 Zl IR3

D2 d 9
>
N3 20 Z) IR2

DlH 10 19 Zmi
D C 11 18 Z] IRO

CASO LZ 12 17 ZI INT

CAS 1 LZ 13 16 Z2 SP/EN

GND n 14 15 ZI CAS 2

Block Diagram

READ/
WRITE
LOGIC

CAS1-

CAS2-

CASCADE
BUFFER/

COMPARATOR

INT

1

CONTROL LOGIC

is

/LAw

H
NTERRUPT
REQUEST
REG
(IRR)

. IRS

. IR6

INTERNAL BUS

MAPX86. JAPX88, MCS-80 and MCS-85 are all trademarks of Intel Microsystems
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Absolute Maximum Ratings*

Ambient Temperature Under Bias 0°Cto70°C

Storage Temperature -65°C to+150°C

Voltage on Any Pin with

Respect to Ground -0.5V to +7V

Power Dissipation 1 Watt

DC Electrical Characteristics

(Ta = 0°C to 70°C, VCC = 5V ± 10%)

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

Symbol Parameter Min. Max. Unit Conditions

VlL Input Low Voltage -0.5 0.8 V
V| H Input High Voltage 2.0* Vcc+0.5V V
Vol Output Low Voltage 0.45 V Iol = 2.2mA
VOH Output High Voltage 2.4 V I OH =-400juA

VoH(INT)
Interrupt Output High

Voltage

3.5 V I H = -100/UA

2.4 V l OH = -400jUA

Ili Input Load Current -10 +10 JLtA 0V V,N Vcc
• lol Output Leakage Current -10 +10 »A 0.45V Vqut VCC
ice Vcc Supply Current 85 mA

• lir IR Input Load Current
-300 juA V,N =0
10 juA V|N = Vcc

Capacitance

(TA = 25°C; VCc = GND = 0V)

Symbol Parameter Min. Typ. Max. Unit Conditions

C|N Input Capacitance 10 PF fc = 1 MHZ
C|/0 I/O Capacitance 20 pF Unmeasured pins returned to Vss

AC Characteristics

(TA = 0°C to 70°C. Vcc = 5V ± 10%)

TIMING REQUIREMENTS

Symbol Parameter Min. Max. Unit Conditions

TAHRL AO/CS Setup to RD/INTA+ ns

THRAX AO/CS Hold after "RTJ/lKITAt ns

TRLRH RD Pulse Width 160 ns

TAHWL AO/CS Setup to WfU ns

TWHAX AO/Cli Hold after WRT ns

TWLWH WR Pulse Width 190 ns

TDVWH Data Setup to WRT 160 ns

TWHDX Data Hold after WRT ns

TJLJH Interrupt Request Width (Low) 100 ns See Note

TCVIAL Cascade Setup to Second or Third
INTA4 (Slave only)

40 ns

TRHRL
End of RD to next ^D
End of INTA to next INTA within

an INTA sequence only
160 ns

TWHWL End of WR to next WR 190 ns
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AC Characteristics (Continued)

Symbol Parameter Min. Max. Unit Conditions

*TCHCL End of Command to next Command
(Not same command type)

400 ns

End of INTA sequence to next

INTA sequence.

*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6jus,

8085A-2= 1 us, 8086 = 1 jus, 8086-2 = 625 ns)

Note: This is the low time required to clear the input latch in the edge triggered mode.

Timing Responses

Symbol Parameter Min. Max. Unit Conditions

TRLDV Data Valid from RD/INTA4- 120 ns Cof Data Bus= 100 pF

C of Data Bus

Max '"st C = 100 pF
Min. Inst C = 15 pF

Cint = 100 pF

CCASCADE = 100 pF

TRHDZ Data Float after "RD/INTAt 10 85 ns

TJHIH Interrupt Output Delay 300 ns

TIALCV Cascade Valid from First INTA
(Master Only)

360 ns

TRLEL Enable Active from RDI or INTAJ, 100 ns

TRHEH Enable Inactive from RDT or INTAt 150 ns

TAHDV Data Valid from Stable Address 200 ns

TCVDV Cascade Valid to Valid Data 200 ns

AC Testing Input, Output Waveform

INPUT/OUTPUT

AC Testing Load Circuit

V ^>TEST POINTS<^ V

A. C TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND
0.45V FOR A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT
2.0V FOR A LOGIC "1 : AND 0.8V FOR A LOGIC "0."

DEVICE
UNDER
TEST

I
,CL = 100pF

C L INCLUDES JIG CAPACITANCE

Timing Waveforms

WRITE

WR

CS —
ADDRESS BUS

A _

DATA BUS

\
X

TAHWL

TWLWH

TDVWH

X

/

N«i »»>

-TWHAX

K
X

"TWHDX
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Waveforms (Continued)

READ/INTA

RD/INTA

\
EN'

CS.

ADDRESS BUS

A X

TRLRH

/

v-trl£l —/
-TAHRL

TRLDV-

DATA BUS -"---^

-TRHEH

-TRHAX

X
TRHDZ

*

OTHER TIMING

TO
INTA

\ /Z—1^/p— TRHRL —"-\

WR

\ /-— TWHWL —*\
TO

TRTa.
WR"

/
/

\ /
RD

TFTTA,
TCHCL-

WR

\
INTA SEQUENCE

"~V/
TJHIH

TJLJH

INT'

TNTA'

/ T <®

DB' 0---0-40-
CO-2.

TVCIAL-

±TCVDV

-TCVIAL

7f \
TIALCV

Notes: Interrupt output must remain HIGH at least until leading edge of first INTA.
1

.
Cycle 1 in iAPX86, iAPX88 systems, the Data Bus is not active.
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Pin Description

Pin No.

28

14

Symbol

VCC

GND

CS

I/O

WR

12, 13, 15

RD

P 7 -Do

CAS0-CAS2

16

17

18-25

SP/EN

Description

Supply: +5V Supply.

Ground.

I/O

I/O

CPU ^"Sp 1 iMi^Q°A
n
o
thi^n

ATab,eS RD and WR c°™™nication between theCPUandtheUM8259A-2.
I NTA functions are independent of CS.

Write: A low on this pin when CS is low enables the UM8259A-2 to accept com-mand words from the CPU.
«>w*vi turn

Read. A low on this pin when CS is low enables the UM8259A-2 to release status
onto the data bus for the CPU.

SSS^JL5ffbI
U ' : C°ntr01

'

St3tUS 3nd interrUpt-Ct0r inf—tion is

SSmAaS
6

!; ^t
6 CAS

rlT
S f°rm a PdVate UM8259A-2 bus to control a multiple

fo^ sS^UM8259A
8

2
P™ "*^^^ ° ""*" UM8259A "2 and inPuts

I/O

INT

IR0-IR7

26

27

I NTA

Slave Program/Enable Buffer: This is a dual function pin. When in the BufferedMode it can be used as an output to control buffer transceivers (EN) When not in

(SP-0)
rt 'S US6d 3S ^ ' nPIJt t0 designate a ^^ (SP = D of slave

Interrupt: This pin goes high whenever a valid interrupt request is asserted
used to interrupt the CPU, thus it is connected to the CPU's interrupt pin.

It is

Sn Pl 1R
q

+

Asyncnronous inputs. An interrupt request is executed by
raising an IR input (low to high), and holding it high until it is acknowledged
(Edge Triggered Mode), or just by a high level on an I R input (Level Triggered

dSfoTofhtS'?9e
h

ThiS Pin iS T 1 t0 en3b,e UM8259A-2 interrupt-vector
data onto the data bus by a sequence of interrupt acknowledge pulses issued by the

AO Address Line. This pin acts in conjunction with the CS, WR. and RD pins It isused by the UM8259A-2 to decipher various Command Words the CPU writes and

(A1for iAPX^Sr ^ r6ad
' '*

'* tYPiCa "V C°nneCted t0 the CPU A0 address line

Functional Description

Interrupts in Microcomputer Systems

Microcomputer system design requires that I/O devices such
as keyboards, displays, sensors and other components
receive servicing in an efficient manner so that large
amounts of the total system tasks can be assumed by the
microcomputer with little or no effect on throughput.

The most common method of servicing such devices is the
Polled approach. This is where the processor must test each
device in sequence and in effect "ask" each one if it needs
servicing. It is easy to see that a large portion of the main
program is looping through this continuous polling cycle
and that such a method would have a serious, detrimental
effect on system throughput, thus limiting the tasks that
could be assumed by the microcomputer and reducing the
cost effectiveness of using such devices.

A more desirable method would be one that would allow
the microprocessor to be executing its main program and
only stop to service peripheral devices when it is told
to do so by the device itself. In effect, the method would
provide an external asynchronous input that would inform

the processor that it should complete whatever instruction
that is currently being executed and fetch a new routine
that will service the requesting device. Once this servicing
is complete, however, the processor would resume exactly
where it left off.

This method is called Interrupt. It is easy to see that
system throughput would drastically increase, and thus
more tasks could be assumed by the microcomputer to
further enhance its cost effectiveness.

The Programmable Interrupt Controller (PIC) functions as
an overall manager in an Interrupt-Driven system
environment. It accepts requests from the peripheral
equipment, determines which of the incoming requests
is of the highest importance (priority), ascertains whether
the incoming request has a higher priority value than the
level currently being serviced, and issues an interrupt to
the CPU based on this determination.
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Each peripheral device or structure usually has a special

program or "routine" that is associated with its specific

functional or operational requirements; this is referred

to as a "service routine". The PIC, after issuing an

interrupt to the CPU, must somehow input information

into the CPU that can "point" the Program Counter to the

Service routine associated with the requesting device.

This "pointer" is an address in a vectoring table and will

often be referred to, in this document, as vectoring data.

The UM8259A-2

The UM8259A-2 is a device specifically designed for use in

real time, interrupt driven microcomputer systems. It

manages eight levels or requests and has built-in features

for expandability to other UM8259A-2's(up to 64 levels).

It is programmed by the system's software as an I/O

peripheral. A selection of priority modes is available to

the programmer so that the manner in which the requests

are processed by the UM8259A-2 can be configured to

match his system requirements. The priority modes can be

changed or reconfigured dynamically at any time during

the main program. This means that the complete interrupt

structure can be defined as required, based on the total

system environment.

Interrupt Request Register (IRR) and In-Service Register

(ISR)

The Interrupts at the IR input lines are handled by two

registers in cascade, the Interrupt Request Register (IRR)

and the In-Service Register (ISR). The IRR is used to store

all the interrupt levels which are requesting service; and the

ISR is used to store all the interrupt levels which are being

serviced.

Priority Resolver

This logic block determines the priorities of the bits set in

the IRR. The highest priority is selected and strobed into

the corresponding bit of the ISR during INTA pulse.

Interrupt Mask Register (IMR)

The IMR stores the bits which mask the interrupt lines to

be masked. The IMR operates on the IRR. Masking of

a higher priority input will not affect the interrupt request

lines of lower priority.

INT (Interrupt)

This output goes directly to the CPU interrupt input. The

Vqh level on this line is designed to be fully compatible

with the 8080A, 8085A and 8086 input levels.

INTA (Interrupt Acknowledge)

INTA pulses will cause the UM8259A-2 to release vectoring

information onto the data bus. The format of this data

depends on the system mode (jiPM) of the UM8259A-2.

CPU

CPU-DRIVEN
MULTIPLEXOR

RAM V ^>

ROM

1/0(1)

^> I/O (2)

r— -1

C==^ | /° <n) r

<y
L J

Figure la. Polled Method

CPU INT

7>

RAM
/" \

ROM

c PIC

1/0(1)

I/O (2)

r -%

<£zDjl/0(N)I-

\Z

Figure 1b. Interrupt Method
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Data Bus Buffer

This 3-state. bidirectional 8-bit buffer is used to interface

the UM8259A-2 to the system Data Bus. Control words
and status information are transferred through the Data
Bus Buffer.

Read/Write Control Logic

The function of this block is to accept OUT put commands
from the CPU. It contains the Initialization Command
Word (ICW) registers and Operation Command Word
(OCW) registers which store the various control formats

for device operation. This function block also allows

the status of the UM8259A-2 to be transferred onto the

Data Bus.

CS (Chip Select)

A LOW on this input enables the UM8259A-2. No reading

or writing of the chip will occur unless the device is

selected.

WR (Write)

A LOW on this input enables the CPU to write control

words (ICWs and OCWs) to the UM8259A-2.

RD (Read)

A LOW on this input enables the UM8259A-2 to send the
status of the interrupt Request Register (IRR). In Service

Register (ISR), the Interrupt Mask Register (IMR), or the
Interrupt level onto the Data Bus.

Ao __ __
This input signal is used in conjunction with WR and RD
signals to write commands into the various command
registers, as well as reading the various status registers

of the chip. This line can be tied directly to one of the

address lines.

The Cascade Buffer/Comparator

This function block stores and compares the IDs of all

UM8259A-2's used in the system. The associated three

I/O pins (CASO-2) are outputs when the UM8259A-2 is

used as a master and are inputs when the UM8259A-2 is

used as a slave. As a master, the UM8259A-2 sends the ID
of the interrupting slave device onto the CASO-2 lines. The
slave thus selected will send its preprogrammed subroutine

address onto the Data Bus during the next one or two
consecutive I NTA pulses. (See section "Cascading the

UM8259A-2".)

Interrupt Sequence

"The powerful features of the UM8259A-2 in a microcom-
puter system are its programmability and the interrupt
routine addressing capability. The latter allows direct or
indirect jumping to the specific interrupt routine requested
without any polling of the interrupting devices. The
normal sequence of events during an interrupt depends on
the type of CPU being used.

The events occur as follows in an MCS-80/85 system:

1. One or more of the INTERRUPT REQUEST lines

(IR7-0) are raised high, setting the corresponding
IRR bit(s).

2. The UM8259A-2 evaluates these requests, and sends an
I NT to the CPU, if appropriate.

UM8259A-2

3. The CPU acknowledges the INT and responds with an
INTA pulse.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the corresponding
IRR bit is reset. The UM8259A-2 will also release a
CALL instruction code (11001101) onto the 8-bit

Data Bus through its D7-0 pins.

5. This CALL Instruction will initiate two more INTA
pulses to be sent to the UM8259A-2 from the CPU
group.

6. These two INTA pulses allow the UM8259A-2 to release
its preprogrammed subroutine address onto the Data
Bus. The lower 8-bit address is released at the first

INTA pulse and the higher 8-bit address is released
at the second INTA pulse.

7. This completes the 3-byte CALL instruction released
by the UM8259A-2. In the AEOI mode the ISR bit is

reset at the end of the third INTA pulse. Otherwise,
the ISR bit remains set until an appropriate EOl'
command is issued at the end of the interrupt
sequence.

The events occurring in an iAPX 86 system are the same
until step 4.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set and the corresponding
IRR bit is reset. The UM8259A-2 does not drive the
Data Bus during this cycle.

5. The iAPX 86/10 will initiate a second INTA pulse.

During this pulse, the UM8259A-2 releases an 8-bit

pointer onto the Data Bus where it is read by the CPU.
6. This completes the interrupt cycle. In the AEOI

mode the ISR bit is reset at the end of the second
INTA pulse. Otherwise, the ISR bit remains set until

an appropriate EOl command is issued at the end of
the interrupt subroutine.

If no interrupt request is present at step 4 of either

sequence (i.e., the request was too short in duration) the

UM8259A-2 will issue an interrupt level 7. Both the

vectoring bytes and the CAS lines will look like an interrupt

level 7 was requested.

c ADDRESS BUS IIG)

CONTROL BUS

DATA BUS (8)

^-U
AS=C?

A° D7D0 AD WH INT INTA

Figure 3. UM8259A-2 Interface to Standard
System Bus
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Interrupt Sequence Outputs

MCS-80®, MCS-85®

This sequence is timed by three INTA pulses. During the

first INTA pulse the CALL opcode is enabled onto the

data bus.

Content of First Interrupt
Vector Byte

CALL CODE

D7 D6 D5 D4 D3 D2 D1 DO

1 1 1 1 1

During the second INTA pulse the lower address of the

appropriate service routine is enabled onto the data bus.

When Interval =4 bits A s -A7 are programmed, while A0-A4

are automatically inserted by the UM8259A-2. When

lnterval=8 bits only A6 and A 7 are programmed, while

A0-A5 are automatically inserted.

Content of Second Interrupt

Vector Byte

IR Interval = 4

D7 D6 D5 D4 D3 D2 D1 DO

7 A7 A6 A5 1 1 1

6 A7 A6 A5 1 1

5 A7 A6 A5 1 1

4 A7 A6 A5 1

3 A7 A6 A5 1 1

2 A7 A6 A5 1

1 A7 A6 A5 1

A7 A6 A5

IR Interval = 8

D7 D6 D5 D4 D3 D2 D1 DO

7 A7 A6 1 1 1

6 A7 A6 1 1

5 A7 A6 1 1

4 A7 A6 1

3 A7 A6 1 1

2 A7 A6 1

1 A7 A6 1

A7 A6

During the third INTA pulse the higher address of the

appropriate service routine, which was programmed as

byte 2 of the initialization sequence (A8 -Ais), is enabled

onto the bus.

Content of Third Interrupt

Vector Byte

iAPX 86, iAPX 88

iAPX 86 mode is similar to MCS-80 mode except that only

two interrupt Acknowledge cycles are issued by the

processor and no CALL opcode is sent to the processor.

The first interrupt acknowledge cycle is similar to that

of MCS-80. 85 systems in that the UM8259A-2 uses it to

internally freeze the state of the interrupts for priority

resolution and as a master it issues the interrupt code on

the cascade lines at the end of the INTA pulse. On this

first cycle it does not issue any data to the processor and

leaves its data bus buffers disabled. On the second

interrupt acknowledge cycle in iAPX 86 mode the master

(or slave if so programmed) will send a byte of data to the

processor with the acknowledged interrupt code composed

as follows (note the state of the AD I mode control is

ignored and A s -Au are unused in iAPX 86 mode)

:

Content of Interrupt Vector Byte

for iAPX 86 System Mode

D7 D6 D5 D4 D3 D2 D1 DO

IR7 T7 T6 T5 T4 T3 1 1 1

IR6 T7 T6 T5 T4 T3 1 1

IR5 T.7 T6 T5 T4 T3 1 1

IR4 T7 T6 T5 T4 T3 1

IR3 T7 T6 T5 T4 T3 1 1

IR2 T7 T6 T5 T4 T3 1

IR1 T7 T6 T5 T4 T3 1

IRO T7 T6 T5 T4 T3

D7 D6 D5 D4 D3 D2 D1 DO

A15 A14 A13 A12 A11 A10 A9 A8

Programming the UM8259A-2

The UM8259A-2 accepts two types of command words

generated by the CPU;

1. Initialization Command Words (ICWs): Before normal

operation can begin, each UM8259A-2 in the system

must be brought to a starting point by a sequence

of 2 to 4 bytes timed by WR pulses.

2. Operation Command Words (OCWs) : These are the

command words which command the UM8259A-2 to

operate in various interrupt modes. These modes are:

a. Fully nested mode

b. Rotating priority mode

c. Special mask mode
d. Polled mode

The OCWs can be written into the UM8259A-2 anytime

after initialization.

Initialization Command Words (ICWs)

General

Whenever a command is issued with A0=0 and D4=1, this

is interpreted as Initialization Command Word 1 (ICW1).

ICW1 starts the initialization sequence during which the
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following automatically occur.

a. The edge sense circuit is reset, which means that
following initialization, an interrupt request (IR)
input must make a low-to-high transition to generate
an interrupt.

b. The Interrupt Mask Register is cleared.
c. IR7 input is assigned priority 7.

d. The slave mode address is set to 7.

e. Special Mask Mode is cleared and Status Read is set
to IRR.

f. If IC4=0, then all functions selected in ICW4 are set
to zero. (Non-Buffered mode*, no Auto-EOI, MCS-80,
85 system).

"Note: Master/Slave in ICW4 is only used in the buffered
mode.

Initialization Command Words 1 and 2 (ICW1, ICW2)

As-Ajs :
Page starting address of service routines. In an

MCS 80/85 system, the 8 request levels will generate
CALLs to 8 locations equally spaced in memory. These
can be programmed to be spaced at intervals of 4 or 8
memory locations, thus the 8 routines will occupy a page
of 32 or 64 bytes, respectively.

The address format is 2 bytes long (Aq-Au). When the
routine interval is 4, A -A4 are automatically inserted
by the UM8259A-2. While A s -A, s are programmed

externally. When the routine interval is 8, A -As are
automatically inserted by the UM8259A-2, while Ae-A^
are programmed externally.

The 8-byte interval will maintain compatibility with current
software, while the 4-byte interval is best for a compact
jump table.

In an iAPX 86 system A^ -Au are inserted in the five most
significant bits of the vectoring byte and the UM8259A-2
sets the three least significant bits according to the
interrupt level. A 10 -As are ignored and ADI (Address
interval) has no effect.

LTIM: If LTIM= 1 , then the UM8259A-2 will operate in

the level interrupt mode. Edge detect logic on the
interrupt inputs will be disabled.

ADI: CALL address interval. ADI = 1 then interval=4-
ADI =0 then interval=8.

SNGL:

IC4:

Single. Means that this is the only UM8259A-2 in

the system. If SNGL = 1 no ICW3 will be issued.

If this bit is set - ICW4 has to be read,
is not needed, set IC4=0.

If ICW4

Initialization Command Word 3 (ICW3)

This word is read only when there is more than one
UM8259A-2 in the system and cascading is used, in which
case SNGL=0. It will load the 8-bit slave register. The
functions of this register are:

ICW1

NO (SNGL = 1)

YES (SNGL = 0)

ICW3

NO(IC4 = 0)

READY TO ACCEPT
INTERRUPT REQUESTS

Figure 4. Initialization Sequence
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A D 7

CALL ADDRESS INTERVAL
1 INTERVAL OF 4
0= INTERVAL OF 8

1 = LEVEL TRIGGERED MODE
- EDGE TRIGGERED MODE

A7-A5 OF INTERRUPT
VECTOR ADDRESS

(MCS-BO/85 MODE ONLY)

A D7 °6 05 °4 Oj D2
D

1 Do

1

A|S/ am/
/t6

AI3/ Aiy,

A,
All/

/t 3

A10 A, A8

ICW3 (MASTER DEVICE!

A D 7 D6 D 5
D4 D3 2 0,

AisA8 0F INTERRUPT
VECTOR ADDRESS
(MCS80/85 MODEI

T 7 -T 3 OF INTERRUPT
VECTOR ADDRESS
18086/8088 MODE)

1 s7 s6 s s
s« s 3 s2 Si So

•*-

IR INPUT HAS A SLAVE
IR INPUT DOES NOT HAVE
A SLAVE

ICW3 (SLAVE DEVICE!

A D7 D 6 DS D4 D3 D2

1
ID 2 IC

1
ID

1 1 2 3 4 5 6 7

1 1 1 1

1 1 1 1

1 1 1 1u p.

Dl, D3 D2

1 » 8086/8088 MODE
= MCS-80/85 MODE

a *
1

-NON BUFFERED MODE
-BUFFERED MODE/SLAVE
-BUFFERED MODE/MASTER

Note SLAVE ID IS EQUAL TO THE CORRESPONDING
MASTER IR INPUT

1 - SPECIAL FULLY NESTED
MODE

• NOT SPECIAL FULLY
NESTED MODE

Figure 5. Initialization Command Word Format
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a. In the master mode (either when SP=1 , or in buffered

mode when M/S=1 in ICW4) a "1 " is set for each slave in

the system. The master then will release byte 1 of the

call sequence (for MCS-80/85 system) and will enable

the-corresponding slave to release bytes 2 and 3 (for

iAPX 86 only byte 2) through the cascade lines.

b. In the slave mode (either when SP=0, or if BUF=1 and
M/S=0 in ICW4) bits 2-0 identify the slave. The slave

compares its cascade input with these bits and, if they

are equal, bytes 2 and 3 of the call sequence (or iust

byte 2 for iAPX 86) are released by it on the Data Bus.

Initialization Command Word 4 (ICW4)

SFNM: If SFNM = 1 the special fully nested mode is

programmed.

BUF: If BUF = 1 the buffered mode is programmed. In

buffered mode SP/EN becomes an enable output
and the master/slave determination is by M/S.

M/S: If buffered mode is selected: M/S=1 means the

UM8259A-2 is programmed to be a master, M/S=0
means the UM8259A-2 is programmed to be a

slave. If BUF=0, M/S has no function.

AEOI: If AEOI = 1 the automatic end of interrupt mode
is programmed .

juPM
: Microprocessor mode: juPM=0 sets the UM8259A-2

for MCS-80, 85 system operation, ijPM =
j

\ sets the

UM8259A-2 for iAPX 86 system operation.

Operation Command Words (OCWs)

After the Initialization Command Words (ICWs) are

programmed into the UM8259A-2, the chip is ready to

accept interrupt requests at its input lines. However, during

the UM8259A-2 operation, a selection of algorithms can
command the UM8259A-2 to operate in various modes
through the Operation Command Words (OCWs).

OCW1
A0 D7 D6 D5 D4 D3 D2 D1 DO

1 M7 M5 M5 M4 M3 M2 M1 MO

OCW2

R SL EOI L2 L1 LO

OCW3

ESMM SMMO 1 P RR RIS

Operation Control Word 1 (OCW1)

OCW1 sets and clears the mask bits in the interrupt Mask

Register (IMR). M7-M represent the eight mask bits.

M = 1 indicates the channel is masked (inhibited), M=0
indicates the channel is enabled.

Operation Control Word 2 (OCW2)

R, SL, EOI - These three bits control the Rotate and End'

of Interrupt modes and combinations of the two. A chart

of these combinations can be found on the Operation

Command Word Format.

L2 , Li , L — These bits determine the interrupt level acted

upon when the SL bit is active.

Operation Control Word 3 (OCW3)

ESMM - Enable Special Mask Mode. When this bit is set

to 1 it enables the SMM bit to set or reset the Special

Mask Mode. When ESMM=0 the SMM bit becomes a

"don't care".

SMM - Special Mask Mode. If ESMM = 1 and SMM = 1 the

UM8259A-2 will enter Special Mask Mode. If ESMM=1
and SMM=0 the UM8259A-2 will revert to normal mask
mode. When ESMM=0, SMM has no effect.

Fully Nested Mode

This mode is entered after initialization unless another
mode is programmed. The interrupt requests are ordered

in priority from through 7 (0 highest). When an interrupt

is acknowledged the highest priority request is determined

and its vector placed on the bus. Additionally, a bit of the

Interrupt Service register (ISO-7) is set. This bit remains

set until the microprocessor issues an End of Interrupt

(EOI) command immediately before returning from the

service routine, or if AEOI (Automatic End of Interrupt)

bit is set, until the trailing edge of the last INTA. While

the IS bit is set, all further interrupts of the same or lower

priority are inhibited, while higher levels will generate an
interrupt (which will be acknowledged only if the micro-

processor internal interrupt enable flip-flop has been

re-enabled through software).

After the initialization sequence, IRO has the highest

priority and IR7 the lowest. Priorities can be changed,

as will be explained, in the rotating priority mode.

End of Interrupt (EOI)

The In Service (IS) bit can be reset either automatically

following the trailing edge of the last in sequence INTA
pulse (when AEOI bit in ICW1 is set) or by a command
word that must be issued to the UM8259A-2 before re-

turning from a service routine (EOI command). An EOI
command must be issued twice if in the Cascade mode,
once for the master and once for the corresponding slave.

There are two forms of EOI command: Specific and
Non-Specific. When the UM8259A-2 is operated in modes
which preserve the fully nested structure, it can determine

which IS bit to reset on EOI. When a Non-Specific EOI
command is issued the UM8259A-2 will automatically reset

the highest IS bit of those that are set, since in the fully

nested mode the highest IS level was necessarily the last

level acknowledged and serviced. A non-specific EOI can
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Ao °7 6 S
D4 Dj Dj D D

1 M7 M6 M5 M4 M3 M2 Ml MO

INTERRUPT MASK
1 = MASK SET
• MASK RESET

OCW2

D S
D4 D, D2

R SL EOI 1-2 1-1 Lo

IR LEVEL TO BE
ACTED UPON

1 2 3 4 5 6 7

1 1 1 t

1 1 1 1

t 1 1 1

'> "

> ENO OF INTERRUPT

> AUTOMATIC ROTATION

I SPECIFIC ROTATION

1 NON-SPECIFIC EOI COMMAND

SPECIFIC EOI COMMAND

ROTATE ON NON-SPECIFIC EOI COMMAND

ROTATE IN AUTOMATIC EOI MODE (SET!

ROTATE IN AUTOMATIC EOI MODE (CLEAR)

•ROTATE ON SPECIFIC EOI COMMAND

•SET PRIORITY COMMAND

NO OPERATION

1 1

1 1

1

1 1 1

1 1

1

•LD-L2 ARE USEE

OCW3

A D7 Dfc D 5
D4

ESMM SMM P RR RIS

READ REGISTER COMMAND

READ
IR REG
ON NEXT
RD PULSE

READ
IS REG
ON NEXT
RD PULSE

1 = POLL COMMAND
« NO POLL COMMAND

SPECIAL MASK MODE

RESET
SPECIAL
MASK

SET
SPECIAL
MASK

Figure 6. Operation Command Word Format
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be issued with 0CW2 (EOI = 1,SL=0, R=0).

When a mode is used which may disturb the fully nested

structure, the UM8259A-2 may no longer be able to

determine the last level acknowledged. In this case a

Specific End of Interrupt must be issued which includes

as part of the command the IS level to be reset. A specific

EOI can be issued with OCW2 (EOI = 1, SL = 1, R=0, and
L0-L2 is the binary level of the IS bit to be reset).

It should be noted that an IS bit that is masked by an
IMR bit will not be cleared by a non-specific EOI if the

UM8259A-2 is in the Special Mask Mode.

Automatic End of Interrupt (AEOI) Mode

If AEOI=1 in ICW4, then the UM8259A-2 will operate in

AEOI mode continuously until reprogrammed by ICW4. In

this mode the UM8259A-2 will automatically perform a

non-specific EOI operation at the trailing edge of the last

interrupt acknowledge pulse (third pulse in MCS-80/85,
second in iAPX 86). Note that from a system standpoint,

this mode should be used only when a nested multilevel

interrupt structure is not required within a single

UM8259A-2.

The AEOI mode can only be used in a master UM8259A-2
and not a slave.

Automatic Rotation (Equal Priority Devices)

In some applications there are a number of interrupting

devices of equal priority. In this mode a device, after

being serviced, receives the lowest priority, so a device
requesting an interrupt will have to wait, in the worst case
until each of 7 other devices are serviced at most once.
For example, if the priority and "in service" status is:

Before Rotate (IR4 the highest priority requiring service)

IS7 IS6 IS6 IS4 IS3 IS2 IS1 ISO

"IS" Status

Lowest Priority Highest Priority

Priority Status

After Rotate |(IR4 was serviced, all other priorities rotated
correspondingly)

IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISOs

'IS" Status 1

Highest Priority Lowest Priority

Priority Status 2 1 6

There are two ways to accomplish Automatic Rotation
using OCW2, the Rotation on Non-Specific EOI Command
(R=1, SL=0, EOI=1) and the Rotate in Automatic EOI
Mode which is set by (R=1, SL=0, EOI=0) and cleared by
(R=0,SL=0, EOI=0).

Specific Rotation (Specific Priority)

The programmer can change priorities by programming

the bottom priority and thus fixing all other priorities;

i.e., if IRS is programmed as the bottom priority device,

then I R6 will have the highest one.

The Set Priority command is issued in OCW2 where:

R =
1, SL=1; LO-L2 is the binary priority level code of

the bottom priority device.

Observe that in this mode internal status is updated by
software control during OCW2. However, it is independent

of the End of Interrupt (EOI) command (also executed by
OCW2). Priority changes can be executed during an EOI
command by using the Rotate on Specific EOI command
in OCW2 (R = 1, SL = 1, EO I

= 1 and L0-L2 = IR level to

receive bottom priority).

Interrupt Masks

Each Interrupt Request input can be masked individually

by the Interrupt Mask Register (IMR) programmed through

OCW1. Each bit in the IMR masks one interrupt

channel if it is set (1). Bit masks IRO, Bit 1 masks IR1

and so forth. Masking an IR channel does not affect the

other channels operation.

Special Mask Mode

Some applications may require an interrupt service routine
to dynamically alter the system priority structure during
its execution under software control. For example, the

routine may wish to inhibit lower priority requests for a

portion of its execution but enable some of them for

another portion.

The difficulty here is that if an Interrupt Request is

acknowledged and an End of Interrupt command did not
reset its IS bit (i.e., while executing a service routine), the

UM8259A-2 would have inhibited all lower priority requests

with no easy way for the routine to enable them.

That is where the Special Mask Mode comes in. In the
special Mask Mode, when a mask bit is set in OCW1 , it

inhibits further interrupts at that level and enables

interrupts from all other levels (lower as well as higher)

that are not masked.

Thus, any interrupts may be selectively enabled by loading

the mask register.

The special Mask Mode is set by OCW3 where: SSMM =
1

,

SMM = 1 , and cleared where SSMM =
1 , SMM =0.

Poll Command

In this mode the INT output is not used or the micro-
processor internal Interrupt Enable flip-flop is reset,

disabling its interrupt input. Service to devices is achieved
by software using a Poll command.
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The Poll command is issued by setting P="1" in OCW3.
The UM8259A-2treatsthe next RD pulse to the UM8259A-2
(i.e., RD=0, CS=0 as an interrupt acknowledgement,

'sets the appropriate IS bit if there is a request, and reads

the priority level. Interrupt is frozen from WR to RD.

The word enabled onto the data bus during "RD is:

D7 D6 D5 D4 D3 D2 D1 DO

1 - - - W2 W1 WO

W0-W2: Binary code of the highest priority level

requesting service.

I : Equal to a "1 " if there is an interrupt.

This mode is useful if there is a routine command common
to several levels so that the INTA sequence is not needed

(saves ROM space). Another application is to use the poll

mode to expand the number of priority levels to more

than 64.

Reading the UM8259A-2 Status

The input status of several internal registers can be read to

update the user information on the system. The following

registers can be read via OCW3 (IRR and ISR or OCW1
[IMR]).

Interrupt Request Register (IRR): 8-bit register which

contains the levels requesting an interrupt to be

acknowledged. The highest request level is reset from the

IRR when an interrupt is acknowledged. (Not affected

by IMR.).

In-Service Register (ISR): 8-bit register which contains

the priority levels that are being serviced. The ISR is

updated when an End of Interrupt Command is issued.

Interrupt Mask Register: 8-bit register which contains the

interrupt request lines which are masked.

LTIM BIT
0= EDGE

1 = LEVEL

TO OTHER PRIORITY CELLS

EDGE
SENSE
LATCH

<3=;

MASK
LAJ£H.

CCLR

IN SERVICE
LATCH

-c

;€>

HI

CLR ISR

ISR BIT

NON
MASKED
REQ

PRIORITY
RESOLVER

CONTROL
LOGIC

INTERNAL
DATA BUS

Notes:

1. MASTER CLEAR ACTIVE ON LY DURING ICW1
2. FREEZE/IS ACTIVE DURING INTA/AND POLL SEQUENCES ONLY
3. TRUTH TABLE' FOR D-LATCH

C D O OPERATION

1 D1
X

FOLLOW
HOLD

Figure 7. Priority Cell—Simplified Logic Diagram

2-166



UMC UM8259A-2

The IRR can be read when, prior tothe RD pulse, a Read

Register Command is issued with 0CW3 (RR=1 , RIS=0.).

The ISR can be read when, prior to the RD pulse, a Read

Register Command is issued with 0CW3 (RR=1 , R IS=1 ).

There is no need to write an OCW3 before every status

read operation, as long as the status read corresponds

with the previous one; i.e., the UM8259A-2 "remembers"
whether the IRR or ISR has been previously selected by
the OCW3. This is not true when poll is used.

After initialization the UM8259A-2 is set to IRR.

For reading the IMR, no OCW3 is needed. The output

data bus will contain the IMR whenever RD is active and
AO=1 (OCW1).

Polling overrides status read when P=1, RR=1 in OCW3.

Edge and Level Triggered Modes

This mode is programmed using bit 3 in ICW1.

If LTIM='0', an interrupt request will be recognized by a

low to high transition on an IR input. The IR input can

remain high without generating another interrupt.

If LTIM=T, an interrupt request will be recognized by
a 'high' level on IR Input, and there is no need for an
edge detection. The interrupt request must be removed
before the EOI command is issued or the CPU interrupt

is enabled to prevent a second interrupt from occurring.

The priority cell diagram shows a conceptual circuit of the

level sensitive and edge sensitive input circuitry of the

UM8259A-2. Be sure to note that the request latch is a

transparent D type latch.

In both the edge and level triggered modes the IR inputs

must remain high until after the falling edge of the first

INTA. If the IR input goes low before this time a

DEFAULT IR7 will occur when the CPU acknowledges

the interrupt. This can be a useful safeguard for detecting

interrupts caused by spurious noise glitches on the IR

inputs. To implement this feature the IR7 routine is used

for "clean up" simply executing a return instruction,

thus ignoring the interrupt. If IR7 is needed for other

purposes a default IR7 can still be detected by reading the

ISR. A normal IR7 interrupt will set the corresponding

ISR bit, a default IR7 won't. If a default IR7 routine

occurs during a normal IR7 routine, however, the ISR will

remain set. In this case it is necessary to keep track of

whether or not the IR7 routine was previously entered. If

another IR7 occurs it is a default.

The Special Fully Nested Mode

This mode will be used in the case of a big system where
cascading is used, and the priority has to be conserved

within each slave. In this case the fully nested mode will

be programmed to the master (using ICW4). This mode is

similar to the normal nested mode with the following

exceptions:

IR

^-~J S

INTA

/

v^
80C86/80C88 8080/8085

X

\Jr\jrXZ
LATCH EARLIEST IR LATCH*
ARMED CAN BE REMOVED »EDGE TRIGGERED MODE ONLY ARMED

Figure 8. IR Triggering Timing Requirements
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When an interrupt request from a certain slave is in

service this slave is not locked out from the master's

priority logic and further interrupt requests from higher

priority IR's within the slave will be recognized by the

master and will initiate interrupts to the processor. (In

the normal nested mode a slave is masked out when its

request is in service and no higher requests from the

same slave can be serviced.)

When exiting the Interrupt Service routine the software

has to check whether the interrupt serviced was the only

one from that slave. This is done by sending a non-

specific End of Interrupt (EOI) command to the slave

and then reading its In-Service register and checking for

zero. If it is empty, a non-specific EOI can be sent to

the master too. If not, no EOI should be sent.

Cascade Mode

The UM8259A-2 can be easily interconnected in a system of

one master with up to eight slaves to handle up to 64

priority levels.

The master controls the slaves through the 3 line cascade

bus. The cascade bus acts like chip selects to the slaves

during the INTA sequence.

In a cascade configuration, the slave interrupt outputs

are connected to the master interrupt request inputs.

When a slave request line is activated and afterwards

acknowledged, the master will enable the corresponding

slave to release the device routine address during bytes

2 and 3 of INTA. (Byte 2 only for 8086/8088).

Buffered Mode

When the UM8259A-2 is used in a large system where bus

driving buffers are required on the data bus and the

cascading mode is used, there exists the problem of

enabling buffers.

The buffered mode wHJ structure the UM8259A-2 to send

an enable signal on SP/EN to enable the buffers. In this

mode, whenever the UM8259A-2's data bus outputs are

enabled, the SP/EN output becomes active.

This modification forces the use of software programming

to determine whether the UM8259A-2 is a master or a slave.

Bit 3 in ICW4 programs the buffered mode, and bit 2 in

ICW4 determines whether it is a master or a slave.

The cascade bus lines are normally low and will contain

the slave address code from the trailing edge of the first

INTA pulse to the trailing edge of the third pulse. Each

UM8259A-2 in the system must follow a separate initializa-

tion sequence and can be programmed to work in a

different mode. An EOI command must be issued twice:

once for the master and once for the corresponding slave.

An address decoder is required to activate the Chip Select

(CS) input of each UM8259A-2.

The cascade lines of the Master UM8259A-2 are activated

only for slave inputs, non slave inputs leave the cascade

line inactive (low).

ADDRESS BUS (IB)

CONTROL BUS

DATA BUS (8)

7^ 7S

\Z

<T

iz iz
DO-7 INTA INT

CASO

UM82S9A-2
SLAVE A

CAS1

CAS 2

SP/EN 7 6

CT^

O " \7 \/[
fJS" A DO-7 INTA

UM8259A2
SLAVE B

CASO

CAS 1

CAS 2

sP/EN 7 6 5 4 3 2 10

7 6 5 4 3 2 10

\Z
CT A

CASO

UM82S9A-2
CAS ' MASTER

CAS 2

SP/EN M7 M6 M5 M4 M3 M2 Ml MO

r'T 1

3 2 10

INTERRUPT REQUESTS

Figure 9. Cascading the UM8259A-2
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PRELIMINARY HCGA CONTROLLER

Features

MGA (Hercules) and CGA compatible

Built-in 6845 CRTC
64 K Bytes of video memory

Flicker-Free operation during CPU read/write

Minimum circuit board space required

Display mode changeable using hardware or software

Optional primary printer port

General Description

The UM487 single-chip HCGA controller is an advanced

product designed to serve as a combination MGA and CGA
through the integration of most of the circuits found on

MGA and CGA cards. Built with the UMC 2/xm CMOS
process, the UM487 incorporates a built-in 6845 CRTC
circuit. Thus, for MGA and CGA functions, only a few

Pin Configuration

external components are required to complete the circuits.

These include: 64K bytes DRAM; 4 TTLs (74LS374,

74LS245 74LS04 and 74LS20); one character generator

(UM2310) and a 16.257 MHz crystal. The UM487 comes

packaged in a compact, 100-pin plastic flat pack.
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Block Diagram
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UM4B7

Absolute Max imum Ratings *

Operating Temperature 0°C to 70°C

Storage Temperature -55°C to 150°C

All Output Voltages -0.5V to +7V

All Input Voltages -0.5V to +7V

Supply Voltage Vcc 0V to +7V

Power Dissipation 0.5W

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (Vcc = 5V ± 10%, TA = o°C to 70°C)

Symbol Parameter Min. Typ. Max. Unit Conditions

V,H
Input Voltage

2.0 V

V
.L 0.8 V

V H1 Output Voltage (for SQO ~ SQ7

I0RDY, RASB, CASB, WEB)

2.4 V l 0H = -6.0 mA
V

L1 0.4 V l0L = +6.0mA

VOH2
Output Voltage (other outputs)

2.4 V l0H = -3.0 mA
VOL2 0.4 V l0H = +3.0 mA

IlL Input Leakage -10 +10 ma < v
jn < vcc

'OL Output Leakage -10 +10 /iA

'op Operating Current +12 mA

AC Characteristics (CGA MODE BASE CLOCK 14.318 MHz, MGA MODE BASE CLOCK 16.257 MHz)
C-1 CPU Interface

No. Symbol

10

11

12

lDAC

lASf

lDNC

lIPW

lDOIR

lDSIW

lDHIW

lASM

lAMD

LMID

tMWED

Parameter

DIR, DATAGATEB Active to CPU I/O or

Memory Read/Write Cycle

Address Setup Time to IORB, IOWB

DIR, DATAGATEB Non-active to CPU I/O or

Memory Read/Write Cycle

Min.

30

Typ.- Max.

25

IORB, IOWB Active Pulse Width

Data Output Valid Time to IORB

Data Output Valid Hold Time to IORB

Data in Setup Time to IOWB

Data in Hold Time to IOWB

Address Setup Time to MEM RB, MEMWB

Addr. Valid to MEMCSB Active Delay

MEMRB, MEMWB Active to IORDY Low Delay

MEMWB Active to WEB Active Delay

twDHD Memory Write Data Hold Time to WEB

160

30

30

10

10

10

20

Unit

20

15

30

2240
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C—1 CPU Interface (Continued)

No. Symbol Parameter Min. Typ. Max. Unit

13 tDORD MEMRB Data Output Valid to IORDY 20 30 ns

14 ^OMR MEMRB Data Output Valid Hold to MEMRB 20 ns

C-2 DRAM Interface

No. Symbol Parameter Min. Typ. Max. Unit

15 tRL RASB Low Time 150 ns

16 tRH RASB High Time 90 ns

17 tCL CASB Low Time 90 ns

18 ^H CASB High Time 60 ns

19 tRLCL RASB~]_to CASB~\_ 60 ns

20 tCLRH CASB^joRASBjT 60 ns

21 ^HRL CASB J~to RASB~t_ 60 ns

22 tRSU Row Address Setup Time to RASB~L ns

23 tRHL Row Address Hold Time to RASB \ 20 ns

24 ^SU Column Addr. Setup Time to CASB~L ns

25 ^HL Column Addr. Hold Time to CASB~L 25 ns

26 VCR Access Time from RASB~i_ 150 ns

27 tACC Access Time from CASB~^_ 90 ns

28 twCL WEB Active before CASB~L 40 ns

29 twpw WEB Active Pulse Width 90 ns

30 VlLW RASB to WEB Active Hold 150 ns

31 *CAW CASB to WEB Active Hold 60 ns

32 twDSC Write Data Setup Time to CASB~t_ ns

33 tWDHC Write Data Hold Time to CASB"L 45 ns

34 %DHR Write Data Hold Time to RASB"\_ 110 ns

35 tDODC Data Output Disable Time to CASB_f~ ns

36 VcYC Page Mode Read Cycle Time 150 ns

C—3 C. G. Interface

No. Symbol Parameter Min. Typ. Max. Unit

39 tfJGCH CGLAT_ftoCASB_f 5 10 ns

40 tcGAD CGLAT to C. G. Address Valid Delay 10 ns

41 tACC C. G. Access Time 250 ns

42 ^OHA Data Output Hold Time from Addr. ns
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Timing Waveforms

CPU Interface Timing:

•I/O Cycle

AEN,

A0-A9

IORB.

IOWB

(READ)

D0-D7

(WRITE)
D0-D7

'Memory Cycle

AO- A15

MEMCSB

MEMRB,
MEMWB

IORDY

(READ)
D0-D7

(WRITE)
D0-D7

WEB

* Bus Transceiver

/ AEN,
IORB,

IOWB,

MEMRB,
MEMWB

\ DATAGATEB

\

/

X

AEN,
IORB,

MEMRB

DIR

AEN,
IOWB,

MEMWB

"< ADDR. VALID >
X x

r* 4< DATA OUT VALID

<
- 6 —L 7 4 '

DATA IN VALID }
1 f

ADDR. VALID >
r- x. x
x. X

X* 8 *r* 10
=P- X X

13 14

<
DATA OUT VALID>

DATA IN VALID

^LJC,2-H

X X
X x

X X
X X

X
I

I

X
DIR

zzzzzzzzzzx
-^w
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Timing Waveforms (Continued)

DRAM Interface Timing

*Page mode Read Cycle

RASB

CASB

-r—

x

!•«- t2i—4*-' 19 -

•*L .10

y v
X jT X jT X X

! -rm i

jK rowaddrX column addr. j^( column addr.Xrowaddr/x
^

|*t22
^*J t23 UJ*~;

-( DATA VALID ^ |
^ DATA VALID V1 DATA VALID

'Early Write/Read Cycle

X— 121—

-

<Jf t19 -U

f

READ

CASB

SQO - SQ7

MDO - MD7

WEB

Jf t23—n' I*- X
"-I t22 U-«Ht24 B=-

^ V—J I

X
COLUMN ADDR. ^^ROWADDR, X^ COLUMN ADDR.

- t30 —"-I

t29 — «J

jT
r— -^-,— t33

DATA VALID 3-

r«- t27 -"
DATA VALID

C.G. Interface Timing:

CASB

CGLAT

C. G.

ADDRESS

CDO - CD7

J. V
1 39

I

X
40

ADDR. VALID

41

<
I 42 I

I— »'

DATA OUT VALID >
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Pin Description

Pin No. Symbol I/O Description

1 CLOCK I CPU clock generates built-in 6845 enable signal

3 RESET
I Chip reset signal, active high

4-7 CRA0-CRA3 Internal 6845 scan line counter, CRAO is LSB

8-15
18-25

A0-A7
A8-A15

I CPU address bits 0-15, AO is LSB

A15isMSB

26-29
31-34

SQO - SQ3
SQ4 - SQ7

Video memory (DRAM) address, SQO is LSB

35 WEB Active low, video memory write strobe signal

37 MEMWB
I Active low, CPU memory write signal

38 IORDY Active high, informs CPU cycle is completed

41 CGLAT Code data latch to C. G. during CGLAT rising edge

42 RASB Video memory row address strobe signal

43 CASB Video memory column address strobe signal

45 IOUT Intensity signal output to RGB monitor

46 BOUT Blue signal output to RGB monitor

47 VIDOT Video dot stream output to monitor

48 ROUT Red signal output to RBG monitor

49 GOUT Green signal output to RBG monitor

52 VOUT Vertical synchronous output to monitor

53 HOUT Horizontal synchronous output to monitor

54-61 CDO ~ CD7 I Character Generator (C. G.) data bus, CDO is first pixel

64 MOSC
I MGA mode base clock input (16.257 MHz crystal)

65 OSC
I CGA mode base clock input (14.318 MHz crystal)

67-74 MD0-MD7 I/O Video memory data bus, MDO is LSB

75-78
81-84

D0-D3
D4-D7

I/O Data bus, DO is LSB

86 IOWB
I Active low, CPU I/O write signal

87 82C11CSB Active low, printer controller UM82C1 1 chip select

88 SWS I Active high, to select CGA mode

89 SWR
I Active high, to select MGA mode

90 JMPO Select CGA/MGA C. G. character font, '0' for MGA
94 PSW

I Enables primary printer port while PSW is connected to

UM82C11 CSBpin

95 DATAGATEB Active low, enables external data transceiver 74LS245
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Pin Description (Continued)

Pin No. Symbol I/O Description

96 MEMSELB I Active low to select video memory while CPU pins A19 ~ A16
are equal to '1011'

97 DIR Controls external bus transceiver 74LS245 direction

'0': from UM487 to CPU during IORB or MEMRB active

'1': from CPU to UM487 during IOWB or MEMWB active

98 AEN I Active low to enable I/O address

99 IORB I Active low, CPU I/O read signal

100 MEMRB I Active low, CPU memory read signal

2,30,50

51,62,

79,80

N. C. No connection

17,36,85

39,44,93

63,91

GND I Ground

16,40

66,92

vCc I +5V power supply

* For proper operation, these pins should not be connected.

Register Description

A. Register:

I/O Address

Read/Write Function Note
MGA CGA

3B4 3D4 W 6845 index register refer to

UM6845R3B5 3D5 R/W 6845 data register

3B8 3D8 W Mode control register

— 3D9 W Color select register

3BA 3DA R Status register

3BB 3DB W Light pen reset register

3B9 3DC W Light pen set register

3BF W Configuration register

3BC R/W Primary printer data register

refer to

UM82C11
3BD R Primary printer status register

3BE R/W Primary printer control word register

means not used
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A-1 Status Register (3?A)

Bit Logic MGA (3BA) CGA (3DA)

1

Non-horizontal sync, period

Horizontal sync, period

Display active period

Non-display period

1

1

Light pen reset

Light pen set

Light pen reset

Light pen set

2

1

Light pen switch off

Light pen switch on

Light pen switch off

Light pen switch on

3

1

Video dot off

Video dot on

Non-vert. sync, period

Vertical sync, period

7

1

Vertical sync, period

Non-vertical sync, period

Bits 4, 5 and 6 not used

A-2 Mode Controller Register (3?8)

Bit Logic MGAOB8) CGA (3D8)

1

40*25 Text

80*25 Text

1

1

Text

Graphic (while 3BF bit = 1

)

Text

Graphic

2

1

Color mode

Black /white

3

1

Disable video

Enable video

Disable video

Enable video

4

1

320*200 Graphic

640*200 Graphic

5

1

Disable blink

Enable blink

Disable blink

Enable blink

6

1

Disable change mode

Enable change mode
Disable change mode
Enable change mode

7

1

PageO

Page 1 (while 3BF bit 1 = 1)
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A-3 Color Select Register (3D9 CGA Only)

Bit Function

I n 40*25 text, select blue of border color

In 320*200 graphic, select blue of back-

ground color

In 640*200 graphic, select blue of foreground

color

1

In 40*25 text, select green of border color

In 320*200 graphic, select green of back-

ground color

In 640*200 graphic, select green of fore-

ground color

2

In 40*25 text, select red of border color

In 320*200 graphic, select red of background

color

In 640*200 graphic, select red of foreground

color

3

In 40*25 text, select intensity of border color

In 320*200 graphic, select intensity of

background color

In 640*200 graphic, select intensity of

foreground color

4
Text mode background color or

Graphic mode foreground color

5 Select foreground color pair (only 320*200

graphic)

A-5 Internal Registers of 6845 (Refer to UM6845R/RA/RB
Data Sheet)

Bits 6, 7 not used

A-4 Configuration Register (3BF)

Bit Logic Function

1

Disable MGA graphic

Enable MGA graphic

1

1

Disable MGA page 1

Enable MGA page 1

6

1

Select MGA mode (while 3D8 bit6 = 1

)

Select CGA mode (while 3B8 bit6 = 1

)

Register

No.
Function Unit

Read/

Write

R0 Horizontal total Char. W

R1 Horizontal display Char. W

R2
Horizontal sync,

position
Char. w

R3 Sync, pulse width Char. w

R4 Vertical total Row w

R5
Vertical total

adjust
Line w

R6 Vertical display Row w

R7
Vertical sync,

position
Row w

R8 Non-interlace mode w

R9 Max. scan line Line w

R10 Cursor start Line w

R11 Cursor end Line w

R12 Start address (H) w

R13 Start address (L) w

R14 Cursor address (H) R/W

R15 Cursor address (L) R/W

R16 Light pen address (H) R

R17 Light pen address (L) R

Other bit not used
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Functional Description

B-1 By HARDWARE

The MGA mode is selected when SW1 pin 2 is connected

to pin 3, otherwise CGA mode is active if SW1 pin 2

is connected to pin 1.

B-2 By SOFTWARE

The software changes display mode only if SW3 pin 2

is connected to pin 3 and 3?8 bit 6 is equal to high, (where

? is Dor B)

Program Flowchart:

( START )

DISABLE

VIDEO OUTPUT

READ SYSTEM

CONFIGURATION REGISTER

MGA
MODE 3B8BIT6= 1

3BFBIT6= 1

3D8BIT6= 1

3BFBIT6-0

UPDATE SYSTEM
CONFIGURATION REGISTER

CALL BIOS TO SELECT
SUITABLE DISPLAY
MODE

f STOP J

B—3 Program Listing

NCOMN PROC NEAR
ASSUME CS: CODE, DS: DATA, SS: STACK
PUSH DS
MOV AX,0
PUSH AX
PUSH CS

POP DS
MOV AL.20H
MOV CX, 07D0H
MOV BH,0
MOV BL.07
MOV AH, 09 ; clear video memory
INT 10H

MOV AH.OFH ; read video state

INT 10H

CMP AL, 07 ; MGA mode?
JZ MMM
JMP CCC

MMM: MOV AL,40H ; MGA mode
MOV DX.3B8H ; enable change mode
OUT DX,AL
MOV DX.3BFH
OUT DX,AL ; change to CGA mode
MOV AX,0
MOV DS.AX
MOV AL, [410] ; read BIOS configura

tion register

AND AL,CFH ; isolate bits 4,

5

OR AL.20H ; update BIOS con

figuration register

MOV [410], AL ; to CGA mode
MOV AH,0

; select CGA
MOV AL,3
INT 10H

JMP END
CCC: MOV AL.40H ; CGA mode

MOV DX.3D8H
OUT DX.AL ; enable change mode

• MOV AL,0
MOV DX,3BFH ; change to MGA mode
OUT DX.AL
MOV AX,0
MOV DX.AX
MOV AL, [410]

AND AL, CFH
OR AL.30H

; update BIOS con-

figuration register

MOV [410], AL ; to MGA mode
MOV AH,0

; select MGA
MOV AL,7
INT 10H

END: RET
NCOMN ENDP
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Application Circuits
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.

The 74LS04 is used for crystal circuit

2. The 74LS20 decodes CPU A19 ~ A16 to generate MEMCSB while MGA or CGA video memory is selected

3. The 74LS245 is data transceiver between CPU and UM487
4. The 74LS374 latches code data to C. G. during text mode
5. SW1 3~2 1 : MGA mode

SW1 3 2~f : CGA mode

6. SW2 is connected while primary printer port is selected

7. SW3 3 2 1 : Enable change mode by software

SW3 3 2 1: Disable change mode by software
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Application Circuits
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.

16 MHz osc for MGA mode

2. The 74LS20 decodes CPU A19 ~ A1 6 to generate MEMCSB while MGA or CGA video memory is selected

3. The 74LS245 is data transceiver between CPU and UM487

4. The 74LS374 latches code data to C. G. during text mode

5. SW1 321_: MGA mode

SW1 321: CGA mode

6. SW2 is connected while primary printer port is selected

7. SW3 321 : Enable change mode by software

SW3 32T: Disable change mode by software
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Ordering Information

Part No. Package

UM487F 100PinQFP
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VGA Controller

Features

Single chip VGA video graphics device fully compatible

in the following systems:

- IBM PC/AT, PC/XT, PS/2

- IBM VGA (All modes)

- IBM BIOS (Basic input/output system)

Provides 800 x 600 element high-resolution graphics

with 16 colors

Flicker-free operation in all video modes

Supports 132-column text modes

Supports both digital and analog monitors

General Description

The UM587 is a single chip, high-integration, high resolu-

tion graphics device designed for use in IBM PS/2 model

30, PC/AT and PC/XT compatible systems. It provides

high resolution graphics of 800 x 600 elements with 16

colors.

The UM587 also is fully compatible with IBM VGA (all

modes). Hercules graphics, EGA, CGA, MDA and IBM

BIOS. It is flicker free in all modes and supports an ex-

ternal digital-to-analog look-up table.

Pin Configuration

EDBUF DA0 VCC OA3 DA5 DA6 PCLK DACW VSYNC P0

DIR EABUF DA1 OA2 DA4 GND DA7 DACR BLANKHSYNC

CRTINT

_A_LB_

CPURDY
VMWR
VCC

VMRO
TQWR
I0RD

EXCLK
"IwTfT

wf

00 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81

80
79
78

77

76
75

74
73

72

D 71

1 70

Is
UM587 S

16 65
17 64
18 63

19 62
20 61

21 60
22 59

23 58

24 57

25 56

26 55

27 54

28 53
29 52

30 51

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

MO?

. I I I I
I i |

I I I I I
I > I I I I

,

GND RS5T RAS3 MD30 MD28 MD27 MD25 MD23 MD21 MD19

RAS0 R£52~ MD31 MD29 GND MD26 MD24 MD22 MD20 MD18
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System Block Diagram

UM587

AEN

REFRESH

SIB

SIW

SMR

BUS
INTERFACE

SA0-SA19
1 244

SD0-SD7

DIR

245

IORD

IOWR

VMRD
VMWR

ASEL

SA8-SA16

EABUF

DA0-DA7

EDBUF

VCLKO

VCLK1

VCLK2

VCLK3

EXCLK

MD0-MD31

T?AS~0

CAS
WE
OE

RAS1

RESET

RAS2

RAS3

P0-P7

PCLK

BLANK

RAS
CAS
WE
OE ADDRESS

PLANE/0

64K BYTE DATA
MD0-MD7

MD0-MD7

PLANE/1RAS
CAS
WE 64K BYTE

OE ADDRESS

DATA
MD8-MD15

MD8-MD15

RAS
CAS PLANE/2

WE 64K BYTE
OW ADDRESS

DATA
MD16-MD23

MD16-MD23

RAS
g^g PLANE/3

WE 64K BYTE^ ADDRESS

DATA
MD24-MD31

MD24-MD31

_[BU
UM70C171

DACR
DACW

VSYNC
HSYNC

NM
CPURDY

DIR

CRTINT

SWTR

BUF

BUF

DA0-DA7
AB0.AB1

BUF

P0-P7

PCLK

BLANK

VIDEO
DAC

D7-D0
A1,A0
RD
WR

RED

GREEN

BLUE

TO
DISPLAY

. VSYNC

. HSYNC

INV

P0-P7

BLANK
PCLK
HSYNC
VSYNC
ESVNC
EDCLK
EVIDEO
GROUND

AUXILIARY VIDEO CONNECTOR
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MODE TABLE

Mode Type Col x Row Colors Pages Map Addr CharBox

(HEX) (HEX)

00 Text 40x25 16 8 B800 8x8
01 Text 40x25 16 8 B800 8x8
02 Text 80x25 16 8 B800 8x8
03 Text 80x25 16 8 B800 8x8

00* Text 40x25 16 8 B800 8x 14

01* Text 40x25 16 8 B800 8x 14

02* Text 80x25 16 8 B800 8x 14

03* Text 80x25 16 8 B800 8x 14

00+ Text 40x25 16 8 B800 9x 16

01 + Text 40x25 16 8 B800 9x 16

02+ Text 80x25 16 8 B800 9x 16

03+ Text 80x25 16 8 B800 9x 16

07 Text 80x25 2 8 B000 9x 14

07+ Text 80x25 2 8 B000 9x 16

04 APA 320 x 200 4 1 B800 8x8
05 APA 320 x 200 4 1 B800 8x8
06 APA 640 x 200 2 1 B800 8x8

0D APA 320 x 200 16 8 AOOO 8x8
0E APA 640 x 200 16 4 A000 8x8
OF APA 640 x 350 2 2 AOOO 8x 14

10 APA 640 x 350 16 2 AOOO 8x 14

11 APA 640 x 480 2 1 AOOO 8x 16

12 APA 640 x 480 16 1 AOOO 8x 16

13 APA 320 x 200 256 1 AOOO 8x8

50 Text 132x25 16 8 B800 8x 14

51 Text 132x43 16 5 B800 8x8
52 Text 800 x 600 16 8 AOOO 8x8

Remarks: (1) Modes 0, 1,2, 3 0*,1*,2*,3* 0+, 1+, 2+, 3+ differ in CharBox size and display scan lines.

(2) Mode 3+ or 7+ is the default mode at power-up time.
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Pin Description

Pin No. Symbol I/O Description

1 CRTINT Display vertical retrace interrupt. An active low open collector.

2 RESET I System reset signal, active high.

3 SWITCH I Signal that detects the type of monitor.

4-12 A8-A16 I CPU address bus bits 8 through 16.

13 ASEL I Active high, to select VGA address to decode.

14 NM" Non maskable interrupt. An active low open collector.

16 CPURDY An open collector active high output. Signals processor that it is

ready for memory access.

17 Active low, video memory write signal.VMWR

19 VMRD Active low, video memory read signal.

20 I0WR Active low, I/O write signal.

21 IORD Active low, I/O read signal.

22 VCLK3 35.5 MHz input clock signal.

23 VCLK2 Reserved

24 VCLK1 28.322 MHz input clock signal.

25 VCLKO 25.175 MHz input clock signal.

26 EXCLK External clock signal.

27 SWTR Read DIP switch control signal.

28 WE Video memory write enable. An active low signal.

29 CAS Column address strobe to all planes. An active low signal.

30 "SE" Output enable signal to memory. It is active low.

32-35 RASO, RAS3 Row address strobe to planes 0-3. An active low signal.

36-39,41-44 MD31-24 I/O Display memory address/data time multiplexed bus line 7-0, inter-

face to video memory plane 3.

45-52 MD23-16 I/O Display memory address/data time multiplexed bus line 7-0, inter-

face to video memory plane 2.

53-57,59,

60, 62

MD15-8 I/O Display memory address/data time multiplexed bus line 7-0, inter-

face to video memory plane 1

.

63, 64, 66,

67,69-71,73

MD7-0 I/O Display memory address/data time multiplexed bus line 7-0, inter-

face to video memory plane 0.

74-81 P7-P0 Video color look up table address bits 7-0.

82 HSYNC Horizontal SYNC signal for monitor.

83 VSYNC Vertical SYNC signal for monitor.

84 BLANK An active low blanking signal to external palette chip.

85 DACW An active low I/O write signal for external palette chip (256 color

look up table).
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Pin Description (Continued)

Pin No. Symbol I/O Description

86 DACR An active low I/O read signal for external palette chip (256 color

look up table).

87 PCLK Pixel clock signal for external palette chip (256 color look up
table).

88,89,91-94

96,97

DA7-DA0 I/O Multiplexed address/data bus bits 7 through 0.

98 EABUF Active low, enable external address buffer.

99 -EDBUF Active low, enable external data buffer.

100 DIR Control signal for bidirectional data bus transceiver.

18,58

68,95

VCC Power: +5V Supply

15,31,40,61

65,72,90

GND Ground

Functional Description

Introduction

The single chip VGA is a standard video graphic controller

for PS/2 model 30 and PC/XT/AT systems. Compared
to earlier version video graphic controllers, several new
features have been added, including higher resolution

(640 x 480), new video mode, 256 color support for

320 x 200 graphics mode, up to 64 shades of grey dis-

play for monochrome monitors, and eight fonts loaded

into video RAM simultaneously.

some particular I/O ports so that backward compatibility

can be done through the BIOS. The VGA chip will provide

a 'DIRectional' signal to control the data flow to the

system data bus for CPU Read or Write.

Major Components

There are four major components of the UM587 contained

in a single 100-pin plastic flatpack. They are described

below:

The host can access both VGA registers and video me-

mory by setting the bus address and read/write commands
to read or write 8-bit data. Video RAM and screen re-

fresh activities occur concurrently and independently

by assigning appropriate memory access cycles to each

of them.

Most registers are readable so that BIOS and driver software

are able to determine current state of video. In the basic

configuration, 256K bytes of memory are needed as the

display buffer. Four planes of video memory are con-

trolled by four different-RAS (Row Address Strobe)

signals and one-CAS (Column Address Strobe), one WE
(Write Enable), oneOE" (Output Enable) Signal. The Video

data bus is time multiplexed with the video address bus in

a way that outputs RAS and CAS address early in the me-

mory cycle and inputs 8-bit data for read or outputs 8-

bit data for write late in the memory cycle.

NMI (Non-Maskable Interrupt) is generated by trapping

CRT Controller

The UM587 CRT Controller provides synchronization

control, timing generation and supplies video memory
address to display memory. Flexible timing configura-

tion options are allowed by accessing I/O registers through

software control. During the blanking period, an 8-bit

refresh counter is placed on the memory address lines.

A split screen feature is also provided to allow two win-

dows.

Sequencer

The UM587 Sequencer takes care of basic memory timing

for the display memory and the character clock for the

control of memory fetches.

The intelligent state machine in the Sequencer autom-

atically assigns appropriate memory access cycles to both

the CPU and CRT Controller during active display period.

The sequencer can also protect the entire memory plane

by selectively masking out planes through the Mask
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register.

Graphics Controller

The Graphics Controller provides a data path for both

CPU Read/Write and CRT Read access to the display

memory. For CRT access it directs data to the Attribute

Controller while the CPU access directs data to the system

bus instead. It handles two basic modes: alphanumeric

and graphics. In the alphanumeric mode, the data is sent

in parallel directly to the Attribute Controller. In the

graphics mode the memory data is shifted out serially

to the Attribute Controller. The data formatting and

manipulation are implemented for various modes. Color

comparator is provided for fast color comparison in the

application of color painting modes. Since the Graphics

Controller can process 32-bit data (8-bits from each plane)

at a time, a fast color presetting and area fill operation

can be achieved.

Attribute Controller

The UM587 Attribute Controller provides video shifting,

attribute processing and an internal palette of 16 colors

selectable from a possible 64 colors. Pixel panning is

also provided for both graphics and text modes. Under-

line, cursor and blinking logic are interpreted and man-

ipulated here. The final output of the Attribute Controller

is an 8-bit wide color data that is sent to the, external

color look-up table for final color mapping.

Memory and Clock Consideration

In basic configuration, eight 64K x 4-bit dynamic RAM's

should be used to configure 256K bytes of video me-

mory. The supported DRAM and CLOCK speeds are

related to the graphics resolution as shown in Table 1

.

Table 1 . Resolution Requirements

Dram 120 ns 120 ns 100 ns

Clock 28 MHz 25 MHz 36 MHz

Resolution 720 x 400 640 x 480 800 x 600

Colors 16 16 16

VGA Registers

All registers in the VGA can be categorized into six

groups for the different function blocks in the hardware.

In the UM587 VGA chip, the system microprocessor data

latches are readable for faster save and restore of the VGA
state in the VGA BIOS. The VGA also provides the system

microprocessor interface for the video DAC (external

color palette chip). The DAC has one address register

which can be accessed through address hex 03C7 for

read, and hex 03C8 for write. Table 2 lists the registers

and the I/O address where they are located. It also lists

whether or not they are Read/Write, Read-Only, or Write-

Only.

Note that the PEL Mask Register must not be written to

by application code or destruction of the color look-up

table may occur.

Table 2. VGA Registers

Register Group R/W Mono Color

Emulation Emulation

General Registers

Miscellaneous W 03C2 03C2

R 03CC 03CC

Input Status RO 03C2 03C2

Input Status 1 RO 03BA 03DA

Feature Control W 03BA 03DA
R 03CA 03CA

VGA Enable RW 03C3 03C3

DAC State R 03C7 03C7

Sequencer Registers

Address Register RW 03C4 03C4

Data Registers RW 03C5 03C5

CRTC Registers

Address Register RW 03B4 03D4

Data Registers RW 03B5 03D5

Graphics Registers

Address Register RW 03CE 03CE

Data Registers RW 03CF 03CF

Attribute Registers

Address Register RW 03C0 03C0

Data Registers W 03C0 03C0

R 03C1 03C1

Extended Registers

Address Register RW 03DE 03DE

Data Registers RW 03DF 03DF

DAC Registers

PEL Address (Write) RW 03C8 03C8

PEL Address (Read) WO 03C7 03C7

PEL Data Registers RW 03C9 03C9

PEL Mask RW 03C6 03C6

General Registers

This section describes all the general registers. The output

is controlled by bit of the Miscellaneous Output Re-

gister.
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Miscellaneous Output Register

Read-03CC

Bit

7

6

5

4

3

2

1

Description

Vertical Sync Polarity

Horizontal Sync Polarity

Page Bit for Odd/Even

Reserved

Clock Select bit 1

Clock Select Bit

Enable RAM
I/O Address Select

Table 3. General Registers

Write-03C2

Name Read
Port

Write
Port Index

Miscellaneous Output

I nput Status

Input Status 1

Feature Control

VGA Enable

DAC State

03CC
03C2

03?A

03CA
03C3

03C7

03C2

03?A

03C3 -

Table 4. Vertical Size Registers

Bit 7 Bit 6 Vertical Size

1

1

1

1

Reserved

400 lines

350 lines

480 lines

Bits 7,6 The Polarity of Vertical/Horizontal Sync is

used to select the vertical size as shown in

Table 4.

Bit 5 Selects between two pages of memory when
in the Odd/Even modes {modes 0-5, 7). A
logic selects the low page of memory; a

logic 1 selects the high page of memory. This

bit is provided for diagnostic use.

Bit 4 Reserved

Bits 3,2 These two bits select the clock source. In

UM587 VGA the third bit is defined in ex-

tended register and used with these two bits

to select a wider range of clock sources for

different video modes. See Table 5.

Bit 1 A logic disables Video RAM address decode

UM587

BitO

from the system microprocessor; a logic 1

enables Video RAM to the system < micropro-
cessor

A logic sets CRTC addresses to Hex 03BX
and Input Status Register 0's address to 03BA
for Monochrome emulation. A logic 1 sets

CRTC addresses to Hex 03DX and Input
Status Register 0's address to Hex 03DA
for color emulation.

Table 5. Clock Registers

CSEL2 CSEL1 CSEL0 Clock

25.175 MHz
1 28.322 MHz

1 External Input Clock
1 1 Reserved

1 14.318 MHz
1 1 16.257 MHz
1 1 Reserved

1 1 1 35.5 MHz

Input Status Register

Read-Only' Address = 03C2

Bits Description

7 CRT Interrupt

6,5 Reserved

4 Switch Sense Bit

3-0 Reserved

Bit 7 A logic 1 indicates a vertical retrace interrupt

is pending. A logic indicates the vertical

retrace interrupt is cleared.

Bit 6, 5 Reserved

Bit 4 This bit allows the power-on initialization

to determine if a monochrome or color mon-
itor is connected to the system.

Bit 3-0 Reserved

Input Status Register 1

Read-Only Address = 03?A
Bit Description

7,6 Reserved

5 Diagnostic

4 'Diagnostic 1

3 Vertical Retrace

2,1 Reserved

Display Enable

Bits 7, 6 Reserved

Bits 5, 4 These two bits are used for diagnostics. They
are connected to two of the eight color out-
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Bit 3

puts of the Attribute Controller. The two

bits defined in the Color Plane Enable Re-

gister to control the multiplexer for color

output wiring as described in Table 6.

A logic 1 occurs during a vertical retrace

interval. A logic shows the video informa-

tion is being displayed.

Bits 2,1 Reserved

BitO A logic 1 indicates a horizontal or vertical

retrace interval. A logic indicates that the

internal Display Enable Signal is active. To

avoid glitches in the display, some programs

use this status bit to restrict screen updates

to de-activate display intervals. The VGA
has been designed to eliminate this software

requirement, so display screen updates may

be made at any time.

Table 6. Register Bits

Color Plane

Register

Bit 5 Bit 4

Input Status 1

Register

Bit 5 Bit 4

P2 PO

1 P5 P4

1 P3 P1

1 1 P7 P6

Feature Control Register

Read = 03CA Write = 03?A

Bit Description

7-4 Reserved

3 Vertical Sync Select

2-0 Reserved

Bits 7-4 Reserved

Bits 3 This bit should always be set to to enable

normal vertical sync output to the monitor;

when bit 3 = 1, the "vertical sync" output

is the logical OR of "vertical sync" and "ver-

tical display enable".

Bits 2-0 Reserved

Video Subsystem Enable Register

Read-03C3 Write-03C3

Bit Description

7-1 Reserved

Video Subsystem Enable

Bits 7-1 Reserved

BitO A logic 1 enables video I/O and memory

address decoding. A disables the video I/O

and memory address decoding.

Sequencer Registers

This section describes registers in the Sequencer Control

block. See Table 7.

Table 7. Sequencer Registers

Register Name I/O Port Index

Sequencer Address 03C4 -

Reset 03C5 00

Clocking Mode 03C5 01

Map Mask 03C5 02

Character Map Select 03C5 03

Memory Mode 03C5 04

Sequencer Address Register

Read-03C4

Bit

7-3

2-0

Bits 7-3

Bits 2-0

Write-03C4

Description

Reserved

Sequencer Address

Reserved

A binary value pointing to the register where

data is to be written or read.

Reset Register

Port = 03C5

Bit

7-2

1

Bits 7-2

Bit 1

Index

BitO

Description

Reserved

Synchronous Reset

Asynchronous Reset

Reserved

A logic directs the sequencer to synchro-

nously clear and halt. Bits 1 and must be

1 to allow the sequencer to operate. This bit

must be set to before changing either bit

3 or bit of the Clocking Mode register, or

bit 3 or bit 2 of the Miscellaneous Output

Register, or bit 5, bit 4 or bit 3 of the Band-

width Control Register.

A logic directs the sequencer to asychro-

nously clear and halt. Bits 1 and must both

be 1 to allow the sequencer to operate. Reset-

ting the sequencer with this bit can cause

data loss in dynamic RAMs.
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Clocking Mode Register

Port = 03C5

Bit Description

7,6 Reserved

5 Screen Off

4 Shift 4

3 Dot Clock

2 Shift Load

1 Reserved

8/9 Dot Clocks

Bits 7,

6

Reserved

Bit 5 When set to 1

Index 1

this bit turns off the video

screen and assigns maximum memory band-

width to the system CPU. A logic puts the

screen into normal operation. When this bit is

set the screen is blanked. The synchronization

pulses are maintained. This bit is used for

fast full-screen updates.

Bit 4 When set to 1, the internal shift load registers

are loaded every fourth character clock. When
set to 0, they are loaded every character clock.

When 32 bits are fetched each cycle and used

together in the shift registers, this mode is

useful.

Bit 3 A logic selects normal dot clock directly

from the sequencer master clock input. A
logic 1 will select master clock divided by

two as dot clock. Normally, dot clock divided

by two is used for 320 and 360 horizontal

resolution modes.

Bit 2 When set to 1, the internal shift load registers

are loaded every other character clock. When
set to 0, and bit 4 is set to 0, the internal

shift load registers are loaded every character

clock. This mode is useful when 16 bits are

fetched per cycle and chained together in

the shift load registers.

Bit 1 Reserved

BitO A logic directs the sequencer to generate

nine dot wide character clocks. A logic 1

generates eight dot wide character clocks

from the sequencer. Nine dots are selected for

alphanumeric modes only. For nine dot modes,

the ninth dot equals the eighth dot for ASCII

codes CO through DF hex. Also, see the Line

Graphics bit in Mode Control Register in

the Attribute section.

Map Mask Register

Port = 03C5 Index = 02

Bit

7-4

Description

Reserved

3 Map 3 Enable

2 Map 2 Enable

1 Map 1 Enable

Map Enable

Bits 7-4 Reserved

Bits 3-0 A logic 1 enables the CPU to write to the cor-

responding memory map. These bits are used

to write protect any memory map. When

all four bits are logic 1 , a 32-bit write operation

can be performed by the CPU with only one

memory cycle. This is useful for intensive

screen updates in graphics modes. For odd/

even modes, maps and 1, and maps 2 and

3 should have the same map mask value.

When chain 4 mode is selected, all maps should

be enabled. This is a read-mod ify-write opera-

tion for CPU write.

Table 8. Map Select (1)

Bit 5 Bit 3 Bit 2 Map Table Location

1st 8K of Map 2

1 1 3rd 8K of Map 2

1 2 5th 8K of Map 2

1 1 3 7th 8K of Map 2

1 4 2nd 8K of Map 2

1 1 5 4th 8K of Map 2

1 1 6 5th 8K of Map 2

1 1 1 7 8th 8K of Map 2

a

Table 9. Map Select (2)

Bit 4 Bit1 BitO Map Table Location

1st 8K of Map 2

1 1 3rd 8K of Map 2

1 2 5th 8K of Map 2

1 1 3 7th 8K of Map 2

1 4 2nd 8K of Map 2

1 1 5 4th 8K of Map 2

1

1

1

1 1

6

7

6th 8K of Map 2

8th 8K of Map 2

Character Map Select Register

Port = 03C5 Index = 03

Bit

7,6

5

4

3,2

Description

Reserved

Character Map Select High Bit A
Character Map Select High Bit B

Character Map Select A
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1 , Character Map Select B

Bits 7, 6 Reserved

Bits 5,3,2 Selects font table from map 2 according to

Table 8 when attribute bit 3 is a 1

.

Bits 4,1,0 Selects font table from map 2 according to

Table 9 when attribute bit 3 is a 0.

Note: Bit 3 of the attribute byte normally controls the

ON/OFF of the foreground intensity in text modes. This

bit however, may be redefined as a switch between

character sets. For this feature to be enabled, the following

statement must be true:

• The setting value of Character Map Select A does not

equal the value of Character Map Select B.

Memory Mode Register

Port = 03C5 Index = 04

Bit Description

7-4 Reserved

3 Chain 4

2 Odd/Even

1 Extended Memory

Reserved

Bits 7-4 Reserved

Bit 3 A logic enables the CPU to access data se-

quentially within a bit map by use of the

Map Mask Register. A logic 1 causes two
low-order address bits (A0, A1) to select the

map that will be accessed in Table 10.

For read operation from the CPU, these two bits are also

used to select the read maps in the graphics section.

Bit 2 A logic directs even CPU addresses to access

maps and 2, while odd CPU addresses access

maps 1 and 3, A logic 1 causes access to data

within a bit map sequentially.

Bit 1 A logic 1 shows that greater than 64K bytes

of video memory is being used. This is set

to permit the VGA to use the 256K bytes of

video memory. This also enables the character

map selection. (See Character Map Select

Register.)

BitO Reserved

Table 10. Map Select (3)

CRT Controller Registers

This section describes all the registers in the CRT Con-
troller. See Table 11.

Table 1 1 . CRT Controller Registers

Register Name Port Index

CRT Controller Address Register 03?4 -

Horizontal Total 03?5 00

Horizontal Display Enable End 03?5 01

Start Horizontal Blanking 03?5 02

End Horizontal Blanking 03?5 03

Start Horizontal Retrace 03?5 04

End Horizontal Retrace 03?5 05

Vertical Total 03?5 06

Overflow 03?5 07

Preset Row Scan 03?5 08

Maximum Scan Line 03?5 09

Cursor Start 03?5 0A

Cursor End 03?5 0B

Start Address High 03?5 OC

Start Address Low 03?5 0D

Cursor Location High 03?5 0E

Cursor Location Low 03?5 OF

Start Vertical Retrace 03?5 10

End Vertical Retrace 03?5 11

Vertical Display Enable End 03?5 12

Offset 03?5 13

Underline Location 03?5 14

Start Vertical Blank 03?5 15

End Vertical Blank 03?5 16

CRTC Mode Control 03?5 17

Line Compare 03?5 18

? = B of D in accordance with Bit of Miscellaneous Out-

put register.
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CRT Controller Address Register

Port = 374

Bit Description

7-6 Reserved

5 Test Bit, must =

4-0 CRTC Address

Bits 7, 6 Reserved

Bit 5 Test bit, must remain 0.

Bit 4-0 Binary value programmed in these bits selects

one of the CRT Controller registers where

data is to be accessed.

Note: All CRT Controller Registers are Read/Write re-

gisters.

Horizontal Total Register

Port - 03?5 Index =

Bit Description

7-0 Horizontal Total (-5)

In the CRT Controller, there is a horizontal character

counter which counts character clock inputs generating

from the Sequencer and compares against the value of the

horizontal registers to provide horizontal timings. The
horizontal total defines the total number of characters

in the horizontal scan interval including the retrace time.

Bits 7-0 The total number of characters minus 5.

Horizontal Display Enable End Register

Port = 0375 Index = 01

Bit Description

7-0 Horizontal Display Enable End (-1)

This register defines the length of the horizontal display

enable signal. It determines the number of displayed

character positions per horizontal line.

Bits 7-0 Total number of displayed characters minus

1.

Start Horizontal Blanking Register

Port = 03?5 Index = 02

Bit

7-0

Bit 7-0

Description

Start Horizontal Blanking

These 8-bit values determine when to start

the internal horizontal blanking output signal.

When the internal character counter reaches

this value, the horizontal blanking signal be-

comes active.

End Horizontal Blanking Register

Port = 0375

Bit Description

Index = 03

7 Test Bit

6-5 Display Enable Skew Control

4-0 End Blanking

Bit 7 Test Bit

Bits 6, 5 Bits 6 and 5 indicate the magnitude of dis-

play enable skew. Display enable skew control

is necessary to give adequate time for the

CRT Controller to interrogate the display

buffer in order to obtain a character and

attribute code. It must also access the character

generator font, and subsequently access the

Horizontal PEL Panning register in the At-

tribute Controller. The display enable signal

must be skewed one character clock unit for

every access. This allows the video output

to be in synchronization with the horizontal

and vertical retrace signals. See Table 12.

Bits 4-0 A binary value programmed in these bits is

compared to the six least-significant bits of

the horizontal character counter to determine

the status of the horizontal blanking signal.

The comparison is equal at the time the

horizontal blanking signal becomes inactive.

Use the following algorithm to calculate the

width W of blanking signal:

Value of Start Blanking register + width of

blanking signal in character clock units = 6-

bit result to be programmed into these bits.

Bit number 5 is located in the End Horizontal

Retrace register.

Table 12. Skew

Bit 6 Bit 5 Amount of Skew

Zero

1 One

1

1 1

Two

Three

Start Horizontal Retrace Register

Port = 0375 Index = 04

Bit Description

7-0 Start Horizontal Retrace

Bits 7-0 This register is used to center the screen

horizontally and to specify the character

position at which the Horizontal Retrace

Pulse becomes active. The value programmed
is a binary count of the character position

number at which the signal becomes active.
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End Horizontal Retrace Register Bit 7

Port = 03?5 Index == 05 Bit 6

Bit Description

7 End Horizontal Blanking, bit 5 Bit 5

6, 5 Horizontal Retrace Delay Bit 4

4-0 End Horizontal Retrace Bit 3

Bit 2

This register specifies the character position at which

the Horizontal Retrace Pulse becomes inactive.

Bit 7 This is bit number 5 of End Horizontal Blank-

ing. The first four bits are located in the End

Horizontal Blanking register (index hex 03).

Bits 6, 5 These bits control the skew of the Horizontal

Retrace signal. See Table 12.

Bits 4-0 A value programmed here is compared to the

five least-significant bits of the horizontal

character counter. When they are equal, the

horizontal retrace signal becomes inactive.

Use the following algorithm to calculate the

width W of the retrace signal:

Value of Start Horizontal Retrace Register +

Width of Horizontal Retrace signal in character

clock units = 5-bit result to be programmed

into the End Horizontal Retrace Register.

Vertical Total Register

Port = 03?5 Index = 06

Bit

7-0

Description

Vertical Total (- -2)

The 8-bit binary value gives the number of horizontal

scan lines on the CRT screen, minus 2, including vertical

retrace. This is the low-order 8-bits of a 10-bit register.

Bit 8 or this register is located in the CRT Controller

Overflow register (hex 07, bit 0). Bit 9 of this register

is located in the CRT Controller Overflow register (hex

07, bit 5).

Bits 7-0 Total number of horizontal scan lines, minus

2.

Overflow Register

Port - 03?5

Bit Description

7 Start Vertical Retrace Bit 9

6 Vertical display Enable End Bit 9

5 Vertical Total Bit 9

4 Line Compare Bit 8

3 Start Vertical Blank Bit 8

2 Start Vertical Retrace Bit 8

1 Vertical display Enable End Bit 8

Vertical Total Bit 8

Index = 07

Bit 1

BitO

Bit 9 of the Start Vertical Retrace register.

Bit 9 of the Vertical display Enable End Re-

gister.

Bit 9 of the Vertical Total Register.

Bit 8 of the Line Compare Register.

Bit 8 of the Start Vertical Blank Register.

Bit 8 of the Start Vertical Retrace Register.

Bit 8 of the Vertical Display Enable End

Register.

Bit 8 of the Vertical Total Register.

Preset Row Scan Register

Port = 03?5

Bit

7

Index = 08

Description

Reserved

6, 5 Byte Panning Control

4-0 Starting Row Scan Count after a Vertical

Retrace

Bit 7 Reserved

Bits 6, 5 Bits 6 and 5 control byte panning when pro-

grammed as multiple shift modes. (This is

currently not used.) The PEL Panning re-

gister in the attribute section allows panning

of up to eight single PELs. When in single

byte shift modes the CRT Controller start

address is increased by one, while attribute

panning is reset to 0. This is done to pan

the next higher PEL. When used for multiple

shift modes, the byte pan bits are extensions

to the attribute PEL Panning register. In

this manner, panning across the width of the

video output shift is achieved. In the 32-

bit shift mode, the byte pan and PEL pann-

ing bits provide up to 31 bits of panning cap-

ability. To pan from position 31 to 32, the

CRT Controller start address is incremented

and PEL and byte panning is reset to 0. These

bits should normally be set to 0.

Bits 4-0 A binary value to specify the starting row

scan count after a vertical retrace. The row

scan counter increments each horizontal

retrace time until a maximum row scan occurs.

Table 13. Clock Skew

Bit 6 Bit 5 Function

1

1

1

1

Zero-character clock skew

One-character clock skew

Two-character clock skew

Three-character clock skew
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At maximum row scan compare time, the row

scan is cleared (not preset).

Bits 4-0 These bits specify the row scan line of a char-

acter where the cursor is to end.

Maximum Scan Line Register Start Address High Register

Port = 03?5

Bit

7

6

5

4-0

Bit 7

Index = 09

Bit 6

Bit 5

Bit 4-1

Description

200 -»• 400 Line Conversion

Line Compare Bit 9

Start Vertical Blank Bit 9

Maximum Scan Line

A logic 1 causes the clock to the row scan

counter to be divided by 2 and enables 200 to

400 line conversion. This allows the older

200-line modes to be displayed as 400 lines

on the display (i. e. each line is displayed

twice). When this bit is a 0, the clock to the

row scan counter is equal to the horizontal

scan rate.

Bit 9 of the Line Compare Register.

Bit 9 of the Start Vertical Blank Register.

These bits specify the number of lines per

character row. The number to be programmed

is the maximum row scan number minus 1

.

Cursor Start Register

Port = 03?5 Index = 0A

Bit Description

7,6 Reserved

5 Cursor Off

4-0 Cursor Starts

Bits 7, 6 Reserved

Bit 5 A logic 1 turns off the cursor, a logic turns

on the cursor.

Bits 4-0 The value of these five bits tells the row scan

line of a character where cursor is to begin.

Note that when Cursor Start is programmed with a value

greater than the Cursor End, no cursor is generated.

Cursor End Register

Port = 03?5 Index = 0B

Bit Description

7 Reserved

6,5 Cursor Skew Control

4-0 Cursor Ends

Bit 7 Reserved

Bits 6, 5 These bits control th

Cursor skew delays the cursor by the selected

number of clocks. Each additional skew moves

the cursor right one position on the screen

See Table 13.

Port = 03?5

Bit

7-0

Bits 7-0

Index = 0C

Description

High Order 8-bit Start Address

These are the high order 8 bits of the start

address. The 16-bit value, from the high-order

and low-order Start Address Registers, is the

first address after the vertical retrace on each

screen refresh.

Start Address Low Register

Port = 03?5 Index = 0D

Bit

7-0

Bits 7-0

Description

Low Order Start Address

These are the low-order 8 bits of the start

address.

Cursor Location High Register

Port = 03?5

Bit

7-0

Bits 7-0

Index = 0E

Description

High Order Cursor Location

These are the high-order 8 bits of the cursor

location.

Cursor Location Low Register

Port - 03?5 Index = OF

Bit

7-0

Bits 7-0

Description

Low Order Cursor Location

These are the low-order 8 bits of the cursor

location.

Start Vertical Retrace Register

Port = 03?5 Index = 10

Bit

7-0

Bits 7-0

Description

Low Order 8-bit Vertical Retrace Pulse

These are the low-order 8 bits of the vertical

retrace pulse start position in horizontal scan

lines. Bits 8 and 9 are in the CRTC Overflow

register.

End Vertical Retrace Register

Port = 03?5 Index 11

Bit

7

6

Description

Protect R0-R7

Select 5 Refresh Cycles

= Enable Vertical Interrupt
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4 = Clear Vertical Interrupt

3-0 End Vertical Retrace

Bit 7 A logic enables writing to CRTC registers

0-7. A logic 1 disables writing these registers.

Note that the line comparing bit 4 in register

07 is not protected.

Bit 6 A logic selects three refresh DRAM cycles.

A logic 1 selects five refresh cycles per

horizontal line. Five refresh cycles are used

for slow (15.75 KHz) sweep rate displays.

Bit 5 A logic enables a vertical retrace interrupt.

This occurs on IRQ2. Since this may be a

"shared" interrupt level, the Input Status

register 0, bit 7, must be checked to determine

if the VGA caused the interrupt to occur.

Bit 4 A logic clears a vertical retrace interrupt.

An interrupt handler has to reset an internal

flip-flop by writing a to this bit, then setting

the bit to 1 so that the flip-flop does not hold

interrupts inactive. Note that you do not

change the other bits in this register when

changing this bit. Read this register first before

resetting this flip-flop so that the value of

the other bits can be determined and saved

for later use.

Bits 3-0 These bits determine the horizontal scan

count value when the vertical retrace output

signal becomes inactive. Use the following

algorithm to calculate the width of vertical

retrace signal:

Value of Start Vertical Retrace register +

width of vertical retrace signal in horizontal

scan line units = 4-bit result to be programmed

into the End Vertical Retrace register.

Vertical Display Enable End Register

Port = 03?5

Bit

7-0

Bits 7-0

Index - 12

Description

Low Order Vertical Display Enable End (—1)

These are the low-order 8 bits of a 10-bit

register that determines the vertical display

enable end position. Bits 8 and 9 of this re-

gister are contained in the CRT Controller

Overflow register bits 1 and 6 respectively.

Offset Register

Port = 03?5 Index = 13

Bit Description

7-0 Logic Line Width of the Screen

Bits 7-0 This register defines the logic line width

of the screen. Starting memory address for

the next character row is larger than the current

character row by a factor of 2X or 4X this

value. A word address programs the Offset

Register. This word address may be a word

or double word address, determined by the

means of clocking the CRT Controller.

Underline Location Register

Port = 0375

Bit

7

6

5

4-0

Index = 14

Bit 7

Bit 6

Bit 5

Bits 4-0

Description

Reserved

Doubleword Mode

Count by 4

Horizontal row scan where underline will

occur

Reserved

A logic 1 enables double-word mode for me-

mory addresses. Also, see the description

of the CRT Controller Mode Control register

bit 6.

When this bit is set to 1, the memory address

counter is clocked with the character clock

divided by 4. This bit is used when double-

word addresses are used.

This register determines the horizontal row

scan of a character row where an underline

occurs. The scan line number desired is a value

one greater than the number programmed.

Start Vertical Blanking Register

Port = 03?5 Index = 15

Bit Description

7-0 Start Vertical Blanking (-1)

Bits 7-0 These are the low-order 8 bits of a 10-bit

register. The value of this register determines

when the vertical blanking signal becomes

active. Bit 8 is located in the CRT Controller

Overflow register bit 3. Bit 9 is contained in

the CRT Controller Maximum Scan Line

register bit 5. The horizontal scan line count

(at which the vertical blanking signal becomes

active) is one greater than the value of these

10 bits.

End Vertical Blanking Register

Port -03?5 Index =16

Bit Description

7-0 End Vertical Blanking

Bits 7-0 This register defines the horizontal scan count

value at the time the vertical blank output

signal goes inactive. The register must be
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CRTC

Port =

Bit

7

6

5

4

3

2

1

Bit 7

Bit6

Bit 5

Bit 4

Bit 3

Bit 2

programmed in whole units of horizontal

scan lines. Use the following algorithm to

obtain the width of the vertical blank signal.

(Value of Start Vertical Blank register-1) +

width of vertical blank signal in horizontal

scan unit = 8-bit result to be programmed
into the End Vertical Blank register.

Mode Control Register

°3?5 Index = 17

Description

Hardware Reset

Word/Byte Mode

Address Wrap

Reserved

Count by Two
Horizontal Retrace Select

Select Row Scan Counter

CMSO

A logic clears horizontal and vertical re-

trace. A logic 1 enables horizontal and ver-

tical retrace. This bit does not reset any other

registers or outputs.

A logic selects the word address mode which
shifts all memory address counter bits down
one bit, and the most significant bit of the

counter appears on the least significant bit

of the memory address output. A logic 1

selects the byte address mode. Note that

bit 6 of the Underline Location register also

controls the addressing. When it is a 0, bit

6 of this register has control. When it is a 1

,

the addressing is forced to be shifted by two
bits.

This bit selects the memory address counter

bit MA13 or bit MA15, and it appears on
the MAO of CRT address output in the word
address mode. A logic 1 selects MA15. MA13
is selected for the case where only 64K memory
is installed. Since 256K memory is always

installed for UM587, MA15 should be selected

in odd/even mode.

Reserved

A logic causes the memory address counter
clocked with the normal character clock

input. A logic 1 clocks the memory address

counter with the character clock input divided

by 2. This bit is used to create either a byte

or word refresh address for the display buffer.

A logic selects normal horizontal retrace.

A logic 1 selects horizontal retrace divided

by 2 as the clock that controls the vertical

timing counter. This bit can be used to eff-

Bit 1

BitO

ectively double the vertical resolution cap-

ability of the CRT Controller. The 10-bit

vertical counter has a maximum of 1024
scan lines. If the vertical counter is clocked

with the horizontal retrace divided by 2,

then the vertical resolution is doubled to

2048 horizontal scan lines.

A logic selects row scan counter bit 1 for

CRT memory address bit MAM. A logic

1 selects MA14 counter bit for CRT memory
address bit MA14.

When this bit is a logic 0, row scan address
bit is substituted for memory address bit

13 during active display time. A logic 1 en-

ables memory address bit 13 to appear on the

memory address output bit 13 of the CRT
Controller.

Table 14. Register Modes

Memory
Address

Byte
Mode

Word
Mode

Double-

word
Mode

MA0/RFA0 MAO MA15/MA13 MA12

MA1/RFA1 MA1 MAO MA13

MA2/RFA2 MA2 MA1 MAO

MA3/RFA3 MA3 MA2 MA1

MA4/RFA4 MA4 MAS MA2

MA5/RFA5 MA5 MA4 MA3

MA6/RFA6 MA6 MA5 MA4

MA7/RFA7 MA7 MA6 MA5

MA8/RFA8 MA8 MA7 MA6

MA9 MA9 MA8 MA7

MA10 MA10 MA9 MA8

MA11 MA11 MA10 MA9

MA12 MA12 MA11 MA10

MA13 MA13 MA12 MA11

MA14 MA14 MA13 MA12

MA15 MA15 MA14 MA13

Line Compare Register

Port = 03?5

Bit Description

7-0 Line Compare Target

Index = 18

3-31



UIV1C UMS87

Bits 7-0 This register is the lower byte of the line com-

pare target. When the vertical counter achi-

eves this value, the internal start of the line

counter is reset. This causes an area of the

screen to not be affected by scrolling. Bit 9

is in the Maximum Scan Line register. Bit 8

of this register is in the Overflow Register.

Graphics Controller Registers

This section describes all the registers

Graphics Controller. See Table 15.

located in the

Table 15. Graphics Controller Registers

Register Name Port Index

Graphics Address 03CE -

Set/Reset 03CF 00

Enable Set/Reset 03CF 01

Color Compare 03CF 02

Data Rotate 03CF 03

Read Map Select 03CF 04

Graphics Mode 03CF 05

Miscellaneous 03CF 06

Color Don't Care 03CF 07

Bit Mask 03CF 08

Graphics Address Register

Port = 03CE

Bit Description

7-4 Reserved

3-0 Graphics Address

Bits 7-4 Reserved

Bits 3-0 A binary value

other registers in the Graphics Controller

section.

Set/Reset Register

Port = 03CF Index = 00

Bit Description

7-4 Reserved

3 Set/Reset Map 3

2 Set/Reset Map 2

1 Set/Reset Map 1

Set/Reset Map

Bits 7-4 Reserved

Bits 3-0 During CPU memory write with write mode

0, the value of these bits will be written to

all eight bits of the respective memory map

if Set/Reset mode is enabled for the corr-

esponding map.

Enable Set/Reset Register

Port - 03CF Index = 01

Bit Description

7-4 Reserved

3 Enable Set/Reset Map 3

2 Enable Set/Reset Map 2

1 Enable Set/Reset Map 1

Enable Set/Reset Map

Bits 7-4 Reserved

Bits 3-0 A logic 1 enables the Set/Reset function.

When enabled, the respective memory map

is written with the value of the Set/Reset

register, if write mode is selected. However,

when write mode is and Set/Reset is not

enabled on a map, that map is written with

the value of the system microprocessor data.

Color Compare Register

Port = 03CF

Description

Reserved

Color Compare Map 3

Color Compare Map 2

Color Compare Map 1

Color Compare Map

Reserved

Index = 02

Bit

7-4

3

2

1

Bits 7-4

Bits 3-0 These bits represent a 4-bit color value to be

compared if the system microprocessor sets

read mode 1 and does a memory read, the

data returned from the memory cycle will

be a 1 in each bit position where the four

maps equal the color compare register.

The color compare bit is the value that all

bits of the corresponding map's byte are

compared with. Each of the eight bit positions

of the selected byte are then compared across

the four maps and a 1 is returned in each

bit position where the bits of all four maps

equal their respective color compare values.

Data Rotate Register

Port = 03CF Index = 03

3-

Bit

7-5

4

3

2

1

32

Description

Reserved

Function Select

Function Select

Rotate Count 2

Rotate Count 1

Rotate Count
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Bits 7-5 Reserved

Bits 4, 3 Data in the system microprocessor latches

can operate logically with data written to

memory. If rotate function is selected, it

is applied before the logic function. See

Table 17.

Bits 2-0 These bits specify the number of positions

to right-rotate the system microprocessor

data bus during system microprocessor memory
writes. This operation is done when the write

mode is 0. To write nonrotated data, the

bits should be set to 0. See Table 17.

Table 16. Data Functions

Table 18. Map Data

Bit 4 Bit 3 Function

1

1

1

1

Data unmodified

Data ANDed with latched data

Data ORed with latched data

Data XORed with latched data

Table 17. Rotate Functions

Bit 2 Bit 1 BitO Function

No Rotate

1 Rotate 1 Position

1 Rotate 2 Positions

1 1 Rotate 3 Positions

1 Rotate 4 Positions

1 1 Rotate 5 Positions

1 1 Rotate 6 Positions

1 1 1 Rotate 7 Positions

Read Map Select Register

Port = 03CF Index = 04

Bit

7-2

1

Bits 7-2

Description

Reserved

Map Select

Map Select

Reserved

1

Bits 1,0 These bits select the memory map number

from which the system microprocessor reads

data. This register has no effect on the color

compare read mode. In odd/even modes the

value may be 00 or 01 (10 or 1 1) for chained

mapsO, 1 (2,3). See Table 18.

MS1 MS0 Function

1

1

1

1

Read data from Map

Read data from Map 1

Read data from Map 2

Read data from Map 3

Graphics Mode Register

Port = 03CF

Bit Description

7 Reserved

6 256 Color Mode

5 Shift Register Mode
4 Odd/Even

3 Read Type

2 Reserved

1.0 Write Mode

Bit 7 Reserved

Bit 6 A logic permits t

Index = 05

5 to handle the loading

of the Shift Registers. A logic 1 supports

the 256 color mode (only for 320x200 320x

400 resolution).

Bit 5 A logic 1 instructs the Shift Registers in the

graphic section to format the serial data with

odd-numbered bits from both maps on the

odd-numbered maps and even-numbered bits

from both maps on the even-numbered maps.

This bit is also used in modes 4 and 5.

Bit 4 A logic 1 enables the odd/even addressing

mode, which can emulate the IBM CGA com-
patible mode. The value programmed is the

value of the Memory Mode register bit 2

of the Sequencer.

Bit 3 A logic causes the system microprocessor

to read data from the memory map selected

by the Read Map Select register unless chain

4, link 4, or link 8 is set to 1. In this case

the Read Map Select register has no effect.

When this bit is a logic 1 , the system micro-

processor reads the results of the comparison

of the four memory maps and the Color Com-
pare register.

Bit 2 Reserved

Bits 1,0 Write Mode (See Table 19.)

Miscellaneous Register

Port = 03CF Index = 06

I
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Table 19. Function Decode

Bit-1 Bit-0 Function

The system microprocessor data is rotated by the number or counts in the Rotate Re-

gister that each memory map is written with, unless Set/Reset is enabled for the map.

When the map Set/Reset is enabled, they are written with 8-bits of the value in the Set/

Reset Register for that map.

1 The contents of the system microprocessor latches are written to each memory map.

A system read operation loads these latches.

1 8-bits of the value of data bit n fills memory map n (0-3).

1 1 The maps are written by the 8-bits contained in the Set/Reset Register for that specific

map (Enable Set/Reset Register is a "don't care"). Rotated system microprocessor data

is logically ANDed with Bit Mask Register data and forms an 8-bit value. This is the func-

tion that the Bit Mask Register performs in write modes and 2. (See Bit Mask Re-

gister.)

Note that the logic function specified by the Function Select register is applied to data being written to memory following

modes 0, 2, and 3 described above.

Bit Description

7-4 Reserved

3 Memory Map 1

2 Memory Map

1 Odd/Even

Graphics Mode

Bits 7-4 Reserved

Bits 3, 2 These bits control the mapping between re-

generative buffer and the CPU address space.

The bit functions are defined in Table 20.

Bit 1 When set to a logic 1 , this bit instructs the

system microprocessor address bit to be

replaced by a higher-order bit. The odd/even

maps will be selected with odd/even values

of the system microprocessor A0 bit, respec-

tively.

Bit This is the text mode addressing control.

A logic 1 enables the graphics mode. The

character generator address latches are dis-

abled, when set to graphics mode.

Table 20. Byte Select

Bit 3 Bit 2 Function

1

1

1

- 1

Hex AOOOO for 128K bytes

Hex AOOOO for 64K bytes

Hex BOOOO for 32K bytes

Hex B8000 for 32K bytes

Color Don't Care Register

Port = 03CF Index = 07

Bit Description

7-4 Reserved

3 Map 3 = Don't Care

2 Map 2 = Don't Care

1 Map 1 = Don't Care

Map = Don't Care

Bits 7-4 Reserved

Bit 3 1 - Do the color compare for map 3.

- Don't Care for map 3.

Bit 2 1 - Do the color compare for map 2.

- Don't Care for map 2.

Bit 1 1 - Do the color compare for map 1

.

- Don't Care for map 1

.

Bit 1 - Do the color compare for map 0.

- Don't care for map 0.

Bit Mask Register

Port = 03CF Index = 08

Bit Description

7-0 Bit Mask for 8-bits of data

Bits 7-0 Bits programmed to a 1 allow writes to the

corresponding bits in the maps. A logic

permits the corresponding bit n in each map

to be locked at its current state, providing

the location being written was the final loca-

tion read by the system's microprocessor.
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Note that the bit mask applies to write modes

and 2. To preserve bits using the bit mask,

data . must be latched internally by reading

the location. When data is written to preserve

the bits, the most current data in the latches

is written in those positions. The bit mask

applies to all maps simultaneously.

Attribute Controller Registers

This section describes all the registers located in Attribute

Controller section. See Table 21

.

Table 21. Attribute Controller Registers

Register Name Port Index

Address Register 03C0 -

Palette Registers 03C0 00-OF

Attribute Mode Control Register 03C0 10

Overscan Color Register 03C0 11

Color Plan Enable Register 03C0 12

Horizontal PEL Panning Register 03C0 13

Color Select Register 03C0 14

Attribute Address Register

Port = 03C0

Bit Description

7,6 Reserved

5 Palette Address Source

4-0 Attribute Address

Bits 7, 6 Reserved

Bit 5 Bit 5 must be cleared to before loading the

Color Palette registers. Normal operation

of the Attribute Controller requires that

bit 5 be set to 1 . This allows the video memory

data to access the palette registers.

Bits 4-0 A binary value in these bits points to the

Attribute Data register where data is to be

written.

The Address and Data registers can not be

selected by the Attribute Controller register.

An internal address flip-flop controls this

selection. To initialize the flip-flop, an I/O

Read instruction must be sent to the Attribute

Controller at address 03BA or 03DA. This

clears the flip-flop, and then selects the Address

register. The Address register is then loaded

with an I/O Write to 03C0. The following

I/O Write instruction to 03C0 loads the Data

register. The flip-flop changes state each time

an I/O Write instruction is sent to the At-

tribute Controller. It does not change when

an I/O Read to 03C1 occurs.

Palette Registers

Write-03C0 Read-03C1 Index 00-OF

Bit Description

7,6 Reserved

5 P5

4 P4

3 P3

2 P2

1 P1

P0

Bits 7, 6 Reserved

Bits 5-0 The attribute byte of text or graphic color

value is indexed to these 16 Color Palette

registers. The contents of the pointed Palette

registers are then used as values sent off the

chip to the video DAC, where they in turn

serve as addresses into the DAC internal re-

gisters. A logic 1 selects the appropriate color.

The Palette registers should be modified only

during the vertical retrace interval to avoid

problems with the displayed image'.

Attribute Mode Control

Port-03C0(R),03C1(W)

Bit

7

6

5

4

3

2

1

Bit 7

Index = 10

Bit 6

Bit 5

Description

P5, P4 Select

PEL Width

PEL Panning Compatibility

Reserved

Select Background Intensity or Enable Blink

Enable Line Graphics Character Code

Mono Emulation

Graphics/Alphanumeric Mode

A logic selects the output of the Palette

register as P5, P4. A logic 1 selects bits 1,

of the Color Select register as P5, P4 which
are digital video bits that go off the chip.

A logic 1 causes the video pipeline to be

sampled so that eight bits are available to

select a color in the 256 color mode (hex

13). This bit must be a logic in all other

modes.

A logic makes line compare and has no
effect on the output of the PEL Panning

register. A logic 1 causes a line compare
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in the CRTC to force the output of the PEL

Panning register to 0. When VSYNC occurs,

the output reverts to its programmed value.

This bit allows part of the screen to be panned.

Bit 4 Reserved

Bit 3 This bit is set to 1 for blinking graphics modes.

A logic 1 enables the blink function in al-

phanumeric modes. A logic selects the back-

ground intensity of the input. Previously,

this mode was on the MDA and CGA modes.

Bit 2 A logic 1 enables the special line graphics

character codes for the Monochrome emula-

tion mode. A logic causes the ninth dot

the same as the background. When this bit

is enabled it forces the ninth dot of a line

graphic character to be the same as the eighth

dot of a line graphic character. Graphics char-

acter codes are hex CO through hex DF. For

character fonts that do not use the line graphics

character codes in this range (hex CO through

hex DF) bit 2 should be a 0. If not, unwanted

video information will be shown on the CRT
screen.

Bit 1 A logic 1 sets monochrome emulation mode.

A logic sets color emulation mode.

Bit A logic selects text mode. A logic 1 selects

graphics mode.

Overscan Color Register

Port = 03C0(R),03C1(W) Index = 11

Bit Description

7 P7

6 P6

5 P5

4 P4

3 P3

2

1

P2

P1

PO

Bits 7-0 A binary value in this register determines the

border color displayed on the CRT screen.

The border color is displayed right after the

Display Enable signal goes low and before

the start of blanking period. The border is

not supported in the 40-column text modes

or the 320-PEL graphics modes, except for

mode hex 13.

index = 12

Color Plane Enable

Port == 03C0(R), 03CKW)

Bit Description

7,6 Reserved

5,4 Video Status MUX

3-0 Enable Color Plane

Bits 7, 6 Reserved

Bits 5, 4 Two of the eight color outputs will be selected

,

according to these two bits, to reflect the

real time status on bits 4 and 5 of Input Status

Register 1. See Table 22.

Bits 3-0 A logic 1 for each bit enables the respective

display memory color plane. A logic dis-

ables color plane.

Table 22. Color Plane And Status

Color Plane Register

Bit 5 Bit 4
Input Status Register 1

Bit 5 Bit 4

P2 P0

1 P5 P4

1 P3 P1

1 1 P7 P6

Horizontal PEL Panning

Port = 3C0(W), 3CKR)

Bit Description

7-4 Reserved

3-0 Horizontal PEL Panning

Reserved

Index = 13

Bits 7-4

Bits 3-0 These four bits select the number of pixels

that will shift the video data to the left. PEL
panning is available in both graphics and

text modes. In modes 0+, 1+, 2+, 3+, 7 and

7+, the maximum shift is eight pixels. Mode

13 allows a maximum of three pixels. In the

rest of the modes, the image can be shifted

a maximum of seven pixels. The order for

shifting the image is shown in Table 23.

Table 23. PEL Register

PEL Panning

Number of PELs Shifted to the Left

0+, 1+, 2+ All Other Mode
Register Value 3+, 7, 7+ Modes 13

1

1 2 1
—

2 3 2 1

3 4 3 —
4 5 4 2
5 6 5 —
6 7 6 3
7 8 7 —
8 - -
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Color Select Register

Port = 03C0(W), 03CKR) Index = 14

Bit Description

7-4 Reserved

3 Select Color 7

2 Select Color 6

1 Select Color 5

Select Color 4

Bits 7-4 Reserved

Bits 3, 2 These bits are the two high-order bits of the

8-bit digital color value sent off-chip in all

modes except the 256 color graphics. In the

256 color modes, the 8-bit attributes are

stored in video memory. This becomes the

8-bit digital color value to be sent off-chip

to the video DAC. These bits are also used

to switch quickly among sets of colors in

the video DAC.

Bits 1,0 These two bits can be used to replace the

P4 and P5 bits from the Attribute Palette

registers to form the 8-bit digital color value

sent off-chip. This is controlled by bit 7 of

Attribute Mode Control register. By using

this feature, sets of colors can be rapidly

switched in the video DAC.

Extended Registers

A set of new registers have been added into the basic

version of the VGA to perform new features. They are

grouped under the assignment of I/O ports 3DE and

3DF for address and data access respectively. All, ex-

cept the NMI Data Cache registers, have both read and

write access. A summary of new registers is given in Table

24.

Table 24. Extended Registers

Port Index R/W Bits Register

3DE - R/W 5 Extension Address Register

3DF D R/W 6 Bandwidth Control

3DF E R/W 4 I/O Trap Control

3DF F R 8 NMI Data Cache (FIFO)

3DF 10 R 8 Read DIP Switch

3DE-Extension Address Register

Bit

0-4

Description

5-bit index pointer to the extension data

5-7

registers.

Reserved

The contents of this register need to be programmed
before the data register is accessed. The I/O port assigned

is 3DE for both read and write access.

3DF-Bandwidth Control

Index D

Bit ' Description

0-2 Reserved

3-4 Bandwidth Control (See Table 25.)

5 Clock select bit 2 (CSEL2).

Used with bits 2 and 3 of Miscellaneous Register. One of

eight different clock inputs can be selected. (See Table

26.)

Table 25. Bandwidth

Bit 4 Bit 3 Bandwidth

1-4

1 1-7

1

1

1

1-9

Reserved

Table 26. Clock

CSEL2 CSEL1 CSELO Clock

25.175 MHz

1 28.322 MHz
1 External Input Clock

1 1 Reserved

1 14.318 MHz
1 1 16.257 MHz
1 1 Reserved

1 1 1 35.5 MHz

3DF-I/0 Trap Control Index E

Bit Description

When set to 1 , the trap is activated and

generates NMI for downward compatibility

emulation. When set to 0, the NMI logic is

turned off.

1-2 Backward Compatibility Mode (See Table

27.)

3-6 Reserved =

7 Graphics Latch read compatibility.
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Table 27. Graphics Mode

Bit 2 Bit 1 Mode

1

1

1

1

VGA
EGA
CGA
MCGA(MDA&HERC)

3DF - NMI Data Cache Index F

Bit Description

0-7 First read of this register gets the address of

the trapped I/O. Second read gets the data

of the trapped I/O. The size of the cache is

two bytes wide and five rows deep. Each read

causes the read pointer to autoincrement resets

at the end of information.

Note that only the first 8-bits of I/O address

are saved into cache. That means the first

digit "3"
is ignored. The trapped software

should take care of this after receiving the

address from cache. Since bit 7 of the first

read of this register is always 1 if there is

an address saved at this position, the trapped

software should check this bit to determine

whether this is a last read or not.

Note that this is a read only register.

3DF - Read DIP Switch Index 10

Bit Description

7 Reserved

6 DIP Switch 6

5 DIP Switch 5

4 DIP Switch 4

3 DIP Switch 3

2 DIP Switch 2

1 DIP Switch 1

DIP Switch

These bits will be read in during BIOS initializa-

tion to determine the type of monitor currently

attached.

AC Characteristics: TA = 0°C to +70°C, Vcc = 5V ± 5%, GND = 0V

I/O Read/Write, DAC Read/Write, Switch Read (See Figures 1, 2, 8, 9 & 10.)

Symbol Parameter Min. Max. Unit Conditions

tACS Address Setup Time 60 - ns

tecs ASEL Setup Time 30 - ns

tCAH Address Hold Time - ns

tCCH ASEL Hold Time - ns

tCPW Command Pulse Width (Note) 200 - ns

tDWD Write Data Delay - 80 ns

tDWH Write Data Hold Time - ns

tCED EDBUF and EABUF Delay - 50 ns

tRDD Read Data Valid Delay - 120 ns

tRDH Read Data Hold Time 10 - ns

tRDIRD Read to DIR Delay - 45 ns

tDRDD DACR Delay - 50 ns

tDWDD DACW Delay - 50 ns

tRDACD Read to DAC Read Delay - 40 ns

tWDACD Write to DAC Write. Delay - 40 ns

tRSWTR Read to Switch Read Delay - 40 ns
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Memory Read/Write (See Figures 3 & 4.)

Symbol Parameter Min. Max. Unit Conditions

tACS Address Setup Time 60 - ns

tecs ASEL Setup Time 30 - ns

tCAH Address Hold Time - ns

tCCH ASEL Hold Time - ns

tDWD Write Data Delay - 80 ns

tDWH Write Data Hold Time - ns

tCED EDBUF and EABUF Delay - 50 ns

tRDIRD Read to DIR Delay - 45 ns

tMRIOLD Command to CPURDY Low Delay - 40 ns

tMRIOHD RD Data to CPURDY High Delay - 15 ns

tVDH Valid RD Data Hold Time - 45 ns

Clock and Video (See Figure 5.)

Symbol Parameter Min. Max. Unit Conditions

tCLK CLKIN/DOTCLK Cycle 28 - ns

tPEL P0-P7 Delay - 80 ns

tBNK BLANK Delay - 80 ns

tSYNC HSYNC/VSYNC Delay - 80 ns

tPCLK CLKIN to PCLK Delay - 60 ns

DRAM Read/Write (See Figures 6 & 7.)

Symbol Parameter Min. Max. Unit Conditions

tRS Row Address Setup 10 - ns

tRH Row Address Hold Time 0.5tCLK - ns

tRPW RAS Low Time 4tCLK-10 - ns

tRPC RAS" High Time 3tCLK - ns

tcs Column Address Setup Time 10 - ns

tCH Column Address Hold Time tCLK - ns

tCPW CAS Low Time 4.5tCLK - ns

tCPC CAS High Time 2.5tCLK-10 - ns

tROED RAS~to OE Delay 2.5tCLK-10 - ns

tRWE RAS to WE Delay 2.5tCLK-10 - ns

tWER WE to RAS High tCLK - ns

tRC RAS to CAS Reference 1.5tCLK-10 - ns

tDWS Data to WE Setup Time 10 - ns

tDWH Data to WE Hold Time tCLK - ns
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Timing Waveforms

ADDRESS

IORD

RD DATA

EDBUF

EABUF

tACS U-

X tecs L_
I—1.

tRDD

X.

tCED
X

X

-*J tCAH [*-

K
tCCH —J

I

X

UMS87

Valid I Data x=

tCED

X
X
X

tRDIRD tRDIRC

Figure 1. I/O READ TIMING

tACS

I

I

I

tCAH .

ADDRESS

ASEL

IOWR

WR DATA

:^<:

EDBUF

EABUF

*
X

tecs r
iX

tCCH
-I
X

tCPW X
tDWD ' _J L

X Valid Data ^
tCED tCED

X X
X

-*-| tCED

I
'

Figure 2. I/O WRITE TIMING
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Timing Waveforms (Continued)

ADDRESS

ASEL

VMRD

RD DATA

EDBUF

EABUF

CPURDY

DIR

tACS

JC'' tCCS

X
tMRIOHD I Im

tCED—V-
tCED £TT

r~

1

1

x
tRDIRD

-J

Jr

tCAH

*
tCCH 1^

tMRDD

yt
tCED

Jr

tCED X

X
tRDIRD

ADDRESS

ASEL

VMWR

WR DATA

EDBUF

EABUF

Figure 3. MEMORY READ TIMING

tACS

tCCS

X
tDWD

^N-
Valid Data

tCED

tCAH

*
J I

"tCcTT

JC
tDWH

*F

X «iED

J
i

tCED
X

CPURDY

tMRIOLD~x /
Figure 4. MEMORY WRITE TIMING
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Timing Waveforms (Continued)

CLKIN

DOTCLK

P7-P0

BLANK

H/VSYNC

PCLK

r
tCLK

(- tCLK

\ f
tPEL

X
X

UPCLK̂

i A/I \.

X
X

X

X
X
X

Figure 5. CLOCK AND VIDEO TIMING

I

MD31-MD0 VTCRT ROW ADDR^Yj-CRT ROW ADDrY CRT CTL ADDR Yj CRT READ DATAY CRT READ DATAY CPU ROW ADDR YcPU CTL ADOR Y(

1 -HtRHL- I

-tRS
RAS

CAS

OE

l--tRC-

tRPC JL»_ tRPW

HJIU- „.. \

J&
tCH

"V

jr
i

i

x
tROEA-»J

V

jr
i

I tCPC »U tCPW
'Jr

y > r

Figure 6. DRAM READ TIMING

MD31-MD0

RAS

i
|

i

YJcPU ROW ADDrY CPU COL ADDRV
-^.tRUtZL. I

CPU ROW ADDRY CPU COL ADDR [Y CPU WRITE DATA VALID |Y CRT ROW ADDR Y CPU CTL ADDR Y CRT READ DATA VALIDY CRT ROW ADDR Y CPU CTL ADDR Yc

*|tRH|«-

l^tRS ,

j

U tRPC J- tRPW

CAS

WE

VJ Jr % Jr

L
X

tRC-i
.^w —l M-

~*
r*4« tCPC +\

tWER
n

Figure 7. DRAM WRITE TIMING

3-42



UMC
Timing Waveforms (Continued)

U_ tACS

ADDRESS

ASEL

DACR

EDBUF

EABUF

DIR

ADDRESS

ASEL

DACW

EABUF

ADDRESS

ASEL

IORD

SWTR

EDBUF

DIR

X
1 r
• tCCS H

^
tCCH -*J

k
tRDACD tRDACD -J

X.
tCED \+-

tCED

Ix
X

i
i

*-| tRDIRD |-"

tCAH

X
^

X
\-+ tCED *|

X
r» tCED )—

V

Figure 8. DAC Read Timing

tACSX

H tRDIRDH

1* tCAH **|

X
X

tecs »J—

t

tCCH
N.

tCPW

tWDACD tWDACD
y

\. X
*\ tCED )-

i—\L
t-

,ced
-ir

x
*-'. tCED K

Figure 9. DAC Write Timing

tACS

X

' \
[-• tCED *^

U tCAH »J

r=rt
x J vl

tCCS +4 tCCH -J [>

>r
tRSWTR tBSWTR

V
tCED .-*-

-^

—

r« tCED «J

I r
r

tCED
^

X
-*1 tRDIRD h«-

Figure 10. Switch Read Timing
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Absolute Maximum Ratings *

Ambient Operating Temperature 0°C to +70°C

Storage Temperature —65°C to +150°C

Supply Voltage to Ground Potential

-0.5V to Vcc +7.0V

Applied Input Voltage -0.5V to Vcc +7.0V

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics: TA = 25°C, vcc = 5V ± 5%, GND = ov

Symbol Parameter Min. Max. Unit Conditions

V H Output High Voltage 2.4 V Ioh =400/liA

Vol Output Low Voltage 0.45 V l0L = 20 mA, Note 1

Vol Output Low Voltage 0.45 V l0L = 12 mA, Note 1

Vol Output Low Voltage 0.45 V l0L = 8 mA, Note 1

Vol Output Low Voltage 0.45 V l0L = 4mA, Note 1

Vol Output Low Voltage 0.45 V l 01_
= 2 mA, Note 1

V,h Input High Voltage 2.0 Vcc+0.5 V TTL

V,l Input Low Voltage -0,5 0.8 V TTL

CO Output Capacitance 8 pF

CI Input Capacitance 8 pF

C IO I nput/Output Capacitance 16 pF

I

LI
Input Leakage Current -10 10 HA

L I

Output Leakage Current -10 10 MA

'cc Operating Supply Current 80 mA
VIN = Vcc orGND

Vcc = 5.25V

Outputs Unloaded

Note 1: 2 mA output pads: EABUF , EDBU F, DIR,CRTINT, NMI, CPURDY, SWTR, HSYNC, VSYNC, BLANK,
DACR,DACW

4 mA output pads: P7-P0, DA7-DA0, MD31 -MD0.

8 mA output pads: RAS0, RAS3.WE

12 mA output pads: OUT

20 mA output pads: CAS
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CRT Controller

Features

Applications including smart, programmable, intelligent

CRT terminals; video games; information display

Alphanumeric, semi-graphic, and full graphic capa-

bilities

Fully programmable via processor data bus with timing

generation for almost any alphanumeric screen density

Single +5 volt supply; TTL compatible I/O; NMOS

technology

Hardware scrolling by page, line, or character

General Description

The CRTC UM6845/A/B comprises LSI controllers de-

signed to provide interface between microcomputers and

raster-scan-type CRT displays. The CRTC belongs to the

MC6800 LSI family and is fully compatible with CPUs

Provides CPUs with synchronous signals to external

device

Programmable cursor format

Light pen registers and input strobe signal to latch light

pen position on screen

Operates without line buffer or external DMA; reading

screen memory mutliplexed between CRTC and CPU

Programmable interlace or non-interlace scan

14-bit display memory reading address width

in both data lines and control lines. Its primary function

is to generate timing signals which are necessary for

raster-scan type CRT displays according to the speci-

fications programmed by the CPU.

Pin Configuration

vssC 1 40 7J VSYNC

RESC 2 39 TJhsync

LPSTB \Z 3 38 ZIrao
MAO [Z 4 37 I]RA1

MA1 \Z 5 36 I]RA2
MA2 m 6 35 7JRA3
MA3C 34 Z]RA4
MA4[I 8

C
s 33 Z|do

MA5lZ 9 8 32 Z1D1

MA6C 10 4^
31 ZlD2

MA7 \Z 11 > 30 ZlD3
MA8(Z 12 00 29 Z]D4
MA9|Z 13 28 Z|D5
MA10[Z 14 27 ZJD6
MA11 C 15 26 ZID7
MA12 \Z 16 25 TJcs

MA13JZ 17 24 Zl RS

DISPTMG IZ 18 23 ZlE
cudispC 19 22 ZlR/w

vccH 20 21 ZICLK
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Block Diagram RW CS RS E RESET D0O7

HORIZONTAL

'cfR'i+aef

CHARACTER ROW

CTRIT128)

VERTICAL CONTROL

C

s
LINEAR
ADDRESS

GENERATOR

c

11

—i>l
co

rN—

[

=> co<^

2Z
ADDRESS REGISTER ANO DECODER

t I-
1

SYNC POSITION REG

IS
O

R

FCQc

CI

n£>

=3EK

l£j

<^

"J>N CURSOR
-\S CONTROL.

¥A

^

1/ R1

14
I
CURSOR ADDRESS

REG o
i> LIGHT PEN REG =>

V
MA0-MA13
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Absolute Maximum Ratings*

Supply Voltage, Vcc ** -0.3~+7.0V
Input Voltage, V,N

** -0.3~+7.0V

Operating Temperature, Tqpr 0°~70°C
Storage Temperature, TStg -55°~ + 150°C

**With respect to Vss (SYSTEM GND)

UM6845 A B

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those
indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics

(Vcc = 5V ± 5%, TA = 0°C ~ 70°C)

Item Symbol Conditions Min. Typ. Max. Unit

Supply Voltage Vcc - 4.75 5.0 5.25 V

Input Voltage

V,L - -0.3 - 0.8 V

V|H - 2.0 - vCc V

Input Leakage Current
• IN

V,N = -5.25V

(Except D0-D7)
-2.5 - 2.5 MA

Three-State Input

Current (Off-State)
tsi

V|N =0.4 -2.4V

Vcc = 5.25V (DO -D7)
-10 - 10 MA

Output "High" Voltage V H

•load =205A

(DO - D7)

2.4 - - V

'load = -100mA

(Other Outputs)

Output "Low" Voltage Vol load = 1.6mA - - 0.4 V

Input Capacitance C IN

V|N =0

TA = 25°C

F= 1.0 MHz

D0-D7 - - 12.5 PF

Other Inputs - - 10.0 PF

Output Capacitance COUT

V|N = 0V, TA = 25°C,

f = 1.0MHz
- - 10.0 PF

Power Dissipation Pd TA = 25°C, Vcc = 5.0V " - 1000 mW
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AC Characteristics

(VCC = 5V x 5%, TA = 0°C ~ 70°C)

BUS TIMING CHARACTERISTIC

MPU READ TIMING*

Item Symbol

UM6845 UM6845A UM6845B
Unit

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max.

Enable Cycle Time tcycE 1.0 - - 0.666 - - 0.5 - - JUS

Enable "High" Pulse Width pweh 0.45 - - 0.280 - - 0.22 - - Ms

Enable "Low" Pulse Width PWel 0.40 - - 0.280 - - 0.21 - - Ms

Enable Rise and Fall Time tEr. tEf - - 25 - - 25 - - 25 JUS

Address Set-up Time tAS 140 - - 140 - - 70 - - ns

Data Delay Time tDDR - - 320 - - 200 - - 180 ns

Data Hold Time tH 10 - - 10 - - 10 - - ns

Address Hold Time tAH 10 - - 10 - - 10 - - ns

Data Access Time tACC - - 460 - - 360 - - 250 ns

See Fig. 1

MPU WRITE TIMING*

Item Symbol

UM6845 UM6845A UM6845B
Unit

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max.

Enable Cycle Time tcycE 1.0 - - 0.666 - - 0.5 - - MS

Enable "High" Pulse Width pweh 0.45 - - 0.280 - - 0.22 - - jus

Enable "Low" Pulse Width PWel 0.40 - - 0.280 - - 0.21 - - MS

Enable Rise and Fall Time tEr, tEf - - 25 - - 25 - - 25 ns

Address Set-up Time tAS 140 - - 140 - - 70 - - ns

Data Set-up Time tDSW 195 - - 80 - - 60 - - ns

Data Hold Time tH 10 - - 10 - - 10 - - ns

Address Hold Time tAH 10 - - 10 - - 10 - - ns

See Fig. 2
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E

CS

R/W, RS

D ~D7

CS_
p/W —
RS (Address Register)

RS {Control

Register)

DO-07

—•

t

AS —

>2
*ER

-trvct

/o.8

_PWEH

2.0V

8V

p^I— tQDR —
:.ov

1.8V

tACC

IwVU PWEL ""if 2.0V

^ ^0.8V / 0.8V

tH —

-tEF

2.0V\X

<2.4V 2.4V5 i

0.4V 0.4Vj
*

lAH

>2

tAS

Figure 1. Read Sequence

tpwpt

PWeh

2.0V

0.8V

[*-tER
tosw

2.0V

I.8V

2J0vV: U
^^0_8V_

*H

PWEL

t£F

2.0V

0.8VX
X2.0V

2.0VW
0.8V 0.8V j\

* lAH

Figure 2. Write Sequence

tf
2.0V

.8V

I
CRTC SIGNAL TIMING'

Item Symbol Min. Typ. Max. Unit

Clock Cycle Time tcycC 270 - - ns

Clock "High" Pulse Width PWCH 130 - - ns

Clock "Low" Pulse Width PWCL 130 - - ns

Rise and Fall Time for Clock Input tCr, tCf
- - 20 ns

Memory Address Delay Time tMAD - - 160 ns

Raster Address Delay Time tRAD - - 160 ns

DISPTMG Delay Time tDTD - - 250 ns

CUDISP Delay Time tCDD - - 250 ns

Horizontal Sync Delay Time tHSD - - 200 ns

Vertical Sync Delay Time *VSD - - 250 ns

Light Pen Strobe Pulse Width PW LPH 60 - - ns

Light Pen Strobe tLPD1 - - 70 ns

Uncertain Time of Acceptance *LPD2 - - ns

See Fig. 3; Fig. 4
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0.8V

tCR-»

2.0V 2.0V

PWCH -

MA0-MA13

RA0-RA4

DISPTMG

CUDISP

HSYNC
VSYNC

LPSTB

"•"iMAD"*

""-tRAD -"*

lHSD

'VL PWri / X.
V0.8V 0.8V, f V0.8V

tCF

yP
J^

4
tCDD

A-
2.4V

tVSD

y^

*- tMAD-

tHSD

\o4V_

\o4V_
tRAD-*-

\
tDTD

IS2:
4V

••— tCDD

PWLPH i^k
The Figure shows the relation in time between

CLK signal and each output signal.

0.4V

tVSD

MA0-MA13

LPSTB

LPSTB

X

Figure 3. CRTC Timing Chart

*LPD2

0.8V\ /

X

/
^87

_2_0v/

•tLPD1

s^^^^_Jr^K

X M+2

-ff-

-"A

tLPD1 tLPD2 : LPSTB's uncertain When LPSTB rises in this period. Display Memory
time of acceptance. Address "M+2" is set into the light pen register.

Figure 4. LPSTB Input Timing & Display Memory Address is Set Into the Light Pen Register.

3-50



UMC
UM684S/A/B

Typical CRT Controller Application Block Diagram

PROCESSOR

HIGH SPEED
TIMING

V

CLK

LIGHT
PEN

CIRCUIT

DISPLAY
MEMORY,
ADDRESSES

MUX
DISPLAY
RAM

Secondary

BUS

AB
DB Primary Bus

3-STATE
BUFFER

CURSOR
DISPLAY
ENABLE

LATCH

ROW ADDRESSES ROM
CHARACTER
GENERATOR

SHIFT
REGISTER

VIDEO
OUTPUT

HS VS

Figure 5. Typical CRT Controller Application

CRT Screen Format and Time Chart

REGISTER PROGRAMMED VALUES

Register Register Name Specified Value Programmed (Written) Value

RO Horizontal Total Nht+1 Nht

R1 Horizontal Displayed Nhd Nhd

R2 Horizontal Sync Position Nhsp+1 Nhsp

R3 Sync Width Nvsw. Nhsw Nysw- Nhsw

R4 Vertical Total Nyt + 1 Nvt

R5 Vertical Total Adjust Nadj Nadj

R6 Vertical Displayed Nvd Nyd

R7 Vertical Sync Position Nvsp+

1

Nvsp

R8 Interlace & Skew

R9 Maximum Raster Address Nr+l/N r+2 N r

R10 Cursor Start Raster NCSTART

R11 Cursor End Raster NCEND

R12 Start Address (H)

R13 Start Address (L)

R14 Cursor (H)

R15 Cursor (L)

R16 Light Pen (H)

R17 Light Pen L (L)
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SCREEN FORMAT

Total Number of Horizontal Char. (Nht + D

Number of Horizontal Displayed Char. (Nhd>

—

~

co

co

—; CO

:a:

Display

Line

Vertical Retrace Period

Total Scan Line

Adjust (Nadj)

RESTRICTIONS ON PROGRAMMING INTERNAL REGISTER

(1) 0<Nhd<Nht + 1 <256

(2) 0<Nvd <Nvt + 1<128

(3) 0<N hsp <N ht

(4) 0<Nvsp <Nvt

(5) < NQSTART < NCEND ^ N r
(Non-lnterlace, Interlace Sync Modes)

0<NcSTART< NCEND< N
r
+ 1 (Interlace Sync & Video Modes)

(6) 2<N r <30

(7) 3 < Nht (Except Non-lnterlace Mode)

5 < Nht (Non-lnterlace Mode Only)
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CRTC ADDRESSING FOR READING DISPLAY MEMORY

HORIZONTAL DISPLAY HORIZONTAL RETRACE (NONDISPLAYI

1

2 <

Nvd ' \

Nvd<

Nvt<

N
'*

1

Nhd"' N Nht

! Nhd" 1 Nhd Nh't
'

Nhd

Nhd

Nho + 1

Nhd + 1

2xNhd -1

1

2xNhd -1

2xNhd

2xNhd

Nhd*Nh ,

Nhd^Nh,
N r *

ZxNhd

2«Nhd

2xNb„tl

2xNhd + 1

3xNM -1

3xNh

'

d -l

3xNhd

3xNhd

ZNhd + N^,

2Nhd + Nht

'

'

t T 1

<N„d-HxNhd

<Nwd -1)xNhd

<Nvd -llxNhd + 1

IN„d -llxN hd + 1

NvdxNhd" 1

NytjxNhjj-l

NvdxNhd

NvdxNhd

IN„d-llxNhd *Nh,

IN«,-1lxNhd tNht
*"

INvdxNhfl

Nvd xNhd

NvdxNhd +1

Nvd» Nhd + 1

INvd-llxNhd-1

IN^+llxNhti-1

INvd+ 1lxNhd

INvt. + llxNhd

NvdxNhd + Nht

Nvd xNhd + Nh ,

•

1 1

'

J 1

Nv,xNha

Nvt* Nhd

NvixNna*!

N vt xNhd +l

(N v ,+ tl«Nhd-1

(Nvt+llxNtyj-l

<Nvt +llxNhd

iNv,*1lxNhd

N„,xNhd tNh ,

NvtxNhd t Nhi

INvt+llxNho IN.t+DxNhd+l <N vt + 2>xN hd -l <Nv,*2lxNhd <Nv,*l>xlM hd *Nh ,

I
*"

2-l '

vt Nhd-' IN„,*2I «Nhd j '
I

IN vt -H]xNhd + Nm

Figure 6. Display Memory Addressing (MA0-MA13) Stage Chart

Note: The initial MA is determined by the contents of state address register R12/R13. Timing is shown for R12/R13 = 0.

Only Non-lnterlace-and Interlace Sync Modes are shown.

CRTC HORIZONTAL TIMING

DISPEN P

JSr

i
i i

i

i i
i

i

Nhd
| . |Nhsp -l~ "N-1 rNJ+

J ! L

1 I |Nhsp -l'

HNi rN^
HS PULSE WIDTH (R3)HORIZONTAL SYNC POSITION (R2) L* ^ ~v ' . I

FRONT PORCH (SYNC DELAYI P *"" c ~ "

-n—

r

-Nr

^i BACK PORCH (SCAN DELAY)

N,

JS N-

Figure 7. CRTC Horizontal Timing
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CRTC VERTICAL TIMING

RA0-RA4

( )

tF-IN^+llxVc+Nadjxtsi

FIELD TIME VERTICAL TOTAL (R4) + VERTICAL TOTAL ADJUST (R5I

——— VERTICAL RETRACE

j_k7_L I ' I

N, 10 111
"

j

"
JO ID 'N r j^-I^.NadjX.,, -*\

(N r-D I '
I

| ADDRESS CONTINUES TO INCREMENT . I FIELD ADJUST TIME I

1 ML/IS n >-«?<? V^-/li I iim ktf i \j in^i'h-i— ...... ...-.—_.
t

IM ,
12 NVSP

|Nyjp - I

VERTICAL U»- 16xt,| -M
SYNC DELAY I _K 1

I It. I

J VERTICAL L VERTICAL SCAN DELAY

SYNC I

U^ync"^ ™LSE<R3.
,

POSITION (R7|l 2

Figure 8. CRTC Vertical Timing

Notes: 1. The odd field is offset V2 horizontal scan time.

2. Vertical sync pulse may be programmed from 1 to 16 scan line times.

CURSOR DISPLAY TIMING

RA0-RA4
1

1
2 3 1

MA0-MA13
i

, 1

TV**""! ! ;
kN H^ ]

Nhd I Nhd + 1

I

I

'Nhd + 2
i

i

1 ...._!

Nhd +

Nht

Nhd Nhd + 1 |Nghd +2| ^ Nhd +

Nht

Nhd Nhd + 1

I "NT-I

Nhd+ 1

Nht 1

I
I

I

I I I

!
' Ik.

]
|

k- , ^-*Sj-J
i

1

i r!N

'

Msj- 1

1
]

2
i—>r-

1

1

1

1

Nht 1 ! 2 ;•
^

i—

i

Nht 1 2
^ >J

Nht

CURSOR
I

Figure 9. Cursor Timing

Notes: 1 . Timing is shown for non-interlace and interlace modes.

2. Cursor Register = N
h(j

+ 2.

3. Cursor start =1.

4. Cursor end = 3.

5. R12/R13= for start address registers.
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Example of Raster Scan Display

Fig. 10 shows an example where the same character is displayed in the non-interlace, interlace sync, and inter-

lace sync and video modes.

SCAN LINE ADDRESS SCAN LINE ADDRESS SCAN LINE ADDRESS
-

1 -

2-

-g-

—g-
e—
e—

3-—©- e—

6--g- e—
7 --G- e—

(a) NON-INTERLACE

1 o~— G-—
2 —©

3
~

4

— •©-— 1—e

—

-e- g— 2
-© ©—
--G O— 3—o o o o o—— ©- -e -©—O- G - 4

5 —e -g—— -e g— 5
6 —e ©

—

--G G— 6
7 —

©

O

—

— 6- G- - 7

EVEN
FIELD

ODD
FIELD

(b) INTERLACE SYNC

u-
-G- — -o--1

-G- --©--3

6-
-©- --G--5

o
-G- - -Q--7

5

LINE#0

>LINE#1

EVEN
FIELD

ODD
FIELD

(c) INTERLACE SYNC AND VIDEO

Figure 10. Interlace Control

MA

RA

CRTC

CLK

14 max

c>

t>

DISPTMG

CUDISP

HSYNC

VSYNC

DISPLAY
MEMORY

H
CHARACTER
GENERATOR

H
VIDEO

CONTROL
VIDEO SIGNALS

SYNC SIGNALS

Figure 11. Interface to Display Control Unit

Fig. 11 shows the interface between the CRTC and the

display control unit. The display control unit is mainly

composed of Display Memory, Character Generator, and

Video Control circuit. For display memory, 14 Memory
Address lines (0-16383) are provided and for character

generator, 5 Raster Address lines (0-31) are provided.

For the video control circuit, DISPTMG signal is used to

control the blank period of video signal. CUDISP signal

is used as video signal to display the cursor on the CRT

screen. Moreover, HSYNC and VSYNC signals are used

as drive signals respectively for CRT horizontal and vertical

deflection circuits.

Outputs from video control circuit (video signals and sync

signals) are provided to CRT display unit to control the

deflection and brightness of CRT, and thus characters

displayed on the screen.
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Circuitry Standards of Display Control Units

Fig. 12 shows a detailed schematic diagram of the display

control unit. This diagram shows how to use CUDISP and

DISPTMG signals. CUDISP and DISPTMG signals should

be latched at least one time at external flip-flop F1 and

F2, which creates a one-character delay time, so as to

synchronize with the video signal from the parallel-serial

converter. A high-speed D-type flip-flop as TTL is used

for this purpose. After being delayed at F1 and F2, the

DISPTMG signal is OR-ed with output from AND gate.

By using this circuitry, blanking of horizontal and vertical

retrace time is controlled and the cursor video is mixed

with the character video signal.

Fig. 12 shows an example in which both display memory

and CG can be accessed for horizontal one-character

time. A time chart for this case is shown in Fig. 15 This

method is used when a few characters need to be displayed

horizontally on the screen.

When many characters are displayed horizontally on the

screen and horizontal one-character time is so short that

neither display memory nor CG can be accessed, the

circuitry shown in Fig. 13 should be used. In this case,

display memory output is latched and the CG is accessed at

the next cycle. The time chart in this case is shown in

Fig. 16 CUDISP and DISPTMG signals should be provided

after being delayed by one-character time by using the

skew bit of interface and the skew register (RS). Moreover,

when there are troubles in the delay time of MA during

horizontal one-character time on high speed display

operation, the system shown in Fig. 14 should be adopted.

The time chart in this case is shown in Fig. 17 Character

video signal is delayed for a two-character time because

each MA output and display memory outputs are latched

and are made to be in phase with CUDISP and DISPTMG

signals by delaying for a two-character time. Table 1

shows the circuitry selection standard of display units.

Table 1. Circuitry Standard of Display Control Unit

Case Relation among tCH. RM and CG
Timing

Diagram

Interlace & Skew Register

Bit Programming

C1 CO D1 DO

1 tCH > RM Access + CG Access + t|yiAD Fig. 15

2 RM Access + CG Accwss + tMAD ^ tCH > RM Access + tMAD Fig. 16 1 1

3 • RM Access + t|y|AD ^ tCH > RM Access Fig. 17 1 1

tCH: CHCP Period: tMAD: MA DelaY
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CRTC

CLK

CLK

CUDISP
F1

CHCP - N

DISPTMG

D Q
T

F2
D Q
T

MA DISPLAY

V MEMORY C>

1—1 *—
T^N I J VIDEO

RA

DOT COUNTER

Figure 12. Display Control Unit (1)

CUDISP

CHCP- N

DISPTMG

D
. Q

T

D Q
T

:>
DISPLAY

MEMORY

LA

D;cJ
'H
'(1

t>

RA

CHCP-P
DOT COUNTER

Figure 13. Display Control Unit (2)

osc

*""1
[ J -Jmm^/V\OEO

>

osc

CUDISP

DISPTMG

F1

CHCP - N f
F2

D Q

T

D Q

T

l^> DISPLAY
MEMORY 1/

CG

ZF

DOT COUNTER

I 1 1—X VIDEO

OSC

Figure 14. Display Control Unit (for high-speed display operation) (3)
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CHCP - P

DISPTMG

CUDISP

Figure 15. Time Chart of display Control Unit (1)
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Figure 16. Time Chart of Display Control Unit (2)
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CHCP - P

MA

DISPTMG

CUDISP

LATCH (2)

RMOUT

EDC X
7

TWO CHARACTER SKEW y
JL.

X DC X X

Figure 17. Time Chart of Display Unit (3)

How to Decide Parameters on the CRTC

Before the determination of parameters on the CRTC
and the dot frequency of crystal, we must check the

Specification of CRT Display Unit (Monitor) and the

Screen Format. The output signal timing of CRTC, must

be in the monitor specification for the normal display.

(Such as DISPTMG, HSYNC, VSYNC). Screen format

includes:

Example: for non-interlace mode one frame = 60Hz

then one raster line frequency

= 60Hzx [(Nvt + 1) (N
r
+1) + Nadj ]

CLK frequency of CRTC = raster line frequency

x(N nt + 1)

* Relation between R0-R7 is in Figure 18.

Horizontal Programming I

(1) Horizontal display characters column number. (Nncj)

(2) Vertical display row number. (N vd )

(3) Horizontal dot numbers per character. (Dot counter

(-^Na)).

(4) Vertical raster lines per row. (N
r
+ 1

)

dot frequency of crystal = Na x CLK frequency of CRTC
= 60Hzx [(N vt + 1) (N

r
+ 1) +

Nadj ] x [Nht
+ 1] xNa

RO: Horizontal Total

R1 : Horizontal Display h R

R2: Horizontal Sync.

Position

R3 (L): Horizontal Sync.

Width

Vertical Programming

R0 + 1-

R3(L)

R4: Vertical Total K-

R3(H): Vertical Sync. Width

R6: Vertical Display (*-

R5: Vertical Total Adjust

R7: Vertical Sync. Im-

position

Figure 18.

R3(H)

R5

-R7 + 1
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Pin No. Symbol Name Description

33,32,31,30

29,28,27,26
DO -D7 Data Bus

Processor

Interface

23 E Enable

25 CS Chip Select

24 RS Register Select

22 R/W Read/Write

40 VSYNC Vertical Sync

CRT Control39 HSYNC Horizontal Sync

18 DISPTMG Display Enable

4, 5, 6, 7, 8,

9, 10, 11, 12, 13,

14, 15, 16, 17

MAO-MA 13
Reading

Memory Addresses
Reading Display Memory/

Character Generator

Addressing

38,37,36,35,34 RA0-RA4 Raster Addresses

19 CUDISP Cursor

Other Pins

21 CLK Clock

3 LPSTB Light Pen Strobe

20,1 vcc vss Power

2 RES Reset
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PROCESSOR INTERFACE

The CRTC interfaces to a processor bus on the bidirectional

data bus (D0-D7) using CS. RS. E. and R/W as control

signals.

Data Bus (O0-O7)

The bidirectional data lines (D0-D7) allow data transfers

between the CRTC internal register file and the processor.

The data bus output drivers are 3-state buffers which
remain in the high impedance state except when the pro-

cessor performs a CRTC read operation.

Enable (E)

The Enable pin is a high impedance TTL/MOS compatible
input which enables the data bus input/output buffers

and clocks data to and from the CRTC. This signal is

usually derived from the processor clock and the high

to low transition is the active edge.

Chip Select (CS)

The CS line is a high impedance TTL/MOS compatible
input which selects the CRTC, when low, to read or write
the internal Register File. This signal should only be
active when there is a valid stable address being decoded
from the processor.

Register Select (RS)

The RS line is a high impedance TTL/MOS compatible
input which selects either the Address Register (RS =
"0") or one of the Data Registers (RS = "1") of the in-

ternal Register File.

Read/Write (R/VV)

The R/W line is a high impedance TTL/MOS compatible
input which determines whether the internal Register

File gets written or read. A write is active at low ("0").

CRT CONTROL

The CRTC provides Horizontal Sync (HS), Vertical Sync
(VS),and Display Enable (DISPTMG) signals.

Vertical Sync (V SYNC)
The TTL compatible output is an active high signal which
drives the monitor directly or is fed to Video Processing

Logic for composite signal generation. This signal deter-

mines the vertical position of the displayed text.

Horizontal Sync (H SYNC)
This TTL compatible output is an active high signal which
drives the monitor directly or is fed to Video Processing

Logic for composite generation. This signal determines
the horizontal position of the displayed text.

Display Enable (DISPTMG)

This TTL compatible output is an active high signal which

indicates the CRTC is providing addressing in the active

display area.

READING DISPLAY/CHARACTER GENERATOR
ADDRESSING

The CRTC provides Memory Addresses (MA0-MA13) to

scan the display RAM. Also provided are Raster Addresses

(RA0-RA4) for the character ROM.

Reading Memory Addresses (MA0-MA13)
These 14 outputs are used to read the display memory.

Raster Addresses (RA0-RA4)
These 5 outputs from the internal Raster Counter address

the character ROM for the row of a character.

OTHER PINS

Cursor (CUDISP)

This output signal indicates the cursor display signal sent

to the video processing logic to display in the proper area.

Clock (CLK)

CLK, TTL/MOS compatible input is used to synchronize

all CRT control signals. An external dot counter is used

to derive this signal which is usually the character rate

in an alphanumeric CRT. The active transition is high to

low.

Light Pen Strobe (LPSTB)

This high impedance TTL/MOS compatible input latches

the current display memory address in the register file.

Latching is on the low to high edge and is synchronized
internally to character clock.

VcCr Gnd (Vcc. Vss) Power Supply Pins.

Reset (RES)

The RES input is used to reset the CRTC. An input low
on RES forces CRTC into the following status:

All the counters in CRTC are cleared and the device

stops the display operation.

All the outputs go to low level.

Control registers in CRTC remain unchanged.

level

(a)

(b)

(c)

This signal is different from other MC 6800 family in the

following functions:

(a) RES signal has capability of reset function only when
LPSTB is at low level.

The CRTC starts the display operation immediately
after the release of RES signal.

(b)
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CRTC INTERNAL REGISTER ASSIGNMENT

Table 2. CRTC Internal Registers

cs RS
Address Register

Register

#
Register File

Program

Unit
Read Write

Number of Bits

4 3 2 10 7 6 5 4 3 2 1

1 X X X X X X X - - - -

X X X X X AR Address Register - No Yes \ \
R0 Horizontal Total * Char. No Yes

1 R1 Horizontal Displayed Char. No Yes

10 R2 H. Sync Position* Char. No Yes

11 R3 Sync Width
V-Raster

H-Char.
No Yes VI V1 V1 VI H H H H

10 R4 Vertical Total * Char. Row No Yes

10 1 R5 V. Total Adjust Scan Line No Yes \ \
110 R6 Vertical Displayed. Char. Row No Yes \
111 R7 V. Sync Position* Char. Row No Yes \

10 R8
Interface Mode and

Skew
- No Yes Ci Co Di Do \\

ll lo

10 1 R9 Max Scan Line Address Scan Line No Yes \\\
1 1 R10 Cursor Start Raster Scan Line No Yes \ B P

10 11 R11 Cursor End Raster Scan Line No Yes ^\\
110 R12 Start Address (H) - Yes Yes

110 1 R13 Start Address (L) - Yes Yes

1110 R14 Cursor (H) - Yes Yes

1111 R15 Cursor (L) - Yes Yes

10 R16 Light Pen (H) - Yes No

10 1 R17 Light Pen (L) - Yes No

Table 2. Shows The Register File In CRTC, The Registers Marked* (Written Value) = (Specified Value) - 1

REGISTER DESCRIPTION

Address Register (AR)

The Address Register is a 5-bit write-only register used

as an "indirect" or "pointer" register. Its contents are

the address of one of the other 18 registers in the file.

When RS and CS are low, the Address Register itself is

addressed. When RS is high, the register file is accessed,

(see Table 2).

Horizontal Total Register (RO)

This 8 bit Register determines the horizontal frequency

of H Sync output. It is the total of displayed plus non-

displayed character time units minus one.

Horizontal Displayed Register (R1)

This 8 bit register determines the number of displayed

characters per horizontal line.

Horizontal Sync Position Register (R2)

This 8 bit register determines the horizontal sync position

on the horizontal line.
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Sync Width Register (R3)

V V V V H
| H H H

This 8 bit write-only register determines the width of the

Vertical Sync (VS) pulse and the Horizontal Sync (HS)

pulse.

The HS pulse width may be programmed from 1-to-15

character clock periods. The VS pulse width may be

programmed from 1-to-16 Raster scan lines, (see Table 3).

Vertical Total Register (R4) and Vertical Total Adjust

Register (R5)

The vertical frequency of VSYNC is determined by both

R4 and R5. The calculated number of character line

times is usually an integer plus a fraction to get exactly

a 50 or 60 Hz vertical refresh rate. The integer number
of Character line times minus one is programmed in the

7 bit write-only Vertical Total Register, the fraction is

programmed in the 5 bit write-only Vertical Scan Adjust

Register as a number of scan line times.

Vertical Displayed Register (R6)

This 7-bit write-only register specifies the number of

displayed character rows on the CRT screen, and is pro-

grammed in character row times. Any number smaller

than the contents of R4 may be programmed into R6.

Table 3. Sync Width Register

Vertical Sync Position (R7)

This 7-bit write-only register controls the position of

vertical sync with respect to the reference. It is program-

med in character row times. Any number equal to or less

than the vertical total (R4) may be used.

Interlace Mode and Skew Register (R8)

c, Co D, Do li <o

This is a register used to program raster scan mode and
skew of CUDISP signals and DISPTMG signals. In the

non-interlace mode, the rasters of even number field and
odd number field are scan duplicated. In the interlace

sync mode, the rasters of odd number field are scanned

in the middle of even number fields. Thus, the same char-

acter pattern is displayed in both fields. In the interlace

sync and video mode, the raster scan method is the same
as the interlace sync mode, but it is controlled to display

different character patterns in two fields. Skew function

is used to delay the output timing of CUDISP and DISPTMG
signals such that they are synchronized with serial video

output signals. This is due to the time delay from display

memory data to serial output character pattern, (see Table

4).

VSW
Pulse Width

Unit: H27 26 2s
2
4

16H

1 1

1 2

1 1 3

1 4

1 1 5

1 1 6

1 1 1 7

8

1 9

1 10

1 1 11

1 12

;

1

1

1

,

1

1

• 1

1

13

14

15

HSW
Pulse Width

Unit: CH2 3
2
2

2 1 2°

Not Used

1 1

1 2

1 1 3

1 4

1 1 5

1 1 6

1 1 1 7

8

1 9

1 10

1 1 11

1 12

1

1

1

1

1

1

1

13

14

15

H: Raster Period CH: Character Clock Period
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Table 4. Interlace Mode and Skew Register

Interlace Mode (2
l

.
2°) Ii lo Raster Scan Mode

Non-lnterlace Mode

1 Non-lnterlace Mode

1 Interlace Sync Mode

1 1 Interlace Sync & Video Mode

Cursor Skew Bit (2
7
,2

6
) Ci Co CUD ISP Signal

Non-Skew

1 One-Character Skew

1 Two-Character Skew

1 1 Non-Output

DISPTMG Skew Bit (2
s

, 2
4

) D
t Do DISPTMG Signal

Non-Skew

1 One-Character Skew

1 Two-Character Skew

1 1 Non-Ouptut

Maximum Raster Address Register (R9)

This is a register used to program maximum raster addresses

within 5-bits. This register defines total number of rasters

per character including space. This register is programmed

as follows.

For Non-interlace Mode, Interlace Sync Mode

When total number of rasters is RN, (RN-1) shall be

programmed.

For Interlace Sync & Video Mode

When total number of rasters is RN, (RN-2) shall be

programmed.

Non-lnterlace Mode

—
1

2

3

4

Raster Address

Total Number of Rasters 5

Programmed Value N
r
= 4

(The same as displayed total number of rasters)

Interlace Sync Mode

1

2

2

3
3

4

._ :_" 4

Raster Address

Total Number of Rasters 5

Programmed Value N
r
= 4

(In the interlace sync mode, total number of rasters in both the even and

odd fields is ten. On programming, half of it is defined as total number of

rasters).
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Interlace Sync & Video Mode

Total Number of Rasters 5

Programmed Value N
r
= 3

(Total number of rasters is displayed in the even field and the odd field)

Cursor Start Raster Register (R10)

B P
|

This is a register used to program the cursor start raster

address by lower 5-bits (2 -2 ) and the cursor display

mode higher 2-bits (2
s

, 2
6

). (see Table 5).

Table 5. Cursor Display Mode

Cursor Display Mode B P Cursor Display Mode

(2
6
,2

S
) Non-blink

1 Cursor Non-display

1 Blink, 16 Field Period

1 1 Blink, 32 Field Period

Cursor End Raster Register (R11)

This is a register used to program to cursor end raster

address.

Start Address Register (R12, R13)

These are used to program the first address of refresh

memory to read out. Paging and Scrolling is easily per-

formed using this register. This register can be read but

the higher 2-bits (2
6

,

2

7
) of R 12 are always '0'.'

Cursor Register (R14, R15)

These two read/write registers store the cursor location.

The higher 2-bits (2
6

, 2
7

) of R 1 4 are always "0".

Light Pen Register (R16, R17)

These read-only registers are used to catch the detection

address of the light pen. The higher 2-bits (2
6
,2

7
) of

R16 are always "0". Its value needs to be corrected by

software because there is time delay from the address

output of the CRTC to the signal input LPSTB pin of

the CRTC. In the process raster is lit after the address

output and the light pen detects it.

3-65



UMC UM6845 A B

CRTC Register Comparison Table

NON- INTERLACE

Register

UM6845R/RA/RB
MC6845
MC6845M

MC6845R
HD6845R

UM6845/A/B
HD6845S

UM6845E/EA/EB

RO Htotal Total-1 Total-1 Total-1 Total-1

R1 Hdisp Actual Actual Actual Actual

R2 Hsync Actual Actual Actual Actual

R3 Sync Width Horizontal

(& Vertical *1)

Horizontal Horizontal

& Vertical

Horizontal

& Vertical

R4 Vtotal Total-1 Total-1 Total-1 Total-1

R5 Vtotal Adjustment Any Value Any Value Any Value Any Value

R6 Vdisp Any Value

<R4
Any Value

<R4
Any Value

<R4
Any Value

<R4

R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1

R8 B0-B1

Mode B2
Select

B3

B4

B5

B6

B7

Interlace Interlace Interlace Interlace

- - - Row/Column or

Binary Addr.

— Shared or

Transparent

Addr.

(Display Enable

Skew *1)

(Display Enable

Skew *1)

(Cursor Skew*1)

(Cursor Skew *1)

-

Display Enable

Skew

Display Enable

Skew

Cursor Skew

Cursor Skew

Display Enable

Skew

Cursor Skew

RA4/

Transparent

R9 Scan Lines Total-1 Total-1 Total-1 Total-1

R10 Cursor Start Actual Actual Actual Actual

R11 Cursor End Actual Actual Actual Actual

R12/R13 Display Addr.

Write Only

Read /Write

(MC6845& *1)

Read /Write Read/Write Write Only

R14/R 15 Cursor Position Read /Write Read /Write Read /Write Read /Write

R16/R17 Position Read Only Read Only Read Only Read Only

R18/R 19 Update

Addr. Register

N/A N/A N/A Transparent

Mode Only

R31 Dummy Register N/A N/A N/A Transparent

Mode Only

Status Register Yes (UM6845R) No No Yes

3-66



UMC UM6845 A B

CRTC Register Comparison Table (Continued)

INTERLACE SYNC

Register

UM6845R/RA/RB
MC6845
MC6845*1

MC6845R
HD6845R

UM684S/A/B
HD6845S

UM6845E/EA/EB

RO Htotal Total-1 = Odd

or Even

Total-1 = Odd Total-1 = Odd Total-1 = Odd

or Even

INTERLACE SYNC AND VIDEO

R4 Vtotal Total-1 Total-1 Total-1 Total-1

R6 Vdisp Total Total/2 Total Total

R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1

R9 Scan Lines Total-1

Odd/Even

Total-1

Only Even

Total-1

Odd/Even
Total-1

Odd /Even

R10 Cursor Start Odd/Even Both Odd Odd/Even Odd/Even

R1 1 Cursor End Odd /Even Both Even Odd/Even Odd/Even

Cclk 2.5 MHz 2.5 MHz 3.7 MHz 3.7 MHz

Ordering Information

Part Number CPU Clock Rate Package

UM6845

UM6845A

UM6845B

1MHz

1.5MHz

2MHz

40L DIP

40L DIP

40L DIP
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CRT Controller

Features

Single + 5 volt (±5%) power supply

Alphanumeric and limited graphics capabilities

Fully programmable display (rows, columns, blanking,

etc.)

Interlaced or non-interlaced scan

50/60 Hz operation

Fully programmable cursor

External light pen capability

Capable of addressing up to 16K character Video Display

RAM.

No DMA required

Straight-binary addressing for Video Display RAM

General Description

The UM6845R/RA/RB is a CRT Controller intended to
provide capability for interfacing any microprocessor
family to CRT or TV-type raster scan displays. A unique

feature is the inclusion of several modes of operation, so

that the system designer can configure the system with a

wide assortment of techniques.

Pin Configuration Block Diagram

gndQ
RES [~_;

LPEN [~_

CC0/MA0 Q
CC1/MA1 [~_ >

CC2/MA2 [~_
i

CC3/MA3 Q/7
CC4/MA4 Cl 8

CC5/MA5 O 9

CC6/MA6 tZ 10

CC7/MA7 fZ 1

1

CR0/MA8 (Z 12

CR1/MA9 [~ 13

CR2/MA10 f_Z 14

CR3/MA11 [~_ 15

CR4/MA12 (Z if

CR5/MA13 \Z 17

DISPLAY ENABLE [~. 18

CURSOR |Z 19

VCC LZ 20

40 Z| VSYNC

J ~J HSYNC

38 ~J RAO

37 ^ RA1

36 "J RA2

35 7J RA3
34 ^ RA4
33 1J DBO

32 Zl DB1

31 I]DB2
30 Z2 DB3

29 Zl DB4

28 Z] DB5

27 ^J DB6

26 ZI DB7

25ZICS
24 Zl RS

23Z1E
22 Zl R/W

21 Zl °CLK

VCC GND

DB0-DB7

E-

R/w-

cs-
RS-

\j [/

UM6845R/RA/RB
CRTC

-*• HSYNC
-*• VSYNC
-- DISPLAY ENABLE
-* CURSOR— LPEN
— CCLK
— RES

\7 V
MA0-MA13 RA0-RA4

\
. I

VIDEO DISPLAY RAM AND CHARACTER ROM
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Absolute Maximum Ratings*

Supply Voltage, Vcc -0.3V to + 7.0V

Input/Output Voltage, V|N . -0.3V to + 7.0V

Operating Temperature, Top 0°C to 70°C

Storage Temperature, Tstg ~55 C to 150 C
Notice:

All inputs contain protection circuitry to prevent damage

due to high static discharges. Care should be exercised to

prevent unnecessary application of voltages in excess of

the allowable limits.

*Comments

Stresses above those listed under "Absolute Maximum

Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics

(VCc = 5-0V ± 5%, TA = - 70°C, unless otherwise noted)

Symbol Parameter Min. Typ. Max. Unit

V|H Input High Voltage 2.0 Vcc V

V|L Input Low Voltage -0.3 0.8 V

•in Input Leakage (<p2, R/w, RES, CS, RS, LPEN, CCLK) - 2.5 MA

tsi
Three-State Input Leakage (DB0-DB7)

V,N = 0.4 to 2.4V -10.0 +10.0 MA

V H

Output High Voltage

'LOAD = -205 MA (DB0-DB7)

I LOAD = -1 00 MA (all others)

2.4 - V

Vol
Output Low Voltage

'LOAD
= 1.6mA

- 0.4 V

Pd Power Dissipation - 325 650 mW

C IN Input Capacitance

02, R/w, RES, CS. RS, LPEN, CCLK
DB0-DB7

- 10.0

12.5

pF

PF

Coin- Output Capacitance - 10.0 PF

TEST LOAD

vcc

2.4k ft

UM6845R PIN «

R= 11Kft FORDB0-DB7
R= 24Kft FOR ALL OTHER OUTPUTS
C = 130pF TOTAL FOR DB0-DB7
C= 30 pF ALL OTHER OUTPUTS

3-69



UMC
UM684SR/RA/RB

AC Characteristics

MPU BUS INTERFACE CHARACTERISTICS

WRITE CYCLE

CS, R/W

DATA BUS

-*-pWEH -*

f lV PWEL-^
f

tCYC
READ CYCLE

«- pWEH-»

/ U-^j

CS, R/W

DATA BUS

tCYC

WRITE TIMING CHARACTERISTICS (VfjC = 5.0V ± 5%, TA = - 70°C, unless otherwise noted)

Symbol Parameter
UM6845R UM6845RA UM6845RB

Unit
Min. Max. Min. Max. Min. Max.

*CYC Cycle Time 1.0 - 0.5 -
• 0.33 - MS

PWEH E Pulse Width, High 440 - 200 - 150 - ns

PWEL E Pulse Width, Low 420 - 190 - 140 - ns

tAS Address Set-Up Time 80 - 40 - 30 - ns

*AH Address Hold Time - - - ns

tcs R/W, CS Set-Up Time 80 - 40 - 30 - ns

tCH R/W, CS Hold Time - - - ns

tosw Data Bus Set-Up Time 165 - 60 - 60 - ns

*DHW Data Bus Hold Time 10 - 10 - 10 - ns

(t
r
and tf = 10' to 30 ns)

READ TIMING CHARACTERISTICS . (VCC = 5.0V ± 5%, TA = - 70°C, unless otherwise noted)

Symbol Parameter
UM6845R UM6845RA UM6845RB

Unit
Min. Max. Min. Max. Min. Max.

*CYC Cycle Time 1.0 - 0.5 - 0.33 - MS

PWEH E Pulse Width, High 440 - 200 - 150 - ns

PWEL E Pulse Width, Low 420 - 190 - 140 - ns

Us Address Set-Up Time 80 - 40 - 30 - ns

tAH Address Hold Time - - - ns

*cs R/W, CS Set-Up Time 80 - 40 - 30 - ns

tDDR Read Access Time (Valid Data) - 290 - 150 - 100 ns

tDHR Read Hold Time 20 60 20 60 20 60 ns

^A Data Bus Active Time (Invalid Data) 40 - 40 - 40 - ns

(t
r
and tf = 1 to 30 ns)
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MEMORY AND VIDEO INTERFACE CHARACTERISTICS
(Vcc = 5.0V ± 5%, TA = to 70°C, unless otherwise noted)

tCCY

MA0-MA13

RA0-RA4

DISPLAY ENABLE

HSYNC, VSYNC

CURSOR

Symbol Parameter Min. Typ. Max. Unit

TCCH Minimum Clock Pulse Width, High 200 ns

TCCY Clock Frequency 2.5 MHz
Tr , tf Rise and Fall Time for Clock Input 20 ns

*MAD Memory Address Delay Time 100 160 ns

*RAD Raster Address Delay Time 100 160 ns

tDTD Display Timing Delay Time 160 300 ns

tHSD Horizontal Sync Delay Time 160 300 ns

WSD Vertical Sync Delay Time 160 300 ns

tCDD Cursor Display Timing Delay Time 160 300 ns

LIGHT PEN STROBE TIMING cclk

NOTE:
"Safe" time position for

LPEN positive edge to LPEN
cause address n+2 to load
into Light Pen Register.

*LP2 ancl *LP1 are time
positions causing uncertain MAn-MAi-j
results.

J

Symbol Parameter
UM6845R UM6845RA UM6845RB

Unit
Min. Max. Min. Max. Min. Max.

tLPH LPEN Strobe Width 100 - 100 - 100 - ns

*LP1 LPEN to CCLK Delay - 120 - 120 - 120 ns

*LP2 CCLK to LPEN Delay - - - ns

t
r
and tf = 20 ns (max.
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Pin Description

MPU INTERFACE SIGNAL DESCRIPTION

E (Enable)

The enable signal is the system input and is used to trigger

all data transfers between the system microprocessor and

the UM6845R/RA/RB. Since there is no maximum limit to

the allowable E cycle time, it is not necessary for it to be

a continuous clock. This capability permits the UM6845R/

RA/RB to be easily interfaced to non-6500-compatible

microprocessors.

R/W (Read/Write)

The R/W signal is generated by the microprocessor and is

used to_control the direction of data transfers. A high on

the R/W pin allows the processor to read the data supplied

by the UM6845R/RA/RB. A low on the R/W" pin allows a

write to the UM6845R/RA/RB.

CS (Chip Select)

The Chip Select input is normally connected to the pro-

cessor address bus either directly or through a decoder.

The UM6845R/RA/RB is selected when CJfis low

RS (Register Select)

The Register Select input is used to access internal registers,

A low on this pin permits writes into the Address Register

and reads from the Status Register. The content of the

Address Register is the identity of the register accessed

when RS is high.

DB0-DB7 (Data Bus)

The DB0-DB7 pins are the eight data lines used for

transfer of data between the processor and the UM6845R/
RA/RB. These lines are bi-directional and are normally

high-impedance except during read/write cycles when
the chip is selected.

DISPLAY ENABLE
The DISPLAY ENABLE signal is an active-high output

and is used to indicate when the UM6845R/RA/RB is

generating active display information. The number of

horizontal displayed characters and the number of vertical

displayed characters are both fully programmable and

together are used to generate the DISPLAY ENABLE
signal.

CURSOR
The CURSOR signal is an active-high output and is used

to indicate when the scan coincides with the programmed

cursor position. The cursor position may be programmed

to be any character in the address field. Furthemore,

within the character, the cursor may be programmed to

be any block of scan lines, since the start scan line and the

end scan line are both programmable.

LPEN
The LPEN signal is an edge-sensitive input and is used to

load the internal Light Pen Register with the contents of

the Refresh Scan Counter at the time the active edge

occurs. The active edge of LPEN is the low-to-high

transition.

CCLK
The CCLK signal is the character timing clock input and

is used as the time base for all internal count/control

functions.

RES
The RES signal is an active-low input used to initialize all

internal scan counter circuits. When the RES is low, all

internal counters are stopped and cleared, all scan and

video outputs are low, and control registers are unaffected.

The RES must stay low for at least one CCLK period.

All scan timing is initiated when the RES goes high. In

this way, the RES can be used to synchronize display

frame timing with line frequency.

VIDEO INTERFACE SIGNAL DESCRIPTION

HSYNC (Horizontal Sync)

The HSYNC signal is an active-high output used to

determine the horizontal position of displayed text. It

may drive a CRT monitor directly or may be used for

composite video generation. HSYNC time position and

width are fully programmable.

VSYIMC (Vertical Sync)

The VSYNC signal is an active-high output used to

determine the vertical position of displayed text. Like

HSYNC, VSYNC may be used to drive a CRT monitor

or composite video generation circuits. VSYNC position

and width are both fully programmable.

MEMORY ADDRESS SIGNAL DESCRIPTION

MA0-MA13 (Video Display RAM Address Lines)

These signals are active-high outputs and are used to address

the Video Display RAM for character storage and display

operations. The starting scan address is fully programmable

and the ending scan address is determined by the total

number of characters displayed, which is also program-

mable, in terms of characters/line and lines/frame.

Binary Addressing

Characters are stored in successive memory locations.

Thus, the software must be developed so that row

and column co-ordinates are translated to sequential-

ly-numbered addresses for video display memory
operations.
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RA0-RA4 (Raster Address Lines)

These signals are active-high outputs and are used to select

each raster scan within an individual character row. The

number of raster scan lines is programmable and determines

the character height, including spaces between character

Horizontal Total (RO)

This 8-bit register contains the total of displayed and

non-displayed characters, minus one, per horizontal line.

The frequency of HSYNC is thus determined by this

register.

HOR DISPLAYED

displayed"

{; £ s i ! s - - J - i - 3 UMS

'(.

'; 'j '<.

= D AoJ&T

Horizontal Displayed (R1)

This 8-bit register contains the number of displayed

characters per horizontal line.

Horizontal Sync Position (R2)

This 8-bit register contains the position of the HSYNC on

the horizontal line, in terms of the character location

number on the line. The position of the HSYNC deter-

mines the left-to-right location of the displayed text on

the video screen. In this way, the side margins are adjusted.

Figure 1. Video Display Format

Description of Internal Registers

Figure 1 illustrates the format of a typical video display

and shows the functions of the various UM6845R/RA/RB

internal registers. Figure 2 illustrates vertical and horizontal

timing. Figure 3 summarizes the internal registers and

indicates their address-selection and read/write capa-

bilities.

Address Register

This is a 5-bit register which is used as a "pointer" to

direct UM6845R/RA/RB data transfers to and from the

system MPU using the number of the desired register

(0-31). When RS is low, this register may be loaded; when

RS is high, the register selected is the one whose identity

is stored in this register.

Status Register

This 2-bit register is used to monitor the status of the

CRTC, as follows:

Horizontal and Vertical SYNC Widths (R3)

This 4-bit register programs the width of HSYNC.

7 6 5 4 3 2 1

I— NOT USED 1NOT USED

VERTICAL BLANKING
"0": Scan currently not in vertical blanking

portion of its timing.

"1": Scan currently in its vertical blanking

time.

-LPEN REGISTER FULL
"0": This bit goes to "0" whenever either

register R16 or R17 is read by the MPU.
"1": This bit goes to "1" whenever a LPEN
strobe occurs.

• NOT USED

7 6 5 4 3 2 1

8 4 2 1V J
HSYNC WIDTH

I

(NUMBER OF
CHARACTER CLOCK
TIMES)

VSYNC width is set to 1 6 scan line times.

Vertical Total (R4)

The Vertical Total Register is a 7-bit register containing

the total number of character rows in a frame, minus one.

This register, along with R5, determines the overall frame

rate, which should be close to the line frequency to ensure

flicker-free appearance. If the frame time is adjusted to

longer than the period of the line frequency, then RES

may be used to provide absolute synchronization.

Vertical Total Adjust (R5)

The Vertical Total Adjust Register is a 5-bit write-only

register containing the number of additional scan lines

needed to complete an entire frame scan and is intended

as a fine adjustment for the video frame time.

Vertical Displayed (R6)

This 7-bit register contains the number of displayed

character rows in each frame. In this way, the vertical

size of the displayed text is determined.

Vertical Sync Position (R7)

This 7-bit register is used to select the character row time

at which the VSYNC pulse is desired to occur and, thus,

is used to position the displayed text vertically.
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DISPLAY
ENABLE _JnruTJirLnrLnrLrLrin
HSYNC

VSYNC

RA0-RA4

1 COMPLETE FIELD (VERTICAL TOTAL)

VERTICAL DISPLAYED

njuuuuuiJiJi_juuLjuuuu^
nr

DGOCXJOOOOOOOCXDOOOOOOOCy:

CCLK

DISPLAY
ENABLE

HSYNC

JinnjiJuuuirinjinjuuiJUinjinjuiRrirL

MA0-MA13

RA0*RA4

J L

znmaaomnccccaoaaoooocDCL
zi )cz

Figure 2. Vertical and Horizontal Timing

Mode Control (R8)

This register is used to select the operating modes of the

UM6845R/RA/RB and is configured as fol lows-

Scan Line (R9)

This 5-bit register contains the number of scan lines per

character row, including spacing minus one.

7 6 5 4 3 2 10

BIT

OPERATION
1

X Non-lnterlace

1 Interlace SYNC Raster Scan

1 1 Interlace SYNC and Video Raster Scan

Cursor Start (R10) and Cursor End (R11)

These 5-bit registers select the starting and ending scan

lines for the cursor. In addition, bits 5 and 6 of R10 are

used to select the cursor mode, as follows:

BIT
CURSOR MODE

6 5

No Blinking

1 No Cursor

1 Blink at 16 x field period

1 1 Blink at 32 x field period
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Note that the ability to program both the start and end

scan line for the cursor enables either block cursor or

underline to be accommodated. Registers R14 and R15

are used to control the character position of the cursor

over the entire 1 6K address field.

Display Start Address High (R12) and Low (R13)

These registers together comprise a 14-bit register

containing the memory address of the first character of

the displayed scan (the character on the top left of the

video display, as in Figure 4). Subsequent memory ad-

dresses are generated by the UM6845R/RA/RB as a result

of CCLK input pulses. Scrolling of the display is accom-

plished by changing R12 and R13 to the memory address

associated with the first character of the desired line of

text to be displayed first. Entire pages of text may be

scrolled or changed as well via R12and R13.

Cursor Position High (R14) and Low (R15)

These registers together comprise a 14-bit register

containing the memory address of the current cursor

position. When the video display scan counter (MA lines)

matches the contents of this register, and when the scan

line counter (RA lines) falls within the bounds set by R10
and R11, then the CURSOR output becomes active. Bit

5 of the Mode Control Register (R8) may be used to delay

the CURSOR output by a full CCLK time to accommodate

slow access memories.

LPEN High (R16) and Low (R17)

These registers together comprise a 14-bit register whose

contents is the light pen strobe position, in terms of the

video display address at which the strobe occurred. When

the LPEN input changes from low to high, on the next

negative-going edge of CCLK the contents of the internal

scan counter are stored in registers R16 and R17.

cs RS
Address Reg.

Reg.

No.
Register Name Stored Info. RD WR

Register Bit.

4 3 2 1 7 6 5 4 3 2 1

1 S^^ C^\v

v\\\

SSS?^ ^
Address Reg. Reg. No. V 1^P A4 A 3 A2 Ai Ao

Status Reg. V L V ^SS>
SS^ SS^

^S>
SSN

RO Horiz. Total #Charac, -1 V
1 m Horiz. Displayed #Charac. V

1 R2 Horiz. Sync
Position

#Charac. V

1 1 R3 VSYNC, HSYNC
Widths

#Scan Lines and
#Char. Times V

If
H 3 H 2 Hi Ho

1 R4 Vert. Total #Char. Rows -1 V • • • • • • •

1 1 R5 Vert, Total Adjust #Scan Lines V n
o<vs

SS\*

NNN

1 1 R6 Vert, Displayed #Char. Rows V
1 1 1 R7 Vert. Sync Position #Char Rows. V 1R8 Mode Control V Is

vVNV

§§$

-NSn

\SN
SNS

ll io

1 R9 Scan Line #Scan Lines-

1

V 1 ^
1 R10 Cursor Start Scan Line No. V ^ Bi B

cv 1 1 R11 Cursor End Scan Line No. V I1^
1 R12 Display Start

Addr (H) V nis
1 1 R13 Display Start

Addr (L)
V

1 1 R14 Cursor Position (H) V V sss:

1 1 1 R15 Cursor Position (L) V V
1 R16 Light Pen Reg (H) V
1 1 R17 Light Pen Reg (L) V

Notes: ~*~l De

-55sl
De
doc

signates binary bit

signates unused bit. T
s not drive the data b

hese bits are always "0'

us at all.

,except fc>r CS = 1, whicti

Figure 3. Internal Register Summary
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TOTAL = 90

1 2 ... ... 77 78 79 80 81 ... 89

80 81 82 ... ... 157 158 159 160 161 ... 169

.

=

34
-DISPLAY

=

24- 160 161 162 ... ... 237 238 239 240 241 ... 249

i

-i

i

<
l-
O
1-

1760 1761 1762 ... ... 1837 1838 1839 1840 1841 1849

1840 1841 1842 ... ... 1917 1918 1919 1920 1921 -". 1929

1920 1921 1922 ... ... 1997 1998 1999 2000 2001 ... 2009

2000 2001 2002 ... ... 2077 2078 2079 2080 2081 ... 2089

1

1

i

i

i

2640 2641 2642 ... ... 2717 2718 2719 2720 2721 ... 2729

STRAIGHT BINARY ADDRESSING SEQUENCE

Figure 4. Display Address Sequences (with Starting

Address = 0) for 80 x 24 Example

SYSTEM
BUS

A-

»
V

UM6845R/RA/RB
CRT CONTROLLER

MA0-MA13 RA0-RA4

£
it

DISPLAY ADDRESS

ADDRESS
_

l

/|CONTENTION
CONTROL

MPU
ADDRESS
BUS

SCAN LINE

COUNT

MPU
DATA
BUS

V

VIDEO ADDRESS

VIDEO
DISPLAY
RAM ^>

CHARACTER
DATA

C~>

iz
HARACTER
3ENERATOR

ROM

VSYNC

HSYNC

DISPLAY ENABLE

CURSOR

SHIFT
REGISTER

7^

t
SCAN LINE
DOT PATTERN

TO
VIDEO
CIRCUITS

Figure 5. Shared Memory System Configuration
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Memory Contention Schemes for Shared Memory
Addressing

From Figure 5, it is clear that both the UM6845R/RA/RB
and the system MPU must be capable of addressing the

video display memory. The UM6845R/RA/RB repetitively

fetches character information to generate the video signals

in order to keep the screen display active. The MPU
occasionally accesses the memory to change the displayed

information or to read out current data characters. There

are three ways of resolving this dual contention:

MPU PRIORITY

With this method, the address lines to the video display

memory are normally driven by the UM6845R/RA/RB
unless the MPU needs access, in which case the MPU
addresses immediately override those from the UM6845R/
RA/RB and the MPU has immediate access.

01/02 MEMORY INTERLEAVING

This method permits both the UM6845R/RA/RB and the

MPU access to the video display memory by time-sharing

via the system 01 and 02 clocks. During the 01 portion of

each cycle (the time when E is low), the UM6845R/RA/RB
address outputs are gated to the video display memory.

In the 02 time, the MPU address lines are switched in.

In this way, both the UM6845R/RA/RB and the MPU
have periods of unimpeded access to the memory. Figure 6

illustrates the timings.

\-Jr^^jr^^
VIDEO
DISPLAY
MEMORY

MPU CYCLE

^/uM6845R\/ MPU \/uM6845R^/ MPU \j
V^MAO-MAlsVV ADDRESS ^^MA0-VA13yyADORESS /\

Figure 6. 01/02 Interleaving

INTERLACED MODES
There are three raster-scan display modes (see Figure 7).

a) Non-interlaced Mode. In this mode each scan line is

refreshed at the vertical field rate (50 or 60Hz).

In the interlaced scan modes, even and odd fields

alternate to generate frames. The horizontal and vertical

timing relationship causes the scan lines in the odd

fields to be displaced from those in the even fields.

The two additional raster-scan display modes pertain

to interlaced scans.

b) Interlaced Sync Mode . This mode is used when the same

information is to be displayed in both odd and even

fields. Enhanced readability results because the spaces

between adjacent rows are filled and a higher quality

character is displayed. This is achieved with only a

slight alteration in the device operation: in alternate

fields, the position of the VSYNC signal is delayed by

M> of a scan line time. This is illustrated in Figure 8 and

is the only difference in the UM6845R/RA/RB opera-

tion in this mode.

c) Interlaced Sync and Video Mode. This mode is used

to double the character density on the screen by dis-

playing the even lines in even fields and the odd lines

in odd fields. As in the Interlaced Sync mode, the

VSYNC position is delayed in alternate display fields.

In addition, the address generation is altered.

K)

(

\

( v

\)

I 1

NON-INTERLACED

EVEN
FIELD

ODD
FIELD

mm

INTERLACED-SYNC

EVEN
FIELD

ODD
FIELD

<MK>

<MM>

<MM>
INTERLACED SYNC AND VIDEO

Figure 7. Comparison of Display Modes

3-77



UMC UM6845R RA RB

DISPLAY
ENABLE

FOR ODD
FIELD-TJWLnnjwuinn
HSYNCJIJUUUUUUUUU^^
VSYNC

RA0-RA4

VSYNC

DISPLAY
ENABLE

FOR EVEN
FIELD

1 COMPLETE FIELD

1

ODD FIELD

looooooooooooouXyjoo
V2 SCAN LINE TIME J -.14 SCAN LINE TIME

EVEN FIELD

.WLnjirLriJWLrLrL
1 SCAN LINE
DELAY

n

Figure 8. Interlaced Sync Mode and Interlaced Sync &

Video Mode Timing
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CRTC Register Comparison Table

NON-INTERLACED

Register

UM6845R/RA/RB
MC6845
MC6845*1

MC6845R
HD6845R

UM6845/A/B
HD6845S UM6845E/EA/EB

RO Htotal Total-1 Total-1 Total-1 Total-1

R1 Hdisp Actual Actual Actual Actual

R2 Hsync Actual Actual Actual Actual

R3 Sync Width Horizontal

(& Vertical *1)

Horizontal Horizontal

& Vertical

Horizontal

& Vertical

R4 Vtotal Total-1 Total-1 Total-1 Total-1

R5 Vtotal Adjustment Any Value Any Value Any Value Any Value

R6 Vdisp Any Value

<R4
Any Value

<R4„-

Any Value

<R4
Any Value

<R4

R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1

R8 BO-1

Mode B2
Select

B3

B4

B5

B6

B7

Interlace Interlace Interlace Interlace

- - - Row/Column or

Binary Addr.

" Shared or

Transparent

Addr.

(Display Enable

Skew*1)

(Display Enable

Skew*1)

(Cursor Skew *1)

(Cursor Skew*1)

-

Display Enable

Skew

Display Enable

Skew

Cursor Skew

Cursor Skew

Display Enable

Skew

Cursor Skew

RA4/

Transparent

R9 Scan Lines Total-1 Total-1 Total-1 Total-1

R10 Cursor Start Actual Actual Actual Actual

R11 Cursor End Actual Actual Actual Actual

R12/R13 Display Addr.

Write-only

Read /Write

(MC6845&*1)
Read /Write Read /Write Write-only

R14/R 15 Cursor Position Read/Write Read /Write Read /Write Read /Write

R16/R17 Position Read-only Read-only Read-only Read-only

R18/R 19 Update
Addr. Register

N/A N/A N/A Transparent

Mode Only

R31 Dummy Register N/A N/A N/A Transparent

Mode Only

Status Register Yes(UM6845R) No No Yes
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CRTC Register Comparison Table (Continued)

INTERLACED SYNC

Register

UM6845R/RA/RB
MC6845
MC6845M

MC6845R
HD6845R

UM6845/A/B
HD6845S UM6845E/EA/EB

RO Htotal Total-1 = Odd
or Even

Total-1 = Odd Total-1 = Odd Total-1 = Odd
or Even

INTERLACED SYNC AND VIDEO

R4 Vtotal Total-1 Total-1 Total-1 Total-1

R6 Vdisp Total Total/2 Total Total

R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1

R9 Scan Lines Total-1

Odd/Even
Total-1

Only Even

Total-1

Odd /Even

Total-1

Odd/Even

R10 Cursor Start Odd/Even Both Odd Odd/Even Odd/Even

R11 Cursor End Odd /Even Both Even Odd/Even Odd/Even

icCLK 2.5 MHz 2.5 MHz 3.7 MHz 3.7 MHz

Ordering Information

Part Number CPU Clock Rate Package

UM6845R 1 MHz 40LDIP

UM6845RA 2 MHz 40LDIP

UM6845RB 3 MHz 40LDIP
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IS*. #1^% UM6845E EA EB

CRT Controller

Features

Single + 5 volt (±5%) power supply

Alphanumeric and limited graphics capabilities

Fully programmable display (rows, columns, blanking,

etc.).

Interlaced or non-interlaced scan

50/60 Hz operation

Fully programmable cursor

External light pen capability

Addressing capability up to 16K-character Video Display

RAM

General Description

The UM6845E/EA/EB is a CRT Controller intended to pro-

vide capability for interfacing 8 or 16-bit microprocessors

to CRT or TV-type raster scan displays. It's unique feature

No DMA required

Pin-compatible with MC6845R

Row/column or straight-binary addressing for Video

Display RAM

Video Display RAM configurable as part of mi-

croprocessor memory field or as independent slave to

UM6845

Internal status register

3.7 MHz character clock

Transparent address mode

is the inclusion of several modes of operation, so that

the system designer can configure the system with a wide

assortment of features.

Pin Configuration Block Diagram

gnd r_3

RESC
LPEN [~_

CC0/MA0 d
CC1/MA1 {Z

CC2/MA2 EI
CC3/MA3 CI
CC4/MA4 [H
CC5/MA5 HI
CC6/MA6 |H
CC7/MA7 HI
CR0/MA8 |H
CR1/MA9 [H
CR2/MA10 [2
CR3/MA11 |H
CR4/MA12 f

-
.

CR5/MA13[H
DISPLAY ENABLE \Z

CURSOR |H

vccC

I] VSYNC

U HSYNC

D RAO

~J RA1

~J RA2

IH RA3

Zl RA4

Zl DBO

ZIdbi

Z1DB2
IUDB3
DDB4
IHDB5
7JDB6
I]DB7
IJCS

"J RS

HE
IHr/w
IUCCLK

VCC GND

DB0-DB7

E

R/W
CS
RS

<^>
UM6845E/EA/EB

CRTC

V7

\ MAO-MA1 3 RA0-RA4 /

HSYNC
VSYNC
DISPLAY ENABLE
CURSOR
LPEN
CCLK
RES

VIDEO DISPLAY RAM AND CHARACTER ROM
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Absolute Maximum Ratings*

Supply Voltage, Vcc -0.3V to +7.0V

Input/Output Voltage, V|N -0.3V to +7.0V

Operating Temperature, Tqp 0°C to 70 C

Storage Temperature, Tsjg -55°C to 150°C

All inputs contain protection circuitry to prevent damage

due to high static discharges. Care should be exercised

to prevent unnecessary application of voltages in excess

of the allowable limits.

Comments

Stresses above those listed under "Absolute Maximum

Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics

(VCc = 5-0V ± 5%, TA = - 70°C, unless otherwise noted)

Symbol Parameter Min. Typ. Max. Unit

V|H Input High Voltage 2.0 Vcc V

V|L Input Low Voltage -0.3 0.8 V

•in Input Leakage (02, R/W, RES, CS, RS, LPEN, CCLK) - 2.5 MA

'tsi

Three-State Input Leakage (DB0-DB7)

V|N = 0.4 to 2.4V
-10.0 +10.0 uA

V H

Output High Voltage

'LOAD = -205juA (DB0-DB7)

'LOAD
= -100/iA (all others)

2.4 - V

Vol
Output Low Voltage

I LOAD =
1 -6mA

- 0.4 V

Pd Power Dissipation - 325 650 mW

C|N Input Capacitance

<p2, R/W, RES, CS, RS, LPEN, CCLK
DB0-DB7

- 10.0

12.5

pF

PF

COUT Output Capacitance - 10.0 PF

Test Load
vCc

2.4 Kil

UM6845E PIN 44

R = 11KJ2 FOR DB0-DB7
R =24Kft FOR ALL OTHER OUTPUTS

C = 130pF TOTAL FOR DB0-DB7
C =30pF ALL OTHER OUTPUTS

3-82



UMC UM6845E EA EB

MPU Bus Interface Characteristics

WRITE CYCLE READ CYCLE

*-pWEH

f IVWELJ^^

lCYC

DATA BUS

/ fedtf

CS. R/W

£ DATA BUS

»- pWEH-
*CYC

Write Timing Characteristics (Vcc = 5.0V ±5%, TA = o - 70°C, unless otherwise noted)

(t r and tf = 10 to 30 ns)

Symbol Parameter
UM6845E UM6845EA UM6845EB

Unit
Min. Max. Min. Max. Min. Max.

tCYC Cycle Time 1.0 - 0.5 - 0.33 - MS

PWEH E Pulse Width, High 440 - 200 - 150 - ns

PWEL E Pulse Width, Low 420 - 190 - 140 - ns

tAS Address Set -Up Time 80 - 40 - 30 - ns

*AH Address Hold Time - - - ns

tcs R/W, CS Set -Up Time 80 - 40 - 30 - ns

tCH R/W, CS Hold Time - - - ns

tDSW Data Bus Set -Up Time 165 - 60 - 60 - ns

tDHW Data Bus Hold Time 10 - 10 - 10 - ns

(t r
and tf = 10 to 30 ns)

Read Timing Characteristics (vcc = 5.0V ± 5%, TA = o-70°c, unless otherwise noted)

Symbol Parameter
UM6845E UM6845EA UM6845EB

Unit
Min. Max. Min. Max. Min. Max.

tCYC Cycle Time 1.0 - 0.5 - 0.33 - Ms

PWEH 2 Pulse Width, High 440 - 200 - 150 - ns

PWEL 02 Pulse Width, Low 420 - 190 - 140 - ns

tAS Address Set- Up Time 80 - 40 - 30 - ns

tAH Address Hold Time - - - ns

tcs R/W, CS Set-Up Time 80 - 40 - 30 - ns

tQDR Read Access Time (Valid Data) - 290 - 150 - 100 ns

tDHR Read Hold Time 10 - 10 - 10 60 ns

tDA Data Bus Active Time (Invalid Data) 20 60 20 60 20 60 ns

tTAD
MAO-MA 13 Switching Delay

(Refer to Figure Trans. Addressing)

100

typ.
160

100

typ.
160

90

typ.
130 ns
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Memory and Video Interface Characteristics

(Vcc = 5.0V ± 5%, TA = to 70°C, unless otherwise noted)

D-SVj?
2.0V 2.0V-

^ rO.BV - I

DISPLAY ENABLE

HSYNC. VSYNC

r
f

f
f

<HSD
<YSD

j

\u

Symbol Parameter Min. Typ. Max. Unit

tCCH Minimum Clock Pulse Width, High 130 ns

tccv Clock Frequency 3.7 MHz

tr.tf Rise and Fall Time for Clock Input 20 ns

*MAD Memory Address Delay Time 100 160 ns

tRAD Raster Address Delay Time 100 160 ns

tDTD Display Timing Delay Time 160 250 ns

tHSD Horizontal Sync Delay Time 160 250 ns

tvSD Vertical Sync Delay Time 160 250 ns

tCDD Cursor Display Timing Delay Time 160 250 ns

Transparent Addressing (<t>M<t>2 Interleaving) Light Pen Strobe Timing

*TAD

MAO- DISPLAY
MA13 ADDR

*TAD

Y
XUPDATEV^DISPLAyX/

.ADDR /j , ADDR A

/
UPDATE
ADDR

MAq—MA 13 X X X
Note: "Safe" time position for LPEN positive edge

to cause address n + 2 to load into Light Pen Register.

t|_P2 and t(_p-| are time positions causing uncertain results.

Symbol Parameter
UM6845E UM6845EA UM6845EB

Unit
Min. max. Min. Max. Min. Max.

t LPH LPEN Strobe Width 100 - 100 - 100 - ns

t|_P1 LPEN to CCLK Delay - 120 - 120 - 120 ns

tLP2 CCLK to LPEN Delay - - - ns

t r and tf = 20 ns (max.)
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MPU Interface Signal Description

E (Enable)

The enable signal is the system input and is used to trigger

all data transfers between the system microprocessor and
the UM6845E/EA/EB. Since there is no maximum limit

to the allowable E cycle time, it is not necessary for it to
be a continuous clock. This capability permits the
UM6845E/EA/EB to be easily interfaced to non-6500-
compatible microprocessors.

R/W (Read/Write)

The R/W signal is generated by the microprocessor and is

used to_control the direction of data transfers. A high on
the R/W pin allows the processor to read the data supplied
by the UM6845E/EA/EB; a low on the R/W pin allows
a write to the UM6845E/EA/EB.

CS (Chip Select)

The Chip Select input is normally connected to the pro-
cessor address bus either directly or through a decoder.

The UM6845E/EA/EB is selected when CS is low.

RS (Register Select)

The Register Select input is used to access internal registers.

A low on this pin permits writing into the Address
Register and reads from the Status Register. The Address
Register contains the identity of the register accessed
when RS is high.

DB0-DB7 (Data Bus)

The DB0-DB7 pins are the eight data lines used for transfer
of data between the processor and the UM6845E/EA/EB.
These lines are bi-directional and are normally high-im-
pedance except during read/write cycles when the chip
is selected.

Video Interface Signal Description

HSYNC (Horizontal Sync)

The HSYNC signal is an active-high output used to deter-

mine the horizontal position of displayed text. It may
drive a CRT monitor directly or may be used for composite
video generation. HSYNC time position and width are
fully programmable.

VSYNC (Vertical Sync)

The VSYNC signal is an active-high output used to deter-

mine the vertical position of displayed text. Like HSYNC,
VSYNC may be used to drive a CRT monitor or composite
video generation circuits. VSYNC position and width are
both fully programmable.

DISPLAY ENABLE
The DISPLAY ENABLE signal is an active-hjgh output
and is used to indicate when the UM6845E/EA/EB is

generating active display information. The number of
horizontally displayed characters and the number of
vertically displayed characters are both fully programmable
and together are used to generate the DISPLAY ENABLE

signal. DISPLAY ENABLE may be delayed by one char-
acter time by setting bit 4 of R8 to a "1

".

CURSOR
The CURSOR signal is an active-high output and is used
to indicate when the scan coincides with the programmed
cursor position. The cursor position may be programmed
to be any character in the address field. Furthermore,
within the character, the cursor may be programmed to
be any block of scan lines, since the start scan line and the
end scan line are both programmable. The CURSOR
position may be delayed by one character time by setting

bit 5 of R8 to a "1".

LPEN
The LPEN signal is an edge-sensitive input and is used to load
the internal Light Pen Register with the contents of the
Refresh Scan Counter at the time the active edge occurs.
The active edge of LPEN is the low-to-high transition.

CCLK
The CCLK signal is the character timing clock input and is

used as the time base for all internal count/control func-
tions.

RES
The RES signal is an active-low input used to initialize all

internal scan counter circuits. When RES is low, all internal

counters are stopped and cleared, all scan and video outputs
are low, and control registers are unaffected. "RES must
stay low for at least one CCLK period. All scan timing
is initiated when RES goes high. In this way, TTES can
be used to synchronize display frame timing with line

frequency.

Memory Address Signal Description

MA0-MA13 (Video Display RAM Address Lines)

These signals are active-high outputs and are used to address
the Video Display RAM for character storage and display

operations. The starting scan address is fully programmable
and the ending scan address is determined by the total

number of characters displayed, which is also program-
mable, in terms of characters/line and lines/frame.

There are two selectable address modes for MAO-13:
Binary

Characters are stored in successive memory locations.

Thus, the software must be developed so that row and
column co-ordinates are translated to sequentially

numbered addresses for video display memory opera-
tions.

Row/Column

In this mode, MAO-7 functions as the column addresses
CCO-7, and MA8-13, as row addresses CR0-CR5. In

this case, the software may handle addresses in terms
of row and column locations, but additional address
compression circuits are needed to convert CCO-7
and CRO-5 into a memory-efficient binary scheme.
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RA0-RA4 (Raster Address Lines)

These signals are active-high outputs and are used to select

each raster scan within an individual character row. The

number of raster scan lines is programmable and determines

the character height, including spaces between character

rows.

The high-order line, RA4, is unique in that it can also

function as a strobe output pin when the UM6845E/EA/EB

is programmed to operate in the "Transparent Address

Mode". In this case the strobe is an active-high output

and is true at the time the Video Display RAM update

address is gated on to the address lines, MA0-MA13. In

this way, updates and readouts of the Video Display

RAM can be made under control of the UM6845E/EA/EB

with only a small amount of external circuitry.

UM6845E EA EB

Description of Internal Registers

Figure 1 illustrates the format of a typical video display

and shows the functions of the various UM6845E/EA/EB

internal registers. Figure 2 illustrates vertical and horizontal

timing. Figure 3 summarizes the internal registers and

indicates their address selection and read/write capabilities.

Address Register

This is a 5-bit register which is used as a "pointer" to direct

UM6845E/EA/EB data transfers to and from the system

MPU. Its contains the number of the desired register

(0-31). When RS is low, then this register may be loaded;

when RS is high, then the register selected is the one whose

identity is stored in this register.

VERT
TOTAL

'

|
HOR DISPLAYED

1

VERT_
DISPLAYED

A B C D E F G H 1 J K L

M N P

%
fc ^ a

V.

VERT
_, TOTAL
J ADJUST

III
NUMBER OF
SCAN LINES

. PER
CHARACTER
ROW

Figure 1. Video Display Format

Status Register

This 3-bit register is used to monitor the status of the

CRTC, as follows:

NOT USED3
VERTICAL BLANKING
"0": Scan is not currently in vertical blanking

portion of its timing

"1 ": Scan currently is in its vertical blanking

time.

• LPEN REGISTER FULL
"9": This bit goes to "0" whenever either

register R16 or R17 is read by the MPU.
"1": This bit goes to "1 " whenever a LPEN

strobe occurs.

UPDATE READY
"0": This bit goes to "0" when register R31

has been either read or written by the

MPU.
"1": This bit goes to "1 " when an Update

Strobe occurs.

Horizontal Total (RO)

This 8-bit register contains the total of displayed and

non-displayed characters, minus one, per horizontal line.

The frequency of HSYNC is thus determined by this

register.

Horizontal Display (R1)

This 8-bit register contains the number of displayed

characters per horizontal line.

Horizontal Sync Position (R2)

This 8-bit register contains the position of the HSYNC

on the horizontal line, in terms of the character location

number on the line. The position of the HSYNC deter-

mines the left-to-right location of the displayed text

on the video screen. In this way, the side margins are

adjusted.
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1 COMPLETE FIELD (VERTICAL TOTAL)

VERTICAL DISPLAYED

DISPLAY
ENABLE _JnJTTiTLnririj^nriiTn
HSYNC

VSYNC

RA0-RA4

njuuuuuiJiJuuuLnjuuuuuL^
nr

^ocaccpgpaoaooaoooadpc

JinJuinjuumjuuuuuuuijinrijinnriR.
DISPLAY
ENABLE

HSYNC

MA0-MA13

RA0-RA4

J L

Figure 2. Vertical and Horizontal Timing

Horizontal and Vertical SYNC Widths (R3)

This 8-bit register contains the widths of both HSYNC
and VSYNC, as follows:

7 6 5 4 3 2 1

VSYNC WIDTH*

J \_

HSYNC WIDTH

(NUMBER OF SCAN (NUMBER OF CHARACTER
LINES) CLOCK TIMES)

*IF BITS 4-7 ARE ALL "0", THEN VSYNC WILL BE
16 SCAN LINES WIDE.

Control of these parameters allows the UM6845E/EA/EB
to be interfaced to a variety of CRT monitors, since the
HSYNC and VSYNC timing signals may be accommodated
without the use of external one-shot timing.
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Vertical Total (R4)

The Vertical Total Register is a 7-bit register containing
the total number of character rows in a frame, minus
one. This register, along with R5, determines the overall

frame rate, which should be close to the line frequency
to ensure flicker-free appearance. If the frame time is

adjusted to be longer than the period of the line frequency,

then RES may be used to provide absolute synchronization.

Vertical Total Adjust (R5)

The Vertical Total Adjust Register is a 5-bit write-only

register containing the number of additional scan lines

needed to complete an entire frame scan and is intended
as a fine adjustment for the video frame time.

Vertical Displayed (R6)

This 7-bit register contains the number of displayed

character rows in each frame. In this way, the vertical

size of the displayed text is determined.

Vertical Sync Position (R7)

This 7 -bit register is used to select the character row
time for the VSYNC pulse and thus is used to position the

displayed text in the vertical direction
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Mode Control (R8)

This register is used to select the operating modes of the

UM6845E/EA/EB and is outlined as follows:

V
INTERLACE MODE CONTROL

BIT
OPERATION

1

X Non-lnterlace

1 Interlace SYNC Raster Scan

1 1 Interlace SYNC and Video Raster

Scan

lVIDEO DISPLAY RAM ADDRESSING
"0" for straight binary
"1" for Row/Column

"VIDEO DISPLAY RAM ACCESS
"0" for shared memory
"1" for transparent memory addressing.

-DISPLAY ENABLE SKEW
"0" for no delay
"1" to delay Display Enable one character

time

-CURSOR SKEW
"0" for no delay
"1" to delay Cursor one character time

-UPDATE STROBE (TRANSPARENT
MODE ONLY)
"0" for pin 34 to function as memory

address
"1 " for pin 34 to function as update strobe

-UPDATE/READ MODE (TRANSPARENT
MODE ONLY)
"0" for updates to occur during horizontal

and vertical blanking times with update

strobe
"1" for updates to be interleaved in 4>2

portion of cycle

Scan Line (R9)

This 5-bit register contains the number of scan lines per

character row, including spacing, minus one.

Cursor Start (R10) and Cursor End (R11)

These 5- bit registers select the starting and ending scan

lines for the cursor. In addition, bits 5 and 6 of R 10 are

used to select the cursor mode, as follows;

BIT
Cursor Mode

6 5

No Blinking

1 No Cursor

1 Blink at 16 x field period

1 1 Blink at 32 x field period

Note that the ability to program both the start and end

scan line for the cursor enables either block cursor or

underlined. Registers R14 and R15 are used to control

the character position of the cursor over the entire 16K

address field.

Display Start Address High (R12) and Low (R13)

These registers together comprise a 14-bit register

containing the memory address of the first character

of the displayed scan (the character on the top left of

the video display, as in Figure 1). Subsequent memory

addresses are generated by the UM6845E/EA/EB as a result

of CCLK input pulses. Scrolling of the display is accom-

plished by changing R12 and R13 to the memory address

associated with the first character of the desired line of

text to be displayed first. Entire pages of text may be

scrolled or changed as well via R12 and R13.

Cursor Position High (R14) and Low (R15)

These registers together comprise a 14-bit register

containing the memory address of the current cursor

position. When the video display scan counter (MA lines)

matches the contents of this register, and when the scan

line counter (RA lines) falls within the bounds set by

R10 and R11, then the CURSOR output becomes active.

Bit 5 of the Mode Control Register (R8) may be used

to delay the CURSOR output by a full CCLK time to

accommodate slow access memories.

LPEN High (R16) and Low (R17)

These registers together comprise a 14-bit register

containing the light pen strobe position, in terms of the

video display address at which the strobe occurred. When

the LPEN input changes from low to high, on the next

negative-going edge of CCLK the contents of the internal

scan counter are stored in registers R 1 6 and R 1 7.

Update Address High (R18) and Low (R19)

These registers together comprise a 14-bit register

containing the memory address at which the next read

or update will occur (for transparent address mode only).

Whenever a read/update occurs, the update location auto-

matically increments to allow for fast updates or readouts

of consecutive character locations. This is described

elsewhere in this document.

Dummy Location (R31)

This register does not store any data, but is required to

detect when transparent addressing updates occur. This

is necessary to increment the Update Address Register

and to set the Update Ready bit in the status register.

Description of Operation

Register Formats

Register pairs R12/R 13, R14/R15, R16/R17,and R18/R19

are formatted in one of two ways:

1

.

Straight binary if register R8, bit 2 is a "0".

2. Row/Column if register R8, bit 2 is a "1". In this
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case the low byte is the Character Column and the

high byte is the Character Row.

Figure 4 illustrates the address sequence for the video

display control for each mode.

Note from Figure 4 that the straight-binary mode has

the advantage that all display memory addresses are stored

in a continuous memory block, starting with address and

ending at 1919. The disadvantage of this method is that,

if it is desired to change a displayed character location,

the row and column identity of the location must be

converted to a binary address before the memory may
be written. The row/column mode, on the other hand,

does not need to undergo this conversion. However,

memory is not used as efficiently, since the memory
addresses are not continuous, but gaps exist. This requires

that the system be equipped with more memory than is

actually used and this extra memory is wasted. Alterna-

tively, address compression logic may be employed to

translate the row/column format into a continuous address

block. In this way, the user may select whichever mode

is best for the given application. The trade-offs between

the modes are in software and hardware needs. Straight-

binary mode minimizes hardware requirements and row/

column requires minimum software.

Video Display RAM Addressing

There are two modes of addressing for the video display

memory:

1 . Shared Memory

In this mode the memory is shared between the MPU
address bus and the UM6845E/EA/EB address bus. In

this case, memory contention must be resolved by means

of external timing and control circuits. Both the MPU
and the UM6845E/EA/EB must have access to the

video display RAM and the contention circuits must

resolve this multiple access requirement. Figure 5

illustrates the system configuration.

cs RS
Address Reg. Reg.

No.
Register Name Stored Info. RD WR

Register Bit

4 3 2 1 7 6 5 4 3 2 1

1 - H^^^^^ ^d^
Address Reg Reg. No. V H^^ A4 A 3 A2 A,J A- Status Reg V U L V ^ ^ :$^>j^

RO Horiz, Total #Charac, — 1 y/

1 R1 Horiz, Displayed #Charac. V
1 R2 Horiz, Sync Position #Charac. V
1 1 R3 VSYNC, HSYNC

Widths
#Scan Lines and
#Char, Times V v 3 V 2 Vi V H 3 H 2 H, Ho

1 R4 Vert, Total #Charac, Row — 1 V H
1 1 R5 Vert, Total Adjust #Scan Lines V 1 ^
1 1 R6 Vert, Displayed #Charac, Rows V $§§

1 1 1 R7 Vert, Sync Position #Charac, Rows V ^ • • • • • • •
1 R8 Mode Control V u

'j Uo C D T RC li lo

|0_ 1 1 R9 Scan Line #Scan Lines —

1

V ^s^ :$$$i

1 1 R10 Cursor Start Scan Line No. V H Bi Bo
1 1 1 R11 Cursor End Scan Line No. V ^§>^^
1 1 R12 Display Start Addr(H) Row V 1^

If 1 1 1 R13 Display Start Add r(L) Col V
1 1 1 R14 Cursor Position (H) Row V V
1 1 1 1 E15 Cursor Position (L) Col V

1 R16 Light Pen Reg (H) V ^̂ •NNNS

1 1 R17 Light Pen Reg (L) V
1 1 R18 Update Location (H) V ^^
1 1 1 R19 Update Location (L) V
1 1 1 1 1 R31 Dummy Location n ££££^^ £^^^

Notes:
|
•

|
Designates binary bit

|^§$j
Designates unused bit, Reading this bit is always "0", except for R31 , which does not drive the

data bus at all, and for CS = "1 " which operates likewise.

Figure 3. Internal Register Summary
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Straight Binary Addressing Sequence

- TOTAL = 90 -

1

3-
CN

II

1 2 77 78 79 80 81 ... 89

80 81 82 157 158 159 160 161 169

160 161 162 — 237 238 239 240 241 249

ro <
11 o_
_J en

< Q 1760 1761 1762 1837 1838 1839 1840 1841 1849

2 L_ 1840 1841 1842 1917 1918 1919 1920 1921 1929
\—

—

1920 1921 1922 1997 1998 1999 2000 2001 2009

2000 2001 2002 2077 2078 2079 2080 2081 2089

|
!

I

2640 2641 2642 --- --- 2217 2718 2719 2720 2721 2729

Row/Column Addressing Sequence

- TOTAL = 90 -

1

COLuivmn Huuncao WVIMU-|VI/"W /

2 77 78 79 80 81 89

a <
II 2

1

2

21

22

23

1 2 — 77 78 79 80 81 89

256 257 258 ... 333 334 335 336 337 ... 345

512 513 514 589 590 591 592 593 — 601

V 00

s < <m
_i 2

II o_ —
< Qffl 5632 5633 5634 ... 5709 5710 5711 5712 5713 --- 5721

O |_o 5888 5889 5890 — 5965 5966 5697 5968 5969 5977

I-
L g- 24

25

33

6144 6145 6146 — 6221 6222 6223 6224 6225 ... 6233
<

O
I

6400 6401 6402 — 6477 6478 6479 6480 6481 ... 6489

;
]

1

8448 8449 8450 ... 8525 8526 8527 8528 8529 8537

Figure 4. Display Address Sequences (with Start Address = 0) for 80 x 24 Example

C=^

<^>
UM6845E/EA/EB
CRT CONTROLLER

€
MPU
ADDRESS
BUS

DISPLAY ADDRESS

ADDRESS
CONTENTION
CONTROL

MPU
DATA
BUS

SCAN LINE'
COUNT

VIDEO ADDRESS

o

VIDEO
DISPLAY
RAM ^=^

CHARACTER
DATA

Iz
CHARACTER
GENERATOR

ROM

DISPLAY ENABLE

SHIFT

REGISTER

7T

TO
-VIDEO
CIRCUITS

€
SCAN LINE
DOT PATTERN

Figure 5. Shared Memory System Configuration
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1. Transparent Memory Addressing.

For this mode, the display RAM is not directly acces-

sible by the MPU, but is controlled entirely by the

UM6845E/EA/EB. All MPU accesses are made via the

UM6845E/EA/EB and a small amount of external

circuits. Figure 6 shows the system configuration for

this approach.

SYSTEM
BUS

«

A f\ N DATA

vW| H0LD

MPU
DATA
BUS

UM6845E/EA/EB

CRT CONTROLLER

MA0-MA13 RAO- RA3

UPDATE
STROBE

LATCH
CD D

c~>

\z

DISPLAY/UPDATE
ADDRESS

VIDEO
JISPLAY
RAM

O

Iz

SCAN LINE
COUNT

CHARACTER
GENERATOR

ROM

CHARACTER
DATA

CHARACTER
DATA

Figure 6. Transparent Memory Addressing System Configuration (Data Hold Latch

- needed for Horizontal/Vertical Blanking updates only).

Memory Contention Schemes for Shared Memory

Addressing

From Figure 5 it is clear that both the UM6845E/EA/
EB and the system MPU must be capable of addressing the

video display memory. The UM6845E/EA/EB repetitively

fetches character information to generate the video signals

in order to keep the screen display active. The MPU
occasionally accesses the memory to change the displayed

information or to read out current data characters. Three

ways of resolving this dual contention requirement are

apparent:

MPU Priority

In this technique, the address lines to the video display

memory are normally driven by the UM6845E/EA/EB
unless the MPU needs access, in which case the MPU
addresses immediately over-ride those from the

UM6845E/EA/EB and the MPU has immediate access.

01/02 Memory Interleaving

This method gives both the UM6845E/EA/EB and the

MPU access to the video display memory by time-sharing

via the system 01 and 02 clocks. During the 01

portion of each cycle (the time when E is low), the

UM6845E/EA/EB address outputs are gated to the

video display memory. In the 02 time, the MPU address

lines are switched in. In this way, both the UM6845E/
EA/EB and the MPU have unimpeded access to the

memory. Figure 7 illustrates the timings.

Vertical Blanking

With this approach, the address circuitry is identical

to the case for MPU Priority updates. The only dif-

ference is that the Vertical Retrace status bit (bit 5

of the Status Register) is used by the MPU so that access

to the video display memory is only made during vertical

blanking time (when bit 5 is a "1"). In this way, no

visible screen perturbations result.
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VIDEO
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MEMORY
ADDRESSES

MPU CYCLE -• MPU CYCLE

01

/^^^^
UM6845E W MPU Y UM6845E V MPU
MA0-MA13 A ADDRESS A MA0-MA13 A ADDRESS7Y X

Figure 7. 01/02 Interleaving

MA0-MA13

MPU CYCLE

DISPLAY
ADDR

MPU CYCLE

/^J~^
X

UPDATE \y DISPLAY\Y UPDATE \J
"" A "" A ""

, A .

Figure 8. 01/02 Transparent Interleaving

Transparent Memory Addressing

In this mode of operation, the video display memory

address lines are not switched by contention circuits,

but are generated by the UM6845E/EA/EB. In effect, the

contention is handled by the UM6845E/EA/EB. As a

result, the schemes for accessing MPU memory are diff-

erent:

01/02 Interleaving
,

This mode is similar to the Interleave mode used with

shared memory. In this case, however, the 02 address

is generated from the Update Address Register

(Registers R18 and R19) in the UM6845E/EA/EB. Thus,

the MPU must first load the address to be accessed

into R18/R19. This address is then always gated

onto the MA lines during 02. Figure 8 shows the

timing.

Horizontal/Vertical Blanking

In this mode, the Update Address is loaded by the

MPU, but is only gated onto the MA lines during

horizontal or vertical blank times, so memory accesses

do not interfere with the display appearance. To

signal when the update address is on the MA lines,

an update strobe (STR) is provided as an alternate

function of pin 34. Data hold latches are necessary

to temporarily retain the character to be stored until

the retrace time occurs. In this way, the system MPU

is not halted waiting for the blanking time to arrive.

Figure 9 illustrates the address and strobe timing for

this mode.
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Figure 9. Retrace Update Timings

Interlaced Modes

There are three raster -scan display modes (see Figure

10).

a) Non-interlaced Mode

In this mode each scan line is refreshed at the vertical

field rate (50 or 60 Hz).

In the interlaced scan modes, even and odd fields

alternate to generate frames. The horizontal and ver-

tical timing relationship causes the scan lines in the

odd fields to be displaced from those in the even fields.

The two additional raster-scan display modes pertain

to interlaced scans.

b) Interlaced Sync Mode

This mode is used when the same information is to

be displayed in both odd and even fields. Enhanced read-

ability results because the spaces between adjacent rows

are filled and a higher quality character is displayed.

This is achieved with only a slight alteration in device

operation: in alternate fields, the position of the VSYNC
signal is delayed by V2 of a scan line time. This is

illustrated in Figure 11, and is the only deviance of

UM6845E/EA/EB operation in this mode.

c) Interlaced Sync and Video Mode

This mode is used to double the character density on

the screen by displaying the even lines in even fields

and the odd lines in odd fields. As in the Interlaced-

Sync mode, the VSYNC position is delayed in alternate

display fields. In addition, the address generation is

altered.

EVEN
FIELD

EVEN
FIELD

o-

o-

0-0-<)-<M»

<)-

-O-

<h

NON-INTERLACED

INTERLACED-SYNC

<MM>

<MM»

<MM>

ODD
FIELD

1 — — 1

2
2

3

uuuu 4
5

5
6

6
7

7

ODD
FIELD

INTERLACED SYNC AND VIDEO

Figure 10. Comparison of Display Modes

3-93



UMC UM6845E EA EB
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VSYNC

DISPLAY
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FIELD

1

ODD FIELD
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% SCAN LINE TIME J -,

EVEN FIELD
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Figure 11. Interlaced Sync Mode and Interlaced Sync & Video Mode Timing

i

n

Cursor and Display Enable Skew Control

Bits 4 and 5 of the Mode Control register (R8) are used to delay the Display Enable and Cursor outputs, respectively.

Figure 12 illustrates the effects of the delays.

CCLK J-LTLTLrLTL
i i

(NO DELAY) | |

I

CURSOR
I

I

(WITH DELAY) |

I

I

I

-
I

DISPLAY (NO DELAY) 1

ENABLE
POSITIVE

(WITH DELAY)
EDGE r
DISPLAY
ENABLE
NEGATIVE

(NO DELAY) 1

EDGE
(WITH DELAY)

e 12. Cursor and Display
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T
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SWITCHES STATE AT ACTIVE
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Figure 13. Operation of Vertical Blanking Status Bit

3-95



UMC UM6845E EA EB

CRTC Register Comparison Table

NON-INTERLACED

Register

UM6845R/RA/RB
MC6845

MC6845*1

MC6845R/RA/RB
HD6845R

UM6845/A/B
HD6845S

UM6845E/EA/EB

RO Htotal Total-1 Total-1 Total-1 Total-1

R1 Hdisp Actual Actual Actual Actual

R2 Hsync Actual Actual Actual Actual

R3 Sync Width Horizontal

(& Vertical *1)

Horizontal Horizontal

& Vertical

Horizontal

& Vertical

R4 Vtotal Total-1 Total-1 Total-1 Total-1

R5 Vtotal Adjustment Any Value Any Value Any Value Any Value

R6 Vdisp Any Value

<R4
Any Value

<R4
Any Value

<R4
Any Value

<R4

R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1

R8 BO-1

Mode B2
Select

B3

B4

B5

B6
B7

Interlace Interlace Interlace Interlace

- - - Row/Column or

Binary Addr.

— " " Shared or

Transparent

Addr.

(Display Enable

Skew *1)

(Display Enable

Skew *1)

(Cursor Skew *1)

(Cursor Skew *1)

-

Display Enable

Skew

Display Enable

Skew

Cursor Skew
Cursor Skew

Display Enable

Skew

Cursor Skew

RA4/
Transparent

R9 Scan Lines Total-1 Total-1 Total-1 Total-1

R10 Cursor Start Actual Actual Actual Actual

R11 Cursor End Actual Actual Actual Actual

R12/R13 Display Addr.

Write Only

Read /Write

(MC6845&*1)
Read /Write Read /Write Write Only

R14/R15 Cursor Position Read /Write Read /Write Read /Write Read /Write

R16/R17 Position Read Only Read Only Read Only Read Only

R18/R19 Update

Addr. Register

N/A N/A N/A Transparent

Mode Only

R31 Dummy Register N/A N/A N/A Transparent

Mode Only

Status Register Yes (UM6845R) No No Yes I
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CRTC Register Comparison Table (Continued)

INTERLACED SYNC

Register

UM684SR/RA/RB
MC6845
MC6845*1

MC6845R/RA/RB
HD6845R

UM6845/A/B
HD6845S UM6845E/EA/EB

RO Htotal Total-1 = Odd
or Even

Total-1 = Odd Total-1 = Odd Total-1 =Odd
or Even

INTERLACED SYNC AND VIDEO

R4 Vtotal Total-1 Total-1 Total-1 Total-1

R6 Vdisp Total Total/2 Total Total

R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1

R9 Scan Lines Total-1

Odd /Even

Total-1

Only Even

Total-1

Odd /Even

Total-1

Odd /Even

R10 Cursor Start Odd /Even Both Odd Odd /Even Odd /Even

R11 Cursor End Odd/Even Both Even Odd/Even Odd /Even

'CCLK 2.5 MHz 2.5 MHz 3.7 MHz 3.7 MHz

Ordering Information

Part Number CPU Clock Rate Package

UM6845E

UM6845EA

UM6845EB

1 MHz

2 MHz

3 MHz

40LDIP

40LDIP

40LDIP
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i SMl UM70C1 71/-50/-65

Color Palette With Triple
6-Bit DAC

Features

Pixel Rates of 35 MHz, 50 Mhz & 65 MHz.

256 x 18 Bit Color Palette

256K possible Colors

Color Palette Read-back

Three Internal 6-Bit DACs
Direct Drive (75ft) Video Cable

RGB Analog Output

Composite Blank

Single +5V Power Supply

Low Power, High Performance CMOS Process

TTL Compatible Inputs

Full Asynchronous juP Interface

Available in 28 pin DIP and 44 PLCC packages

Description

The UM70C171 is a monolithic triple 6-bit video digital-

to-analog converter with on-chip 256 x 18 Bit color

palette intended for graphics applications. The color

palette makes possible the display of 256 colors selected

from a total of 256K possible colors through the internal

6-bit RGB video DACs. The DACs are capable of driving

single or double terminated 75J2 loads to normal video

levels at pixel rates of 35 MHz, 50 MHz, & 65 MHz. The

UM70C171 provides a bidirectional microprocessor inter-

face with TTL compatible inputs. The UM70C171 is

pin compatible with the Inmos IMS G171/176.

Pin Configurations

28-Pin DIP

redC 1 28 U vcc
GREEN (Z 2 27 Zl RS i

blue rz 3 26 Z) RS

'refL: 4 25 Zl wr

Pod 5 24 Zl d 7

p.n 6
3
8

23 Zd 6

PjIZ 7 22 Z1d 5

p3 c 8 -j 21 ZlD 4

p*c 9 20 Z1D3
p5 c 10 19 Zl °2

MZ 11 18 ZlDl

P7C 12 17 Zl D

PCLK rz 13 16 ^] 8LANK

GND \Z
14 15 ^ RD

Block Diagram

TIMING

GENERATOR

PIXEL LATCH
AND
MASK

MICRO-

PROCESSOR

INTERFACE

8-BIT \
ADDRESS

COLOR PALETTE

256 X 18 6IT

/ 18-BIT DATA

44-Pin PLCC

PCLK-

'ref

V_
TRIPLE
6-BIT

DAC

RED

GREEN

BLUE

8LANK Q 7

0,[ 9

D,C <°

3 C "
O4L" 12

OsC 13

D*C 14

OlC 15

WR Q 16

RSoE "

r-innnnnnr-innn
' 6 5 4 3 2 1 44 43 42 41 40

18 19 20 21 22 23 24 25 26 27 28

UUUUUUUUUULI

39D Pl

38 D P6

37 >,
36 UP4

35 D p 3

34 J Pj

33 HP,
32 D po

31 D
303
29;]

PIN NAMES

P0-P7 Pixel address inputs

D -D, Program data l/O's

RS - RS, Register select

RED, GREEN. BLUE Analog video outputs
PCLK Pixel clock
WR Write enable
RD Read enable
BLANK Video blanking input
IREF Reference current

vC c +5 volt supply input

GND Ground
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Pin Description

Pin No. Symbol I/O Description

1

2

3

RED
GREEN
BLUE

These signals are the analog outputs of the 6-bit DACs. These are

the currents used for each of the guns in an RGB (Red, Green,
Blue) video display. Each DAC is composed of 63 current sources.

The output of each of these current sources is summed together

according to the applied 6-bit binary value.

4 IREF 1 This is the Reference Current Input. The current forced out of

this pin to ground determines the current sourced by each of the

63 current sources in each of the three 6-bit DACs. Each current

source produces 1/30 of IREF when activated by the 6-bit digital

input code.

5-12 P0-P7 1 These are the Pixel Address lines. This byte-wide information is

latched and masked by the Pixel Mask Register. The resulting

value is used as an address of a location in the Color Palette RAM.

13 PCLK 1 The Pixel Clock signal is applied to this pin. The rising edge controls

the latching of the Pixel Address and Blanking Inputs. It also con-
trols the progress of these values through the three stage pipeline

of the Color Palette and through the DACs to the outputs.

1.4 GND 1 This is the power supply connection, and is connected to ground.

15 RD 1 This is the active Low READ bus control signal. When active, any
information present on the internal data bus is available on the
Data I/O lines '(D -D7 ).

16 BLANK 1 This is an active Low signal that forces the DACs outputs to zero.

When BLANK is asserted, a video monitor's screen becomes black

and the DACs ignore any output values from the Color Palette.

However, the Color Palette can still be updated through D -D 7 .

17-24 D -D 7 I/O These are the bidirectional Data I/O lines used by the host micro-

processor to WRITE information (using the active Low WR) into

and READ information (using the active Low RD) from the
UM70C171 internal registers (Pixel Address register, Color Value
register, and Pixel Mask register). During the WRITE cycle, the
rising edge of WR latches the data into the selected register. The
rising edge of RD determines the end of the READ cycle. With
RD and WR equal to a logic HIGH, the Data I/O lines will no longer

contain information from the selected register and will go into

a tristate mode.

25 WR 1 This is the active Low WRITE signal, and controls the timing of

the WRITE operations on the microprocessor interface inputs,

Do-D,..

26,27 R So , RS

1

1 These are the Register Select lines which control the selection

of one of the three internal registers. These lines are sampled during

the falling edges of the enable signals (RD or WR~).(See Functional

Description for more information regarding the internal registers.)

28 vCc This is the positive power supply pin. It is normally connected to

+5V DC and bypassed with a 10/xF tantalum capacitor.
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Functional Description

The UM70C171 forms the output stage for high resolution

raster scan RGB video systems. It contains a Color Palette

with 256 memory locations that are 18 bits wide. The

color palette's output is connected to three high speed

current output 6-bit video DACs. The devices use on-

board registers to easily interface with microprocessors.

Microprocessor Interface

The UM70C171 Microprocessor interface consists of

three internal registers; Pixel Address Register, Color

Value Register and Pixel Mask Register. These are in-

dividually accessed by register select signals, RS and

RSi. The following table defines which register is selected

by the logic states of RS and RSi

.

RSn RS, Register

1

1

Pixel Address (Write Mode)

Pixel Address (Read Mode)

Color Value

Pixel Mask

The contents of the color palette can be accessed through

the Color Value and Pixel Address registers.

All of the operations on the microprocessor interface

can take place asynchronously to the pixel information

currently being processed by the Color Palette.

The Pixel Address register is a byte-wide latch that receives

and latches address information applied to pins P0-P7.

It can be used in both Read and Write mode depending

on the logic state of RS and RS 1( With RS = RS X
=

(register select = 0, 0), the Pixel Address register is in the

write mode. Two events normally precede WRITING
one or more new color definitions to the color palette.

The first is the specification of a color palette address.

Second, the Color Value register must be loaded with a

color definition. The sequence of data transfer is (1)

the desired color palette address - this address is stored

in the Pixel Address register and (2) the color definitions:

RED, GREEN and lastly, BLUE. Refer to Figures 10

and 11.

When RS = RS! = 1 (register select = 1, 1), the Pixel

Address register is in the Read mode. Once again, two

events take place and normally precede READING one

or more color definitions in the color palette. The first

action is to specify an address within the color palette.

The second is to load the Color Value register with the

contents of the location addressed in the color palette.

The color definition data transfer sequence is RED,

GREEN and lastly, BLUE. Refer to Figures 9, 12, and

13.

The Color Value register is an internal 18-bit wide re-

gister used as a buffer between the microprocessor inter-

face and the color palette. It is accessed by setting RS =

1 and RS! = 0. A color definition can be read from or

written to this register by a sequence of three byte-wide

transfers to this register address. When a byte is written

to this register, only the least significant six bits (D -

D s ) contain color information. When a byte is read from

this register address, only the six least significant bits

contain information - the most significant two bits are

set to zero. Refer to Figures 9-13.

After the write sequence is completed, the Color Value

register's contents are written to the specified color palette

address stored in the Pixel Address register. Finally, the

Pixel Address register is automatically incremented.

The color definitions can be read from the UM70C171
color palette. After setting RS and RSi equal to 1,the

desired color palette address is stored in the Pixel Address

register. The color definition (18-bits) in the desired color

palette location is then transferred to the Color Value

register and the Pixel Address is auto-incremented. With

successive read cycle, the color definitions pointed to

by the incremented address is transferred to the Color

Value register. Refer to Figure 12.

Attempting to update the color palette when BLANK
is not asserted results in the data from the Color Value

register taking precedence over the UM70C171 bit mapping

operation. The output of the three 6-bit DACs will be

based on the color definition from the memory location

specified by the Pixel Address register and not the address

found on P0-P7. This conflict results in the DACs generat-

ing unexpected output levels. This can last as long as two

PCLK periods.

The Pixel Mask register is a byte-wide latch. By setting

RS = and RSi = 1, the Pixel Mask register can be

accessed by the microprocessor interface, D -D 7 . This

register is used to mask selected bits of the Pixel Address

values applied to the Pixel Address inputs (P0-P7). A
"1" in any location in the Pixel Mask register leaves the

corresponding bit to zero. The operation of the Pixel

Mask register does not affect the address of the color

definition when the microprocessor accesses the color

palette. The masking operation makes it possible to alter

the displayed colors without altering the contents of

external video memory or the UM70C171 color palette.

Writing to the color palette

A new color definition can be stored in the color palette

by first specifying the initial address under write mode.

This address is stored in the Pixel Address register (RS =

RS X
= 0). The initial address is followed by RED, GREEN

and BLUE color definition data (RS0 = 1, RS1 = 0).

These six-bit inputs are collected together in the Color

3-100



UMC
UM70C171 50 -65

Value register for a total of 18 bits. This new color de-

finition is then transferred to the location pointed to

by the information stored in the Pixel Address register.

As soon as this transfer is completed, the Pixel Address
register is auto-incremented. This allows consecutive
color palette locations to be updated without the micro-
processor specifying each address. All that is necessary
is to continue supplying the RED, GREEN and BLUE
data for each consecutive address. Refer to Figures 10
and 1 1

.

Reading from the color palette

To read a location in the color palette, an address is sent
on the Data I/O lines (D -D 7 ) under Read mode and
stored in the Pixel Address register (RS = RSi = 1). The
color definition contained in the specified location is

then transferred to the Color Value register. Once again,

the Pixel Address register is auto-incremented. The color

definition can now be retrieved with three sequential

read operations (RS = 1, RSi = 0). The first byte placed
on the Data I/O lines contains the RED value. The next
is GREEN and the final is BLUE. The two most significant

bits are set to zero in each case. In a manner similar to

the write mode, consecutive color palette locations can
be ready by simply specifying the beginning address and
reading color palette one or more times. Refer to Figures

9, 12 and 13.

If the Pixel address register is ever updated during a read
or write operation, the current data sequence is terminated
and a new read or write operation is initialized.

Real-Time Transfer

In typical applications, the microprocessor should access
the color palette only during the retrace intervals to avoid
"sparkle" on the screen. The UM70C171, while accessing

the color palette during active display time, lets any dis-

turbed pixels same as previous pixels. This greatly reduced
viewer distress which sparkle otherwise creates. Because
of this, the limitation of 256 colors out of 256K on the

same screen can be removed. This effectively provides
all 256K colors for users.

Video path

The Video path consists of the Pixel Latch and Mask
(inputs P0-P7)- color palette (256 18-bit wide RAM),
18-bit wide bus, and an- 18-bit wide latch on the inputs
of the three 6-bit high-speed video DACs. The video path
uses a three clock cycle (PCLK) pipeline for the Pixel

Address and BLANK inputs. These signals are latched

on the rising edge of PCLK.

Analog outputs

The analog outputs are designed to drive single-terminated

75ft loads to a peak-white amplitude of 0.7V.

The reference current (IREF) for this output is set to
4.44 mA. The analog outputs can also drive double-ter-

minated 75ft loads with IREF set to 8.88 mA.

The analog outputs can be set to zero by using BLANK
input. This is an active Low signal that forces the analog
outputs to ground by placing all zeros on the DACs' inputs.

The color definition selected by the Pixel Address is ig-

nored. Each of the 63 current sources used in each of

the 6-bit DACs produces 1/30 IREF. Therefore, the mag-
nitude of peak white voltage is a function of the output
loading and is determined by:

VPEAK WHITE
= 21 "rEf' R

L

VBLACK LEVEL 0V '

AC Characteristics: (TA = o°C to +70
C
C, vcc = 5V ± 10%, GND = 0V)

Symbol Parameter

UM70C171 UM70C171
-50

UM70C171
-65

Unit Conditions
Min. Max. Min. Max. Min. Max.

tfJHCH PCLK Period 28 20 15.3 ns

AtCHCH PCLK Jitter ±2.5 ±2.5 ±2.5 % Note 1

tfJLCH PCLK Width Low 9 6 5 ns

tfJHCL PCLK Width High 7 6 5 ns

tPVCH Pixel Word Setup Time 4 4 3 ns Note 2

^HPX Pixel Word Hold Time 4 4 3 ns Note 2

^VCH BLANK Setup Time 4 4 3 ns Note 2

trjHBX BLANK Hold Time 4 4 3 ns Note 2

tfJHAV PCLK to valid DAC Output 5 30 5 30 5 30 ns Note 3

^CHAV Differential Output Delay 1 1 1 ns Note 4

%LWH WR Pulse Width Low 50 50 50 ns

tRLRH RD Pulse Width Low 50 50 50 ns

^VWL Register Select Setup Time (Write Cycle) 15 10 10 ns

*SVRL Register Select Setup (Read Cycle) 15 10 10 ns
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AC Characteristics (Continued)

Symbol Parameter

UM70C171 UM70C171
-50

UM70C171
-65

Unit Conditions
Min. Max. Min. Max. Min. Max.

tWLSX Register Select Hold Time (Write Cycle) 15 10 10 ns

tRLSX Register Select Hold Time (Read Cycle) 15 10 10 ns

^VWH WR Data Setup Time 15 10 10 ns

%HDX WR Data Hold Time 15 10 10 ns

tRLQX Output Turn-on Delay 5 5 5 ns

tRLQV RD Enable Access Time 40 40 40 ns

tRHQX Output Hold Time 5 5 5 ns

^HQZ Output Turn-off Delay 20 20 20 ns Note 5

twHWU Successive Write Interval 3 3 3 tCHCH

%HRL1 WR followed by READ Interval 3 3 3 tCHCH

tRHRL1 Successive READ Interval 3 3 3 tCHCH

tRHWLI1 RD followed by WRITE Interval 3 3 3 tCHCH

tWHWL2 WR after Color Write 3 3 3 tCHCH Note 6

twHRL^ RD after Co lor Write 3 3 3 tfJHCH Note 6

tRHRL2 RD after Color Read 6 6 6 tCHCH Note 6

tRHWL2 WR after Color Read 6 6 6 tCHCH Note 6

twHRLS RD after Read Address Write 6 6 6 tCHCH Note 6

Read/Write Enable Transition Time 50 50 50 ns

Note 1
:
This parameter is the allowed variation in the pixel clock frequency. It does not permit the pixel clock period

to vary below the minimum value for pixel clock (tCHCH) period specified.

Note 2: It is necessary that the color palette's pixel address be a valid logic level with the appropriate setup and hold times

at each rising edge of PCLK (this requirement includes blanking period).

Note 3: A valid analog output is defined as the 50% point between successive values. This parameter is stable with time

but can vary between different devices and may vary with different DC operating conditions.

Note 4: This applies to different analog outputs on the same device. This is a design parameter, not 100% tested.

Note 5: Measured at ±200 mV from initial steady state output voltage.

Note 6: This parameter allows synchronization between operations on the microprocessor interface and the pixel stream

being processed by the color palette.

AC Test Conditions

UM70C17V'
Pins 17 - 24

1.4V

200ft Q

__ 50pF

Input Pulse Levels GND to 3V
Input Rise and Fall Times (10% to 90%) 2.5 ns

Digital Input Timing Reference Level 1.5V

Digital Output Timing Reference Level . . . 0,8V and 2.4V
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Timing Waveforms
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Figure 1. System Timing Diagram.
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Figure 2. Detailing Timing Specifications.
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Figure 3. Basic Write Cycle Timing Diagram.
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Timing Waveforms (Continued)
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Figure 4. Basic Read Cycle Timing Diagram.
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Figure 5. Write to Pixel Mask Register Followed by (a) Write and (b) Read.
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Figure 6a. Read from Pixel Mask or Pixel Address Figure 6b. Read from Pixel Mask or Pixel Address

Register (Read or Write Mode) Follow- Register (Read or Write Mode) Follow-

ed by Read. ed by Write.

%HRL3 K
WR

RD

RS

RSi

Do-D*

\-J
Y-J

¥ mm v~
1 liiiii' \

-/address \ /address+i\-

Figure 7. Write and Read Back Pixel Address Register (Read Mode).

3-104



UMC
UM70C171 -50 65

Timing Waveforms (Continued)

tWHRLS

\_^ r

'^J~

"•O f~~^ i
RS, I f~^\ i

/ADDRESS \ ( ADDRESS Y

Figure 8. Write and Read Back Pixel Address Register (Write Mode).

WR

RD

RS„

TWHRL3

~A I
RHRL1 ^HRLJ^^r~X_^^^L_7

tRHRL^

W te/ tetf \£2/ *
RS mr mi mk fm mi w

-(ADDRESS ) ( RECQ (jREEN) ^BLUe) ^DDRESS+2y—

Figure 9. Read Color Value then Read Pixel Address Register (Read Mode).

WR

RS,

Dn-D,

XWHWL1» TWHWL1 * TWHWL1W W—W~ltWHRL2-*-

- n hi i—r iiiif~^
/?rm Jiiiiii i^ j

^ADDRESS ^ ( RED ^ ( GREEN } ( BLUE y

Figure 10. Color Value Write Followed by any Read.
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Timing Waveforms (Continued)

TWHWL1

"V-/ W W WTWHWL1 "* t\A/LJ\A/| O •"WHWL2

RD J-

RSr

RSi

ZEEjrTSSr^kST
-
! +

/t-a CTF\ f—\ mm
-/ADDRESS /———( RED ) /GREEN \ / BLUE V

Figure 11 . Color Value Write Followed by any Write.

WR

RD

TWHRL3 TRHRL1 •*• ^HRU HW l_/ W \

I"" tRHRL2 ^

Dn -D, -(ADDRESS \ / RED \ / GREEN \ / BLUE V

Figure 12. Color Value Read Followed by any Read.

WR

RD

~\ I
TWHRL3* *RHRL1

VJ \_J \_V
lRHRL1 -• tRHWL2 •

\-

RS E

RSi

\&d \mm wmj \ i

t^\ rmm n^m r—r
/ ADDRESS ^ ( RED ) ( GREEN ) ( BLUE )

Figure 13. Color Value Read Followed by any Write.
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Absolute Maximum Ratings *

Ambient Operating Temperature 0°C to +70°C

Storage Temperature -65°Cto +150°C
Supply Voltage to Ground Potential .... -0.5V to +7.0V

Applied Input Voltage -0.5V to +7.0V

*Commerits

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those
indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

_ liability.

DC Electrical Characteristics:
, TA = o°c to 70°c, vcc 5V ± 10%, gnd = ov

Symbol Parameter Min. Max. Unit Conditions

VOH Output High Voltage 2.4 V IOH = 400mA

VOL Output Low Voltage 0.4 V

VIH Input High Voltage 2.0 Vcc+0.5 V TTL

VIL Input Low Voltage -0.5 0.8 V TTL

CO Output Capacitance 7 pF

CI Input Capacitance 7 pF

CIO Input/Output Capacitance 16 pF

ILI Input Leakage Current -10 10 »A

OLI Output Leakage Current -10 10 UA

IREF Reference Current -3 -10 mA

ICC Operating Supply Current (UM70C171) 150

160

mA
mA

PCLK = 35 MHz
PCLK = 50MHz
IOUT=Max. Digital

Outputs Unloaded

VREF Reference Voltage at IREF Pin Vcc -3 V VCC = 4.5V,

IREF = 10 mA

DAC Resolution 6 BITS

VOUT Output Voltage Compliance (Pins 1-3) 1.5 V IOUT < 10 mA
IOUT Output Current Compliance (Pins 1-3) 21 mA VOUT<1V

IREF<10mA

Full Scale Error

Note 7

±5 % ZL = 75J2 + 30pF
IREF = 4.44 mA
ZL = 37.5fi+30pF

IREF - 8.88 mA
DAC-to DAC Mismatch

Note 8

±1 % ZL = 75fi + 30pF
IREF = 4.44 mA

Internal Linearity

Note 9
±0.5 LSB ZL = 75J2 + 30pF

IREF = 4.44 mA
tON Rise Time

Note 10
8 ns ZL = 75fi + 30pF

IREF = 4.44 mA
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DC Electrical Characteristics (Continued)

Symbol Parameter Min. Max. Unit Conditions

Full-Scale Setting Time (UM70C171)

Note 1

1

28 ns ZL = 75ft + 30 pF

|REF = 4.44 mA

Glitch Energy

Note 12

±200 pV-sec ZL = 75fi + 30pF
|REF = 4.44 mA

COUTA Analog Capacitance (Pins 1-3) 10 pF BLANK= Logic Low

VOUT-
BLANK

Blanking Output Voltage +0.5 LSB BLANK= Logic Low
ZL = 75£2 + 30pF
IREF = 4.44 mA

Unadjusted Output Offset Error ±0.5 LSB BLANK= Logic High

ZL = 75fi + 30 pF

|REF = 4.44 mA

Clock Feedthrough (UM70C171)

Note 13

-35 dB PCLK = 35MHz
PCLK = 50MHz
ZL = 75ft + 30pF
|REF = 4.44 mA

Note 7: Full-scale error is defined as ([F. S. IOUT) RL-2.1 (IREF) RL] / [2.1 (IREF) RL] )100%. VBLACK LEVEL =

0V.

Note 8: The listed value is relative to the midpoint of the full-scale distribution of the internal three DACs.

Note 9: Zero and full-scale adjusted linearity error = [VOUT-VOFFSET-(D x VLSB)) / VLSB, VLSB = (VFULLSCALE

-VOFFSET)/63] .

Note 10: The rise time is measured for 10% to 90% of the full scale transition.

Note 11: The output signal's setting time is measured from a 2% change at the transition's initial value until it has settled

to within 2% of the final value.

Note 12: This value is determined using triangle approximation: glitch energy = (area of positive transient) — (area of neg-

ative transient).

Note 13: These values are referenced to full-scale output.

Application Hints

Power Supply

The UM70C171 may draw large transient currents from

the power supply. To ensure proper operation, it is neces-

sary to utilize standard high frequency board layout

techniques and power supply distribution.

The transient currents required by the UM70C171 dictate

that the AC impedance of the ground path must be kept

to a minimum. This is accomplished by using the recom-

mended decoupling capacitors, C1 and C2, as shown in

Figure 14. These capacitors must have leads that are as

short as possible. High frequency decoupling is accomplish-

ed with a 0.1juF chip capacitor, C1. A bead tantalum,

between 10/uF to 47/iF, should be used for C2.

Differential ground noise can be created when voltage

difference appears between pin 14 and the ground of the

digital devices driving the UM70C171. This difference

is caused by series impedance in the ground path and the

current transients drawn by the UM70C171. The differen-

tial ground noise can be minimized by using large, low

inductance ground paths between the digital devices that

drive the UM70C171 and pin 14. Therefore, a ground

plane layout is recommended.

Analog Output-Line Driving

The connection between the UM70C171 outputs and

the RGB inputs of the video monitor it is driving should

be viewed as a transmission line. Impedance changes along

this line will result in the reflection of part of the video

signal back to the DACs' outputs. These reflections may
result in a degradation in the picture quality displayed on

the monitor. To ensure good signal fidelity RF techniques

should be observed. Any traces connecting the UM70C171
to an onboard connector should form a transmission

line of 75J2 impedance. However, the need to ensure
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that the connecting traces form a transmission line can

be eliminated by placing the DACs' output termination

resistor at the output connector instead of the DACs'

output pin. The coaxial cable that connects the UM70C171
outputs to a video monitor should have a characteristic

impedance of 75J2. Connectors on the coaxial line can

cause impedance change. Any connectors used with the

coaxial cable must match its characteristic impedance.

The UM70C171 DACs use switched current sources that

are summed together, thus generating the output current.

Each 6-bit DAC consists of 63 current sources, each of

which has a magnitude of 1/30 (IREF). The digital input

code determines the number of current sources that are

active and contributing to the total output current. This

output current, in conjunction with a termination re-

sistance connected between each DAC output and ground,

sets the full-scale magnitude of the output voltage. There

are four different methods of terminating the UM70C171
DAC outputs:

(1

)

Single Termination at the DAC (75fi)

(2) Single Termination at the Destination (75J2)

(3) Double Termination (37.5J2)

(4) Buffered Signal

(1) Single termination at the source involves placing a

single termination resistor at each DAC output of the

UM70C171. No other terminating load is present. There-

fore, a high-input impedance monitor should be used.

The AC load driven by the DACs' outputs is the trans-

mission line impedance in parallel with the load resistor.

The transmission line's impedance should match the im-

pedance of the load resistor. Thus, the DACs' output

has an initial signal amplitude that is half the DC value

expected. This half-amplitude signal is 100% reflected

by the open circuit presented by the monitor input. This

restores the signal amplitude to the expected value. The

reflections from the monitor propagate back towards

the DAC outputs. The load resistor at each DAC output

presents a correctly terminated transmission line so no

further reflections occur. This arrangement is relatively

tolerant to mismatches in the transmission line between

the DAC and the monitor because no reflections occur

at the DAC end of the transmission line. However, multi-

ple monitors should not be connected in parallel despite

each monitor's high input impedance.

(2) Single-termination at the destination has the termina-

tion impedance at the input of the monitor acting as

both the load resistor for the DAC and the termination

impedance of the cable (transmission line). If the connec-

tion between the UM70C171 is correctly terminated there

will be no reflections. However, if there are any line im-

pedance variations along the cable, reflections will occur

and create "ghost images" on the display. This occurs

.because there is a reflection from the point where the

mismatch occurs back to the DACs' output. The signal

then reflects off the DACs output back toward the mon-

itor. It arrives with a significant time delay following the

original signal and "ghosting" results.

(3) Double-termination of the DAC outputs allows each

end of the transmission line to be correctly matched.

This results in the least amount of reflection and the

highest signal and display fidelity. This termination me-

thod also allows for the fastest rise time. The DAC ter-

mination's RC time constant sets the outputs' rise time.

The greater the time constant, the slower the rise time.

Therefore, the rise time will be minimized since the im-

pedance using this termination technique is less than

that achieved with single termination. With double-ter-

mination, it is necessary to increase IREF to 8.8 mA
to ensure a full-scale output voltage of 700 mV.

(4) By placing a buffer at the DACs output the UM70C171
will be able to drive large capacitance loads such as long

lossy cables. The buffer requires a high input impedance,

a condition that is satisfied by the LM1201 and LM1203.

A 75J2 load is placed at the buffer's input.

The buffer's low output impedance should be matched

to the interconnecting cable with a series resistor. The

cable should then be terminated with the same resistance

at the monitor.

Analog Output-Protection

Each of the UM70C171 pins has on-chip electrostatic

discharge damage (ESD) protection. However, proper

precautions for handling these parts are recommended

during manufacturing to reduce the possibility of ESD.

Generating IREF

An active current source for IREF is recommended to

ensure that the UM70C171 has predictable and stable

output currents. There are numerous methods available

to generate the reference current. One of the simplest

circuits is shown with the UM70C171 in Figure 14. As

shown, this IREF generator will sink -4.44 mA (single

termination) with R1 = 22.1 Q, and R2 = 931tt.

For applications that use double termination, R1 = 11J2

and R2 = 464X7. The diode connected transistor, Q1,

across Q2's base-emitter junction performs a first-order

compensation for thermal variations.

Figure 15 shows an alternative method of generating

IREF. The LM334 precision current source is used in

a temperature compensated configuration. The reference

current is set by a single resistor, R1, independent of

Vcc . The current's value is:

IREF = 33.85 mV/R1
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Application Hints (Continued)

Pixel Address Input <

I Jr2 JO-
1^3rzL±

Data Input/Output <

Control Signals

Pixel Signals JinrUTT

10JUF

For Ipgp = 4.4mA

R1 = 22.1ft, R2 = 93lft

Fori REF 8.8mA

R1 = 11ft, R2 = 464ft

To Monitor's RED Input

To Monitor's GREEN Input

To Monitor's BLUE Input

— 1/4 Watt Carbon Film

Note: Bead-style tantalum capacitors should be used for the 10/uF devices

Thermally connect the NPN transistors together with a .Wakefield 25V series Equalizing Link.

Figure 14. Typical Connection Showing IREF Generator.

Figure 16 shows an LM10 and a discrete transistor generat-

ing IREF. The LM's onboard 200 mV voltage reference

is used along with the reference's amplifier to set the

voltage on R1 to 200 mV. Ignoring the small amount

of base current, the discrete transistor's collector current

(and therefore, IREF) is found to be:

IREF = 200 mV/R1

For IREF = 4.44 mA, R1 is, to the nearest 1% value 44.2ft;

IREF = 8.88 mA gives an R1 of 22.1ft. The circuit shown

in Figure 17 operates in the same fashion as the LM10

circuit in Figure 16. The LM611's on-board reference

produces a nominal 1.24V. The voltage divider connected

to the reference's output, pin 3, creates 200 mV that

is applied to R1. The current (IREF) through the dis-

crete transistor's collector is:

IREF = 200 mV/R1

For IREF = 4.4 mA, R1 is, to the nearest 1% value 44.2ft;

IREF = 8.88 mA gives an R1 of 22.1ft.

Decoupling IREF

The UM70C171 uses DACs composed of switched current

sources. Each current source is based on a current mirror

that produces (IREF)/30 when active. The total output

current is determined by the number of active current

sources switched to the output and the magnitude of

IREF.

The magnitude of the current flowing through the internal

current sources depends not only on IREF, but also

on the voltage at pin 4 relative to Vcc . Therefore, voltage

variations between Vcc and the IREF input can result

in variations in the DACs output current. These variations

can be greatly attenuated by using a high frequency cap-

acitor in parallel with a larger electrolytic capacitor to

couple the IREF input to Vcc . This allows the reference

current input to track both high and low frequency varia-

tions in Vcc .
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Application Hints (Continued)

+5V

318
8

Pixel Address Input \ _9_ P4 '

/ 20.
Data Input/Output \ 21*

22.
23_
2T
>26

Control Signals ) 15"

125.
iJfi.

Pixel clock juuinr

VCC

10

XL "

M
75"W

'REF

GND

D UM70C171
Pi PCLK

D3 RED
D 4

Rs
R«D 7 GREEN
RS
RS
RD
WR RIUEBLANK BLUb

# .
- 1/XF

lLM334hrr

-^L. I N457

T i
JQ.IjjFT 10/iF

13

5J

i 75$

:75fi '75ft

:75ft •75ft

• 75ft
4f

r75«

To Monitor's RED Input

To Monitor's GREEN Input

To Monitor's BLUE Input

i -ir 1/4 Watt Carbon Film

Note: Bead-style tantalum capacitors should be used for the 10/iF devices.

Figure 15. Double Termination with LM334 Current Source IREF Generator.

+5V

1VCC

UM70C171
'REF

GND

28 T
~ro.i/jF -1-10/LtF

=p0.1/iF

NS3904

14

m
10/iF

910

0.1 /XF

200mV

Figure 16. IREF Generator using LM10.

VCC

UM70C171

+5V

?

28
1—1?—

r

:0.1/iF:±: 10/iF

'~L
Xp.1/iF >12K

3 „

LM611

1.24V

r 1
5_ <iok n:o.iMF

U
•2k

1 ^=-

Figure 17. IREF Generator using LM611.
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Ordering Information

Part No. Frequency Package

UM70C171 35 MHz 28LDIP

UM70C171L 35 MHz 44LPLCC

UM70C171-50 50 MHz 28LDIP

UM70C171L.-5G 50 MHz 44L PLCC

UM70C171-65 65 MHz 28LDIP

UM70C171L-65 65 MHz 44L PLCC
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Storage

Part No, Description Page

UM8272A/A-4

UM83C001

UM83C002

UM83C003

UM83C004

UMS3CO21

UM83C022

UM8326/B

UM8388

UMS 397

UM8398

Floppy Disk Controller..... 4-3

Hard Disk Controller ....... 4-24

RAM Buffer Controller 4-44

Hard Disk Controller Interface... 4-53

Hard Disk Controller Interface .. 4-57

Hard Disk Controller 4-61

AT HDC Interface „ 4-80

Floppy Disk Data Separator (FDDSJ 4-96

Slngie-Chlp Floppy Disk Controller 4-fOI

Singfe-Chlp Floppy Disk Controller . 4-f T3

Single-Chip Floppy Disk Controller 4-130

1
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UM8272A A-4

Floppy Disk Controller

Features

IBM compatible in both single and double density

recording formats

Programmable data record lengths: 128, 256, 512,

or 1 024 bytes/sector

Multi-sector and multi-track transfer capability

Drives up to 4 floppy or mini-floppy disks

General Description

Data transfers in DMA or Non-DMA mode

Parallel seek operations on up to four drives

Compatible with all INTEL and most other micropro-

cessors

Single-phase 8MHz/4MHz clock for UM8272A/
UM8272A-4 respectively

Single + 5 volt power supply (± 10%)

The UM8272A/A-4 is a LSI Floppy Disk Controller (FDC)

Chip, which contains the circuitry and control functions

for interfacing a processor to 4 floppy disk drives. It is

Pin Configuration

RESET
f~_

RD f~_

WR \Z
CS Q
A0 f".

DB
[7_

DBiC
DB 2 r-_

DB3C
DB 4 (Z
DB 5 |Z
DB 6 C
DB 7 [-_

DRQ
DACK f_

TC LZ

INTQ
CLKQ
GND[~_

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Block Diagram

40

39

38

37

36

35

34

33

32

31

30

29

28

27

26

25

24

23

22

21

^VCC
"JRW/SEEK

"JLCT/DIR

"JFR/STP

Z]HDL
7JRDY
7JWP/TS

Z]FLT/TRKo

ZlPSo

"J PSJ

ZlWDA
7JDS

"JDS!

7JSEL
~JMFM
^|WE

~J VCO

~J RD DATE

~JRDW
Z]WR CLK

dbo.7<^;

capable of supporting either IBM 3740 single density for-

mat (FM), or IBM System 34 double density format (MFM)

including double sided recording.

DATA BUS
BUFFER

DRO-
DACK-

INT- REAO/
WRITE/
DMA

CONTROL
LOGIC

vcc

GND •

AA

o
SERIAL

INTERFACE
CONTROLLER

-WR CLOCK
. WR DATA
. WR ENABLE
. PRE-SHIFT0
- PRE-SHIFT 1

. RD DATA
- READ DATA WIWOOM

W

c=

DRIVE
INTERFACE

CONTROLLER

INPUT
PORT

o OUTPUT
PORT

. READY

. WRITE PROTECT/TWO SIDE

. UNIT SELECT

.UNIT SELECT I

.MFM MODE

. RW/SEEK
-HEAD LOAD
-HEAD SELECT
-LOW CURRENT/DIRECTION
-FAULT RESET/STEP
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The UM8272A/A-4 provides control signals which simplify

the design of an external phase locked loop and write

precompensation circuitry. The FDC simplifies and handles

most of the burdens associated with implementing a floppy

disk drive interface. The UM8272A/A-4 is a pin-compatible

upgrade of the 8272.

Hand-shaking signals are provided in the UM8272A/A-4

which make DMA operation easy to incorporate with the

aid of an external DMA controller chip. The FDC will

operate in either DMA or Non-DMA mode. In the Non-

DMA mode, the FDC generates interrupts to the processor

every time a data byte is available. In the DMA mode, the

processor need only load the command into the FDC and

all data transfers occur under control of the UM8272A/A-4

and DMA controller.

There are 15 separate commands which the UM8272A/A-4

will execute. Each of these commands requires multiple

8-bit bytes to fully specify the operation which the

processor wishes the FDC to perform. The following com-

mands are available:

Read Data

Read ID

Read Deleted Data

Read a Track

Scan Equal

Scan High or Equal

Scan Low or Equal

Specify

Write Data

Format a Track

Write Deleted Data

Seek

Recalibrate (Restore to Track 0)

Sense interrupt Status

Sense Drive Status

Address mark detection circuitry is internal to the FDC,

which simplifies the phase locked loop and read electronics.

The track stepping rate, head load time, and head unload

time may be programmed by the user. The UM8272A/A-4

offers many additional features such as multiple sector

transfers in both read and write with a single command,

and full IBM compatibility in both single and double

density models.

MEMORIES

\7
8080 SYSTEM BUS

7^ 7Y
BD 0-7

MEMR
Tor
MEMW
TOW
CS
HRQ
HLDA

iz

AO
DB .7
RD
WR
CS

INT

RESET

DMA
CONTROLLER

DRQ

DACK

TC
TERMINAL
COUNT

<z

UM8272A/A-4

READ
DATA

WINDOW

RD DATA
PLL

WR DATA

c INPUT CONTROL

OUTPUT CONTROL

DRIVE
INTERFACE

Figure 1. System Configuration
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Absolute Maximum Ratings*

Operating Temperature 0°C to + 70°C

Storage Temperature -55°C to + 150°C

All Output Voltages -0.5 to + 7 Volts

All Input Voltages -0.5 to + 7 Volts

Supply Voltage Vcc _0.5 to + 7 Volts

Power Dissipation 1 Watt

DC Electrical Characteristics

(TA = 0°C to + 70°C, Vcc = + 5V ± 1 0%)

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

Symbol

Vol

'OH

'CC

'OFL

Parameter

Input Low Voltage

Input High Voltage

Output Low Voltage

Output High Voltage

Vcc Supply Current

Input Load Current
(All Input Pins)

High Level Output
Leakage Current

Output Float

Leakage Current

Limits

Min.

-0.5

2.0

2.4

-10

Max.

0.8

VCc + 0.5

0.45

Vcc

120

10
-10

10

+10

Units

V

V

V

mA

A«A

MA

JLtA

MA

Conditions

Iql = 2.0 mA

Iqh = -400juA

V IN ~ Vcc
V|N =0 V

VOUT _ VCc

0.45V<VOUt<V Cc

Capacitance

(TA = 25°C, fc = 1 MHz, Vcc = 0V)

Symbol Parameter
Limits

Unit Conditions
Min. Max.

C|N<0) Clock Input Capacitance 20 PF
All Pins Except
Pin Under Test

Tied to AC
Ground

C IN Input Capacitance 10 PF

C l/0 Input/Output Capacitance 20 PF

AC Characteristics

<TA = 0°C to + 70°C, v Cc = +5-0V ± 1 0%)

CLOCK TIMING

Symbol Parameter Min. Max. Unit Notes

TCY Clock Period 120 500 ns Note 5

tCH Clock High Period 40 ns Note 4, 5

tRST Reset Width 14 *CY

READ CYCLE

*AR Select Setup to RD| ns

tRA Select Hold from RDt ns

*RR RD Pulse width 250 ns

*RD Data Delay from RD4- 200 ns

tDF Output Float Delay 20 100 ns
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AC Characteristics (Continued) (TA = 0°C to + 70°C, Vcc = +5.0V ± 1 0%)

WRITE CYCLE

Symbol Parameter Min. Typ. Max. Unit Notes

*AW Select Setup to WR 4 ns

*WA Select Hold from WR t ns

tWW WR Pulse Width 250 ns

tDW Data Setup toWR t 150 ns

%D Data Hold from WRT 10 ns

INTERRUPTS

tRI INT Delay from RDt 500 ns Note 5

%l INT Delay from WRt 500 ns Note 5

DMA

tROCY DRQ Cycle Period 13 Ms Note 5

Ukro DACK 4- to DRQ4- 200 ns

tROR DRQttoHDI 800 ns Note 5

tROW DRQ t to WR 4 250 ns Note 5

tRORW DRQ t to RD TorWR t 12 JUS Note 5

FDD INTERFACE

%CY WCK Cycle Time
2 or 4

1 or 2
/us

MFM =
Kl

MFM=1 Note2

tWCH WCK High Time 80 250 350 ns

tcp Pre-Shift Delay from WCKt 20 100 ns

tCD WDA Delay from WCK t 20 100 ns

tWDD Write Data Width twCH-50 ns

%E WE t to WCK t or WE 4, to WCK 4 Delay 20 100 ns

%WCY Window Cycle Time
2

1
Ms

MFM =

MFM= 1

%RD Window Setup to RDD t 15 ns

tRDW Window Hold from RDD 4 15 ns

tRDD RDD Active Time (HIGH) 40 ns

FDD SEEK/DIRECTION/STEP

XUS US
,i
Setup to RW/SEEK t 12 Ms Note 5

tsu US ,1
Hold after RW/SEEK | 15 MS Note 5

tSD RW/SEEK Setup to LCT/DIR 7 MS Note 5

tDS RW/SEEK Hold from LCT/DIR 30 MS Note 5

tDST LCT/DIR Setup to FR/STEPt 1 MS Note 5

tSTD LCT/DIR Hold from FR/STER 4 24 MS Note 5

tSTU DS2 ,i
Hold from FR/Step 4- 5 Ms Note 5

tSTP STEP Active Time (High) 5 MS Note 5

tsc STEP Cycle Time 33 Ms Note 3, 5

tFR FAULT RESET Active Time (High) 8 10 Ms Note 5

t|DX INDEX Pulse Width 10 *CY

tTC Terminal Count Width 1 *CY

Notes:

1. Typical values for T/y are 25 C and nominal supply voltage.

2. The former values are used for standard floppy and the latter values for mini -floppies.

3. tgc = 33 fis.min for different drive units. In the case of same unit, top can range from 1 ms to 16 ms with 8 MHz clock
period, and 2 ms to 32 ms with 4 MHz clock, under software control

4. At 4 MHz, the clock duty cycle may range from 1 6% to 76%. Using an 8 MHz clock the duty cycle can range from 32% to 52%.
Duty cycle is defined as: D.C. = 1 00 (ten ""^CY' witn typical rise and fall times of 5 ns.

5. The specified values listed are foran8 MHz clock period. Multiply timings by 2 when using a 4 MHz clock period.

4-6



UMC

Pin Description

UM8272A A-4

Pin
Connection

to

T

I/O Description
No. Symbol Designation

1 RESET Reset Processor
I Places FDC in idle state. Resets

output lines to FDD to "0" (low).

Does not affect SRT, HUT or HLT
in Specify command. If RDY pin is

held high during Reset, FDC will

generate interrupt 1.024 ms later.

To clear this interrupt use Sense
Interrupt Status command.

2 RD Read Processor o© Control signal for transfer of data
from FDC to Data Bus, when "0"

(low).

3 WR Write Processor I© Control signal for transfer of data

to FDC via Data Bus, when "0"

(low).

4 CS Chip Select Processor
I IC selected when "0" (low), allow-

ing RD and WR to be enabled.

5 AO Data/Status Reg
Select

Processor I© Selects Data Reg (A = 1 ) or Status

Reg (A = 0) contents of the FDC
to be sent to Data Bus.

6-13 DB -DB 7 Data Bus Processor I/O © Bi-Directional 8-Bit Data Bus.

14 DRQ Data DMA
Request

DMA DMA Request is being made by
FDC when DRW= "1".

15 DACK DMA
Acknowledge

DMA I DMA cycle is active when "0"

(low) and Controller is performing
DMA transfer.

16 TC Terminal Count DMA I Indicates the termination of a DMA
transfer when "1" (high). It ter-

minates data transfer during Read/
Write/Scan command in DMA or

interrupt mode.

17 IDX Index FDD
I Indicates the beginning of a disk

track.

18 INT Interrupt Processor Interrupt Request generated by
FDC.

19 CLK Clock
I Single phase 8-MHz square wave

Clock.

20 GND Ground DC power return.

21 WRCLK Write Clock
I Write Data rate to FDD. FM = 500

kHz; MFM = 1 MHz, with a pulse

width of 250 ns for both FM and
MFM.

22 RDW Read Data

Window
Phase Lock Loop I

i

1

Generated by PLL, and used to

sample data from FDD. I
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Pin Description (Continued)

Pin Connection

to
I/O Description

No. Symbol Designation

23 RDDATE Read Data FDD I Reads data from FDD, containing

clock and data bits.

24 VCO VCO Sync Phase Lock Loop Inhibits VCO in PLL when "0"

(low), enables VCO when "1".

25 WE Write Enable FDD Enables write data into FDD.

26 MFM MFM Mode Phase Lock Loop MFM mode when "1", FM mode
when "0".

27 SEL Head Select FDD Head 1 selected when "1" (high).

Head 2 selected when "0" (low).

28,29 DS 1( DS Unit Select FDD FDD Unit Selected.

30 WDA Write Data FDD Serial clock and data bits to FDD.

31,32 PSlPSo Precompensation

(pre-shift)

FDD Writes Precompensation status dur-

ing MFM mode. Determines early,

late, and normal times.

33 FLT/TRK Fault/Track FDD I Senses FDD fault condition in

Read/Write mode, and Track con-

dition in Seek mode.

34 WP/TS Write Protect/

Two-Side

FDD I Senses Write Protect Status in Read/

Write mode; and Two Side Media

in Seek mode.

35 RDY Ready FDD 1 Indicates FDD is ready to send or

receive data.

36 HDL Head Load FDD Causes read/write head in FDD to

contact diskette.

37 FR/STP Fit Reset/Stop FDD Resets fault F.F. in FDD in Read/

Write mode, contains stop pulses

to move head to another cylinder in

Seek mode.

38 LCT/DIR Low Current/

Direction

FDD Lowers Write current on inner

tracks in Read/Write mode, deter-

mines direction head will stop in

Seek mode. A fault reset pulse is

issued at the beginning of each

Read or Write command prior to

the occurrence of the Head Load

signal.

39 RW/SEEK ReadWrite/SEEK FDD When "1" (high) Seek mode select-

ed, when "0" (low) Read/Write

mode selected.

40 Vcc +5V DC Power.

Note: (T)Disabled when CS = 1.
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UM8272A/A-4 Enhancements

On the UM8272A/A-4, after detecting the Index Pulse, the
VCO Sync output stays low for a shorter period of time.
See Figure 2-A.

On the 8272 there can be a problem reading data when
Gap 4A is 00 and there is no 1AM. This occurs on some
older floppy formats. The UM8272A/A-4 solves this pro-
blem by adjusting the VCO Sync timing so that it is not low
during the data field. See Figure 2.

A Margin on the Index Pulse

Track Cap 4A
1
1AM

|
Gap I |lp

| Gap 2 | Data

UM8272A 4 VCO Sync

UM8272A VOC Sync"

'560 /is in FM mode; 527 /is in MFM mode

B Ability to Read Data When Gap 4A Contains 00

| ID | Gap 2Track

Index Pul

Gap 4A (001

UM8272A-4 VOC Sync"

UM8272A VCO Sync"

1_

UM8272A/A-4 Registers - CPU Interface

The UM8272A/A-4 contains two registers which may be ac-
cessed by the main system processor, a Status Register
and a Data Register. The 8-bit Main Status Register con-
tains the status information of the FDC, and may be
accessed at any time. The 8-bit Data Register (several
registers in a stack with only one register presented to
the data bus at a time) stores data, commands, parameters,
and FDD status information. Data bytes are read out of or
written into the Data Register in order to program or ob-
tain the results after execution of a command. The Status
Register may only be read and is used to facilitate the
transfer of data between the processor and UM8272A/A-4.

The relationship between the Status/Data registers and the
signals RTJ, WR, and A is shown in Table 1

.

Table 1. AO, RD, WR decoding for the selection of Status/
Data register functions.

Ao RD WR Function
*"~|

1 Read Main Status Register!

1 Illegal (see note) I

Illegal (see note) 1

1 Illegal (see note) 1

1 1 Read from Data Register 1

1 1 o Write into Data Register 1

Figure 2. UM8272A/A-4 Enhancements over the 8272

Table 2. Main Status Register Bit Description.

Note: Design must guarantee that the UM8272A/A-4 is not

subjected to illegal inputs.

Bit Number

DBr

DB,

DB,

DB,

DB„

DB,

DB,

DB-,

Name

FDD Busy

FDD 1 Busy

FDD 2 Busy

FDD 3 Busy

FDC Busy

Execution Mode

Data Input/Output

Request for Master

Symbol

D ft B

D,B

Description

FDD number is in trtQ Seek mode. If any of the bits are set
FDC will not accept read or write command.

DoB

D,B

CB

EXM

DIO

RQM

FDD number 1 is in the Seek mode. If any of the bits are set
FDC will not accept read or write command.

FDD number 2 is in the Seek mode. If any of the bits are set
FDC will not accept read or write command.

FDD number 3 is in the Seek mode. If any of the bits are set
FDC will not accept read or write command.

A read or write command is in process. FDC will not accept
any other command.

This bit is set only during execution phase in non-DMA
mode. When DB S goes low, execution phase has ended, and
result phase has started. It operates only during NON-DMA
modes of operation.

Indicates direction of data transfer between FDC and Data
Register. If DIO = "1" then transfer is from Data Register
to the Processor. If DIO = "0", then transfer is from the
Processor to Data Register.

Indicates Data Register is ready to send or receive data to
or from the Processor. Both bits DIO and RQM should be
used to perform the hand-shaking functions of "ready" and
"direction" to the processor.

1p r?J£ r Th '" the Status Register mdjcatewhen Data is ready and in which direction data will be transferred on

eset < 1 9 St I' IT
time between

.

the ast RD or WR during command or result phase and DIO and RQM getting set orreset is 12 Ms For th,s reason every t.me Main Status Register is read the CPU should wait 12jus. The max time from the
trailing edge of the last RD in the result phase to when DB, (FDC Busy) goes low is 12 (is.

Note: There is a 12pSor24MS ROM flag delay when using an 8 or 4 MHz clock respectively.
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I
A | B | A |b | A | C | D | C |o|b| A |

Notes:
|
A

[

- Data reg

|B
|

- Data regi

|C
|

- Data reg

|D
|
- Data reg

ready to be written into by processor

not ready to be written into by processor

ister ready for next data byte to be read by the processor

ster not ready for next data byte to be read by processor

Figure 3. Status Register Timing

The UM8272A/A-4 is capable of executing 15 different

commands. Each command is initiated by a multi-byte

transfer from the processor, and the result after execution

of the command may also be a multi-byte transfer back to

the processor. Because of this multi-byte interchange of

information between the UM8272A/A-4 and the processor,

it is convenient to consider each command as consisting of

three phases:

Command Phase: The FDC receives all information

required to perform a particular

operation from the processor.

Execution Phase: The FDC performs the operation it

was instructed to do.

Result Phase: After completion of the operation,

status and other housekeeping in-

formation is made available to the

processor.

During Command or Result Phases the Main Status Register

(described in Table 2) must be read by the processor before

each byte of information is written into or read from the

Data Register. Bits D6 and D7 in the Main Status Register

must be in a and 1 state, respectively, before each byte

of the command word may be written into the UM8272A/
A-4. Many of the commands require multiple bytes, and as

a result, the Main Status Register must be read prior to each

byte transfer to the UM8272A/A-4. On the other hand,

During the Result Phase, D6 and D7 in the Main Status Re-

gister must both be 1s (D6 = 1 and D7 = 1) before reading

each byte from the Data Register. Note: this reading of the

Main Status Register before each byte transfer to the

UM8272A/A-4 is required in only the Command and

Result Phases, and NOT during the Execution Phase.

During the Execution Phase, the Main Status Register need

not be read. If the UM8272A/A-4 is in the non-DMA Mode,

then the receipt of each data byte (if UM8272A/A-4 is

reading data from FDD) is indicated by an interrupt signal

on pin 18 (INT = 1), The generation of a Read signal

(RD = 0) will reset the interrupt as well as output the Data

onto the Data Bus. For example, if the processor cannot

handle Interrupts fast enough (every 13 /is for MFM mode)

it may poll the Main Status Registers and bit D7 (ROM)

will function just like the Interrupt signal. If a Write

Command is in process, the WR signal performs the reset

to the Interrupt signal.

The UM8272A/A-4 always operates in a multi-sector

transfer mode. It continues to transfer data until the TC
input is active. In Non-DMA Mode, the system must supply

the TC input.

If the UM8272A/A-4 is in the DMA Mode, no I nterrupts are

generated during the Execution Phase. The UM8272A/A-4
generates DRQs (DMA Requests) when each byte of

data is available.. The DMA Controller responds to this

request with both a DACK = (DMA Acknowledge) and

a RD = (Read signal). When the DMA Acknowledge

signal goes low (DACK = 0) then the DMA Request is reset

(DRQ = 0). If a Write Command has been programmed

then a WR signal will appear instead of RD. After the

Execution Phase has been completed (Terminal Count has

occurred) then an Interrupt will occur (INT = 1
). This

signifies the beginning of the Result Phase. When the first

byte of data is read during the Result Phase, the Interrupt is

automaticaily reset (INT = 0).

It is important to note that during the Result Phase all

bytes shown in the Command Table must be read. The

Read Data Command, for example, has seven bytes of data

in the Result Phase. All seven bytes must be read in order to

successfully complete the Read Data Command. The

UM8272A/A-4 will not accept a new command until all

seven bytes have been read. Other commands may require

fewer bytes to be read during the Result Phase.

The UM8272A/A-4 contains five Status Registers. The Main

Status Register mentioned above may be read by the

processor at any time. The other four Status Registers

(STO, ST1, ST2, and ST3) are only available during the

Result Phase, and may be read only after successfully com-

pleting a command. The particular command which has

been executed determines how many of the Status Registers

will be read.

The bytes of data which are sent ot the UM8272A/A-4
to form the Command Phase, and are read out of the

UM8272A/A-4 in the Result Phase, must occur in the

order shown in Table 3. The Command Code must be sent

first and the other bytes sent in the prescribed sequence.

No foreshortening of the Command or Result Phases are

allowed. After the last byte of data in the Command Phase

is sent to the UM8272A/A-4, the Execution Phase autom-

atically starts. In a similar fashion, when the last byte of

data is read out in the Result Phase, the command is

automatically ended and the UM8272A/A-4 is ready for a

new command. A command may be aborted by simply

sending a Terminal Count signal to pin 16 (TC=1). This is a

convenient means of ensuring that the processor can

always get the UM8272A/A-4's attention even if the disk

system hangs up in an abnormal manner.
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Command Symbol Description

Symbol Name Description

AO Address Line AO controls selection of Main Status Register (A0= 0) or Data Register
(A0=1).

C Cylinder Number C stands for the current selected Cylinder (track) number through 76
of the medium.

D Data D stands for the data pattern which is going to be written into a sector.

D 7 -D Data Bus 8-bit Data Bus, where D 7 stands for the most significant bit, and D
stands for the least significant bit.

DTL Data Length When N is defined as 00, DTL stands for the data length which users are
going to read out or write into the Sector.

EOT End of Track EOT stands for the final sector number on a Cylinder. During Read or
Write operation FDC will stop data transfer after a sector number equal
to EOT.

GPL Gap Length GPL stands for the length of Gap 3. During Read/Write commands this

value determines the number of bytes that VCOs will stay low after two
CRC bytes. During Format command it determines the size of Gap 3.

H Head Address H stands for head number or 1 , as specified in I D field.

HD Head HD stands for a selected head number or 1 and controls the polarity of
pin 27. (H = HD in all command words.)

HLT Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms
increments).

HUT Head Unload Time HUT stands for the head unload time after a read or write operation has
occurred (16 to 240 ms in 16 ms increments).

MF FMorMFMMode If MF is low, FM mode is selected, and if it is high, MFM mode is

selected.

MT Multi-Track If MT is high, a multi-track operation is to be performed. If MT =
1 after

finishing Read/Write operation on side 0, FDC will automatically start .

searching for sector 1 on side 1.

N Number N stands for the number of data bytes written in Sector.

NCN New Cylinder Number NCN stands for a new Cylinder number which is going to be reached as a

result of the Seek operation. Desired position of Head.

ND Non-DMA Mode ND stands for operation in the Non-DMA Mode.

PCN Present Cylinder

Number
PCN stands for the Cylinder number at the completion of SENSE IN-

TERRUPT STATUS Command. Position of Head at present time.

R Record R stands for the Sector number which will be read or written.

R/W Read/Write R/W stands for either Read (R) or Write (W) signal.

SC Sector SC indicates the number of Sectors per Cylinder.

SK Skip SK stands for Skip Deleted Data address mark.

SRT Step Rate Time SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms in-

crements.) Stepping Rate applies to all drives, (F = 1 ms, E = 2ms, etc.)

STO
ST1

ST2
ST3

Status

Status 1

Status 2

Status 3

ST 0-3 stands for one of four registers which store the status information
after a command has been executed. This information is available during
the result phase after command execution. These registers should not be
confused with the main status register (selected by A = 0); ST 0-3 may
be read only after a command has been executed and contain informa-
tion relevant to that particular command.

STP During a Scan operation, if STP = 1, the data in contiguous sectors is

compared byte by byte with data sent from the processor (or DMA); and
if STP = 2, then alternate sectors are read and compared.

USO, US1 Unit Select US stands for a selected drive number or 1.
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Table 3. UM8272A/A-4 Command Set

D s D4 D3 D2 D! D D 6 D 5 D4 D 3 D2 D,

READ A TRACK READ A TRACK

Execution

Result

Execution

Result

Execution

Result

Execution

Result

MT MF SK 110
X HD US1 USO

EOT •

GPL
-DTL-

STO
ST 1

ST 2

Command Codes

Sector ID information
prior to Command
execution. The 4 bytes
are commanded
against header on
Floppy Disk.

Data-transfer between
the FDD and main
system

Status information
after Command
execution
Sector ID information
after Command
execution

READ DELETED DATA

X • HD US1 USO

EOT •

GPL-
OTL •

ST0-
ST 1 •

ST 2

Command Codes

Sector ID information
Prior to Command
execution. The 4 bytes
are commanded
against header on
Floppy Disk.

Data- transfer between
the FDD and main
system

Status information
after Command
execution
Sector ID information
after Command
execution

WRITE DATA

X HD US1 USO

-EOT-
• GPL-
DTL-

ST0-
ST 1

ST 2-

Command Codes

Sector ID information
Prior to Command
execution. The 4 bytes
are commanded
against header on
Floppy Disk.

Data transfer between
the main system and
FDD.

Status information
after Command
execution.

Sector ID information
after Command
execution.

WRITE DELETED DATA

X HD US1 USO

-EOT-
GPL-
DTL-

-ST0
ST 1

ST 2

Command Codes

Sector ID information
Prior to Command
execution. The 4 bytes
are commanded
against header on
Floppy Disk.

Data transfer between
the FDD and main
system.

Status information
after Command
execution.
Sector ID information
after Command
execution.

Execution

Result

Execution

Result

Execution

Result

X HD US1 USO

EOT
GPL
DTL

ST0-
ST 1 •

ST 2-

Command Codes

Sector ID information
prior to Command
execution.

Data transfer between
the FDD and main
system. FDC reads all

data fields from index

hole to EOT.

Status information

after Command
execution.

Sector ID information

after Command
execution.

X HD US1 USO

-STO
-ST1 -

ST 2 •

The first correct ID
information on the

Cylinder is stored in

Data Register.

Status information
after Command
execution.
Sector ID information
read during Execution
Phase from Floppy
Disk.

FORMAT A TRACK

X HD US1 USO

STO-
•ST1
ST 2

Command Codes

Bytes/Sector
Sectors/Track
Gap 3
Filler Byte
FDC formats an
entire track

.

Status information

after Command
execution,

in this case, the ID
information has no
meaning.

SCAN EQUAL

MT MF SK
X HD US1 USO

-EOT
GPL-

• STP-

STO
ST 1

ST 2
- C -

Command Codes

Sector ID information

Prior to Command
execution.

Data compared be-

tween the FDD
and main system.

Status information

after Command
execution.
Sector ID information
after Command
execution.

Note: 1 A0 should equal binary 1 for all operations.

2 X = Immaterial; usually made to equal binary 0.
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Table 3. UM8272A/A-4 Command Set (Continued)

PHASE R/W

DATABUS

REMARKS PHASE R/W

OATABUS

REMARKS°7 D6 Ds D4 D 3 D2 D, D D7 D6 D5 D4 D3 D2 D, D
SCAN LOW OR EQUAL RECALIBRATE

Command

Execution

Result

W
w
w
w
w
w
w
w
w

R
R
R
R
R
R
R

MT MF SKXXX 110 1

X X HD USl USO
Command Codes

Sector ID information
prior Command
execution.

Data compared be-
tween the FDD
and main system

Status information
after Command
execution.

Sector ID information
after Command
execution.

Command

Execution

W
w X

111
X X X X USl USO

Command Codes

Head retracted to
Track

^

R —
N — SENSE INTERRUPT STATUS

rri Command

Result

w
R
R

1 Command Codes

Status information at

the end of seek-opera-
tion about the FDC

~-r-n

rr*^

SPECIFY

Command W
W
W

1 1

-SRT *-« HUT— HLT *>ND

Command Codes
„~

SENSE DRIVE STATUS
[\

J

Command

Result

W
W
R

X
1

X X X X HD US1 USO
Command Codes

Status information
about FDD

SCAN HIGH OR EQUAL

Command

Execution

Result

- W
W
W
W
W
W
W
W
W

R
R
R
R
R
R
R

MT MF SKXXX 1110 1

X X HO USl USO
Command Codes

Sector ID information
prior Command
execution.

Data compared be-

tween the FDD
and main system.

Status information
after Command
execution.

Sector ID information
after Command
execution.

C SEEK
L: Command

Execution

W
w
w

X
1111

X X X X HD USl USO
Command Codes

Head is positioned
over proper Cylinder
on Diskette

[I

EOT
GPL

INVALID

• ST1
Command

Result

w

R

Invalid Codes Invalid Command
Codes (NoOp - FDC
goes into Standby
Statel

ST = 80
(16)

r~
i

1

Polling Feature of the UM8272A/A-4

After power-up RESET, the Drive Select Lines DSO and
DS1 will automatically go into a polling mode. In be-

tween commands (and between step pulses in the SEEK
command) the UM8272A/A-4 polls all four FDDs looking

for a change in the Ready line from any of the drives. If the

Ready line changes state (usually due to a door opening or

closing) then the UM8272A/A-4 will generate an interrupt.

When Status Register (STO) is read (after Sense Interrupt

Status is issued), Not Ready (NR) will be indicated. The
polling of the Ready line by the UM8272A/A-4 occurs con-

tinuously between instructions, thus notifying the pro-

cessor which drives are on or off line. Approximate scan

timing is shown in Table 4.

Table 4. Scan Timing

DSi DS APPROXIMATE SCAN TIMING

220/iS

1 220/xS

1 220juS

1 1 440juS

Command Descriptions

During the Command Phase, the Main Status Register must
be polled by the CPU before each byte is written into the

Data Register. The DIO (DB6 ) and RQM (DB 7 ) bits in

the Main Status Register must be in the "0" and "1 " states

respectively, before each byte of the command may be

written into the UM8272A/A-4. The beginning of the exe-

cution phase for any of these commands will cause DIO
and RQM to switch to "1 " and "0" respectively.

READ DATA

A set of nine (9) byte words is required to place the FDC
into the Read Data Mode. After the Read Data command
has been issued the FDC loads the head (if it is in the

unloaded state), waits the specified head setting time

(defined in the Specify Command), and begins reading ID

address Marks and ID fields. When the current sector

number ("R") stored in the ID Register (IDR) compares
with the sector number read off the diskette, the FDC
outputs data (from the Data field) byte-by-byte to the main
system via the data bus.

After completion of the read operation from the current

sector, the Sector Number is incremented by one, and
the data from the next sector is read and output on the

data bus. This continuous read function is called a "Multi-

Sector Read Operation." The Read Data Command must
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be terminated by the receipt of a Terminal Count

signal. Upon receipt of this signal, the FDC stops output-

ing data to the processor, but will continue to read data

from the current sector, checking CRC (Cyclic Redundancy

Count) bytes, and then at the end of the sector terminat-

ing the Read Data Command.

The amount of data which can be handled with a single

command to the FDC depends upon MT (multi-track),

MFM (MFM/FM), and N (Number of Bytes/Sector). Table

5 shows the Transfer Capacity. The "multi-track" func-

tion (MT) allows the FDC to read data from both sides

of the diskette. For a particular cylinder, data will be

Table 5. Transfer Capacity

Multi-Track

MT
MFM/FM

MF
Bytes/Sector

N

Maximum Transfer Capacity

(Bytes/Sector) (Number of

Sectors)

Final Sector

Read

from Diskette

1

00

01

(128) (26)= 3,328

(256) (26) = 6,656

26 at Side

or 26 at Side 1

1

1 1

00

01

(128) (52)= 6,656

(256) (52) = 13,312
26 at Side 1

1

01

02

(256) (15)= 3,840

(512) (15)= 7,680

15 at Side

or 15 at Side 1

1

1 1

01

02

(256) (30) = 7,680

(512) (30) = 15,360
15 at Side 1

1

02

03

(512) (8) = 4,096

(1024) (8) = 8,192

8 at Side

or 8 at Side 1

1

1 1

02

03

(512) (16)= 8,192

(1024) (16) = 16,384
8 at Side 1

transferred starting at Sector 1 Side and completing

at Sector L Side 1 (Sector L = last sector on the side).

Note: This function pertains to only one cylinder (the

same track) on each side of the diskette.

When N = 0, DTL defines the data length which the

FDC must treat as a sector. If DTL is smaller than the

actual data length in a Sector, the data beyond DTL in the

Sector is not sent to the Data Bus. The FDC reads (in-

ternally) the complete Sector performing the CRC check,

and depending upon the manner of command termination,

may perform a Multi-Sector Read Operation. When N is

non-zero, then DTL has no meaning and should be set to

OFFH.

At the completion of the Read Data Command, the head

is not unloaded until after Head Unload Time Interval

(specified in the Specify Command) has elapsed. If the

processor issues another command before the head unloads,

then the head settling time may be saved between

subsequent reads. This time out is particularly valuable

when a diskette is copied from one drive to another.

If the FDC detects the Index Hole twice without finding

the right sector, (indicated in "R"), then the FDC sets the

ND (No Data) flag in Status Register 1 to a 1 (high), and

terminates the Read Data Command. (Status Register

also has bits 7 and 6 set to and 1 respectively.)

After reading the ID and Data Fields in each sector, the

FDC checks the CRC bytes. If a read error is detected (in-

correct CRC in ID field), the FDC sets the DE (Data Error)

flag in Status Register 1 to a 1 (high), and if a CRC error

occurs in the Data Field the FDC also sets the DD (Data

Error in Data Field) flag in Status Register 2 to a 1 (high),

and terminates the Read Data Command. (Status Register

also has bits 7 and 6 set to and 1 respectively.)

If the FDC reads a Deleted Data Address Mark off the

diskette, and the SK bit (bit D5 in the first Command
Word) is not set to 0, then the FDC sets the CM (Control

Mark) flag in Status Register 2 to a 1 (high), and terminates

the Read Data Command, after reading all the data in the

Sector. If SK = 1, the FDC skips the sector with the

Deleted Data Address Mark and reads the next sector.

During disk data transfers between the FDC and the

processor, via the data bus, the FDC must be served by

the processor every 27 /is in the FM Mode, and every
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13 fis in the MFM Mode, or the FDC sets the OR (Over
Run) flag in Status Register 1 to a 1 (high), and terminates
the Read Data Command.
If the processor terminates a read (or write) operation in

the FDC, then the ID Information in the Result Phase is

dependent upon the state of the MT bit and EOT byte.
Table 6 shows the values for C, H, R, and N, when the
processor terminates the Command.

Table 6. ID Information When Processor Terminates Command

MT EOT Final Sector Transferred to Processor
ID Information at Result Phase

C H R N

1A

OF

08

Sector 1 to 25 at Side

Sector 1 to 14 at Side

Sector 1 to 7 at Side

NC NC R + 1 NC

1A

OF

08

Sector 26 at Side

Sector 15 at Side

Sector 8 at Side

C + 1 NC R = 01 NC

1A

OF

08

Sector 1 to 25 at Side 1

Sector 1 to 14 at Side 1

Sector 1 to 7 at Side 1

NC NC R + 1 NC

1A

OF

08

Sector 26 at Side 1

Sector 15 at Side 1

Sector 8 at Side 1

C + 1 NC R = 01 NC

1

1A

OF

08

Sector 1 to 25 at Side

Sector 1 to 14 at Side

Sector 1 to 7 at Side

NC NC R + 1 NC

1A

OF

08

Sector 26 at Side

Sector 15 at Side

Sector 8 at Side

NC LSB R = 01 NC

1A

OF

08

Sector 1 to 25 at Side 1

Sector 1 to 1 4 at Side 1

Sector 1 to 7 at Side 1

NC NC R + 1 NC

1A

OF

08

Sector 26 at Side 1

Sector 15 at Side 1

Sector 8 at Side 1

C + 1 LSB R = 01

-

NC

Note: 1. N C(No Change I
: The same value as the one at the honinninn ni

2. LSB (Least Significant Bit): The least significant bit of

WRITE DATA

A set of nine (9) bytes is required to set the FDC into

the Write Data mode. After the Write Data command has

been issued the FDC loads the head (if it is in the unloaded

state), waits the specified head settling time (defined in

the Specify Command), and begins reading the ID Fields.

When the current sector number ("R"), stored in the

ID Register (IDR) compares with the sector number read

off the diskette, then the FDC takes data from the pro-

H is complemented.

cessor byte by byte via the data bus, and outputs it to

the FDD. After writing data into the current sector, the

Sector Number stored in "R" is incremented by one,

and the next data field is written into. The FDC con-

tinues this "Multi-Sector Write Operation" until the

issuance of a Terminal Count-signal. If a Terminal Count
signal is sent to the FDC it continues writing into the

current sector to complete the data field. If the Terminal

Count signal is received while a data field is being written

.then the remainder of the data field is filled with 00
(zeros).
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The FDC reads the ID field of each sector and checks

the CRC bytes. If the FDC detects a. read error (Incor-

rect CRC) in one of the ID Fields, it sets the DE (Data

Error) flag of Status Register 1 to a 1 (high), and ter-

minates the Write Data Command. (Status Register

also has bits 7 and 6 set to and 1 respectively.)-

The Write Command operates in much the same manner

as the Read Command. The Following items are the

same (refer to the Read Data Command for details):

• Transfer Capacity

• EN (End of Cylinder) Flag

• ND (No Data) Flag

• Head load Time Interval

• ID Information when the processor terminates com-

mand (see Table 6)

• Definition of DTL when N = and when N ¥=0

In the Write Data mode, data transfers between the proc-

essor and FDC must occur every 31 /is in the FM mode,

and every 15 /is in the MFM mode. If the time interval

between data transfers is longer than this the FDC sets

the OR (Over Run) flag in Status Register 1 to a 1 (high),

and terminates the Write Data Command.

For mini-floppies, multiple track writes are usually not

permitted. This is because the turn-off time of the erase

head coils the head switches tracks before the erase head

turns off. Therefore the system should typically wait

1 .3 ms before attempting to step or change sides.

WRITE DELETED DATA

This command is the same as the Write Data Command

except a Deleted Data Address Mark is written at the

beginning of the Data Field instead of the normal Data

Address Mark.

READ DELETED DATA

This command is the same as the Read Data Command

except that when the FDC detects a Data Address Mark

at the beginning of a Data Field with the SK = (low),

it will read all the data in the sector and set the CM flag

in Status Register 2 to a 1 (high), and then terminate the

command. If SK = 1, then the FDC skips the sector with

the Data Address Mark and reads the next sector.

READ A TRACK

This command is similar to the READ DATA Command

except that the entire data field is read continuously

from each of the sectors of a track. Immediately after

encountering the INDEX HOLE the FDC starts reading

all data fields on the track as continuous blocks of data.

If the FDC finds an error in the ID or DATA CRC check

bytes, it continues to read data from the track. The FDC

compares the ID information read from each sector with

the value stored in the IDR, and sets the ND flag of Status

Register 1 to a 1 (high) if there is no comparison. Multi-

track or skip operations are not allowed with this com-

mand.

This command will terminate when EOT number of sectors

has been read. If the FDC does not find an ID Address

Mark on the diskette after it encounters the index hole

for the second time, it sets the MA (missing address

mark) flag in Status Register 1 to a 1 (high), and terminates

the command. (Status Register has bits 7 and 6 set

to and 1 respectively.)

READ ID

The READ ID Command is used to give the present posi-

tion of the recording head. The FDC stores the values

from the first ID Field it is able to read. If no proper

ID Address Mark is found on the diskette, before the

INDEX HOLE is encountered for the second time then

the MA (Missing Address Mark) flag in Status Register

1 is set to a 1 (high), and if no data is found then the ND
(No Data) flag is also set in Status Register 1 to a 1 (high)

and the command is terminated.

FORMAT A TRACK

The Format Command allows' an entire track to be for-

matted. After the index hole is detected, Data is written

on the Diskette: Gaps, Address Marks, ID Fields and

Data Fields, all per the IBM System 34 (Double Density)

or System 3740 (Single Density) Formats are recorded.

The particular format which will be written is controlled

by the values programmed into N: (number of bytes/

secter), SC (sectors/cylinder), GPL (Gap Length) and

D (Data Pattern). These are supplied by the processor

during the Command Phase. The Data Field is filled

with the Byte of data stored in D. The ID Field for each

sector is supplied by the processor: four data requests

per sector are made by the FDC for C (Cylinder Number),

H (Head Number), R (Sector Number) and N (Number

of Bytes/Sector). This allows the diskette to be formatted

with nonsequenfial sector numbers, if desjred.

After formatting each sector, the processor must send

new values for C, H, R,and N to the UM8272A/A-4for each

sector on the track. The contents of the R Register are

incremented by one after each sector is formatted:

the R register contains a value of R + 1 when it is read

during the Result Phase. This incrementing and format-

ting continues for the whole track until the FDC en-

1 counters the index hole for the second time, where-

upon it terminates the command.
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If a FAULT signal is received from the FDD at the end

of a write operation, then the FDC sets the EC flag of

status Register to a 1 (high), and terminates the com-

mand after setting bits 7 and 6 of Status Register to

and 1 respectively. Also the loss of a READY signal at

the beginning of a command execution phase causes com-

mand termination.

Table 7 shows the relationship between N, SC, and GPL
for various sector sizes:

Table 7. Sector Size Relationships

8" STANDARD FLOPPY 5%"MINI FLOPPY

Format Sector Size N SC GPL 1 GPL2 Remarks Sector Size N SC GPL 1 GPL2

FM Mode 1 28 bytes/Sector 00 1A 07 1B IBM Diskette 1D 128 bytes/Sector 00 12 07 09

256 01 OF 0E 2A 128 00 10 10 19

512 02 06 1B 3A IBM Diskette 2D 256 01 06 18 30

1024 03 04 47 8A 512 02 04 46 87

2048 04 02 C8 FF 1024 03 02 D8 FF

4096 05 01 C8 FF 2048 04 01 C8 FF

MFM Mode 256 01 1A 0E 36 IBM Diskette 2D 256 01 12 0A OC

512 02 OF 1B 54 256 01 10 20 32

1024 03 08 35 74 IBM Diskette 2D 512 02 08 2A 50

2048 04 04 99 FF 1024 03 04 80 F0

4096 05 02 C8 FF 2048 04 02 CB FF

8192 06 01 C8 FF 4096 05 01 C8 FF

Notes: 1. Suggested values of GPL in Read or Write Commands to avoid splice point between data field and ID field of con-

tiguous sections.

2. Suggested values of GPL in formal command. 1
During the Command Phase of the Seek operation the

FDC is in the FDC BUSY state, but during the Execution

Phase it is in the NON-BUSY state. While the FDC is in

the NON-BUSY state, another Seek Command may be

issued, and in this manner parallel seek operations may

be done on up to 4 Drives at once.

If an FDD is in a NOT READY state at the beginning of

the command execution phase or during the seek opera-

tion, the NR (NOT READY) flag is set in Status' Register

Otoa 1 (high), and the command is terminated.

Note that the UM8272A/A-4 Read and Write Commands

do not have implied Seeks. Any R/W command should be

preceded by: 1) Seek Command, 2) sense Interrupt Status,

and 3) Read ID.

RECALIBRATE

This command causes the read/write head within the

FDD to retract to the Track position. The FDC clears

the contents of the PCN counter, and checks the status

of the Track signal from the FDD. As long as the Track

signal is low, the Direction signal remains 1 (high) and

Step Pulses are issued. When the Track signal goes high,

the SE (SEEK END) flag in Status Register is set to a

1 (high) and the command is terminated. If the Track

signal is still low after 77 Step Pulses have been issued,

the FDC sets the SE (SEEK END) and EC (EQUIPMENT
CHECK) flags of Status Register both to 1 (high), and

terminates the command.

The ability to overlap RECALIBRATE Commands to

multiple FDDs, and the loss of the READY signal, as

described in the SEEK Command, also applies to the

RECALIBRATE Command.

SENSE INTERRUPT STATUS

An Interrupt signal is generated by the FDC upon one of

the following conditions:
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1. Upon entering the Result Phase of:

a. Read Data Command
b. Read a Track Command
c. Read ID Command
d. Read Deleted Data Command
e. Write Data Command
f. Format a Cylinder Command
g. Write Deleted Data Command
h. Scan Commands

2. Ready Line of FDD changes state

3. End of Seek or Recalibrate Command
4. Execution Phase in the NON-DMA Mode

Interrupts caused by reasons 1 and 4 above occur during

normal command operations and are easily discernible

by the processor. However, interrupts caused by reasons

2 and 3 may be uniquely identified with the aid of the

Sense Interrupt Status Command. This command when

issued resets the interrupt signal and via bits 5, 6, and

7 of Status Register and identifies the cause of the

interrupt.

Neither the Seek nor Recalibrate Command have a Result

Phase. Therefore, it is mandatory to use the Sense inter-

rupt Status Command after these commands to effec-

tively terminate them and to provide verification of the

head position (PCN).

Table 8. Seek, Interrupt Codes

Seek End
Bit 5

Interrupt Code
CAUSE

Bit 6 Bit 7

1 1 Ready Line changed

state, either polarity

1 Normal Termination

of Seek or Recalibrate

Command

1 1 Abnormal Termination of

Seek or Recalibrate

Command

SPECIFY

The Specify Command sets the initial values for each of

the three internal timers. The HUT (Head Unload Time)

defines the time from the end of the Execution Phase of

one of the Read/Write Commands to the head unload

state. This timer is programmable from 16 to 240 ms in

increments of 16 ms (01 = 16 ms, 02 = 32 ms . . . OF =

240 ms). The SRT (Step Rate Time) defines the time in-

terval between adjacent step pulses. This timer is pro-

grammable from 1 to 16 ms in increments of 1 ms (F = 1

ms, E = 2 ms, D = 3 ms, etc.). The HLT (Head Load Time)

defines the time between when the Head Load signal

goes high and when the Read/Write operation starts. This

timer is programmable from 2 to 254 ms in increments of

2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms . . . . FE = 254 ms).

The step rate should be programmed for 1 ms longer than

the minimum time required by the drive.

The time intervals mentioned above are a direct function of

the clock (CLK on pin 19). Times indicated above are for

an 8 MHz clock; if the clock is 4 MHz (mini-floppy

application) then all time intervals are increased by a

factor of 2.

The choice of DMA or NON-DMA operation is made by

the ND (NON-DMA) bit. When this bit is high (ND = 1)

and when ND = thethe NON-DMA mode is selected,

DMA mode is selected.

SENSE DRIVE STATUS

This command may be used by the processor whenever

it wishes to obtain the status of the FDDs. Status Register

3 contains the Drive Status information.

INVALID

If an invalid command is sent to the FDC (a command not

defined above), then the FDC will terminate the command.

No interrupt is generated by the UM8272A/A-4 during this

condition. Bit 6 and bit 7 (DIO and ROM) in the Main

Status Register are both high (1) indicating to the pro-

cessor that the UM8272A/A-4 is in the Result Phase and

the contents of Status Register (ST0) must be read. When

the processor reads Status Register it will find an 80H

indicating an invalid command was received.

A Sense interrupt Status Command must be sent after a

Seek or Recalibrate interrupt; otherwise the FDC will

consider the next command to be an invalid Command.

In some applications the user may wish to use this com-

mand as a No-Op command, to place the FDC in a stand-

by or no operation state.
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Table 9. Status Registers

Bit

No. Name Symbol
Description

D 7

D6

Interrupt

Code

Seek End

Equipment
Check

Not Ready

Head
Address

Dj Unit Select 1

D Unit Select

STATUS REGISTER
IC

SE

EC

HD

US 1

USO

D 7 = 0and Dg =
Normal Termination of Com-
mand, (NT). Command was com-
pleted and properly executed.

D 7 = 0and D 6 = 1

Abnormal Termination of Com-
mand, (AT). Execution of Com-
mand was started, but was not
successfully completed.

D 7 = 1 and D 6 =
Invalid Command issue (IC).

Command which was issued

was never started.

D 7 = 1 and D 6 = 1

Abnormal Termination because
during command execution the
ready signal from FDD changed
state.

When the FDC completes the
SEEK Command, this flag is

set to 1 (high).

If a fault Signal is received from
the FDD, or if the Track Signal
fails to occur after 77 Step Pulses
(Recalibrate Command) then
this flag is set.

When the FDD is in the not-ready
state and a read or write com-
mand is issued, this flag is set.

If a read or write command is

issued to Side 1 of a single sided
drive, then this flag is set.

This flag is used to indicate the
state of the head at Interrupt.

These flags are used to indicate a

Drive Unit Number at Interrupt

End of

Cylinder

Data Error

Over Run

No Data

STATUS REGISTER 1

EN

DE

OR

ND

When the FDC tries to access a
Sector beyond the final Sector
of a Cylinder, this flag is set. .

Not used. This bit is always
(low).

When the FDC detects a CRC
error in either the ID field or the
data field, this flag is set.

If the FDC is not serviced by
the main systems during data
transfers, within a certain time
interval, this flag is set.

Not used. This bit is always (low)

During execution of READ DATA,
WRITE DELETED DATA or SCAN
Command, if the FDC cannot
find the Sector specified in the
IDR Register, this flag is set.

While executing the READ ID
Command, if the FDC cannot
read the ID field without an
error, then this flag is set.

During the execution of the
READ A Cylinder Command, if

the starting sector cannot be
found, then this flag is set.

Bit

No.
|

Name | Symbo
Description

STATUS REGISTER 1 (CONT.)

Di Not
Writable

NW During execution of WR ITE DATA
WRITE DELETED DATA or
Format Cylinder Command, if

the FDC detects a write protect
signal from the FDD, then this

flag is set.

Do Missing

Address
Mark

MA If the FDC cannot detect the ID
Address Mark after encountering
the Index hole twice, then this

flag is set.

If the FDC cannot detect the Data
Address Mark or Deleted Data
Address Mark, this flag is set.

Also at the same time, the MD
(Missing Address Mark in Data
Field) of Status Register 2 is set.

STATUS REGISTER 2

D 7 Not used. This bit is always (low.)

D 6 Control
Mark

CM While executing the READ
DATA or SCAN Command, if

the FDC encounters a Sector
which contains a Deleted Data
Address Mark, this flag is set.

D S Data Error in

Data Field
DD If the FDC detects a CRC error in

the data field then this flag is set.

D4 Wrong
Cylinder

WC This bit is related to the NDbit,
and when the contents of C on
the medium is different from that
stored in the IDR, this flag is set.

D 3 Scan Equal
Hit

SH During execution of the SCAN Com-
mand, if the condition of "equal"
is satisfied, this flag is set.

D 2 Scan Not
Satisfied

SN While executing the SCAN Com-
mand, if the FDC cannot find a
Sector on the cylinder which
meets the condition, then this
flag is set.

Di Bad
Cylinder

BC This bit is related to the ND bit,

and when the content of C on the
medium is different from that
stored in the IDR and the content
of C is FF, then this flag is set.

Do Missing

Address
Mark in

Data Field

MD When data is read from the medi-
um, if the FDC cannot find a Data
Address Mark or Deleted Data
Address Mark, then this flag is set.

STATUS REGISTER 3

D 7 Fault FT This bit is used to indicate the
status of the Fault signal from
the FDD.

D 6 Write

Protected
WP This bit is used to indicate the

status of the Write Protected
signal from the FDD.

Ds Ready RDY This bit is used to indicate the
status of the Ready signal from
the FDD.

D4 Track TO This bit is used to indicate the
status of the Track signal from
the FDD.

D 3 Two Side TS This bit is used to indicate the
status of the Two Side signal from
the FDD.

D 2 Head
Address

HD This bit is used to indicate the sta-

tus of Side Select signal to the FDD.
Di Unit Select 1 US 1 This bit is used to indicate the

status of the Unit Select 1 signal
to the FDD.

Do Unit Select USO This bit is used to indicate the
status of the Unit Select signal

to the FDD. |

I
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AC Testing Input Output Waveform

INPUT/OUTPUT
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A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND
0.45V FOR A LOGIC "0". TIMING MEASUREMENTS ARE MADE AT 2.0V
FOR A LOGIC "1" AND 0.8V FOR A LOGIC "0".

AC Testing Load Circuit
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Timing Waveforms (Continued)
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Timing Waveforms (Continued)

FDD WRITE OPERATION

WRITE CLOCK
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XWCH
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WRITE DATA
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X
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Timing Waveforms (Continued)

FLT RESET

FAULT RESET J
FAI L UNSAFE RESET /
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^

UM8272A A-4
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FDD READ OPERATION
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READ DATA
WINDOW zx
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Ordering Information

RESET

RESET
TRST-

Part Number Operational Clock Package

UM8272A - 4 4 MHz 40LDIP

UM8272A 8 MHz 40LDIP
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Hard Disk Controller

Features

Serializer-deserializer

Programmable track format

External drive select and head select registers for

expandability

Internal phase detector for phase lock oscillator

Interface options: ST-506, ST-412, ST-412HP, ESDI,

FLOPPY, and QIC-36 TAPE

Sector options: SOFT, HARD, ESDI ADDRESS

MARKS, ESDI BYTE and ESDI BYTE CLOCKS

Recording options: UNENCODED, FM, MFM or RLL

Error checking and correcting options: ECC or CRC

Write data options: PULSE, NRZ or NRZI

Read data options: PULSE, NRZ or NRZI

TTL compatible inputs and outputs. Outputs drive 8

LSTTL loads

General Description

The UMC Hard Disk Controller UM83C001, is a CMOS

LSI device which performs a majority of the functions

for controlling floppy drives, Winchester drives and QIC-36

streaming tape drives. The following is a brief list of

its capabilities:

Interface Options

ST-506 (non-buffered seek Winchesters)

ST-412 (buffered seek Winchesters)

ST-412HP (10 mbos buffered seek Winchesters)

ESDI STEP/SERIAL MODES (10 mbos Winchesters)

SA-450 (5" and 3" floppies)

SA800/850 (8" floppies)

QIC-36 (streaming tape drives)

Sector Options

SOFT-SECTORING (floppy and Winchester)

HARD-SECTORING (floppy and Winchester)

ESDI ADDRESS MARKS (ESDI drives)

ESDI BYTE CLOCKS (ESDI drives)

Pin Configuration

Z5 VOLTS

39 Zl XTAL

Z)PLO/READ CLOCK

Zl FASTER

Zl SLOWER

Zl READ DATA DELAYED

^J READ DATA

Zl READ GATE

Zl WRITE CLOCK

WRITE DATA
ZlwRITE GATE

Zl ENABLE ADDRESS MARK

Z| DIRECT ION/DQMMAND

ZlSTEP/TRANSFER REQUEST

ZlTRACK 0/TRANSFER AGK/UTH

ZlSEEK COMPLETE/STATUS/LTH

ZISECTOR/ADDRESS MARK FOUND

Zl INDEX

ZlSELECTED/STATUS 1

Zl READY STATUS

Block Diagram

i
sr—
Oua^a

Wl

+4

LTi

DISK

CONTROL

Head Select

„ Reedy

:=jjs!r
ftesd Gaie—— Write Cm*

Sen*-

u.

I0MHJ

MCtfteiw

Ph«M locked

Dscrilator

IPLOI
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Recording Codes

UNENCODED (for ESDI drives)

FM (Frequency Modulation)

MFM (Modified Frequency Modulation)

RLL (Run Length Limited)

Error Checking

CRC(CCITTCRC-16)
ECC (4 byte, corrects 1 1 contiguous erroneous bits)

Data Options

NRZ (non-return to zero)

NRZI (non-return to zero inverted)

PULSE

Track Format

Extensive control over the track format is provided by

allowing the length of fields and content of ADDRESS
MARKS and identifier bytes, etc. to be programmed
into registers.

There are 23 registers related to TRACK FORMAT inside

the UM83C001 (Refer to Figure 1). 18 of these registers

contain lengths of fields within a track. Others contain

"content" information. Length fields are written with

length-1 giving them a range of 1 to 256 inclusive. The
Data Field Length Register is 2 bytes yielding a maximum
data field length of 65, 536 bytes.

Absolute Maximum Ratings*

Power Supply Voltage, VDD -0.5 to +7.0V

Input Voltage, V, -0.5V to VDD +0.5V

Operating Temperature, T0PT —40 to +85°C

Storage Temperature, TSTG —65to+150°C

Recommended Operating Conditions
(TA = to +70°C, VDD = 5V ±5%)

*Comments

Stresses above those listed under 'Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

Parameter Symbol
Limits

Unit Conditions
Min. Typ. Max.

Power Supply Voltage Vdd 4.5 5 5.5 V

Input Voltage v. Vdd V

Low-level Input Voltage V,L 0.8 V TTL Level*

High-level Input Voltage V|H 2.0 Vdd V TTL Level*

Input Rise Fall Times tR.tF 10 us

DC Electrical Characteristics

Parameter Symbol
Limits

Unit Conditions
Min. Typ. Max.

Static Current
'l 0.1 200 MA V, = VDD or GND

Dynamic Current 'dd 4 juA 1 MHz/cell

Input Current I. 0.1 10 HA V, =VDD roGND

Low-level Output Current 'OL 3.2 9 mA VOL = 0.4V

High-level Output Current 'oh 1 3 mA voh = VDD " °-4V

Low-level Output Voltage Vol 0.1 V lo =0

High-level Output Voltage Vqh vDD -o.i V lo =0
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AC Characteristics

UM83C001

Parameter Symbol
Limits

Unit Conditions
Min. Typ. Max.

Maximum Operating Frequency fMAX DC 50 MHz

Output Rise Time tR 8 ns C L
= 15pF

Output Fall Time t F 4 ns CL
= 15pF

Track Format

_JT
-1 disk rotation -

16.67 ms n
Repeated 26 times for RLL.

1 7 times for MFM

ID PLO Lock On Data Read Skew

ID field -

Post-

index

gap

A1
|
FE

TT
Cyl

|
Cyl

|
Hd

|

Data PLO Lock On

'Data field

-

ID field

identifier

Address mark
I— (A1 for MFM.

48 for RLL)

Post-

ID

field

7
data

sync

field

ft

3 15

00 I 00n
Data field

identifier

Address mark
"— (Al for MFM.

48 for RLL)

tPre index

gap

Inter sector

gap

Postdate field

- Sector write update

u=
Figure 1. UM83C001 Track Format Diagram

HEX Register Address Function *** Range (In Bytes)

00 POST INDEX GAP 1 -256
01 ID PLO LOCK-ON 1 -64
02 PRE ID 1 -64
03 ID ADDRESS MARK 1 -4
04 FE BYTE 1 (fixed)

05 ID 1 -16
06 ID ECC 1 -4
07 POST ID 1 -4
08 DATA READ SKEW 1 -64
09 DATA PLO LOCK-ON 1 -64
A PRE DATA 1 -64
B DATA ADDRESS MARK 1 -4
C F8 BYTE 1 (fixed)

D LOW BYTE
DATA FIELD 1 - 65, 536

0E HIGH BYTE
OF DATA ECC 1 -4
10 POST DATA 1 -4
11 INTER-RECORD GAP 1 -256
12 SECTORS PER TRACK 1 -256

SET REGISTERS TO n-1 TO GET n BYTE LENGTH

Table 1. Programmable Format Variables
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UM83C001 and UM83C002 used with an
8086/8088 System

Figure 2 illustrates the use of the UMC chip set in a typical

8088 or 8086 system. The RAM BUFFER CONTROLLER
(UM83C002) directly accepts the multiplexed address

and data lines from the 8086/8088. ADDRESS LATCH
ENABLE (+ALE) is used to latch the address lines inter-

nally in the controller. These 16 address lines are then
multiplexed down to 8 lines for use with dynamic RAMs.

When the processor does a READ or a WRITE to RAM,
a PROCESSOR REQUEST is sent to the BUFFER CON-
TROLLER. If the RAM is currently doing a DMA read

or write or a refresh, the processor will be told to wait
by dropping the READY line. As soon as RAM is

available, the PROCESSOR REQUEST will be acknow-
ledged and the processor will make its memory access.

Whenever the RAM is being accessed, the IO/M line will

be low. If more than 64 K bytes of RAM is used, bank
selects would be decoded from the high order address
bits (A16- A19).

I/O reads and writes for the DISK CONTROLLER also

go through the RAM DATA BUS. Hence an I/O write

to the DISK CONTROLLER occurs when the IO/M line

is high, the DT/R line is high and CHIP SELECT is low.

Multi-Sector Reads and Writes

The UMC DISK CONTROLLER (UM83C001) has the

capability of doing multiple sector reads and writes. The
use of this capability greatly improves system performance.

On a multi-sector read, data is transferred from disk to

UM83C001

memory beginning at the first addressed sector. Only
data bytes are transferred. Identifier bytes and ECC
are checked but not transferred. At the end of the first

sector, the sector number is incremented by one; the

sector transfer count is decremented by one; and the

next sector is read and transferred to memory. This

process continues until the sector count goes to zero;

the end of the track is reached; or an error occurs.

When doing single sector reads and writes, the host

computer system cannot respond quickly enough to read

physically sequential sectors on the disk. Consequently,

most hard disks will be formatted with an interleave factor

of anywhere from 4 to 12. What this means is that sector

will be recorded right after the index pulse and that

sector 1 will be recorded anywhere from 4 to 12 sectors

"downstream". This interleave gives the host computer
time to handle sector and issue a new read in time to

catch sector 1 without losing revolutions of the disk.

Without the interleave, each single sector read or write

would take one full revolution of the disk to accomplish.

On the UMC hard disk chips running RLL code, there

are 26 sectors per track of 512 bytes each. Without inter-

Jeave, it would take 26 revolutions of 16.67 ms each
to transfer an entire track using single sector reads or

writes. With 9 way interleave, it would take 9 revolutions

of 16.67 ms each to transfer this same track using single

sector reads and writes. Using multi-sector reads and
writes with no interleave, this same track full of data

j

can be transferred in a single revolution of 16.67 ms.
The following table compares the times for transfer with
and without interleave, and with and without multisector
reads and writes.

^ Host

system
I Disk controlle

subsystem
i

—

*

Host

microprocessor

UM83C001

Disk

controller

chip

«

—

u
Hard-

disk

drive
# *
Fast

peripheral

chip

interface

System
RAM
buffer I

i Floppy-

disk

drive

4
1 AddressL RAM buffer

controller

chip

UM83C002

Disk

Request

Tape-

backup
drive

ROM

Figure 2. 8086/8088 System with UM83C001 and UM83C002
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Track Transfer Times (13,312 Bytes) Milliseconds Bytes/Second

NO INTERLEAVE
SINGLE SECTOR R/W

9-WAY INTERLEAVE

433

150

30,744

88,747

NO INTERLEAVE
MULTI-SECTOR R/W

9-WAY INTERLEAVE

16.67

150

798,560

88,747

In order to see this improved performance at the system

level, the computer operating system must make BASIC

INPUT/OUTPUT SYSTEM (BIOS) calls for multi-sector

reads and writes. The MSDOS operating system, which

is used on the IBM PC and other 8086 and 8088 based

microcomputers, does make multi-sector read and write

calls for 512 byte sectors. Therefore it is fairly simple to

take advantage of the performance increase made possible

by multi-sector operations.

The CP/M operating system from Digital Research, that

is used on most 8080 and Z80 based microcomputers,

does only single sector read and write calls for 128 byte

sectors. Getting the increased performance on these

machines is still possible although somewhat more difficult.

On these machines the BIOS disk driver program must

be rewritten so that it does multi-sector reads into a buffer

area and then "de-blocks" additional data from the buffer

without having to go back to the disk.

The memory that is used as a buffer for de-blocking must

be taken away from the memory that is available to the

system. On these systems which have only a 64 K byte

addressing space, this can be a serious disadvantage. One

solution to this dilemma is to include a separate RAM
buffer within the disk controller itself.

Pin Description

Pin No. Symbol Description

1 -8 DATA LINES

D0-D7
(TO/FROM HOST)

These 8 data lines are used for PROCESSOR and DMA READS and WRITES.

They change synchronously with RAM CLOCK rising edge.

9 This signal is used to clock the HEAD ADDRESS, for the drive, into an external

HEAD SELECT register. Writing to REGISTER ADDRESS 3D produces a pulse

for loading the external head select onto this line.

SETHEAD

10 This signal is the load pulse for the external drive selection register. Writing to

REGISTER ADDRESS 3E produces the load pulse on this pin.

SET DRIVE

11 BUSY Pin 1 1 goes high to indicate that the DISK CONTROLLER is busy doing a disk

READ or WRITE operation. This pin can be used, if desired, to cause an interrupt

for the host processor at the end of disk READ or WRITE operation.

12 RESET The RESET line is intended to be an initial Power On reset line. In order to be

efficient, it should go low or be low for a minimum of 100 nanoseconds at the

beginning of Power On. This line is a hard reset line and will immediately

terminate any disk READ or WRITE operation or any other function and reset

the chip to an initial state. It should be used essentially as a Power On RESET

and not intended for use as a termination command.
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Pin Description (Continued)

Pin No.

13

14

Symbol

REQUEST

ACKNOWLEDGE

15

16

17

19

STOP

AO

CHIPWRITE

CHIP SELECT
(CSEL)

RAM CLOCK
(RAMCLK)

Description

The REQUEST line, in conjunction with the ACKNOWLEDGE signal (Pin 14),

are the "HANDSHAKING" lines for the DMA data transfer for the chip. The DISK
CONTROLLER has a byte of information ready to transfer to RAM or needs a byte

of information from RAM to write to the disk when the signal at pin 13 is pulled

low. The RAM BUFFE R CONTROLLER chip (UM83C002) will respond by driving

the ACKNOWLEDGE signal (Pin 14) low and giving the DISK CONTROLLER
access to the RAM BUFFER. The DMA transfer operations are run synchronously
with the RAM CLOCK signal (Pin 19). The rising edge of the RAM CLOCK
pulse defines the cycle boundaries for the RAM.

This input is driven low to in dicate that the requested DMA byte transfer is

currently taking place. The ACKNOWLEDGE signal should be a full RAM
CLOCK cycle in width.

On a disk read operation, the ACKNOWLEDGE signal causes the UM83C001 to

gate a byte of data onto the DO - D7 data lines. On a disk write or verify operation,

the ACKNOWLEDGE signal causes the UM83C001 to accept a byte of data from
the DO - D7 data lines.

To assure proper "Handshaking" with the REQUEST line, this line must change
state while the RAM CLOCK signal is high.

If data is not transferred fast enough to keep up with the requirements of the disk

or tape, then the OVERRUN/UNDERRUN bit will be set to one (register address

05 bit 1 ). If this happens, the current disk operation will be terminated at the end
of the current sector.

This input goes low to indicate the last cycle of a DMA transfer. It is normally
driven low by the UM83C002 when the byte counter of the active DMA channel

has reached zero. The UM83C001 will continue reading or writing until the end of

the current sector is reached and then stop. However, it will not generate any more
data requests after the STOP line has been activated. On a sector write, the

remainder of the sector will be filled with the last byte that was transferred.

This line is ignored unless ACKNOWLEDGE is also low.

The UMC DISK CONTROLLER (UM83C001 ) occupies two I/O port locations

selected by the AO pin. AO driven low selects the REGISTER ADDRESS POINTER
or STATUS REGISTER and AO driven high selects the READ or WRITE RE-
GISTERS. (REFER TO TABLE 2)

This input is driven by the CPU to indicate whether a register read or write is to be
performed. A low indicates a write; a high indicates a read. This line has meaning
ONLY when CHIP SELECT is low; and it is ignored when CHIP SELECT is high.

The CHIP SELECT line (CSEL) is driven low by the processor to read from or
write to the registers inside the UM83C001 . This signal is intended to be gated by
processor's ACKNOWLEDGE signal.

This clock input synchronizes all CPU and DMA operations of the UM83C001 . Cycle
boundaries are defined by the rising edge of this clock.

I
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Pin Description (Continued)

Pin No. Symbol Description

20 GROUND Negative Supply

21 READY or

STATUS
This input status line is available to the Host Processor at READ REGISTER 04

Bit 6. This line performs no logical function within the UM83C001 and hence the

DRIVE READY signal or any other desired status signal may be connected to this

pin.

22 SELECTED or

STATUS 1

This input status line is available to the Host Processor at READ REGISTER 04

Bit 7. This line performs no logical function within the UM83C001 , hence the

DRIVE SELECTED signal or any other desired status signal may be connected

to this pin.

23 INDEX The rising edge of this INDEX signal from the selected drive is used to define the

beginning of the track. It occurs once per revolution.

24 SECTOR or

ADDRESS MARK
FOUND

SECTOR

For hard sectored drives, the rising edge of this input defines the beginning of sector

except sector 0. The beginning of sector is defined by the rising edge of INDEX.

ADDRESS MARK FOUND
For soft sectored ESDI drives, the rising edge of this ADDRESS MARK FOUND
defines the leading edge of every sector except sector 0. The beginning of sector

is defined by the rising edge of INDEX.

25 SEEK COMPLETE
or STATUS or

LTH

SEEK COMPLETE
The SEEK COMPLETE input is available to the Host Processor as STATUS
REGISTER Bit 2.

STATUS
For ESDI drives, the serial status line is input at this pin and is available to the

Host Processor as STATUS REGISTER Bit 2.

LTH (LOWER,TAPE HOLE)

For QIC-36 tapes the LOWER TAPE HOLE signal is input at this pin and is

available to the Host Processor as STATUS REGISTER Bit 2.

26 TRACK or

TRANSFER ACK
orUTH

TRACK
For ST-506 type drives, the TRACK signal is input at this pin and is available

to the Host Processor as STATUS REGISTER Bit 1.

TRANSFER ACK (ESDI DISK)

For ESDI drives, the TRANSFER ACKNOWLEDGE signal is input at this pin and

is available to the Host Processor as STATUS REGISTER Bit 1.

UTH (UPPER TAPE HOLE - QIC-36 TAPE)

For QIC-36 tapes, the UPPER TAPE HOLE signal is input at this pin and is

available to the Host Processor as STATUS REGISTER Bit 1.
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Pin Description (Continued)

UM83C001

Pin No.

27

28

29

30

31

32

33

34

35

Symbol

STEP or

TRANSFER
REQUEST

DIRECTION or

COMMAND

ENABLE
ADDRESS MARK

Description

STEP

This output is the STEP pulses for ST-506 drives. This line goes high whenever
a one is written to register 1 F bit 0. This line goes low whenever a zero is written

to register 1 F bit 0.

TRANSFER REQUEST
This output is used for TRANSFER REQUEST for ESDI drives.

DIRECTION

This output is the DIRECTION signal for ST-506 drives and goes high whenever
a one is written to register 1E Bit 7.

COMMAND
This output is the SERIAL COMMAND line for ESDI drives.

WRITE GATE

This signal is required for the ESDI interface. When writing, it causes the ESDI
drive to write an address mark on the track. When reading, it causes the ESDI
drive to search for an ADDRESS MAR K. When the ESDI drive finds an

ADDRESS MARK it will activate the ADDRESS MARK FOUND signal at

Pin 24. For ESDI drives, WRITE REGISTER 1 should be set to zeros to produce
a 3 byte wide ENABLE ADDRESS MARK signal on format writes.

This signal goes directly to the disk interface and must be HIGH to write data

to the disk.

WRITE DATA

WRITE CLOCK

READ GATE

READ DATA

READ DATA
DELAYED

This signal is the WRITE DATA that goes to the disk drive. This WRITE DATA
may be un-encoded or encoded either MFM or RLL and may be either in a pulse

format, an NRZ format or NRZI format.

This signal is the code/encoded data rate and is intended for use as a WRITE
CLOCK for the ESDI drive interface.

This signal indicates that the controller is in an ID for DATA area and is attempting

to phase lock onto the READ DATA. This signal is used in the ESDI interface.

This signal remains ACTIVE even though the DISK CONTROLLER chip is not

actually performing a READ. The BUSY signal (Pin 1 1 ) can be used in

conjunction with the READ GATE signal to produce a signal enabling an external

phase comparator if desired.

This signal is the raw DATA pulses that are sent directly from the drive.

This signal is the same as the READ GATE (Pin 34) with the exception that it is

delayed by one half of a READ CODE CYCLE. For example: If you are running

MFM data with a code rate of 10 MHz yielding a READ DATA CYCLE of 100
nanoseconds, then the data on this pin would be DELAYED by one half of the 100
nanoseconds equaling 50 nanoseconds. An external delay line is utilized to produce
this READ DATA DELAYED signal.
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Pin Description (Continued)

Pin No. Symbol Description

36-
37

These two signals are used as comparison inputs to an external VOLTAGE

CONTROLLED OSCILLATOR so that it can produce the PLO signal at Pin 38.

SLOWER and

FASTER

38 PLO/READ

CLOCK
The PHASE LOCK OSCILLATOR (PLO) Input is a READ CLOCK signal which

is phase locked onto the READ DATA. The rising edge of the PLO clock should

occur at the same time as the rising edge of the READ DATA delayed signal at

Pin 35. If the DISK CONTROLLER chip is used to control an ESDI interface

drive, the input to this pin would be the READ CLOCK signal coming directly

from the ESDI interface.

39 XTAL (Crystal) This is the crystal oscillator input which is the reference clock for writing to the

hard disk. The XTAL frequency should be the code frequency going to the disk.

For example: If running at MFM with a 5 megabit disk data rate, the MFM code

going to the disk would be at a 10 MHz rate and the XTAL input would be at

1 MHz. When using R LL code with a 7 1 12 megabit disk data rate, the code rate

going to the disk would be 15 MHz and the XTAL input would be 15 MHz.

-For ESDI drives, the +READ CLOCK would be input at this pin.

40 +5 VOLTS Positive Supply

Register Addresses

Data Lines (D0-D7), in conjunction with the software

controlled A0 signal (as an enabling signal), when decod-

ed select either a write or read operation to be performed

and the REGISTER ADDRESSES to be utilized,

is a chart of the A0 REGISTER ADDRESSES)
(Table 2

Read Write

BIT STATUS REGISTER ADDRESS

7 CONTROLLER BUSY AUTO-INCREMENT
6 DISK OP IN PROGRESS DISK DATA
5 WRITE GATE REG A5

A0 =
4

3

DATA REQUESTED
DATA AVAILABLE

REG A4
REG A3

2 SEEK COMPLETE REG A2
1 TRACK REG A1

ERROR REG A0

BIT DATA DATA

7 D7 D7
6 D6 D6
5 D5 D5

A0 = 1

4

3

D4
D3

D4
D3

2 D2 D2
1 D1 D1

DO DO

Table 2. Register Addressing
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Auto-Increment

If the bit of the REGISTER ADDRESS is set, the address

'will automatically increment after every register read

or write.

There are two exceptions to AUTO-INCREMENT: (1)

There is no increment after writing the STEP REGISTER
(address 9F); and (2) After reading or writing the DATA
REGISTER (address CO).

Status Register

The STATUS REGISTER informs the host of certain

events performed by the UM83C001 as well as reporting

the status from the drive control.

Bit Signal Description

7 Controller Busy If bit 7 comes up, this indicates that either a
disk read/write is in progress or the control-

ler is still working on the last byte written

or that it is incrementing the register address

6 Disk Operation

in Progress

If bit 6 comes up, a disk read/write opera-

tion is in progress.

5 Write Gate This bit reflects the state of the WRITE
GATE pin from the UM83C001 indicating

that the controller is writing to the drive.

Normally, registers should not be changed
while writing to the disk.

4 Data Request This bit indicates that the controller re-

quires a byte to be written into the DISK
DATA register. It is used for non-DMA
data transfers.

3 Data Available This bit indicates that there is byte for the
host processor to read from the data disk

register. It is used for non-DMA data

transfers.

2 Seek Complete/

Status Data/LTH
This bit reflects the state of its pin (Pin 25)
on the UM83C001 (i.e. if the signal at this

pin is high, bit 1 will be high). It is used to

indicate that the selected drive has com-
pleted any head positioning sequence; the

state of a bit in the CONFIGURATION/
STATUS word on an ESDI drive; or that

a QIC-36 tape has detected the lower tape

hole.

1 Track O/XFR
ACK/UTH

This bit reflects the state of its pin (Pin 26)
on the UM83C001 (i.e. if the signal at this

pin is high, bit 2 will be high). It is used to
indicate that the selected drive is at track 0;
that an ESDI drive has acknowledged a

COMMAND/STATUS transfer; or that a

QIC-36 tape drive has detected the upper
'tape' hole.

Error This bit is set whenever any bit in the

CONTROLLER ERROR register is set.

It is the logical OR of the CONTROLLER
ERROR register bits and may be used by
the host to quickly check successful com-
pletion of a command. This bit is reset

when a new command is written into the
DISK OPERATION register.

UM83C001

Available Registers

There are 64 available REGISTER ADDRESSES in the

UM83C001; however, only 41 are used. Table 3 is a

list of available WRITE registers and Table 4 is a list of

available READ registers.

Register Auto
Address HEX Incr Register

Decimal HEX

00 80 POST-INDEX GAP
1 01 • 81 ID PLO LOCK-ON
2 02 82 PRE-ID
3 03 83 ID ADDRESS MARK
4 04 84 FE BYTE
5 05 85 ID

6 06 86 ID ECC
7 07 87 POST- ID
8 08 88 DATA READ SKEW
9 09 89 DATA PLO LOCK-ON
10 0A 8A PR E-DATA
11 0B 8B DATA ADDRESS MARK
12 OC 8C F8 BYTE
13 0D 8D DATA LOW
14 0E 8E DATA HIGH
15 OF 8F DATA ECC
16 10 90 POST DATA
17 11 91 INTER-RECORD GAP
18 12 92 SECTORS PER TRACK
19 13 93 ID START LOCATION
20 14 94 ADDRESS MARK FIRST.

HALF
21 15 95 ADDRESS MARK LAST

HALF/UNENCODED
ADDRESS MARK

22 16 96 RECORDING CODE
23 17 97 CLOCK DIVIDER
24 18 98 FE
25 19 99 F8
26 1A 9A SECTOR SIZE
27 1B 9B SECTOR OPTIONS
28 1C 9C
29 1D 9D
30 1E 9E DIRECTION
31 1F 9F* STEP
56 38 B8 CYLINDER HI

57 39 B9 CYLINDER LO
58 3A BA HEAD
59 3B BB SECTOR
60 3C BC TRANSFER COUNT
61 3D BD HEAD SELECT
62 3E BE DRIVE SELECT
63 3F BF DISK OP
64 40 CO* DATA TO/FROM DISK

READ/WRITE

"These Addresses do not Auto- Increment.

Table 3. Write Register Addresses
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MNN1I MQWTM

DATA
TO
MSK

Figure 3. UM83C001 Register Addresses and Selection

Write Register Address Descriptions

The WRITE registers, Hex — 17, control the length of

the fields of the track format. To set the length, set the

appropriate register with the desired byte count-1

.

The following is a description of the available registers

within the UM83C001 including the appropriate hex

Register Address:

(HEX 00) POST INDEX GAP

Number of bytes after the index pulse.

FIELD LENGTH = 1-256 BYTES

(HEX 01) ID PLO LOCK-ON

Read gate starts at the beginning of this field. This field

is to allow the PLO to lock onto the read data.

FIELD LENGTH = 1-64 BYTES

(HEX 02) PRE-ID

The Address Mark search begins in this field.

FIELD LENGTH = 1-64 BYTES

(HEX 03) ID ADDRESS MARK

This field is used on soft sectored media so that the

controller can identify the start of ID and DATA
fields. ADDRESS MARKS in FM or MFM are recorded

with certain clock pulses missing and are unique from

all other data and gap bytes recorded on the track.

ADDRESS MARKS in RLL use an illegal sequence

which violates the Encoding scheme of 2 to 7 zeros be-

tween flux reversals.

FIELD LENGTH = 1-4 BYTES

(HEX 04) FE BYTE

This field is used to identify that you are in an ID field.

The value of register 18, field identifier byte, (normally

an FE) is expected in this field.

FIELD LENGTH = 1 BYTE (fixed)

(HEX 05) ID

The ID information from CYL-HI, CYL-LO, HEAD and

SECTION NUMBER areas are stored in this field.

FIELD LENGTH = 1-16 BYTES

4-34



UMC
(HEX 06) ID ECC

This field contains the CRC or ECC bytes for the ID area

FIELD LENGTH =1-8 BYTES

(HEX 07) POST-ID

This field should contain 00's. It is required to ensure
proper recording and recovery of the last bits of the ID
CRC/ECC field. On write data operations, the WRITE
GATE goes active at the end of this field.

FIELD LENGTH = 1-4 BYTES

(HEX 08) DATA READ SKEW

On READ DATA operations, the READ GATE goes
active at the end of this field. This field is intended to

allow the PLO to skip over the write splice area before

it begins trying to sync onto the read data.

FIELD LENGTH = 1-64 BYTES

(HEX 09) DATA PLO LOCK-ON

The READ GATE goes active at this point.

FIELD LENGTH = 1-4 BYTES

(HEX OA) PRE-DATA

The search for ADDRESS MARK starts here.

FIELD LENGTH = 1-64 BYTES

(HEX OB) DATA ADDRESS MARK
See ID ADDRESS MARK
FIELD LENGTH FOR HARD DISK = 1 BYTE
FIELD LENGTH FOR FLOPPY = 3 BYTES

(HEX OC) F8 BYTE

FIELD LENGTH = 1 BYTE (fixed)

(HEX OD) DATA LOW
(HEX OE) DATA HIGH

These two bytes define the length of the DATA FIELD

OD = Low Byte of DATA LENGTH
OE = High Byte of DATA LENGTH

FIELD LENGTH = 1 - 65,536 BYTES

(HEX OF) DATA ECC

See ID CRC/ECC field.

FIELD LENGTH = 1-8 BYTES

(HEX 10) POST DATA

Data WRITES stop at the end of this field.

FIELD LENGTH = 1-4 BYTES

UM83C001

(HEX 11) INTER-RECORD GAP

This field provides a separation between each sector to
allow speed tolerances; write to read recovery time (time
between deassertion of WRITE GATE and assertion of
READ GATE) head switching time and controller de-
cision making time between sectors and variations in

detecting INDEX and SECTOR.
FIELD LENGTH = 1-256 BYTES

(HEX 12) SECTORS PER TRACK

Write N-1 to this register

FIELD LENGTH =1-256 BYTES

(HEX 13) ID START LOCATION

This register is set to specify which internal register follows

the FE register in the ID field. This register is set as shown
below.

ID Start Next Byte

Value Following FE

00 FE (causes FE to be used

twice)

01 CYLINDER HI (normal setting for hard

disk)

02 CYLINDER LO (normal setting for

floppy)

03 HEAD
04 SECTOR
05 SECTOR SIZE

(HEX 14) ADDRESS MARK FIRST HALF
(HEX 15) ADDRESS MARK SECOND HALF
HEX 14 = The first half of the encoded ADDRESS MARK
HEX 15 = The second half of the encoded ADDRESS

MARK or the whole unencoded ADDRESS
MARK when running in unencoded mode.

ADDRESS MARKS are special bytes recorded at the

beginning of each ID and DATA field. These bytes are

unique and do not occur anywhere else on the disk. They
are used to identify the exact beginning of the ID and
DATA fields. These ADDRESS MARKS are made unique
by violating the rules for encoding the data.

When using MFM encoding, the ADDRESS MARK is an
A1 data byte with one of the clock bits dropped.

MFM CLOCK BITS

DATA BITS 1110
1110

1

MFM ADDRESS MARK
01010100 10001001 = HEX 54 and HEX 89

•—This bit has been dropped
HEX 54 = First half in location HEX 14

HEX 89 = Second half in location HEX 1

5
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When using UM83C001 RLL encoding, the ADDRESS
MARK is a 4B data byte with one of the bits dropped.

This results in a unique pattern with 8 zeros in a row.

In 2,7 RLL encoding, the maximum number of zeros

in a row is 7.

4B

RLL CODE FOR 4B

RLL ADDRESS MARK

010 010 11

000100 000100 1000

000100 000000 1000 = HEX 10 and HEX 08
t

This bit has been dropped

HEX 10 = First half in location HEX 14

HEX 08 = Second half in location HEX 15

(HEX 16) RECORDING CODE

80 00 NRZ WRITE DATA
40 01 NRZI WRITE DATA

10 PULSE WRITE DATA
11

20 00 NRZ READ DATA
10 01 NRZI READ DATA

10 PULSE READ DATA
11

08 000 UNENCODED
04 001 FM
02 010 MFM

011 RLL 2,7

01 Should be

(HEX 17) CLOCK DIVIDER

Through the use of a PLO divider circuit, the disk controller

chip is capable of controlling several devices that do not

operate at the same data rates without requiring a separate

PLO circuit for each. For example, the controller can

operate a hard disk, a floppy disk, and a tape drive using

only a single PLO running at 10 MHz or 15 MHz. If

running a 15 MHz PLO for an RLL encoded hard disk,

the controller is divided by 15 to run the tape drive and

divided by 30 to run the floppy disk.

The PLO divider can divide from 1 to 256. To divide

by a number n, the number n-1 must be written into the

Clock Divider at register address 17 hexadecimal.

In order to improve PLO lock-on performance, the Clock

Divider is synchronized to the first data pulse at the

beginning of every read operation.

Bytes that are written to or read from the UM83C001

at RAM CLOCK speed are internally synchronized to

the WRITE CLOCK. This synchronization can take up

to 5 write clock cycles. During this synchronization,

the CONTROLLER BUSY bit (Status Register bit 7)

will be one.

If additional bytes are written to or read from the chip

during this synchronization, the results will be unpredic-

table.

When using a divided down clock, the length of time

required for this synchronization may become significant.

For example: when working with a 5-1/4 inch floppy,

the disk clock would be 2 microseconds. The synchroniza-

tion could take up to 5 x 2 = 10 microseconds. When
designing your system, insure that reads and writes to the

UM83C001 are always farther apart than 10 microseconds

whenever the clock is divided down to a 2 microsecond

period. This can be done by inserting extra instructions

in the host program or by monitoring the CONTROLLER
BUSY bit.

(HEX 18) FE

ID field identifier byte

Write FE to this register.

(HEX 19) F8

Data field identifier byte.

Write F8 to this register for hard disk or FB for floppies.

(HEX 1A) SECTOR SIZE

This byte follows the sector number in the ID field and

is normally used with floppies — not hard disk.

(HEX IB) SECTOR OPTIONS

The UM83C001 handles soft or hard sectored disks or

ESDI disks using ESDI Address Marks. ESDI byte clock

operation requires an external counter to create hard

sector pulses.

BIT 7 to 2 =

BIT 1 = 02

BIT =01
00 SOFT SECTORED
01 HARD SECTORED
10 ESDI ADDRESS MARKS
11 ESDI BYTE CLOCKS
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(HEX 1E) DIRECTION

Bit 7 of the register is sent directly to the DIRECTION
output pin. Writing a HEX 80 to this address will make
the pin high; a HEX 00 will make it low. This pin is used

for direction control of ST506 drives or for command
data on ESDI drives.

(HEX IF) STEP

Bit of this register is sent directly to the +STEP output

pin. Writing a HEX 01 to this address will make the pin

high; a HEX 00 will make it low. This pin is used for

STEP CONTROL of ST506 drives or for TRANSFER
REQUEST on ESDI drives. Auto-increment is disabled

for this address because it must be written repetitively

to create multiple STEP pulses at the drive interface.

(HEX 38) CYLINDER HI

This register contains the HI 8 bits of the cylinder number.

The contents of this register and the next 3 registers are

used for writing or searching for ID FIELDS on the disk.

(HEX 39) CYLINDER LO

This register contains the LO 8 bits of the cylinder number.

(HEX 3A) HEAD

This register contains the HEAD number.

(HEX 3B) SECTOR

This register contains the SECTOR number. On multi-

sector operations, this register is incremented after each

sector is read or written and may be read at address 07.

(HEX 3C) TRANSFER COUNT

This register contains the number of sectors desired for

this command —1. On multi-sector operations, this

register is decremented after each sector is read or written

and may be read at address 06.

(HEX 3D) HEAD SELECT

When this register is written, the external SET HEAD pin

strobes low to latch the head number from the data bus.

(HEX 3E) DRIVE SELECT

When this register is written, the external SET DRIVE
pin STROBES low so that the external drive register can

latch the drive number from the data bus.

(HEX 3F) DISK OP

Writing to this register starts or stops DISK READ or

WR ITE operations. The commands are listed below and are

described in more detail in the DISK COMMAND section.

00 STOP DISK OPERATION
80 NO-OP

81

82

83

84

85

86

87

88

89

8A
8B

8C

8E

8F

WRITE DATA
READ DATA
READ ID

WRITE FIRST SECTOR
WRITE NEXT SECTOR
FORMAT WRITE INTERLEAVED
FORMAT WRITE SEQUENTIAL
READ DATA IMMEDIATE
WRITE SECTOR IMMEDIATE
WRITE GAP IMMEDIATE

-

VERIFY DATA
READ LONG

(HEX 40) DATA TO/FROM DISK

Data written to this register is serialized and sent as data

to the disk. Writing to this register resets the DATA
REQUESTED status bit (Bit 4). If data is not written

fast enough to keep up with the disk, the OVERRUN/
UNDERRUN status bit (register 05 Bit 1) will beset.

Read Register Address Descriptions

Register Auto

Address Inch

Decimal Hex Hex

00

01

02

03

04

05

06

07

80

81

82

83

84

85

86
87

Register

Not used

Not used

Not used

Not used

Disk status

Controller status

Transfer count

Sector number

ECC ECC CRC
56 Bit 32 Bit 16 Bits

8 08 88 Not used Not used Not used

9 09 89 Not used Not used

10 OA 8A Error 1 Not used Not used

11 OB 8B Syndrome 2 Not used Not used

12 OC 8C Bytes 3 Not used

13 OD 8D 4 1 Not used

14 OE 8E 5 2

15 OF 8F 6 3 1

64 40 CO Data from disk

This address does not auto-increment

Table 4. Read Register Addresses

(HEXOO - HEX03) NOT USED

(HEX04) DISK STATUS

BIT 7 = DRIVE SELECTED/STATUS 1 (HEX 80)

This bit has a dual role when controlling a Winchester drive.

It indicates that a drive has been successfully selected. This

pin directly reads the logic level of pin 27 on the chip.
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BIT 6 = READY/STATUS (HEX 40)

This bit also has a dual role. When controlling floppy

and Winchester drives, it indicates that a drive is up. to

speed and ready for read or write. And this pin directly

reads the logic level of pin 21 of the chip.

BIT 5 = SECTOR ADDRESS MATCH (HEX 20)

This bit is set when a sector ID matches what was set into

the Sector Address Registers during a read/write operation.

BIT 4 = LAST SECTOR ON TRACK (HEX 10)

This bit is set during the last sector of a track. (Sector #
in ID field = Sector per track.) See Multi-Sector transfers.

BITS 3 THRU = FIELD COUNTER

The FIELD COUNTER indicates what field is passing

under the heads on a read or write.

FIELD HEX FIELD LOCATION
COUNT COUNT ON DISK

00 INTER-RECORD GAP or

POST-INDEX GAP
1 01 ID PLO LOCK-ON

2 02 PRE-ID

3 03 ID AM
4 04 FE

5 05 ID

6 06 ID ECC
7 07 POST- ID

8 08 DATA READ SKEW
9 09 DATA PLO LOCK-ON

10 0A PR E-DATA

11 0B DATA AM
12 OC F8

13 0D DATA
14 0E DATA ECC

15 OF POST-DATA

(HEX 05) CONTROLLER STATUS

BIT 7 = NO RECORD FOUND (HEX 80)

Indicates that on a read or write, the controller has received

two successive index pulses without finding an ID field

that matched the Sector Address registers. Sector pulses

are not input on the INDEX pin).

BIT 6 = MISSING DATA AM (F8 MISCOMPARE)
(HEX 40)

This bit is set if the byte after the Data Address Mark does

not match the contents of register 19, the Data Field Iden-

tifier byte, indicating that a data field probably does not

exist.

BIT 5 = ID ECC/CRC ERROR (HEX 20)

When set indicates that a read/write sector to the addressed

sector was found, but that the CRC/ECC was in error.

BIT 4 = DATA ECC ERROR (HEX 10)

When set indicates that a read of the addressed sector was

found, but that the DATA field CRC/ECC bytes was in

error.

BIT 3 = DATA MISMATCH (HEX 08)

Indicates that the Verify command has stopped with a

data mismatch error. See Verify command.

BIT 2 = DATA TRANSFER STOPPED

(STOP RECEIVED) (HEX 04)

Indicates that during a read or write the DMA-STOP pin

was activated and that the transfer has stopped.

BIT 1 = OVERRUN/UNDERRUN (HEX 02)

Indicates that data was not transferred to or from the con-

troller quick enough for the Serial izer/Deserializer section.

BIT = NOT USED

(HEX 06) TRANSFER COUNT

This register contains the number of sectors remaining

(including the current) for Multi-sector operations and it

is decremented after each successful sector read or write.

(HEX 07) SECTOR NUMBER

This register contains the SECTOR NUMBER for the

operation that the controller is currently performing.

It is incremented after each multi-sector operation but

is not incremented if an error occurs.

(HEX 08) NOT USED

(HEX 09) 56 BIT ECC SYNDROME BYTE

(HEX 0A) 56 BIT ECC SYNDROME BYTE 1

(HEX 0B) 56 BIT ECC SYNDROME BYTE 2

(HEX 0C) 56 BIT ECC SYNDROME BYTE 3

(HEX 0D) 56 BIT ECC SYNDROME BYTE 4

(HEX 0E) 56 BIT ECC SYNDROME BYTE 5

Disk Commands

Writing to the COMMAND register at location 3F causes

a disk operation to begin. All registers used in the disk

operation should be set up prior to writing to the COM-

MAND register.

(HEX 00) ABORT

This command will immediately terminate any operation

in progress.

(HEX 80) NO OP

This command causes no disk operation.
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(HEX 81) WRITE DATA

This command writes data from memory into the data
field of the sector whose address has been written into

the sector address registers in the chip. Multi-sector writes

are possible up to 256 sectors.

(HEX 82) READ DATA

This command reads the data field from the sector whose
ID has been set into the registers on the disk controller.

The data field is transferred to memory by DMA. It may
optionally be transferred under program control if the

disk speed is slow enough for the computer to keep up
with it. The F8 byte immediately following the data
address mark is not transferred but is checked to assure

that a data field is present.

At the end of every sector transfer, the Transfer Count
is checked. If it is zero, the operation stops. If it is non-
zero, it is decremented, the sector number is incremented,
and the next sector is read. This process continues until

the Transfer Count goes to zero, the end of the track is

reached, or an error occurs.

The DMA data transfer may be stopped by having STOP
go low during a DMA cycle (ACK low). If this happens,
the disk controller will immediately cease data transfer

and will halt the operation at the end of the current sector.

In this case, the Transfer Count will not be decremented
and the sector number will not be incremented.

The residual Transfer Count and the sector number
registers can be read to determine where to continue.

(HEX 83) READ ID

This command reads the next ID field and ID ECC field

that is encountered on the disk or tape. It transfers

both fields to memory. The ID ECC field is checked
for errors.

It can be used to establish track orientation on tape or

disk. It can also be used in error recovery procedures to

determine if the read-write heads are positioned over

the correct track.

(HEX 84) WRITE FIRST SECTOR

This command begins writing at the Index Pulse and
writes both ID fields and data fields. Information for

the index field comes from the internal sector address

registers. Information for the data fields is transferred

from memory.

Multi-sector writes can write up to 256 sectors.

If this command is terminated by the transfer count going,

to zero, it stops writing at the end of the post-data field

of the last sector. If this command is terminated by the

sectors per track counter going to zero, it will continue
writing the post-data field until the next Index Pulse is

reached or until a Reset Command (00 hexadecimal)
is received.

This command can be used to format and„write data to

a track in a single operation.

(HEX 85) WRITE NEXT SECTOR

This command begins writing at the end of the post-

data field of the sector whose address has been set

into the internal sector address registers. It writes ID
fields as well as data fields. It stops writing at the end
of the post-data field when the transfer count goes to
zero.

Multi-sector writes can be done up to 256 sectors.

This command can be used to repair the ID fisld of a
damaged sector.

(HEX 86) FORMAT INTERLEAVED

This command is similar to the Format Sequential (See

HEX 87) command. However, in this command the ID
fields to be written on the disk come from memory
rather than from the internal registers on the ID.

Numbers written are totally programmable and can be
interleaved in any manner desired.

For each sector written the disk controller will fetch all

bytes of the ID field plus one byte of filler (usually a

hexadecimal E5) for the data field. The hexadecimal
FE byte immediately following the ID Address Mark
is not fetched from memory but is written from the
internal register in the disk controller.

For a typical hard disk format the ID field length would
be 4, and the following 5 bytes would be fetched from
memory for each sector.

Cylinder High

Cylinder Low
Head

Sector

Data Filler Byte (usually E5)

If the track is being formatted with 26 sectors, then
a total of 5 x 26 = 130 bytes will be fetched from
memory during the Format Interleaved command
execution.
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(HEX 87) FORMAT SEQUENTIAL

This command is used to format a single track on a disk.

It begins writing at index and continues writing to the

next index. It writes all ID and data fields using the

information set into the on-chip ID and DATA registers.

ID Register Data Filler Register

Byte Address Byte Address

CYLINDER HI HEX 38 DATA HEX 40

CYLINDER LO HEX 39

HEAD HEX 3A
SECTOR SIZE HEX 1A

After each sector is written, the sector number register

is incremented by one and the track size register is decre-

mented by one. When the track size register reaches

zero, one last sector is written and the remainder of the

track is written with zeros.

No data is transferred to or from memory during a format

sequential command.

(HEX 88) READ DATA IMMEDIATE

It differs in that when it is issued, the track orientation

counters are reset to the post-index gap and the read

operation begins there. It is intended primarily for use

when controlling tape drives where there is no index

pulse to establish position on the track. With this

command the microprocessor is resoonsible for main-

taining track orientation.

Data transfer occurs the same as with the Read Data

command. Up to 256 sectors can be transferred with a

single command.

(HEX 89) WRITE IMMEDIATE

Write immediate is a formatting type write in that it

writes the ID field of each sector as well as the data field.

It is intended primarily for use when controlling tape

where there is no index pulse to establish track orienta-

tion. When it is issued, the track orientation counters

are set to post-index gap and + WRITE GATE goes high

immediately.

ID field information is written from the internal sector

address registers. Data field information is transferred

from memory. The sector number is incremented after

every sector is written. Up to 256 sectors can be written

with a single Write Immediate command.

Writing stops at the end of the post-data field when the

transfer count goes to zero.

If Write Immediate is terminated by the physical sector

count going to zero, the controller will continue writing

the post-data field until it is stopped by the microprocessor

issuing a Reset Command (00 hexadecimal) or until an

Index Pulse is received. This allows tapes to be written

with a long trailer gap after the last data block.

(HEX 8A) WRITE GAP IMMEDIATE

When the Write Gap command is issued, the track orienta-

tion counters are set to post-index gap and the controller

immediately begins writing zeros. Writing continues

until the index is reached or until this command is ter-

minated by the issuance of another command or a halt

command.

This command is intended primarily for writing header or

trailer zero fields on tape.

(HEX 8B) VERIFY DATA

This command begins reading data from the disk at the

addressed sector and comparing it to the data transferred

from memory. If the disk data and the data from memory

do not match, this command will terminate with the Data

Mismatch bit set (Read Register 0D bit 3).

(HEX 8C) READ LONG

This command is used primarily for checking the ECC

and CRC circuitry. It reads and transfers to memory the

data field and data ECC field of the addressed sector.

The ID ECC field and the data ECC field are checked and

error latches are set if they are not correct. An error in

the ID ECC field will not stop the data field from being

transferred as it would with the Read Data command.

However, an error in either ECC field will terminate a

multi-sector Read Long at the end of the post-data field

of the sector containing the error.

After using the Read Long command, the ECC Syndrome

registers containing the EGG bits read from the disk instead

of error bits.

This command also allows the reading of records that

were written by controllers that use different ECC or

CRC generators.

(HEX 8D) WRITE LONG

This command is used primarily for checking the ECC

and CRC circuitry. It writes from memory the data field

and the data ECC field of the addressed sector. This

command permits the creation of errors to assist in testing

the error detection circuits.

An error in the ID ECC field wil

the addressed sector.

not prevent writing to
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Timing Specs and Diagrams

This section is devoted to the timing of signals and their

relationship to each other in order to make maximum
use of the UM83C001. The following tables and diagrams

UM83C001

are to be used as design tools when incorporating the

UM83C001 into your system.

Signal Typ. Max. Unit

XTAL 20 30 MHz

PLO 20 30 MHz

READ DATA 20 30 MB ITS/SEC

Table 5. Signal Frequencies

Signal LO HI Unit

XTAL 13 20 NANOSECONDS

PLO 13 20

MCLK 30 30

RESET 100

Table 6. Signal Widths

Delays From To Min. Typ. Max. Unit

XTAL HI

XTAL

WRITE DATA

WRITE CLOCK

35

30

70

60

NANOSECONDS

XTAL OR PLO HI REQUEST LO 32 63

ACK & MCLK LO REQUEST HI 36 72

MCLK LO SET HEAD LO 30 59

MCLK HI SET HEAD HI 21 42

MCLK LO SET DRIVE LO 30 59

MCLK HI SET DRIVE HI 21 42

XTAL OR PLO HI DIRECTION 43 85

XTAL OR PLO HI STEP 38 77

CSEL HI OR WRT LO

CSEL LO & WRT HI

D0-D7 TR I -STATE

D0-D7 ACTIVE

25

29

50

57

ACK HI OR WRT LO

ACK LO & WRT HI

D0-D7 TRI-STATE

D0-D7 ACTIVE

31

29

61

57

XTAL HI WRGT 32 63

PLO HI RDGT 36 71

XTAL OR PLO HI ENAM 36 71

XTAL OR PLO HI BUSY 31 62

RDEL HI FSTR HI 26 51

PLO HI FSTR LO 26 51

PLO HI SLWR LO 26 51

RDEL HI SLWR HI 26 51

Table 7. Delays
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From Changing Signal

ACKNOWLEDGE
ACKNOWLEDGE

WRITE
WRITE

CHIP SELECT
CHIP SELECT

AO
AO

Set-Up

4.0

15

15

15

To

RAMCLK LO

RAMCLK HI

RAMCLK LO
RAMCLK HI

RAMCLK LO
RAMCLK HI

RAMCLK LO
RAMCLK HI

Hold

15

15

15

Unit

NANOSECONDS

NOTE THAT ALL THE ABOVE SIGNALS SHOULD CHANGE WHEN RAMCLK IS HIGH AND BE

STABLE WHEN RAMCLK IS LOW

DATA (DO - D7)

STOP

RAMCLK HI

RAMCLK HI

12

3

NANOSECONDS

Table 8. Set Up and Hold Time

RAM CLOCK_TL

DO TO D7

1 RAM
CYCLE

REQ

ACK

X X

R

X
STOP

X X

. LAST BYTE
TRANSFERRED

DMA DATA TRANSFER

Figure 4. DMA Data Transfer Cycles
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RAM Buffer Controller

Features

3 DMA channels

Host processor port

Refresh circuit for dynamic RAM built-in

RAM access priority network

Address multiplexing for dynamic RAM
Multiplexed address and data lines from processor

Pins arranged for easy integration into 8088/8086

systems

No lost RAM cycles for DMA break-in

DMA carry output permits DMA across 64K boun-

daries

24 bit timer or baud rate generator

TTL compatible inputs and outputs. Outputs drive

8 LSTTL loads

General Description

The RAM BUFFER CONTROLLER contains three

high-speed DMA channels: a host computer address

port, dynamic RAM refresh circuitry, and RAM access

priority logic. One of the DMA address counters points

inside the buffer RAM for transferring data between

the RAM and the disk. A refresh address counter

handles dynamic RAM refreshing. Also on chip is an

.address multiplexer.

The DISK CONTROLLER UM83C001 connects to

one of the RAM controller chip's DMA channels.

The two other DMA channels may be used by other

high-speed memory-peripheral drives or tape systems —

if the chip set is being used with its own on-board

processor.

When teamed with the UM83C001, the UM83C002

gives the disk direct access to a buffer RAM array.

What's more, it does so at a speed high enough to

accommodate 5 Mbit, 10 Mbit and 15 Mbit data transfer

rates. The new ST412HP interface, for instance, which

operates at 10 Mbits with MFM encoding, would. have

a 15 Mbit throughput if it employed RLL2, 7 encoding

instead.

Pin Configuration Block Diagram

PBOCESSO R
ADDRESS
AND
DATA BITS _A15Q 1 40 22 5 VOLTS

A14 \22 2 39 2} RAM A7

A13 \Z 3 38 22 RAM A6 RAM
A12 Q 4 37 22 RAM A5 ADDRESS

A11 [22 5 36 22 RAM A4

A10 Q 6 35 22 RESET

A9 \2L c 34 22 RAM A3

A8|Z 8 33 ZlRAM A2
AD7 Q
AD6 [2

9

10

11

12

13

00u
Ooo

32

31

30

29

28

22 RAM A1

22 RAMA0
AD5 |_ 22 ADDRESS CARRY

AD4 |_ _| DMA REQUEST 3

AD3 L_ ZJDMA REQUEST 2

AD2 Q 14

15

27

26

22 DMA REQUEST 1

ADDRESS LATCH ENABLE \22 _| PROCESSOR REQUEST

A1/D1 \Z 16

17

18

25

24

23

_| STOP

AO/DO [Z _]WRITE

22 ACKNOWCHIP SELECT [2 LEDGE 2

RAMCLK \2L 19

20

22

21

22 ACKNOWLEDGE 1

GROUND L_ 22 ACKNQWLfcDGE ENABLE

Processor

Address

AD0-AD7

Processor
interface

logic

A8-A15

ALE-

DMA Request 3 (disk)

-

DMA Request 2

DMA Request 1

Processor Request

DMA
channel 3

DMA
channel 2

DMA
channel 1

Refresh I
|

address

Refresh

address

counter

Multiplexer

Carry

RAM
Address

Stop

RAM
access

priority

logic

Ack2

Ack1
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Absolute Maximum Ratings*

Power Supply Voltage, VDD . .

'. -0.5 to +7.0 V
Input Voltage, V, -0.5 V to VDD + 0.5 V
Operating Temperature, TOPT -40to+85°C
Storage Temperature, TSTG -65to+150°C

Recommended Operating Conditions

UM83C002

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

Parameter Symbol
Limits

Unit Conditions
Min. Typ. Max.

Power

Supply Voltage
VDD 4.5 5 5.5 V

Input Voltage V
l

VDD V

Low- Level

Input Voltage
V

IL 0.8 V TTL Level*

High- Level

Input Voltage V,H 2.0 vDD V TTL Level*

Input Rise

Fall Times tR.tp 10 MS

Note: (

T

A = to +70°C, VDD = 5 V + 5% unless otherwise specified)

DC Electrical Characteristics

Parameter Symbol
Limits

Unit Conditions
Min. Typ. Max.

Static Current
'l 0.1 200 MA V, = VDD orGND

Dynamic Current 'dd 4 MA 1 MHz/cell

Input Current
'l

0.1 10 JLlA V, = VDD or GND

Low- Level

Output Current 'OL 3.2 9 mA VOL =0.4V

High- Level

Output Current 'oh 1 3 mA vOH=<vDD-°-4 > v

Low- Level

Output Voltage
VOL 0.1 V l o =0

High- Level

Output Voltage
VOH VDD -0.1 V lo =0
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AC Characteristics

Parameter Symbol
Limits

Unit Conditions
Min. Typ. Max.

Maximum
Operating

Frequency
fMAX DC 50 MHz

Output
Rise Time tR 8 ns C L

= 15pF

Output
Fall Time tF 4 ns C

L
= 15pF

Pin Description

Pin No. Symbol Description

1 THRU 14,

16, AND 17

PROCESSOR ADDRESS
AND DATA BITS

These 16 pins are time multiplexed to provide a 16 bit CPU Address

and an 8 bit CPU data bus to the UM83C001

15

ADDRESS LATCH
ENABLE
(ALE)

When the ADDRESS LATCH ENABLE signal is high, the address

on the ADO to AD 15 lines is enabled into the ADDRESS LATCH
in the UM83C002. When the ALE signal goes low, this address is

held in the latch to be used for addressing the RAM. After ALE goes

low, data may be placed on the ADO to AD7 lines.

CHIP SELECT (CSEL)

The CHIPISELECTIinesare driven low by the processor to read from or

write to the registers inside the UM83C002. This signal is not intended

to be gated by the processor's acknowledge signal. When the processor

does a read of registers within the UM83C002, the read data will be

held on the data lines until the CSEL line goes back high.

19 RAM CLOCK

This line is an input that serves two purposes. It provides the timing for

multiplexing the RAS and CAS addresses to the dynamic RAM and its

trailing or rising edge provides the clock to define all memory cycles.

When this line is high the RAS addresses are output at RAM AO to

RAM A7. When it is low, the CAS addresses are output at RAM
AO to RAM A7.

The input lines REQ1, REQ2, REQ3 and REQH are sampled at the

rising edge of this clock to determine who will be granted access to

memory during the next memory cycle.

20 GROUND Negative supply.

21
ACKNOWLEDGE
ENABLE

A low on this line indicates that one of the REQUEST lines has been

granted access to RAM. The REQUEST lines are sampled on the

rising edge of RAM CLOCK.

.

22

23

ACKNOWLEDGE 1

ACKNOWLEDGE 2

When the ACKNOWLEDGE
line is low, these two lines

are encoded to indicate which

request has been granted access

to RAM.

ACK ACK2 ACK1 Request Granted

L H H REQUEST 3

I H L REQUEST 2

L L H REQUEST 1

L L L CPU REQUEST
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Pin Description (Continued)

UM83C002

Pin No.

24

Symbol

WRITE (WRT)

25

26

27

28

STOP

PROCESSOR REQUEST

DMA REQUEST 1

29

30

DMA REQUEST 2

DMA REQUEST 3

ADDRESS CARRY

Description

This line indicates whether a read or a write is to be performed. A
low indicates a write and a high indicates a read.

During processor cycles, it is driven by the processor. During DMA
cycles, it is normally driven by the UM83C002. However, the UM
83C002 may be programmed to allow the I/O device to drive this line.

During unused cycles and refresh cycles, the UM83C002 drives this
line high to eliminate the need for an external pull-up resistor.

This line goes low to indicate the last cycle of a DMA transfer. It

is normally driven low by the UM83C002 when the byte counter
of the active DMA channel has reached zero. The DMA channel
becomes disabled after this last cycle and it will ignore any further
requests until it has been restarted by writing to its command register.

Each channel can be programmed to allow the external I/O device
to drive this line. However, interna l byte counts are always active
so that transfer will stop when STOP goes low or when the byte count
reaches zero, whichever comes first.

This line is driven by the UM83C002 during unused cycles (cycles

during which ACKNOWLEDGE is high). It is normally driven low.
However, a refresh cycle is indicated when STOP ACKNOWLEDGE
and WR ITE are high at the same time. A ti mer cycle is indicated by
WR ITE being low when ACKNOWLEDGE and STOP are high

The processor requests access to RAM by placing a low on this line.

This line is sampled by the rising edge of the RAM CLOCK. The pro-
cessor has lowest priority. It will be granted access to RAM only
if all three DMA requests are HIGH.

This is the lowest priority DMA REQUEST. It samples on the rising
edge of RAM CLOCK. DMA CHANNEL 1 will be granted access
to RAM

,
If DMA REQUEST 2 and DMA REQUEST 3 are high.

This is the middle priority DMA REQUEST. This channel will be
granted access to RAM only if DMA REQUEST 3 is high.

This is the highest priority DMA REQUEST. If this line is low when
the rising edge of RAM CLOCK occurs, DMA CHANNEL 3 will con-
trol the next memory cycle.

This output goes low to indicate that the memory address of the
DMA channel that is acknowledged is at its maximum count of 65,535
and will roll over to at the end of this memory cycle. This line

also goes low on a refresh cycle when the refresh address counter
is at its maximum count of 255. This line also goes low on a timer
cycle when the timer is at its maximum count.
When operating in the address decrement mode, that line goes low
to indicate that the DMA channel address is OOOO and this it is going
to roll over to FFFF at the end of the current memory cycle.
This line is provided so that DMA transfers can be performed across
64K boundaries if desired. This line would be used to increment
an external counter containing the higher order address bits. This
line can also be used to increment additional external refresh address
counter bits if more than 8 bits of refresh address are required. This
line can also be used to extend the timer beyond 24 bits.
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Pin Description (Continued)

Pin No. Symbol Description

31 -34

36-39

A0-A3

A4-A7
RAM

These are the multiplexed address lines for use with dynamic RAMS.

When RAM CLOCK is high, address bits 8 thru 15 are gated to these

lines. When RAM CLOCK is low, address bits thru 7 are gated to

these lines. During REFRESH cycles, the refresh address is gated

to these lines. During TIMER cycles, the timer count is gated to

these lines.

35

A low on this RESET line resets the UM83C002 to its initial state.

The refresh rate is set to maximum refresh every other memory cycle

and all three DMA channels are disabled.

RESET

40 +5 VOLTS Positive supply.

RAM BUS Operation

A combination of pin signals control the BUS OPERATION to and from the UM83C002 chip,

are shown in Table 1.

These combinations

ACK ACK2 ACK1 RAM BUS OperationCARRY STOP CSEL WRITE

X

X

X

X

X

X

X

X

H

H

L

L

L

H

L

H

L

L

L

L

L

L

L

L

L

L

L

L

CPU WRITE TO MEM/IO
CPU READ FROM MEM/IO
CPU WRITE TO UM83C002
CPU READ FROM UM83C002

X

X

L

X

X
X

X

L

X

X

X
X

L

H

X

X

L

L

L

L

L

L

L

L

H

H

H

H

CH 1 WRITE TO MEMORY
CH 1 READ FROM MEMORY
CH 1 ADDRESS CARRY
CH 1 STOP TRANSFER

X

X

L

X

X

X

X

L

X

X

X

X

L

H

X

X

L

L

L

L

H

H

H

H

L

L

L

L

CH 2 WRITE TO MEMORY
CH 2 READ FROM MEMORY
CH 2 ADDRESS CARRY
CH 2 STOP TRANSFER

X

X

L

X

X

X

X

L

X
X

X
X

L

H

X

X

L

L

L

L

H

H

H

H

H

H

H

H

CH 3 WRITE TO MEMORY
CH 3 READ FROM MEMORY
CH 3 ADDRESS CARRY
CH 3 STOP TRANSFER

X

L

H
H

X

X

L

L

H

H

X

X

X
X

TIMER COUNT ON BUS
TIMER COUNT CARRY

X
L

H

H

X
X

H
H

H

H

X

X

X

X

REFRESH ADDRESS ON BUS
REFRESH ADDRESS CARRY

X L X X H X X INACTIVE BUS CYCLE

H = HIGH L = LOW DON'T CARE

Table 1. Signal Combinations
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Register Addressing

The UMC RAM BUFFER CONTROLLER, UM83C002,
occupies 2 I/O port locations selected by the ADO pin.

ADO driven low selects the REGISTER ADDRESS/
STATUS REGISTER and ADO driven high selects

the DATA register.

There are 16 internal registers in the UM83C002. These

registers are accessed by writing the register address

into the REGISTER ADDRESS register. The selected

register can then be accessed by doing a READ or

WRITE with ADO high.

Read Write

BIT STATUS REGISTER ADDRESS
7 CHANNEL 3 ACTIVE
6 CHANNEL 2 ACTIVE
5 CHANNEL 1 ACTIVE CHANNEL NO. BIT 1

AO = 4 TIMER ACTIVE CHANNEL NO. BIT
3 AUTO-INCREMENT AUTO-INCREMENT
2 REG A2 REG A2
1 REG A1 REG A1

REG AO REG AO

BIT REGISTER DATA REGISTER DATA
7 D7 D7
6 D6 D6
5 D5 D5

AO= 1
4 D4 D4
3 D3 D3
2 D2 D2
1 D1 D1

DO DO

Table 2. Register Addressing

The following is a list of the WRITE and READ addresses:

Register Auto
Address HEX INCR Function Read Write
Decimal HEX

00 08 TIMER/REFRESH TIMER COUNT CLK DIVIDER LO
1 01 09 CH 1 STATUS CLK DIVIDER HI
2 02 OA CH 2 STATUS TIMER CONTROL
3 03 OB CH 3 STATUS TIMER COUNT
4 04 OC* TIMER COUNT REFRESH RATE
16 10 18 DMA CHANNEL 1 ADDRESS LO
17 11 19 ADDRESS HI
18 12 1A BYTE COUNT LO
19 13 1B BYTE COUNT HI
20 14 1C* CH 1 STATUS CH 1 COMMAND
32 20 28 DMA CHANNEL 2 ADDRESS LO
33 21 29 ADDRESS HI
34 22 2A BYTE COUNT LO
35 23 2B BYTE COUNT HI
36 24 2C* CH 2 STATUS CH 2 COMMAND
48 30 38 DMA CHANNEL 3 ADDRESS LO
49 31 39 ADDRESS HI
50 32 3A BYTE COUNT LO
51 33 3B BYTE COUNT HI
52 34 3C* CH 3 STATUS CH 2 COMMAND

These addresses do not auto-increment.

Table 3. Register Addresses
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Write Register Addresses

(HEX 00) CLK DIVIDER LO (AUTO INCR HEX 08)

The tinner consists of a 16-bit variable CLOCK

DIVIDER which divides the RAM CLOCK rate. The

divided down RAM CLOCK is then used to increment

the 8-bit TIMER COUNT register.

(HEX 01) CLK DIVIDER HI (AUTO INCR HEX 09)

To divide by "N", the 16 bit CLOCK DIVIDER is

set to N-1

.

(HEX 02) TIMER CONTROL (AUTO INCR HEX OA)

Writing to this address sets one of several timer modes.

BIT7 = ENABLE TIMER

1 = Timer Run

= Timer Hold

BIT 6 = OUTPUT ON INCREMENT

1 = Timer Byte Output to Bus When it Increments

= Timer Byte not Output on Increment

BIT 5 = OUTPUT ON CARRY
1 = Timer Byte Output to Bus When it Rolls over to

= Timer Byte Not Output on Roll Over

BIT 4= STOP AT CARRY
1 = Timer Stops When it Rolls Over

= Timer Does Not Stop When it Rolls Over

BIT3 =

BIT2 =

BIT1 =0

BIT0 =

(HEX 03) TIMER COUNT (AUTO INCR HEX OB)

Writing to this address sets the initial value of theTIMER

COUNT. It also initializes the CLOCK DIVIDER.

(HEX 04) REFRESH RATE (AUTO INCR HEX OO)

An 8-bit register is provided for the setting of the

refresh rate. Setting this register to 01 will cause refresh

cycles to be inserted at the maximum rate which is

one cycle. Setting this register to 00 will cause refresh

to be disabled.

(HEX XX) ADDRESS LO (AUTO INCR HEX XX)

(HEX 10) = Channel 1 (AUTO INCR HEX 18)

(HEX 20) = Channel 2 (AUTO INCR HEX 28)

(HEX 30) = Channel 3 (AUTO INCR HEX 38)

Low byte of the initial value for the DMA ADDRESS

(HEX XX) ADDRESS HI (AUTO INCR HEX XX)

(HEX 11) = Channel 1 (AUTO INCR HEX 19)

(HEX 21) = Channel 2 (AUTO INCR HEX 29)

(HEX 31 ) = Channel 3 (AUTO INCR HEX 39)

High byte of the initial value for DMA ADDRESS

(HEX XX) BYTE COUNT LO (AUTO INCR HEX XX)

(HEX 12) = Channel 1 (AUTO INCR HEX 1A)

(HEX 22) = Channel 2 (AUTO INCR HEX 2A)

(HEX 32) = Channel 3 (AUTO INCR HEX 3A)

Low byte of the initial value for the BYTE COUNT

for the transfer. Set this to N-1 to transfer N bytes.

(HEX XX) BYTE COUNT HI (AUTO INCR HEX XX)

(HEX 13) = Channel 1 (AUTO INCR HEX 1C)

(HEX 23) = Channel 2 (AUTO INCR HEX 2C)

(HEX 33) = Channel 3 (AUTO INCR HEX 3C)

High byte for the initial value for the BYTE COUNT

(HEX XX) COMMAND (AUTO INCR HEX XX)

(HEX 14) = Channel 1 (AUTO INCR HEX 1 D)

(HEX 24) = Channel 2 (AUTO INCR HEX 2D)

(HEX 34) = Channel 3 (AUTO INCR HEX 3D)

Writing to these addresses STARTS, STOPS or CON-

TINUES the DMA operation.

BIT 7 = ENABLE CHANNEL
1 = Enable Channel to Respond to DMA Request

= Disable Channel so it Ignores DMA Request

BIT6= INITIALIZE ADDRESS
1 = Set Address to Initial Value

= Leave Address at Previous Value

BIT 5= INITIALIZE COUNT
1 = Set Count to Initial Value

= Leave Count at Previous Value

BIT4 = AUTO INITIALIZE

1 = Address and Byte Count Are Reset to Initial

Values When Byte Count Reaches Zero. DMA
Operation Continues

= DMA Operation Stops When Byte Count

Reaches Zero.
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BIT 3 = WRITE TO MEMORY
1 = DMA Write to Memory

= DMA Read from Memory

BIT 2 = EXTERNAL STOP

1 = Stop Line is Driven from External Source

= RB1002 Drives Stop Line

BIT 1 = EXTERNALWRITE CONTROL
1 = Write Line is An Input for This Channel

0= RB1 002 Drives Write Line

BIT = ADDRESS INCREMENT MODE
"

1 = Increment Address after Every DMA Read Or

Write

= Decrement Address after Every DMA Read Or

Write

Read Registers Addresses

(HEX 00) TIMER COUNT (AUTO INCR HEX 08)

Current value of the TIMER COUNT.

(HEX XX) BYTE COUNT LO (AUTO INCR HEX XX)

(HEX 12) = Channel 1 (AUTO INCR HEX 1 A)

(HEX 22) = Channel 2 (AUTO INCR HEX 2A)

(HEX 32) = Channel 3 (AUTO INCR HEX 3A)

Current BYTE COUNT

(HEX XX) BYTE COUNT HI (AUTO INCR HEX XX)

(HEX 13) = Channel 1 (AUTO INCR HEX 1 B)

(HEX 23) = Channel 2 (AUTO INCR HEX 2B)

(HEX 33) = Channel 3 (AUTO INCR HEX 3B)

Current BYTE COUNT

(HEX XX) STATUS (AUTO INCR HEX XX)

(HEX 14) = Channel 1 (AUTO INCR HEX 1C)

(HEX 24) = Channel 2 (AUTO INCR HEX 2C)

(HEX 34) = Channel 3 (AUTO INCR HEX 3C)

The following STATUS information is also available

at READ addresses 01 , 02 and 03

(HEX 01) CH 1 STATUS (AUTO INCR HEX 09)

SEE WRITE UP AT READ ADDRESS 14

(HEX 02) CH 2 STATUS (AUTO INCR HEX OA)

SEE WRITE UP AT READ ADDRESS 24

(HEX 03) CH 3 STATUS (AUTO INCR HEX OB)

SEE WRITE UP AT READ ADDRESS 34

(HEX 04) TIMER COUNT (AUTO INCR HEX 00)

Current value of the TIMER COUNT

(HEX XX) ADDRESS LO (AUTO INCR HEX XX)

(HEX 10) = Channel 1 (AUTO INCR HEX 18)

(HEX 20) = Channel 2 (AUTO INCR HEX 28)

(HEX 30) = Channel 3 (AUTO INCR HEX 38)

Current address low byte

(HEX XX) ADDRESS HI (AUTO INCR HEX XX)

(HEX 11) = Channel 1 (AUTO INCR HEX 19)

(HEX 21) = Channel 2 (AUTO INCR HEX 29)

(HEX 31 )
= Channel 3 (AUTO INCR HEX 39)

Current address high byte

BIT 7 = CHANNEL ENABLE
1 = Channel is Enabled

= Channel is Disabled

BIT 6 = ADDRESS CARRY
1 = Address is at FFFF if Counting up; Address

is at OOOO if Counting down

= Not at Carry

BIT 5 = TERMINAL COUNT
1 = Byte Count is at Zero

= Byte Count is Not Zero

BIT4 = AUTO INITIALIZE

1 = Auto Initialize Mode

= Stop at Terminal Count

BIT 3 = WRITE TO MEMORY
1 = DMA Write to Memory Mode

= DMA Read from Memory Mode

BIT 2 = EXTERNAL STOP

1 = Stop is Input

= Stop is Output

BIT 1 =EXTERNAL WRITE CONTROL
1 = Write is Externally Controlled

= Write is Internally Controlled

BIT = ADDRESS INCREMENT MODE
1 = Address Counts up

= Address Counts down
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Dynamic RAM Refresh

The UM83C002 has built-in refresh circuitry for

dynamic RAMs. It provides 8 bits of refresh address

so that dynamic RAMs up to 256 K bits can be

accommodated.

An 8 bit register is also provided for the setting of

the refresh rate. Setting this register to 01 will cause

refresh cycles to be inserted at the maximum rate which

is one cycle out of two. Activating the RESET line

also sets the refresh to its maximum rate. Setting this

register to 255 will cause one refresh cycle to be

inserted for every 256 memory cycles. Setting this

register to 00 will cause refresh to be disabled.

The refresh cycles are inserted into otherwise unused

memory cycles whenever possible to maximize system

performance. For example: If the rate register is set

to 255 and there are any unused cycles during the

first 255 cycles of the refresh period, the refresh will

be inserted into the first of them and it will be totally

invisible to the rest of the system.

During a refresh cycle, the ACKNOWLEDGE, STOP
and WRITE lines will be high simultaneously. The

refresh address will be on the MAO to MA7 lines.

If the refresh address is at hexadecimal FF, then the

CARRY line will also be low.

Signal LO HI Unit

MCLK 20 30 ns

ALE 20 ns

RESET 100 ns

Table 5. Signal Widths

Delays

From
TO Typ. Max. Unit

MCLK HI

WRITE 35 70 ns

STOP 35 69 ns

CARRY 37 73 ns

ACK1, ACK2 26 52 ns

ACK 29 57 ns

MAO TO MA7 40 80 ns

MCLK LO MAO TO MA7 39 78 ns

CSEL LO&
WRTHI &
MCLK LO

AD0-AD7
ACTIVE

36 72 ns

Table 6. Delays

Timing Specifications

This section is devoted to the timings of signals and

their relationship to each other in order to make the

maximum use of the UM83C002. The following tables

and diagrams are to be used as design tools when

incorporating the UM83C002 into your system.

Signal Min. Typ. Max. Unit

MCLK 10 20 MHz

Table 4. Clock Frequency

Set-Up and

Hold Times

Set-

up
TO Hold Unit

REQ3, REQ2,

REQ1, REQH
15 MCLK HI 15 ns

WRITE 15 MCLK LO ns

WRITE MCLK HI 15 ns

CHIP SELECT 15 MCLK LO ns

CHIP SELECT MCLK HI 15 ns

AO 15 MCLK LO ns

AO MCLK HI 15 ns

STOP 15 MCLK HI 10 ns

Table 7. Set-Up and Hold Times
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Hard D/sfr

Controller Interface

Features

Interfaces to PC XT systems with Hard-Disk controller

I/O channel ready signal generator (generates wait

state)

Clock generator

Sector buffer RAM addressing and control

Data bus drives directly to slot.

68-pin PLCC package.

Supports MFM Disk Controller

General Description

The UM83C003 incorporates several functions in a single

package. Implementation of these functions occurs by

combining random logic. The UM83C003 contains the

following circuits:

Clock Generator

Sector Buffer RAM Addressing and Control

Data Bus Interface Control

HDC Status & Control Port

The UM83C003 connects directly to the Host interface

Data/Command and intraboard Command/Data buses.

Pin Configuration

CO CD CO CD Ioooooo|S>>zwzwz8z8z
nnnnnnnnnnnnnnnnn

NC C
987654321 6867 66 65 64 63 62 61

'0 60 ~i

DB6 C " 59 "i

DB7 C 12 58 ~i

HSO C 13 57 n
HS1 C 1" 56 3
HS2 C 15 65 ~i

HS3 C
DSO C

16 54
17 UM83C003 53

3
3

DS1 C
GATE245 C

18 52

19 51

3
3

OSC C 20 50 3
X1001 c

RAMCLK C
21 49
22 48

3
3

REQ C 23 47 3
ACK C

IOCHRDY C
WRITE C

24 46
25 45
26 44
27 28 29 30 31 32 33 3435 3637 38 3940 41 42 43

3
3
3

U UU LIIJULIULIULJUUUUIJU

Block Diagram

<gm \i loc io *; 2 |e la o
2" V i-^ o I— < < ^ « <> O 2OP SSB

< <
<<<<<<<<
acar/rccarororfl:

DATA BUS

BUFFER

n

\f--i)1

NC

SD1

NC

SIOR
SIOW
SA
SA,

SDO RESETDRV
WFLT
NC

BUSY

RESETDRV
HRST

RA10
RA9
RA8

VDD

CONTROL
LOGIC

CLOCK

CONTROL

DATA BUS /I—1\
BUFFER \|—V "^

A RAM
ADDRESS
COUNTER

o CONTROL

PORT

. ACK
• REQ
RAMR

' RAMW
HDCS
HRST
WRITE
•WFLT
' BUSY
SEDRV

X10O1

RAMCLK
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Absolute Maximum Ratings*

Operating Temperature 0°C to +70°C

Storage Temperature —55°C to +150°C

All Output Voltages -0.5 to + 7 V
All Input Voltages -0.5 to + 7 V
Supply Voltage Vcc -0.5 to + 7 V

Power Dissipation 1W

•Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (Vcc = 5.0V ± 5%, TA = ~ 70°C)

Symbol Parameter Min. Typ. Max. Unit

V,H Input High Voltage 2.0 - VCc V

V.L Input Low Voltage - 0.8 V

V H Output High Voltage

l Load = -6.4mA (SD0~ SD7)

'Load
= -3.2mA (all others)

2.4

2.4

- - V
V

Vol Output Low Voltage

l Load
= 6.4mA (SD0~ SD7)

'Load
= 3.2mA (all others) _ _

0.4

0.4

V
V

AC Characteristics

Symbol Parameter Min. Max. Unit

ti Address hold time 10 - ns

t 2 RAMW time delay - 50 ns

t 3 RAMW low to data output - 60 ns

t4 Data hold time - 15 ns

t 5 RAMR time delay - 40 ns

t6 RAMR low to data output - 140 ns

t7 RAMR high to data High Z - 60 ns

t8 OSCto X1001 delay time - 50 ns

t9 X1001 to RAMCLK delay time - 25 ns

Capacitance

Parameter Max. Unit

Output Capacitance

SD0 ~ SD7

All others

50

20

pF

pF

4-54



UMC UM83C003

Pin Description

Number Symbol I/O Description

53, 55, 57

59,62,64,
66,68

SD0-SD7 I/O These lines provide data bus bit0-bit7 for system microprocessor.

4,5,6,7,
8,9,11,12

DB0-DB7 I/O These lines provide data bus bit0-bit7 for static RAM, & controller.

3 SEDRV This command line indicates selection of drive no, or drive head no. This

signal is active low.

20 OSC This signal is supported by the external oscillator. The working frequency

is 30 MHz.

23
24

"REQ
ACK

These signal pins indicate that another master is requesting a local bus. The
chip receiving the REQ will issue ACK as an acknowledgement in the RAM
CLK clock cycle. These signals are active low.

29 This command line is an input control signal used by the CPU to load informa-

tion into the chip. This signal is active low.

SI0W

30 This command line is an input control signal used by the CPU to read the

control signal. It is active low.

SIOR

31 To A "Low" on this chip enables the chip. No reading or writing will occur unless

the chip is selected. This signal is active low.

33

32

SAO

SA1

These inputs are normally connected to the address bus.

49 RESETDRV A "High" on the input which resets all control registers on the chip.

50 BUSY BUSY is high when the operation is in process. The CPU can read the status

of the controller used by this pin.

51 NC Not Connected.

52 WFLT I When the drive encounters an error in process. It sends an error signal to the

controller to indicate "Write fault". The CPU can read the error message of

the controller used by this pin. It is active high.

13,14,

15, 16

HSO, HS1
HS2, HS3

No. of the drive head. 16 heads are selected.

17,18 DSO, DS1 No. of the disk. 4 disks are selected.

19 This signal pin is optional. If the sink current of SD0-SD7 is not enough to

drive the system data bus, the gate 74LS245 is directly connected by using

this pin.

GATE245

21 X1001 When MFMSW is high, X1001 is OSC/3. Otherwise, X1001 is OSC/2.

22 RAMCLK When MFMSW is high. RAMCLK isOSC/9. Otherwise, RAMCLK isOSC/6.

25 IOCHRDY When this signal is active high, it may use this line during a write operation

if more time is needed to store the data from the bus. It also holds the data

long enough for the system microprocessor to sample.

26 WRITE This command line indicates that the UM83C001 chip fetches a read or write

operation. This signal is active low.
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Pin Description (Continued)

Number Symbol I/O Description

28 A "Low" on this input enables the UM83C001 chip. No reading or writing

will occur unless the UM83C001 chip is selected.

HDCS

35 The command line indicates that the CPU is loading information into static

RAM. This signal is active low.

RAMW

34 The command line indicates that the static RAM is sending data to the

data bus. This signal is active low.

RAMR

48 HRST HRST is an active low output dervied from the RESETDRV input.

36,37,38,
39, 40, 41

,

42, 43, 45,

46,47

RA0-RA10 The signals are connected to the static RAM address. The data in the static

RAM is read or written by the controller.

Timing Waveforms

Write Cycle Read Cycle

i ±z
S /

->—

v

1

! \. X X
'Hi > < y-

Clock Timing

iJiJijxriJiJxrinjrLrLJiri_nLr

\_y ^__y
L9
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UM83C004
Hard Disk

Controller Interface

Features

Interfaces to PC XT systems with Hard-Disk controller

I/O channel ready signal generator (generates wait

state)

Clock generator

General Description

The UM83C004 incorporates several functions in a single

package. Implementation of these functions occurs by

combining random logic. The UM83C004 contains the

following circuits:

Clock Generator

Sector buffer RAM addressing and control

Data bus drives directly to slot.

68-pin PLCC package.

Supports RLL/MFM Disk Controller

Sector Buffer RAM Addressing and Control

Data Bus Interface Control

HDC Status & Control Port

The UM83C004 connects directly to the Host interface

Data/Command and intraboard Command/Data buses.

Pin Configuration

Q Q Q Q
1 q " o y q y

^nnnnnnnnnnnnnnnnn

DB7 C
HSO —

HS1

HS2 C
HS3

DSO C
DS1 r-

GATE245 C
OSC

X1001

RAMCLK
REQ

ACK
IOCHBDY

WRITE

987654321 6867 66 65 64 63 62 61

D SD3

I
NC

UM83C004

27 28

TJTT
29 30 31 32 33 34 35 3637

u u u u u u u u u
38 3940 4 1 42 43

U LI U LI U U

<<<<<<
flc a: iz cc a: c

Block Diagram

DSD2
56 PNC

SD1

D NC

DSDO
WELT

3 MFMSW

3 BUSY

49 p RESETDRV
HRST

47 p RA10

46 Z! RA9

45 ^ RA8

DVDD

*-'« DATA BUS

BUFFER o
SIOR
SIOW

SA, '

RESETDRV

CONTROL /I—

\

vV

OSC

MFMSW
CLOCK

CONTROL

« DATA BUS

BUFFER O 080 - 7

RAM
ADDRESS
COUNTER =C>

RA ~10
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Absolute Maximum Ratings*

Operating Temperature 0°C to +70°C

Storage Temperature -55°C to +150°C

All Output Voltages -0.5 to + 7V

All Input Voltages -0.5 to + 7V

Supply Voltage Vcc -0.5 to + 7V

Power Dissipation 1W

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (Vcc = 5.0V ± 5%, TA = o ~ 70°C)

Symbol Characteristic Min. Typ. Max. Unit

V,H Input High Voltage 2.0 - Vcc V

V
IL Input Low Voltage - 0.8 V

V H Output High Voltage

'Load
= -6 -4mA (sD ~SD 7 )

'Load
= -3.2mA (all others)

2.4

2.4

- - V

V

Vol Output Low Voltage

l Load = 6.4mA (SD ~SD 7 )

'Load
= 3-2mA (all others)

- 0.4

0.4

V

V

AC Characteristics

Symbol Item Min. Max. Unit

*i Address hold time 10 - ns

*2 RAMW time delay - 50 ns

*3 RAMW low to data output - 60 ns

*4 Data hold time - 15 ns

*5 RAMR time delay - 40 ns

*6 RAMR low to data output - 140 ns

*7 RAMR high to data High Z - 60 ns

t 8 OSCtoX1001 delay time - 50 ns

*9 X1001 to RAMCLK delay time - 25 ns

Capacitance

Parameter Max. Unit

Output Capacitance

SD0~SD7
All others

50

20

pF

pF
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Pin Descriptions

UM83C004

Pin No.

53, 55, 57

59, 62, 64,

66,68

4,5,6,7
8,9, 11,12

20

23
24

29

30

31

33
32

49

50

51

52

13,14,
15,16

17,18

19

21

22

25

26

28

Symbol

SD0-SD7

DB0-DB7

SEDRV

OSC

REQ
ACK

SI0W

SIOR

IO

SAO
SA1

RESETDRV

BUSY

MFMSW

WFLT

HSO, HS1
HS2, HS3

DSO, DS1

GATE245

X1001

RAMCLK

IOCHRDY

WRITE

HDCS

I/O

I/O

I/O

Description

These lines provide data bus bit0-bit7 for system microprocessor.

These lines provide data bus bit0-bit7 for static RAM, & controller.

This command line indicates selection of drive no, or drive head no. This
signal is active low.

This signal is supported by the external oscillator. The working frequency
is 30 MHz.

These signal pins indicate that another master is requesting a local bus. The
chip receiving the REQ will issue ACK as an acknowledgement in the RAM
CLK clock cycle. These signals are active low.

This command line is an input control signal used by the CPU to load in-
formation into the chip. This signal is active low.

This command line is an input control signal used by the CPU to read the
control signal. It is active low.

A "Low" on this chip enables the chip. No reading or writing will occur
unless the chip is selected. This signal is active low.

These inputs are normally connected to the address bus.

A "High" on the input resets all control registers on the chip.

BUSY is high when the operation is in process. The CPU can read the status
of the controller used by this pin.

If the signal is high, it selects MFM code. Otherwise, it selects RLL code.

When the drive encounters an error in process, it sends an error signal to
the controller to indicate "Write fault". The CPU can read the error message
of the controller used by this pin. It is active high.

No. of the drive head. 16 heads are selected.

No. of the disk. 4 disks are selected.

This signal pin is optional. If the sink current of SD0-SD7 is not enough
to drive the system data bus, the gate 74LS245 is directly connected by
using this pin.

When MFMSW is high, X1001 is OSC/3. Otherwise, X1001 is OSC/2.

When MFMSW is high. RAMCLK is OSC/9. Otherwise, RAMCLK is OSC/
6.

When this signal is active high, it may use this line during a write operation
if more time is needed to store the data from the bus. It also holds the
data long enough for the system microprocessor to sample.

This command line indicates that the UM83C001 chip fetches read or
write operation. This signal is active low.

A "Low" on this input enables the UM83C001 chip. Noreading or writing
will occur unless the UM83C001 chip is selected.
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Pin Descriptions (Continued)

Pin No. Symbol I/O Description

35 RAMW The command line indicates that the CPU loads information into static

RAM. This signal is active low.

34 Ttie command line indicates that the static RAM sends data to the data

bus. This signal is active low.

RAMR

48 HRST HRST is an active low output derived from the RESETDR V input.

36,37,38,
39,40,41,
42, 43, 45,

46,47

RA0-RA10 The signals are connected to the static RAM address. The data in the static

RAM is read or written by the controller.

Timing Waveforms

Write Cycle

I
I

Clock Timing

^HC

X

DATA VALID >

Read Cycle

EZ^

jiJijmrinjmnriririrLrLr

\_^ v_^
19 -s
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Hard Disk Controller

Features

Serial izer-deserializer

Programmable track format, compatible with WD
Track format

External drive select and head select registers for ex-

pandability

With Hardware ECC capability

Internal phase detector for phase lock oscillator

Interface options: ST-506, ST-412, ST-412HP, ESDI,

FLOPPY, and QIC-36 TAPE

Sector options: SOFT, HARD, ESDI ADDRESS

MARKS, ESDI BYTE and ESDI BYTE CLOCKS

Recording options: UNENCODED, FM, MFM or R LL

Error checking and correcting options: ECC or CRC

Write data options: PULSE, NRZ or NRZI

Read data options: PULSE, NRZ or NRZI

TTL compatible inputs and outputs. Outputs drive

8 LSTTL loads

General Description

The UM83C021 Hard Disk Controller is a CMOS LSI device

which performs a majority of the functions for controlling

floppy drives, Winchester drives and QIC-36 streaming

tape drives.

Interface Options

ST-506 (non-buffered seek Winchesters)

ST-412 (buffered seek Winchesters)

ST-412HP (10 mbos buffered seek Winchesters)

ESDI STEP/SERIAL MODES (10 mbos Winchesters)

SA-450 (5" and 3" floppies)

SA800/850 (8" floppies)

QIC-36 (streaming tape drives)

Sector Options

SOFT-SECTORING (floppy and Winchester)

HARD-SECTORING (floppy and Winchester)

ESDI ADDRESS MARKS (ESDI drives)

ESDI BYTE CLOCKS (ESDI drives)

I
Pin Configuration Block Diagram

D7E 1 40 n
06 Q 2 39 j
05 rz 3 38 j
04 C 4 37 j
03 C 5 36 3
02 IZ 6 35 'J
oi C 7 34 3
DO [I 8 c 33 I

SET HEAD |_ 9 <:
OSw

32 3
SET DRIVE [_ 10 31 .I

busyQ 11 30 n
RESET [Z 12 N» 29 3

REQUEST Q 13 28 .i
ACKNOWLEDGE Q 14 27 ~i

STOPC 15 26 n
AO[Z 16 25 3

CHIPWRITE |_ 17 24
I

CHIP SELECT l_ 18 23 3
RAM CLOCK \2 19 22 3

GROUND (Z 20 21 3

5 VOLTS
XTAL

PLO/READ CLOCK
FASTER

SLOWER

READ DATA DELAYED
READ DATA

READ GATE

WRITE CLOCK

WRITE DATA
WRITE GATE

ENABLE ADDRESS MARK
DIRECT ION/COMMAND
STEP/TRANSFER REQUEST
TRACK/TRANSFER ACK/UTH

SEEK COMPLETE/STATUS/LTH

SECTOR/ADDRESS MARK FOUND
INDEX

SELECTED/STATUS 1

READ STATUS

> «£L ""

CD°""tZ s
-j

oSSo,

—
"

FLEC- .

"•Er

„R,TE . _L
^^

co
£-T

,

COCK —
STOP .

circuitry

«^lH —•>

—

OECOOE»

T

'

l

CLOC

10-M»,

™?iFuse,u>™
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Recording Codes

UNENCODED (for ESDI drives)

FM (Frequency Modulation)

MFM (Modified Frequency Modulation)

RLL (Run Length Limited)

Error Checking

CRC(CCITTCRC-16)

ECC (4 byte, corrects 1 1 contiguous erroneous bits)

Data Options

NRZ (non-return to zero)

NRZI (non-return to zero inverted)

PULSE

Track Format

Extensive control over the track format is provided by

allowing the length of fields and content of ADDRESS

MARKS and identifier bytes, etc. to be programmed

into registers.

There are 23 registers related to TRACK FORMAT inside

the UM83C021 (Refer to Figure 1). 18 of these registers

contain lengths of fields within a track. Others contain

"content" information. Length fields are written with

length— 1 giving them a range of 1 to 256 inclusive. The

Data Field Length Register is 2 bytes yielding a maximum

data field length of 65,536 bytes.

.

Absolute Maximum Ratings*

Power Supply Voltage, VDD -0.5 to +7.0V

Input Voltage, V, -0.5V to VDD +0.5V

Operating Temperature, T pj 0°C to +85°C

Storage Temperature, TSTG —65 to +150°C

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

Recommended Operating Conditions

(TA = to +70°C, VDD = 5V ± 5%)

Parameter Symbol
Limits

Unit Conditions

Min. Typ. Max.

Power Supply Voltage vDd 4.5 5 5.5 V

Input Voltage v, VDD V

Low-level Input Voltage V|L 0.8 V TTL Level

High-level Input Voltage V|H 2.0 VDD V TTL Level

Input Rise/Fall Times tR.tF 10 us
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DC Electrical Characteristics

Parameter Symbol
Limits

Unit Conditions
Min. Typ. Max.

Static Current
>L 0.1 200 MA V, = VDD or GND

Dynamic Current 'dd 4 IXA 1 MHz/cell

Input Current
"l

0.1 10 HA V, = VDD or GND

Low-level Output Current 'OL 3.2 9 mA VOL = 0.4V

High-level Output Current 'oh 1 3 mA VOH = VDD -0.4V

Low-level Output Voltage Vol 0.1 V l =0

High-level Output Voltage Voh VDD -0.1 V lo =0

AC Characteristics

Parameter Symbol
Limits

Unit Conditions
Min. Typ. Max.

Maximum Operating Frequency fMAX DC 20 MHz

Output Rise Time *R 8 ns CL
= 15pF

Output Fall Time *F 4 ns CL = 15 pF

Track Format

_JT
- 1 disk rotation -

16.67 ms

Repeated 26 times for RLL.

1 7 times for MFM

I IDFID PLO Lock On Oata Read Skew

- ID field »

Post-

index

gap

A1 |FE

1

Pre-ID

sync

field

r
Cyl

|
Cyl

|
Hd

|

bytes
(ECO

r— Data PLO Lock On

Data field-

1

ID field

identifier

Address mark
I— (A1 for MFM.

4B for RLL)

7
f'«w data

sync

field

A^F8

IT

_Data_
area

(512 bytes)

User data

n

Data field

identifier

Address mark
" IAI for MFM.
48 for RLL)

3 15

00100n rPre index

gap

Inter sector

gap

I— Postdata field

Write update
• Sector write update

u=
Figure 1 . UM83C021 Track Format Diagram
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•* SET REGISTERS TO n-1 TO GET n BYTE LENGTH
WRITE 4E forMFM encoding, 33 for RLLencoding

UM83C021

HEX Register Address Function ***Range (In Bytes)

00 POST INDEX GAP 1-256
01 ID PLO LOCK-ON 1 -64
02 PRE ID 1 -64
03 ID ADDRESS MARK 1 -4
04 FE BYTE 1 (fixed)

05 ID 1 -16
06 ID ECC 1 -4
07 POST ID 1 -4
08 DATA READ SKEW 1 -64
09 DATA PLO LOCK-ON 1 -64
A PRE DATA 1 -64
B DATA ADDRESS MARK 1 -4
C F8 BYTE 1 (fixed)

D DATA FIELD
LOW BYTE 1 - 65, 536

0E HIGH BYTE
OF DATA ECC 1 -4
10 POST DATA 1 -4
11 INTER-RECORD GAP 1 -256
12 SECTORS PER TRACK 1 -256
1C ** GAP VALUE REGISTER 1

Table 1. Programmable Format Variables

Pin Description

Pin No. Symbol Description

1 -8 DATA LINES

D0-D7
(TO/FROM HOST)

These 8 data lines are used for PROCESSOR and DMA READS and WRITES.

They change synchronously with RAM CLOCK rising edge.

9 This signal is used to clock the HEAD ADDRESS, for the drive, into an external

HEAD SELECT register. Writing to REGISTER ADDRESS 3D produces a pulse

for loading the external head select onto this line.

SET HEAD

10 This signal is the load pulse for the external drive.selection register. Writing to

REGISTER ADDRESS 3E produces the load pulse on this pin.

SET DRIVE

11 BUSY Pin 1 1 goes high to indicate that the DISK CONTROLLER is busy doing a disk

READ or WRITE operation. This pin can be used, if desired, to cause an interrupt

for the host processor at the end of a disk READ or WRITE operation.

12 RESET The RESET line is intended to be an initial power on reset line. In order to be

efficient, it should go low or be low for a minimum of 100 nanoseconds at the

beginning of power on. This line is a hard reset line and will immediately

terminate any disk READ or WRITE operations or any other functions and reset

the chip to an initial state. It should be used essentially as a power on RESET

and is not intended for use as a termination command.
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Pin Description (Continued)

Pin No.

13

14

Symbol

REQUEST

ACKNOWLEDGE

Description

The REQUEST line, in conjunction with the ACKNOWLEDGE signal (Pin 14),

are the "HANDSHAKING" lines for the DMA data transfer for the chip. The DISK
CONTROLLER has a byte of information ready to transfer to RAM or needs a byte

of information from RAM to write to the disk when the signal at pin 13 is pulled

low. The RAM BUFFE R CONTROLLER chip (UM83C002) will respond by driving

the ACKNOWLEDGE signal (Pin 14) low and giving the DISK CONTROLLER
access to the RAM BUFFER. The DMA transfer operations are run synchronously

with the RAM CLOCK signal (Pin 19). The rising edge of the RAM CLOCK
pulse defines the cycle boundaries for the RAM.

This input is driven low to indicate that the requested DMA byte transfer is

currently taking place. The ACKNOWLEDGE signal should be a full RAM
CLOCK cycle in width.

15

16

17

18

19

STOP

AO

CHIP WRITE

CHIP SELECT
(CSEL)

On a disk read operation, the ACKNOWLEDGE signal causes the UM83C021 to

gate a byte of data onto the DO - D7 data lines. On a disk write or verify operation,

the ACKNOWLEDGE signal causes the UM83C021 to accept a byte of data from
the DO - D7 data lines.

To assure proper "Handshaking" with the REQUEST line, this line must change

state while the RAM CLOCK signal is high.

If data is not transferred fast enough to keep up with the requirements of the disk

or tape, then the OVERRUN/UNDERRUN bit will be set to one (register address

05 bit 1 ). If this happens, the current disk operation will be terminated at the end
of the current sector.

This input goes low to indicate the last cycle of a DMA transfer. It is normally

driven low by the UM83C002 when the byte counter of the active DMA channel

has reached zero. The UM83C021 will continue reading or writing until the end of

the current sector is reached and then stop. However, it will not generate any more
data requests after the STOP line has been activated. On a sector write, the

remainder of the sector will be filled with the last byte that was transferred.

This line is ignored unless ACKNOWLEDGE is also low.

The UMC DISK CONTROLLER (UM83C021) occupies two I/O port locations

selected by the AO pin. AO driven low selects the REGISTER ADDRESS POINTER
or STATUS REGISTER and AO driven high selects the READ or WRITE RE-

GISTERS. (Refer to table 2)

This input is driven by the CPU to indicate whether a register read or write is to be

performed. A low indicates a write; a high indicates a read. This line has meaning

only when CHIP SELECT is low; and it is ignored when CHIP SELECT is high.

The CHIP SELECT line (CSEL) is driven low by the processor to read from or

write to the registers inside the UM83C021. This signal is intended to be gated by
processor's ACKNOWLEDGE signal.

RAM CLOCK
(RAMCLK)

This clock input synchronizes all CPU and DMA operations of the UM83C021 . Cycle

boundaries are defined by the rising edge of this clock.
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Pin Description (Continued)

Pin No. Symbol Description

20 GROUND Negative Supply

21 READY
STATUS

This input status line is available to the Host Processor at READ REGISTER 04

Bit 6. This line performs no logical function within the UM83C021 and hence the

DRIVE READY signal or any other desired status signal may be connected to this

pin.

22 SELECTED or

STATUS 1

This input status line is available to the Host Processor at READ REGISTER 04

Bit 7. This line performs no logical function within the UM83C021, hence the

DRIVE SELECTED signal or any other desired status signal may be connected

to this pin.

23 INDEX The rising edge of this INDEX signal from the selected drive is used to define the

beginning of the track. It occurs once per revolution.

24 SECTOR or

ADDRESS MARK
FOUND

SECTOR
For hard sectored drives, the rising edge of this input defines the beginning of sector

except sector 0. The beginning of sector is defined by the rising edge of INDEX.

ADDRESS MARK FOUND
For soft sectored ESDI drives, the rising edge of this ADDRESS MARK FOUND
defines the leading edge of every sector except sector 0. The beginning of sector

is defined by the rising edge of INDEX.

25 SEEK COMPLETE

or STATUS or

LTH

SEEK COMPLETE
The SEEK COMPLETE input is available to the Host Processor as STATUS

REGISTER Bit 2.

STATUS
For ESDI drives, the serial status line is input at this pin and is available to the Host

Processor as STATUS REGISTER Bit 2.

LTH (LOWER TAPE HOLE)

For QIC-36 tapes the LOWER TAPE HOLE signal is input at this pin and is

available to the Host Processor as STATUS REGISTER Bit 2.

26 TRACK or

TRANSFER ACK
orUTH

TRACK
For ST-506 type drives, the TRACK signal is input at this pin and is available

to the Host Processor as STATUS REGISTER Bit 1.

TRANSFER ACK (ESDI DISK)

For ESDI drives, the TRANSFER ACKNOWLEDGE signal is input at this pin and

is available to the Host Processor as STATUS REGISTER Bit 1.

UTH (UPPER TAPE HOLE - QIC-36 TAPE)

For QIC-36 tapes, the UPPER TAPE HOLE signal is input at this pin and is

available to the Host Processor as STATUS REGISTER Bit 1.
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Pin Description (Continued)

Pin No.

27

28

29

30

31

32

33

34

35

Symbol

STEP

TRANSFER
REQUEST

DIRECTION

COMMAND

ENABLE
ADDRESS MARK

WRITE GATE

Description

STEP

This output is the STEP pulses for ST-506 drives. This line goes high whenever

a one is written to register 1 F bit 0. This line goes low whenever a zero is written

to register 1 F bit 0.

TRANSFER REQUEST
This output is used for TRANSFER REQUEST for ESDI drives.

DIRECTION

This output is the DIRECTION signal for ST-506 drives and goes high whenever

a one is written to register 1E Bit 7.

COMMAND
This output is the SERIAL COMMAND line for ESDI drives.

This signal is required for the ESDI interface. When writing, it causes the ESDI
drive to write an address mark on the track. When reading, it causes the ESDI
drive to search for an ADDRESS MAR K. When the ESDI drive finds an

ADDRESS MARK it will activate the ADDRESS MARK FOUND signal at

Pin 24. For ESDI drives, WRITE REGISTER 1 should be set to 2 to produce

a 3 byte wide ENABLE ADDRESS MARK signal on format writes.

WRITE DATA

WRITE CLOCK

READ GATE

READ DATA

READ DATA
DELAYED

This signal goes directly to the disk interface and must be HIGH to write data

to the disk.

This signal is the WRITE DATA that goes to the disk drive. This WRITE DATA
may be un-encoded or encoded either MFM or RLL and may be either in a pulse

format, an NRZ format or NRZI format.

This signal is the code/encoded data rate and is intended for use as a WRITE
CLOCK for the ESDI drive interface.

This signal indicates that the controller is in an ID for DATA area and is attempting

to phase lock onto the READ DATA. This signal is used in the ESDI interface.

This signal remains ACTIVE even though the DISK CONTROLLER chip is not

actually performing a READ. The BUSY signal (Pin 1 1 ) can be used in

conjunction with the READ GATE signal to produce a signal enabling an external

phase comparator if desired.

This signal is the raw DATA pulses that are sent directly from the drive.

This signal is the same as the READ DATA (Pin 34) with the exception that it is

delayed by one half of a READ DATA CYCLE. For example: If you are running

MFM data with a code rate of 10 MHz yielding a READ DATA CYCLE of 100

nanoseconds, then the data on this pin would be DELAYED by one half of the 100

nanoseconds equaling 50 nanoseconds. An external delay line is utilized to produce

this READ DATA DELAYED signal.
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Pin Description (Continued)

Pin No. Symbol Description

36

37

These two signals are used as comparison inputs to an external VOLTAGE
CONTROLLED OSCILLATOR so that it can produce the PLO signal at Pin 38.

SLOWER and

FASTER

38 PLO/READ
CLOCK

The PHASE LOCK OSCILLATOR (PLO) Input is a READ CLOCK signal which

is phase locked onto the READ DATA. The rising edge of the PLO clock should

occur at the same time as the rising edge of the READ DATA delayed signal at

Pin 35. If the DISK CONTROLLER chip is used to control an ESDI interface

drive, the input to this pin would be the READ CLOCK signal coming directly

from the ESDI interface.

39 XTAL (Crystal) This is the crystal oscillator input which is the reference clock for writing to the

hard disk. The XTAL frequency should be the code frequency going to the disk.

For example: If running at MFM with a 5 megabit disk data rate, the MFM code

going to the disk would be at a 10 MHz rate and the XTAL input would be at

10 MHz. If using RLL code with a 7 1/2 megabit disk data rate, the code rate

going to the disk would be 15 MHz and the XTAL input would be 15 MHz.

For ESDI drives, the READ CLOCK would be input at this pin.

40 5 VOLTS Positive Supply

Register Addresses

Data Lines (D0-D7), in conjunction with the software

controlled A0 signal (as an enabling signal), are decoded

to select either a write or read operation to be performed

and the REGISTER ADDRESSES to be utilized. (Table 2

is a chart of the A0 REGISTER ADDRESSES)

Read Write

BIT STATUS REGISTER ADDRESS

7 CONTROLLER BUSY AUTO-INCREMENT
6 DISK OP IN PROGRESS DISK DATA
5 WRITE GATE REG A5

A0 =
4

3

DATA REQUESTED
DATA AVAILABLE

REG A4
REG A3

2 SEEK COMPLETE REG A2
1 TRACK REG A1

ERROR REG A0

BIT DATA DATA

1 D7 D7

6 D6 D6

5 D5 D5

A0 = 1
4

3

D4
D3

D4
D3

2 D2 D2

1 D1 D1

DO DO

Table 2. Register Addressing
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Auto-Increment

If bit 7 of the REGISTER ADDRESS is set, the address

will be automatically incremented after every register read

or write.

There are two exceptions to AUTO-INCREMENT: (1)

There is no increment after writing the STEP REGISTER
(address 9F); and (2) After reading or writing the DATA
REGISTER (address CO).

Status Register

The STATUS REGISTER informs the host of certain

events performed by the UM83C021 as well as reporting

status from the drive control.

Bit Signal

Controller Busy

Disk Operation

in Progress

Write Gate

Data Request

Data Available

Description

If bit 7 comes up, this indicates that either a
disk read/write is in progress or the control
ler is still working on the last byte written
or it is incrementing the register address.

If bit 6 comes up, a disk read/write opera-
tion is in progress.

This bit reflects the state of the WR ITE
GATE pin from the UM83C021 indicating

that the controller is writing to the drive.

Normally, registers should not be changed
while writing to the disk.

This bit indicates that the controller re-

quires a byte to be written into the DISK
DATA register. It is used for non-DMA
data transfers.

Track O/XFR
ACK/UTH

This bit indicates that there is a byte for the
host processor to read from the data disk
register. It is used for non-DMA data
transfers.

Seek Complete/
Status Data/LTH

Error

This bit reflects the state of its pin (Pin 26)
on the UM83C021 (i.e. if the signal at this

pin is high, bit 2 will be high). It is used to
indicate that the selected drive is at track 0;
that an ESDI drive has acknowledged aCOM
MAND/STATUS transfer; or that a QIC-36
tape drive has detected the upper tape hole.

This bit reflects the state of its pin (Pin 25)
on the UM83C021 (i.e. if the signal at this

pin is high, bit 1 will be high). It is used to
indicate that the selected drive has com-
pleted any head positioning sequence; the
state of a bit in the CONFIGURATION/
STATUS word on an ESDI drive; or that

a QIC-36 tape has detected the lower tape
hole.

This bit is set whenever any bit in the
CONTROLLER ERROR register is set.

It is the logical OR of the CONTROLLER
ERROR register bits and may be used by
the host to quickly check successful com-
pletion of a command. This bit is reset

when a new command is written into the
DISK OPERATION register.

Available Registers

There are 64 available REGISTER ADDRESSES in the

UM83C021; however, only 41 are used. Table 3 is a

list of available WRITE registers and Table 4 is a list of

available READ registers.

Register

Address

Decimal

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23
24

25
26

27

28

29

30

31

56

57

58

59

60

61

62

63

64

HEX

00

01

02

03

04
05

06

07

08

09

0A
0B
0C
0D
0E
OF
10

11

12

13

14

15

16

17

18

19

1A
1B

1C

1D
1E

1F

38
39

3A
3B
3C
3D
3E
3F
40

Auto
Incr

HEX

80
81

82

83

84

85

86

87

88
89

8A
8B
8C
8D
8E
8F

90

91

92

93

94

95

96

97

98

99
9A
9B
9C
9D
9E
9F*
B8

B9

BA
BB
BC
BD
BE
BF
CO*

POST-INDEX GAP
ID PLO LOCK-ON
PRE-ID
ID ADDRESS MARK
FE BYTE
ID

ID ECC
POST- ID
DATA READ SKEW
DATA PLO LOCK-ON
PR E-DATA
DATA ADDRESS MARK
F8 BYTE
DATA LOW
DATA HIGH
DATA ECC
POST DATA
INTER-RECORD GAP
SECTORS PER TRACK
ID START LOCATION
ADDRESS MARK FIRST
HALF
ADDRESS MARK LAST
HALF/UNENCODED
ADDRESS MARK
RECORDING CODE
CLOCK DIVIDER
FE
F8
SECTOR SIZE

SECTOR OPTIONS
GAP VALUE

DIRECTION
STEP
CYLINDER HI

CYLINDER LO
HEAD
SECTOR
TRANSFER COUNT
HEAD SELECT
DRIVE SELECT
DISK OP
DATA TO/FROM DISK
READ/WRITE

a

"These Addresses do not Auto- Increment.

Table 3. Write Register Addresses
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Figure 3. UM83C021 Register Addresses and Selection

Write Register Address Descriptions

The WRITE registers. Hex 0-17, control the length of

the fields of the track format. To set the length, set the

appropriate register with the desired byte count-1.

The following is a description of the available registers

within the UM83C021 including the appropriate hex

Register Address:

(HEX 00) POST INDEX GAP

Number of bytes after the index pulse.

FIELD LENGTH =1-256 BYTES

(HEX 01) ID PLO LOCK-ON

Read gate starts at the beginning of this field. This field

is to allow the PLO to lock onto the read data.

FIELD LENGTH =1-64 BYTES

(HEX 02) PRE-ID

The Address Mark search begins in this field.

FIELD LENGTH = 1-64 BYTES

(HEX 03) ID ADDRESS MARK

This field is used on soft sectored media so that the

controller can identify the start of ID and DATA

fields. ADDRESS MARKS in FM or MFM are recorded

with certain clock pulses missing and are unique from

all other data and gap bytes recorded on the track.

ADDRESS MARKS in RLL use an illegal sequence

violating the Encoding scheme of 2 to 7 zeros between

flux reversals.

FIELD LENGTH = 1-4 BYTES

(HEX 04) FE BYTE

This field is used to identify that you are in an ID field.

The value of register 18, field identifier byte, (normally

an FE) is expected in this field.

FIELD LENGTH = 1 BYTE (fixed)

(HEX 05) ID

The ID information: CYL-HI, CYL-LO, HEAD and SEC-

TOR NUMBER areas are stored in this field.

FIELD LENGTH = 1-16 BYTES
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(HEX 06) ID ECC

This field contains the CRC or ECC bytes for the ID area

FIELD LENGTH =1-8 BYTES

(HEX 07) POST-ID

This field should contain 00's. It is required to ensure
proper recording and recovery of the last bits of the ID
CRC/ECC field. On write data operations, the WRITE
GATE goes active at the end of this field.

FIELD LENGTH = 1-4 BYTES

(HEX 08) DATA READ SKEW

On READ DATA operations, the READ GATE goes
active at the end of this field. This field is intended to
allow the PLO to skip over the write splice area before

it begins trying to sync onto the read data.

FIELD LENGTH = 1-64 BYTES

(HEX 09) DATA PLO LOCK-ON

The READ GATE goes active at this point.

FIELD LENGTH = 1-4 BYTES

(HEX OA) PRE-DATA

The search for ADDRESS MARK starts here.

FIELD LENGTH =1-64 BYTES

(HEX OB) DATA ADDRESS MARK
See ID ADDRESS MARK
FIELD LENGTH FOR HARD DISK = 1 BYTE
FIELD LENGTH FOR FLOPPY = 3 BYTES

(HEX OC) F8 BYTE

FIELD LENGTH = 1 BYTE (fixed)

(HEX OD) DATA LOW
(HEX OE) DATA HIGH

These two bytes define the length of the DATA FIELD

OD = Low Byte of DATA LENGTH
OE = High Byte of DATA LENGTH

FIELD LENGTH = 1 - 65,536 BYTES

(HEX OF) DATA ECC

See ID CRC/ECC field.

FIELD LENGTH = 1-8 BYTES

(HEX 10) POST DATA
Data WR ITES stop at the end of this field.

FIELD LENGTH = 1-4 BYTES

UM83C021

(HEX 11) INTER-RECORD GAP

This field provides a separation between each sector to
allow speed tolerances; write to read recovery time (time

between deassertion of WRITE GATE and assertion of
READ GATE) head switching time and controller de-
cision making time between sectors and variations in

detecting INDEX and SECTOR.
FIELD LENGTH = 1-256 BYTES

(HEX 12) SECTORS PER TRACK

Write N-1 to this register

FIELD LENGTH = 1-256 BYTES

(HEX 13) ID START LOCATION

This register is set to specify which internal register follows

the FE register in the ID field. This register is set as shown
below.

ID Start Next Byte

Value Following FE

00 FE (causes FE to be used

twice)

01 CYLINDER HI (normal setting for hard

disk)

02 CYLINDER LO (normal setting for

floppy)

03 HEAD
04 SECTOR
05 SECTOR SIZE

(HEX 14) ADDRESS MARK FIRST HALF
(HEX 15) ADDRESS MARK SECOND HALF

HEX 14 = The first half of the encoded ADDRESS MARK
HEX 15 = The second half of the encoded ADDRESS

MARK or the whole unencoded ADDRESS
MARK when running in unencoded mode.

ADDRESS MARKS are special bytes recorded at the
beginning of each ID and DATA field. These bytes are

unique and do not occur anywhere else on the disk. They
are used to identify the exact beginning of the ID and
DATA fields. These ADDRESS MARKS are made unique
by violating the rules for encoding the data.

When using MFM encoding, the ADDRESS MARK is an
A1 data byte with one of the clock bits dropped.

MFM CLOCK BITS

DATA BITS

1110
10 10 1

MFM ADDRESS MARK
01000100 10001001 = HEX 44 and HEX 89L This bit has been dropped
HEX 44 = First half in location HEX 14

HEX 89 = Second half in location HEX 15
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When using UM83C021 RLL encoding, the ADDRESS

MARK is a 4B data byte with one of the bits dropped.

This results in a unique pattern with 8 zeros in a row.

In 2,7 RLL encoding, the maximum number of zeros

in a row is 7.

4B

RLL CODE FOR 4B

RLL ADDRESS MARK

(HEX 16) RECORDING CODE

010 010 11

000100 000100 1000

000100 000000 1000 = HEX 10 and HEX 08

This bit has been dropped

HEX 10 = First half in location HEX 14

HEX 08 = Second half in location HEX 1

5

80

40

20

10

08

04

02

01

00

01

10

11

00

01

10

11

000

001

010

011

NRZ WRITE DATA
NRZI WRITE DATA
PULSE WRITE DATA

NRZ READ DATA
NRZI READ DATA
PULSE READ DATA

UNENCODED
FM
MFM
RLL 2,7

Should be

(HEX 17) CLOCK DIVIDER

Through the use of a PLO divider circuit, the disk controller

chip is capable of controlling several devices that do not

operate at the same data rates without requiring a separate

PLO circuit for each. For example, the controller can

operate a hard disk, a floppy disk, and a tape drive using

only a single PLO running at 10 MHz or 15 MHz. If

running a 15 MHz PLO for an RLL encoded hard disk,

the controller is divided by 15 to run the tape drive and

divided by 30 to run the floppy disk.

The PLO divider can divide from 1 to 256. To divide

by a number n, the number n-1 must be written into the

Clock Divider at register address 17 hexadecimal.

In order to improve PLO lock-on performance, the Clock

Divider is synchronized to the first data pulse at the

beginning of every read operation.

Bytes that are written to or read from the UM83C021

at RAM CLOCK speed are internally synchronized to

the WRITE CLOCK. This synchronization can take up

to 5 write clock cycles. During this synchronization,

the CONTROLLER BUSY bit (Status Register bit 7)

will be one.

If additional bytes are written to or read from the chip

during this synchronization, the results will be unpredic-

table.

When using a divided down clock, the length of time

required for this synchronization may become significant.

For example: when working with a 5-1/4 inch floppy,

the disk clock would be 2 microseconds. The synchroniza-

tion could take up to 5 x 2 = 10 microseconds. When

designing your system, insure that reads and writes to the

UM83C021 are always farther apart than 10 microseconds

whenever the clock is divided down to a 2 microsecond

period. This can be done by inserting extra instructions

in the host program or by monitoring the CONTROLLER
BUSY bit.

(HEX 18) FE

ID field identifier byte

Write FE to this register.

(HEX 19) F8

Data field identifier byte.

Write F8 to this register for hard disk or FB for floppies.

(HEX 1A) SECTOR SIZE

This byte follows the sector number in the ID field and

is normally used with floppies - not with a hard disk.

(HEX 1B) SECTOR OPTIONS

The UM83C021 handles soft or hard sectored disks or

ESDI disks using ESDI Address Marks. ESDI byte clock

operation requires an external counter to create hard

sector pulses.

BIT 7 to 2 =

BIT 1 = 02

BIT =01
00

01

10

11

SOFT SECTORED
HARD SECTORED
ESDI ADDRESS MARKS
ESDI BYTE CLOCKS

(HEX 1C) GAP VALUE

Write 4E for MFM encoding

Write 33 for R LL encoding
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(HEX 1E) DIRECTION

Bit 7 of the register is sent directly to the DIRECTION
output pin. Writing a HEX 80 to this address will make
the pin high; a HEX 00 will make it low. This pin is used

for direction control of ST506 drives or for command
data on ESDI drives.

(HEX 1F) STEP

Bit of this register is sent directly to the STEP output

pin. Writing a HEX 01 to this address will make the pin

high; a HEX 00 will make it low. This pin is used for

STEP CONTROL of ST506 drives or for TRANSFER
REQUEST on ESDI drives. Auto-increment is disabled

for this address because it must be written repetitively

to create multiple STEP pulses at the drive interface.

(HEX 38) CYLINDER HI

This register contains the HI 8 bits of the cylinder number.
The contents of this register and the next 3 registers are

used for writing or searching for ID FIELDS on the disk.

(HEX 39) CYLINDER LO

This register contains the LO 8 bits of the cylinder number.

(HEX 3A) HEAD

This register contains the HEAD number.

(HEX 3B) SECTOR

This register contains the SECTOR number. On multi-

sector operations, this register is incremented after each

sector is read or written and may be read at address 07.

(HEX 3C) TRANSFER COUNT
This register contains the number of sectors desired for

this command -1. On multi-sector operations, this

register is decremented after each sector is read or written

and may be read at address 06.

(HEX 3D) HEAD SELECT

When this register is written, the external SET HEAD pin

strobes low to latch the head number from the data bus.

(HEX 3E) DRIVE SELECT

When this register is written, the external SET DRIVE
pin STROBES low so that the external drive register can

latch the drive number from the data bus.

(HEX 3F) DISK OP

Writing to this register starts or stops DISK READ or

WR ITE operations. The commands are listed below and are

described in more detail in the DISK COMMAND section.

00 STOP DISK OPERATION
80 NO-OP

UM8BC021

81 WRITE DATA
82 READ DATA
83 READ ID

84 WRITE FIRST SECTOR
85 WRITE NEXT SECTOR
86 FORMAT WRITE INTERLEAVED
87 FORMAT WRITE SEQUENTIAL
88 READ DATA IMMEDIATE
89 WRITE SECTOR IMMEDIATE
8A WRITE GAP IMMEDIATE
8B VERIFY DATA
8C READ LONG
8D WRITE LONG
8E COMPUTE ERROR SHORT, CORRECTION SPAN

5, 11 BITS
8F COMPUTE ERROR LONG, CORRECTION SPAN

11,22 BITS

(HEX 40) DATA TO/FROM DISK

Data written to this register is serialized and sent as data

to the disk. Writing to this register resets the DATA
REQUESTED status bit (Bit 4). If data is not written

fast enough to keep up with the disk, the OVERRUN/
UNDERRUN status bit (register 05 Bit 1 ) will be set.

Read Register Address Descriptions

Register Auto

Address inch

Decimal Hex Hex

00

01

02

03

04

05

06

07

80

81

82

83

84

85

86

87

Register

Not used

Not used

Not used

Not used

Disk status

Controller status

Transfer count

Sector number

ECC ECC CRC
56 Bit 32 Bit 16 Bits

8 08 88 Not used Not used Not used

9 09 89 Not used Not used

10 0A 8A Error 1 Not used Not used

11 0B 8B Syndrome 2 Not used Not used

12 OC 8C Bytes 3 Not used

13 OD 8D 4 1 Not used

14 OE 8E 5 2

15 OF 8F 6 3 1

40 Data from disk

This address does not auto-increment

Table 4. Read Register Addresses

(HEX00 - HEX03) NOT USED

(HEX04) DISK STATUS

BIT 7 = DRIVE SELECTED/STATUS 1 (HEX 80)

This bit has a dual role when controlling a Winchester drive.

It indicates that a drive has been successfully selected. This

pin directly reads the logic level of pin 27 on the chip.
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BIT 6 = READY/STATUS (HEX 40)

This bit also has a dual role. When controlling floppy

and Winchester drives, it indicates that a drive is up to

speed and ready for read or write. This pin directly reads

the logic level of pin 21 on the chip.

BIT 5 = SECTOR ADDRESS MATCH (HEX 20)

This bit is set when a sector ID matches what was set into

the Sector Address Registers during a read/write operation.

BIT 4 = LAST SECTOR ON TRACK (HEX 10)

This bit is set during the last sector of a track. (Sector #
in ID field = Sector per track.) See Multi-Sector transfers.

BITS 3 THRU = FIELD COUNTER

The FIELD COUNTER indicates what field is passing

under the heads on a read or write.

FIELD HEX FIELD LOCATION
COUNT COUNT ON DISK

00 INTER-RECORD GAP or

POST-INDEX GAP
1 01 ID PLO LOCK-ON

2 02 PRE-ID

3 03 ID AM
4 04 FE

5 05 ID

6 06 ID ECC

7 07 POST- ID

8 08 DATA READ SKEW
9 09 DATA PLO LOCK-ON

10 0A PR E-DATA

11 0B DATA AM
12 OC F8

13 0D DATA
14 0E DATA ECC

15 OF POST-DATA

(HEX 05) CONTROLLER STATUS

BIT 7 = NO RECORD FOUND (HEX 80)

Indicates that on a read or write, the controller has received

two successive index pulses without finding an ID field

that matched the Sector Address registers. Sector pulses

are not input on the INDEX pin).

BIT 6 = MISSING DATA AM (F8 MISCOMPARE)

(HEX 40)

This bit is set if the byte after the Data Address Mark does

not match the contents of register 19, the Data Field Inden-

tifier byte, indicating that a data field probably does not

exist.

BIT 5 = ID ECC/CRC ERROR (HEX 20)

When set indicates that a read/write sector to the addressed

sector was found, but that the CRC/ECC was in error.

BIT 4 = DATA ECC ERROR (HEX 10)

When set indicates that a read of the addressed sector was

found, but that the DATA field CRC/ECC bytes was in

error.

BIT 3 = DATA MISMATCH (HEX 08)

Indicates that the Verify command has stopped with a

data mismatch error. See Verify command.

BIT 2 = DATA TRANSFER STOPPED
(STOP RECEIVED) (HEX 04)

Indicates that during a read or write the DMA-STOP pin

was activated and that the transfer has stopped.

BIT 1 = OVERRUN/UNDERRUN (HEX 02)

Indicates that data was not transferred to or from the con-

troller quick enough for the Serial izer/Deserializer section.

BIT = NOT USED

(HEX 06) TRANSFER COUNT

This register contains the number of sectors remaining

(including the current) for Multi-sector operations and it

is decremented after each successful sector read or write.

(HEX 07) SECTOR NUMBER

This register contains the SECTOR NUMBER for the

operation that the controller is currently performing.

It is incremented after each multi-sector operation but

is not incremented if an error occurs.

(HEX 08) NOT USED

(HEX 09) 56 BIT ECC SYNDROME BYTE

(HEX 0A) 56 BIT ECC SYNDROME BYTE 1

(HEX 0B) 56 BIT ECC SYNDROME BYTE 2

(HEX 0C) 56 BIT ECC SYNDROME BYTE 3

(HEX 0D) 56 BIT ECC SYNDROME BYTE 4

(HEX 0E) 56 BIT ECC SYNDROME BYTE 5

(HEX OF) 56 BIT ECC SYNDROME BYTE 6

Disk Commands

Writing to the COMMAND register at location 3F causes

a disk operation to begin. All registers used in the disk

operation should be set up prior to writing to the COM-

MAND register.

(HEX 00) ABORT

This command will immediately terminate any operation

in progress.

(HEX 80) NO OP

This command causes no disk operation.
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(HEX 81) WRITE DATA

This command writes data from memory into the data

field of the sector whose address has been written into

the sector address registers in the chip. Multi-sector writes

are possible up to 256 sectors.

(HEX 82) READ DATA

This command reads the data field from the sector whose
ID has been set into the registers on the disk controller.

The data field is transferred to memory by DMA. It may
optionally be transferred under program control if the

disk speed is slow enough for the computer to keep up
with it. The F8 byte immediately following the data

address mark is not transferred but is checked to assure

that a data field is present.

At the end of every sector transfer, the Transfer Count
is checked. If it is zero, the operation stops. If it is non-

zero, it is decremented, the sector number is incremented,

and the next sector is read. This process continues until

the Transfer Count goes to zero, the end of the track is

reached, or an error occurs.

The DMA data transfer may be stopped by having STOP
go low during a DMA cycle (ACK low) . If this happens,

the disk controller will immediately cease data transfer

and will halt the operation at the end of the current sector.

In this case, the Transfer Count will not be decremented

and the sector number will not be incremented.

The residual Transfer Count and the sector number
registers can be read to determine where to continue.

(HEX 83) READ ID

This command reads the next ID fields and ID ECC fields

that are encountered on the disk or tape. It transfers

both fields to memory. The ID ECC field is checked
for errors.

It can be used to establish track orientation on tape or

disk. It can also be used in error recovery procedures to

determine if the read-write heads are positioned over

the correct track.

(HEX 84) WRITE FIRST SECTOR

This command begins writing at the Index Pulse and

writes both ID fields and data fields. Information for

the ID field comes from the internal sector address

registers. Information for the data fields is transferred

from memory.

Multi-sector writes can write up to 256 sectors.

If this command is terminated by the transfer count going

to zero, it stops writing at the end of the post-data field

of the last sector. If this command is terminated by the

sectors per track counter going to zero, it will continue

writing the postdata field until the next Index Pulse is

reached or until a Reset Command (00 hexadecimal)

is received.

This command can be used to format and write data to

a track in a single operation.

(HEX 85) WRITE NEXT SECTOR

This command begins writing at the end of the post-

data field of the sector whose address has been set

into the internal sector address registers. It writes ID

fields as well as data fields. It stops writing at the end

of the post-data field when the transfer count goes to

zero.

Multi-sector writes can be done up to 256 sectors.

This command can be used to repair the ID field of a

damaged sector.

(HEX 86) FORMAT INTERLEAVED

This command is similar to the Format Sequential (See

HEX 87) command. However, in this command the ID

fields to be written on the disk come from memory
rather than from the internal registers on the ID

Numbers written are totally programmable and can be

interleaved in any manner desired.

For each sector written the disk controller will fetch all

bytes of the ID field plus one byte of filler (usually a

hexadecimal E5) for the data field. The hexadecimal

FE byte immediately following the ID Address Mark
is not fetched from memory but is written from the

internal register in the disk controller.

For a typical hard disk format the ID field length would
be 4, and the following 5 bytes would be fetched from
memory for each sector.

Cylinder High

Cylinder Low
Head

Sector

Data Filler Byte (usually E5)

If the track is being formatted with 26 sectors, then

a total of 5 x 26 = 130 bytes will be fetched from

memory during the Format Interleaved command
execution.
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(HEX 87) FORMAT SEQUENTIAL

This command is used to format a single track on a disk.

It begins writing at index and continues writing to the

next index. It writes all ID and data fields using the

information set into the on-chip ID and DATA registers.

ID Register Data Filler Register

Byte Address Byte Address

CYLINDER HI HEX 38 DATA HEX 40

CYLINDER LO HEX 39

HEAD HEX3A
SECTOR SIZE HEX 1A

After each sector is written, the sector number register

is incremented by one and the track size register is decre-

mented by one. When the track size register reaches

zero, one last sector is written and the remainder of the

track is written with zero.

No data is transferred to or from memory during a format

sequential command.

(HEX 88) READ DATA IMMEDIATE

It differs in that when it is issued, the track orientation

counters are reset to the post-index gap and the read

operation begins there. It is intended primarily for use

when controlling tape drives where there is no index

pulse to establish position* on the track. With this com-

mand the microprocessor is responsible for maintaining

track orientation.

Data transfer occurs the same as with the Read Data

command. Up to 256 sectors can be transferred with a

single command.

(HEX 89) WRITE IMMEDIATE

Write Immediate is a formatting type write in that it

writes the ID field of each sector as well as the data field.

It is intended primarily for use when controlling tape

where there is no index pulse to establish track orienta-

tion. When it is issued, the track orientation counters

are set to post-index gap and WRITE GATE goes high

immediately.

ID field information is written from the internal sector

address registers. Data field information is transferred

from memory. The sector number is incremented after

every sector is written. Up to 256 sectors can be written

with a single Write Immediate command.

Writing stops at the end of the post-data field when the

transfer count goes to zero.

If Write Immediate is terminated by the physical sector

count going to zero, the controller will continue writing

the post-data field until it is stopped by the micropro-

cessor issuing a Reset Command (00 hexadecimal) or

until an Index Pulse is received. This allows tapes to be

written with a long trailer gap after the last data block.

(HEX 8A) WRITE GAP IMMEDIATE

When the Write Gap command is issued, the track orienta-

tion counters are set to post-index gap and the controller

immediately begins writing zeroes. Writing continues

until index is reached or until this command is terminated

by issuing another command or a halt command.

This command is intended primarily for writing header

or trailer zero fields on tape.

(HEX8B) VERIFY DATA

This command begins reading data from the disk at the

addressed sector and comparing it to the data transferred

from memory. If the disk data and the data from memory

do not match, this command will terminate with the Data

Mismatch bit set (Read Register 05 bit 3).

(HEX 8C) READ LONG

This command is used primarily for checking the ECC

and CRC circuitry. It reads and transfers to memory the

data field and data ECC field of the addressed sector.

The ID ECC field and the data ECC field are checked and

error latches are set if they are not correct. An error in

the ID ECC field will not stop the data field from being

transferred as it would with the Read Data command.

However, an error in either ECC field will terminate a

multi-sector Read Long at the end of the post-data field

of the sector containing the error.

After using the Read Long command, the ECC Syndrome

registers containing the ECC bits read from the disk

instead of error bits.

This command also allows the reading of records that

were written by controllers that use different ECC or

CRC generators.

(HEX 8D) WRITE LONG

This command is used primarily for checking the ECC

and CRC circuitry. It writes from memory the data field

and the data ECC field of the addressed sector. This

command permits the creation of errors to assist in test-

ing the error detection circuits.

An error in the ID ECC field will not prevent writing to

the addressed sector.

(HEX 8E) COMPUTE ERROR

This command is used to compute ECC error. It's corr-

ection span is 5 & 1 1 bits for 32 & 56 bits ECC.

(HEX 8F) COMPUTE ERROR LONG

This command is used to compute ECC error. It's corr-

ection span is 1 1 and 22 bits for 32 and 56 bits ECC.
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Timing Specs and Diagrams

This section is devoted to the timing of signals and their

relationship to each other in order to make the maximum
use of the UM83C021. The following tables and diagrams

are to be used as design tools when incorporating the

JUM83C021 into your system.

Signal Min. Typ. Max. Unit

XTAL

PLO

READ DATA

20

20

10

MHz

MHz

MBITS/SEC

Signal LO HI Unit

XTAL 13 20 NANOSECONDS

PLO 13 20

MCLK 30 30

RESET 100

Table 5. Signal Frequencies Table 6 Signal Widths

Delays From To Min. Typ. Max. Unit

XTAL HI

XTAL

WRITE DATA

WRITE CLOCK

35

30

70

60

NANOSECONDS

XTAL OR PLO HI REQUEST LO 32 63

ACK & MCLK LO REQUEST HI 36 72

MCLK LO SET HEAD LO 30 59

MCLK HI SET HEAD HI 21 42

MCLK LO SET DRIVE LO 30 59

MCLK HI SET DRIVE HI 21 42

XTAL OR PLO HI DIRECTION 43 85

XTAL OR PLO HI STEP 38 77

CSEL HI OR WRT LO

CSEL LO & WRT HI

D0-D7 TRI-STATE

D0-D7 ACTIVE

25

29

50

57

ACK HI OR WRT LO

ACK LO & WRT HI

D0-D7 TRI-STATE

D0-D7 ACTIVE

31

29

61

57

XTAL HI WRGT 32 63

PLO HI RDGT 36 71

XTAL OR PLO HI ENAM 36 71

XTAL OR PLO HI BUSY 31 62

RDEL HI FSTR HI 26 51

PLO HI FSTR LO 26 51

PLO HI SLWR LO 26 51

RDEL HI SLWR HI 26
J

51

Table 7. Delays
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From Changing Signal Set-Up To Hold Unit

ACKNOWLEDGE 4.0 RAMCLK LO NANOSECONDS
ACKNOWLEDGE RAMCLK HI

WRITE 15 RAMCLK LO

WRITE RAMCLK HI 15

CHIP SELECT 15 RAMCLK LO

CHIP SELECT RAMCLK HI 15

AO 15 RAMCLK LO

AO RAMCLK HI 15

NOTE THAT ALL THE ABOVE SIGNALS SHOULD CHANGE WHEN RAMCLK IS HIGH AND BE

STABLE WHEN RAMCLK IS LOW

DATA (DO - D7) 2 RAMCLK HI 12 NANOSECONDS
STOP 6 RAMCLK HI 3

Table 8. Set Up and Hold Time

1 RAM
CYCLE

RAM CLOCK_n n

REQ

DO TO D7

ACK

DC X

STOP

X X

. LAST BYTE
TRANSFERRED

DMA DATA TRANSFER

Figure 4. DMA Data Transfer Cycles
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n.

!~L

CHIP SEL I I

"AGISTER

lL

X X x x

SET
REGISTER
ADDRESS

X X X

n.

Figure 5. DMA/CPU Interface Operation

X

DMA WRITE!
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AT HDC Interface

Features

IBM PC/AT interface compatible

Jumper selectable for RLL/MFM disk interface

1:2 interleave

Buffer size 4k bytes

Sector size 512 bytes

84-pin PLCC package

General Description

UM83C022 is a component for Winchester disk controller

interface applications. It is designed to attach two 5.0/7.5

Mbit/sec MFM/RLL encoded ST-506 (ST-412) Winchester

disk drives to IBM PC/AT compatible personal com-

puters. The controller implements the host interface

and the command set compatible to the original IBM PC/

AT Disk Controller. UM83C022 supports the 4K-byte

sector buffers, and track formats compatible to IBM PC/

AT hard disk formats.

Pin Configuration

SDO C

sdi :

SD2 £

SD3 C

SD4 C

SD5 C

SD6 C

SD7 C
IDX f_20

GND C 21

SC C22
RDY C23
WF £24
DAO fj 25

DM r_26

DA2 C 27

DA3 c 28

DA4 £ 29

DA5 £ 30

DA6C31
DA7 C 32

<o in

< <
Q Q

* n n <- o no
< < < < < k
Q Q Q Q Q[_1 LJ l_J l_J 1—1 l_J l_J t-J ^

N NNNNNNNI5
*- O o> co r» to m * n n - o
i z i i i cc nt cccctrtra:
< o < < < < < <<<<<

nnnnnnnnnnnn nr-innnnnnn
1110 987 65 43 2 184 8382 81 80 79 78 77 76 75

UM83C022

^RDL
3WRL
URDH
DWRH
D245BEN

H245BDIR

H EN245L
^WDXFER

UCMD

J ROMCS

=>VCC
3ZRD
JZWR
DZALE
HZA15
DZA14

58 HZA13

57 HZA12

56 HZA10

55

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53UUUUUUUUUUUUUUUUU UUUG

DZA9
54 UZA8

cc It/) |* |H > «-U. «-_!<<<<
O F K < <" <" tn to

= 1= 8
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Block Diagram

ZDA0~7

SD0~7 tr
-A
rV

h-
TRANS- V
CEIVER

ZDABUS
ft

A.

I/O

REGISTER
AND

BUFFER

V |~t 1

- c^ 3 TRANS-

CEIVER

-v BUFFER

MANAGER

OSC30
M-L

RAMCK
CLOCK

DIVIDER

CONTROL
CIRCUIT

-- AR0~10

RDL
.
WRL

-* RDH.WRH

2
-y-—-

ZA8 ~ 10

IOCS16, IRQ14
SAO-2, SA9, ALE
IOW, IOR
RESETDRV
ADDCS
ACK.UMCCS
UMCWR
RQUST
CMD, ROMCS
ZA12~15 , ALE
ZRD.ZWR
EN245L, RESET
245BDIR. 245BEN
WDXF ER.R3F7
W1F6
IDX.SC, RDY.WF
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Absolute Maximum Ratings *

Power Supply Voltage, VDD -0.5 to +7.0V

Input Voltage, V, -0.5V to VDD +0.5V

Operating Temperature, T pj —40 to +85°C

Storage Temperature, TSTG -65 to +1 50°

C

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (TA = 0°c to70°c, vcc = 5.0V ± 10%)

Symbol Parameter Min. Max. Unit Conditions

V|L Input Low Voltage - 0.8 V

V,H Input High Voltage 2.0 - V VDD
= 5V V

|N =0-5V

'l
Input Leakage Current - ±50 juA All others pin = 0V

VOL Output Low Voltage - 0.4 V l0L = 8mA VDD =5V

VOH Output High Voltage 2.4 - V lOH = -8 mA VDD = 5V

AC Characteristics (TA = 0°c to 70°C, vcc = 5V ± 1 0%)

Symbol Parameter Min. Max. Unit Conditions

T1 Address setup to EN245L low 25 ns

T2 Address setup to EN245L high 25 ns

T3 lOR/IOW-pulse width 100 ns

T4 I0R setup to RDL, RDH low 25 ns

T5 IOR setup to RDL, RDH high 20 ns

T6 25 nsIOW setup to WRL,WRH low

T7 20 nsIOW setup to WR L, WR H low

T8 Address setup to IOCS 16 low 25 ns

T9 25 nsAddress setup to WDXFEF low

T10 RAMCK setup to ACK low 20 ns

T11 RAMCK setup toWRL low or to RDL low 20 ns

T12 RAMCK setup toWRL high orRDL high 20 ns

T13 20 nsRAMCK setup to WRH low or to RDH low

T14 20 nsRAMCK setup to WRH high or RDH high
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Pin Description

Pin No. Symbol I/O Description

2 AR10 Address 10 for buffer address decoding.

3 Write I/O port 1F6H/176H to select hard disk drive.W1F6

4-11 ZDA0-7 I/O Data (address) bus for translation among HOST interface, CONTROLLER,
and BUFFER.

12-19 SD0~7 I/O System data bus provides bits through 7 for PC bus.

20 IDX I INDEX pin provided by drive to indicate the beginning of a track.

22 SC I This signal, seek complete, goes active when the R/W head settles on

the desired track at the end of a seek command.

23 RDY I Ready, when this signal and SC are active, it indicates the drive is ready

to Read, Write, and Seek and the I/O signals are ready.

24 WF I Write fault, the signal means an improper operation of the disk at the

driver.

25-32 DAO-7 I/O These signals are provided for 8031 to control the address and data used.

33 OSC30 I Provides 30 MHz oscillation signal.

34 RAMCK This signal provides 10/15 MHz clock for UM83021 and 8031 to

synchronize all CPU and DMA operations.

35 M-L I This signal is used to identify MFM (high) or RLL (low) drive opera-

tion.

36 This signal is driven by the 8031 address decoder to indicate whether a

register read or write is to be performed in the UM83C021

.

021WR

37 UM83C021 chip selection, this signal is driven by 8031 's address port

to enable the registers of the UM83C021 to be read or written. The

address port is 4000H-5FFFH.

021CS

38 ACK Acknowledge, this signal is driven low to response UM83021 DMA trans-

ferring request.

39 I This request signal is used in conjunction with the ACK signal for hand-

shaking during the UM83C021 DMA transferring.

RQUST

40 RESETDRV I This signal is active high to clear the system status.

41 This signal provides external logic reset capability.RESET

43 Tor I PC-BUS I/O read operation control.

44 Tow I PC-BUS I/O write operation control.
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Pin Description (Continued)

Pin No. Symbol I/O Description

45 IRQ14 Interrupt request to HOST.

46 Read I/O port 3F7H/377H control.R3F7

47 I0CS16 This signal indicates the present operation is a 16-bit data transfer

I/O cycle.

48 ALE This signal latches the valid addresses from the HOST.

49-52 SA0~ 3

SA9
This signal indicates the present operation is a 16-bit data transfer I/O

cycle.

53 Address chip select decoded from SA3 — 8.ADDRCS

54-60 ZA8-10
ZA12-15

Local address bus from 8031 to be used as high-byte address and control

pins.

61 ZALE Local address latch from 8031.

62 Looal write enable from 8031.ZWR

63 Local read enable from 8031

.

ZRD

65 This signal is used to enable the external ROM of the 8031 from 0000H-

1FFFH.

ROMCS

66 This signal is used to interrupt the 8031 when the HOST issues the com-

mand execution request.

CMD

67 This signal indicates the 16-bit data transfer operation.WDXFER

68 EN245L Enables low-byte data bus to be transferred between the PC-BUS and

UM83C022.

69 245BDIR This signal determines whether the data flow is from the high-byte buffer

or from the low-byte buffer.

70 This signal enables the transfer between ZDAO — 7 and high-byte buffer.245BEN

71 Write high-byte data to SRAM buffer.WRH

72 RDH Read high-byte data from SRAM buffer.

73 Write low-byte data to SRAM buffer.WRL

74 RDL Read low-byte data from SRAM buffer.

75-84 ARO-9 These signals are provided for the external SRAM buffer addresses.

1,21,

42
GND I Ground.

64 Vcc I Power supply +5V.
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Functional/Register Description

A. HOST CONTROLLER/DRIVE STATUS REGISTER (Read Only)

This register specifies the status of the controller/drive. This register may be accessed by the HOST at any time, however,

when the BUSY bit is set, no other bits in the register are valid. Also by reading this register, I/O address 1F7H/166H,

any pending interrupts to the HOST are cleared.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

BUSY RDY WF SC DRQ CORD IDX ERROR

Bit ERROR: This bit is set when an error has occurred

on the last command or power up diagnostics. The error

code is stored in the buffer with address 27F9H and can

be accessed by the HOST with I/O address 1F1H.

Bit 1 INDEX: This bit reflects the status of INDEX signal

(l/P Pin 20) from the selected disk drive. This signal goes

active once per revolution of the disk. This bit will not

be set if the drive is not ready (i. e. if Bit 6 is reset).

Bit 2 ECC CORRECTION DATA: This bit is set when

ever (on the previous read sector transfer) a sector read

off the disk had a correctable ECC error which was cor-

rected.

Bit 3 DATA REQUEST: This bit is set for data transfer

to/from the sector buffer. This includes both sector and

ECC data. The controller is considered "busy" whenever

the DRQ or BUSY L bits are set.

Bit 4 SEEK COMPLETE: This bit indicates the state

of the Seek Complete signal (l/P Pin 22) from the selected

disk drive. This bit is set when the drive is not seeking.

Bit 5 WRITE FAULT: This bit reflects the state of the

Write Fault Signal (l/P Pin 24) from the selected disk

drive. When this bit is set, it indicates that the drive is

unsafe for read/write transfer.

Bit 6 READY: This bit reflects the state of the Ready

signal (l/P Pin 23) from the selected disk drive. When

this bit is set, the drive is present, but may not be ready

for read/write transfer.

Bit 7 BUSY: When this bit is set, the controller is execut-

ing a command. Also, when this bit is set, the HOST

may not read or write any other task files except the

AT HOST CONTROLLER/DRIVE STATUS REGISTER.

B. HOST FIXED DISK REGISTER (Write Only)

This fixed disk register is used by the HOST to control some of the internal functions. Its I/O port address is 3F6H/376H.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

X X X X HS3EN RST INTEN X

Bit 0, 4 ~ 7: Don't care.

Bit 1 INTERRUPT ENABLE: This bit, when reset, enables

the IRQ14 (Pin 45) output. When this bit is set, the IRQ14

output is tri-state, regardless of the presence or absence

of a pending interrupt. The internal signal and the status

will still be valid.
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Bit 2 SOFTWARE RESET: Writing a 1 to this bit will

cause this IC to be reset. The reset output will be asserted

and will remain asserted until this bit is written back

toO.

Bit 3 HEAD SELECT 3 ENABLE: When this bit is set,

the Head Select 3 will be output by the local micro-

controller. When this bit is reset, the Reduce Write Current

will be output by the local microcontroller.

C. MICROCONTROLLER STATUS REGISTER (Read Only)

This register is used to indicate the status of operation and drive for the microcontroller. It's I/O address is 6000H.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

X WF HS3ENB HS3EN RDY SC ML DRQ

Bit 1 MFM or RLL mode: When set, it indicates the drive

is a MFM recorded drive.

Bit 4, 5 HEAD SELECT 3 ENABLE: These two bits are

used to select the Head Select 3 or the Reduce Write

Current Operation. The bit 4 reflects the bit 3 of host

fixed disk register.

Others are the same as the HOST CONTROLLER/DRIVE
STATUS REGISTER.

D. MICROCONTROLLER COMMAND REGISTER (Write Only)

This register is used to control the data operation and sends out the status of the operation. Its I/O address is 8000H sent

from the microcontroller.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

SBUSY SETINT SDRQB DMAWRB CRESETB LONG CORD ERROR

Bit ERROR: This bit indicates that a non-recoverable

error has occurred. The error information is stored in

the buffer and this bit is connected to the bit of HOST

CONTROLLER/DRIVE STATUS Register.

Bit 1 ECC CORRECTION DATA: This bit is connected

to the bit 2 of HOST CONTROLLER/DRIVE STATUS

REGISTER as a report for the data correction.

Bit 2 LONG: When this bit is set, it is used to indicate

the Long Command for the read/write operation. This

bit must be set before transferring data between Host

and buffer for read/write LONG command.

Bit 3 ACKNOWLEDGE RESET: This bit is used to set

E. MICROCONTROLLER READ/WRITE I/O PORT

Writing to the A000H port will clear the bit 7 (BUSY) of the HOST CONTROLLER/DRIVE STATUS REGISTER if the

SBUSY bit is reset.

Reading from the A000H port will generate a low-active pulse to initiate the buffer (SRAM) control signals.

Writing to the C000H port will reset the bit 3 (DRQ) of the HOST CONTROLLER/DRIVE STATUS REGISTER and clear

the internal interrupt (IRQ14) to the host.

Writing to the E000H port will set the bit 3 (DRQ) of the HOST CONTROLLER/DRIVE STATUS REGISTER.

the Acknowledge signals for the read/write operations

of theHDC.

Bit 4 DMA READ/WRITE CONTROL: This bit is set

for the read operation of HDC from the drive. When

reset, it indicates a write operation of HDC to the drive.

Bit 5 SET DATA REQUEST: This bit, when reset, sets

the DRQ bit in Status Register.

Bit 6 SET INTERRUPT: When changed from low to

high, this bit is used to set the interrupt request to the

HOST.

Bit 7 SBUSY: This bit is used to set the BUSY bit of

the HOST CONTROLLER/DRIVE STATUS REGISTER to

indicate that the/iC is busy except when DRQ is asserted.
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Host Interface Timing
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Application Circuit
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Application Circuit (Continued)

I
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Application Circuit (Continued)
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Application Circuit (Continued)
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Application Circuit (Continued)
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Application Circuit (Continued)

UM83C022
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Application Circuit (Continued)
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B. AT Interface I/O port

Task file- primary 1F0H to 1F7H (Secondary 170H to 177H) and 3F6H to 3F7H (Secondary 376H to 377H)

Primary Secondary ADDRESS SA9 SA2 SA1 SAO Read Port Function Write Port Function

1F0H 170H Read data

(16 bits)

Write data

(16 bits)

1F1H 171H 1 Error register
Write precomp

cylinder

1F2H 172H 1 Sector count Sector count

1F3H 173H 1 1 Sector number Sector number

1F4H 174H Cylinder

number low

Cylinder

number low

1F5H 175H 1

Cylinder

number high

Cylinder

number high

1F6H 176H 1 SDH SDH

1F7H 177H 1 1 Status Register Command register

3F6H 376H 1 1

Alternate status

register

Fixed disk

register

3F7H 377 H 1 1 1

Digital input

register
Not used

C. Microcontroller Task File Read/Write Port

HEX READ PORT FUNCTION WRITE PORT FUNCTION

27F9 write precomp register error register

27FA sector count sector count

27FB sector number sector number

27FC cylinder number low cylinder number low

27FD cylinder number high cylinder number high

27FE SDH SDH

27FF host command register not used

D. Constraints

The PC/AT HDC supports two ST-506/412 Winchester disk drives. The host bus has to be IBM PC/AT BUS or compatible.

The BIOS command set must be compatible to the original BIOS of IBM PC/AT. If RLL encoded drive is used, the BIOS
must also contain RLL drive type or user defined drive type. If running on network environment, it might not be com-
patible to WD 's HDC.
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Floppy Disk Data Separator (FDDS)

Features

Performs complete data separation for floppy disk

drives

Separates FM or MFM-encoded data from any magnetic

media

Eliminates several SSI and MSI devices normally used

for data separation

General Description

The Floppy Disk Data Separator provides a low-cost

solution to the problem of converting a single stream of

pulses from a floppy disk drive into separate clock and

data inputs for, a floppy disk controller.

The FDDS consists primarily of a clock divider, a long-term

timing corrector, a short-term timing corrector, and a re-

clocking circuitry. Supplied in an 8-pin dual-in-Line

Pin Configuration Block Diagram

No critical adjustments required

Compatible with Standard Microsystems' FDC 1791,

FDC 1793 and other floppy disk controllers

Small 8-pin dual-in-line package

+5 Volt only power supply

TTL-compatible inputs and outputs

package to save board real estate, the FDDS operates on

+5 volts only and is TTL-compatible on all inputs and

outputs.

The UM8326/B is available in two versions: The UM8326,

which is intended for 5%" disks, and the UM8326B for

both 5%" and 8" disks.

REFCLK —•-

CLOCK
CDO —

w

CD1 —
DIVIDER

- GND

—»•

DATA/CLOCK
SEPARATION

LOGIC

-*
PULSE

REGENERATION
LOGIC

-»- SEPCLK

i
—^- -»- SEPD

EDGE
DETECTIONDSKD -.-».

LO(SIC
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Absolute Maximum Ratings*

Operating Temperature Range 0°C to + 70°C

Storage Temperature Range —55°C to + 150°C

Positive Voltage on any Pin, with respect to ground

+ 8.0V

Negative Voltage on any Pin, with respect to ground

- 0.3V

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (TA = 0°C to 70°C, VDD = +5V ± 5%, unless otherwise noted)

Parameter Min. Typ. Max. Unit Conditions

INPUT VOLTAGE LEVELS

Low Level V| L 0.8 V
High Level V|H 2.0 V

OUTPUT VOLTAGE LEVELS

Low Level Vql 0.4 V Iol = 1.6 mA
High Level V0H 2.4 V Iqh =-100juA

INPUT CURRENT

Leakage l| L 10 MA 0<V|N <VDD
INPUT CAPACITANCE

All Inputs 10 pF

POWER SUPPLY CURRENT

bD 60 mA

AC Characteristics

Symbol Parameter Min. Typ. Max. Unit Conditions

fCY REFCLK Frequency 0.2 4.3 MHz UM8326
fCY REFCLK Frequency 0.2 8.3 MHz UM8326B

tfJKH REFCLK High 50 2500 ns

tfJKL REFCLK Low 50 2500 ns

tSDON REFCLK toSEPD "ON" Delay 100 ns

tSDOFF REFCLK to SEPD "OFF" Delay 100 ns

tSPCK REFCLK to SEPCLK Delay 35 ns

tDLL DSKD Active Low 0.1 100 JUS

tDLH DSKD Active High 0.2 100 /us
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Pin Description

Pin No. Symbol Designation Description

1 Data input signal direct from disk drive. Contains combinedDSKD Disk Data

clock and data waveform.

2 SEPCLK Separated Clock Clock signal output from the FDDS derived from floppy disk

drive serial bit stream.

3 REFCLK Reference Clock Reference clock input

4 GND Ground Ground

5,6 CDO Clock Divisor CDO and CD1 control the internal clock divider circuit. The
CD1 internal clock is a submultiple of the REFCLK according to

the following table:

CD1 CDO Divisor

1

1 2

7

1 4

1 1 8

SEPD is the data output of the FDDSSEPD Separated Data

8 VDD Power Supply +5 volt power supply

Operational Description

A reference clock (REFCLK) of between 2 and 8 MHz is

divided by the FDDS to provide an internal clock. The
division ratio is selected by inputs CDO and CD1. The
reference clock and division ratio should be chosen per

table 1

.

The FDDS detects the leading edges of the disk data

pulses and adjusts the phase of the internal clock to provide

the SEPARATED CLOCK output.

Separate short and long-term timing correctors assure

accurate clock separation.

The internal clock frequency is nominally 16 times the

SEPCLK frequency. Depending on the internal timing

correction, the internal clock may be a minimum of 12

times to a maximum of 22 times the SEPCLK frequency.

The reference clock (REFCLK) is divided to provide the

internal clock according to pins CDO and CD1.

Table 1. Clock Divider Selection Table

Drive

(8" or 5%")
Density

(DDorSD)
REFCLK
MHz CD1 CDO Remarks

8 DD 8

8 SD 8 1

8 SD 4

5%

514

DD
DD

8

4

1

All selectable

5 1
/4 SD 8 1

5 1
/4 SD 4 1

5% SD 2
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Timing Diagram (1)

INTCLK
jinnnnnjuuinMiinnniinjuiJiJiJiM

SEPCLK_J

SEPD u u u
I I

always two internal clock cycles

Timing Diagram (2)

REFCLK

SEPD \ J
^DOFF

SEPCLK

DSKD \
[DLL lDLH

/ \

Typical System Configuration (5Vi" Drive, Double Density)

-- ^KH-^ U- lCK L -*

! w—v__y—v_^f—

v

^DON
.

*"

JSPCK
, I

DISK DATA

4-MHz CRYSTAL
OSCILLATOR

"="4
1 MHz

1

FLOPPY

DISK

DRIVE

REFCLK REGENERATED DATA CL*

IIMQOOC/D

DERIVED CLOCK

RAW READ
FLOPPY

DISK CONTROLLER
RCLK„„„ „ , SEPCLK

CDO CD1

1 1

GND GND
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Ordering Information

Part Number Frequency Option Drives. Package Type

UM8236 4 MHz 5Y4" 8LDIP

UM8326B 8 MHz 5 1/4",8" 8LDIP
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PRELIMINARY

Features

IBM PC XT/AT drive system compatible

Supports 2 drives (MS-DOS support)

1.44M/1.2M/360K/720K format selectable

IBM PC drive system address decoder
Only 4 components needed for the drive

General Description

The UM8388 is a VLSI Floppy Disk Controller (FDC)
chip, which contains the circuitry and control functions
for interfacing a processor with up to*2 floppy disk drives.
It is capable of supporting 360K Bytes, 1.2M Bytes (in
5%" diskette drives), 720K Bytes, and 1.44M Bytes, (in
3%" diskette drives) FDDs using MFM coded, and double
sided recording. UM8388 includes an internal data
separator, write precompensation, circuit address de-
coder, timing control and other control logics. It simplifies
design of a diskette drive system and only 4 components
are needed in the IBM PC/AT drive system.

Handshaking signals are provided in UM8388 which

Pin Configuration

vcc cz 1 48 ZD REDUCED WRITE
D7 q 2 47 _J INDEX
D6 CZ 3 46 ZD MOTOR A ON
D5 nz 4 45 Z] DRIVE B SELECT
D4 CZ b 44 ZD DRIVE A SELECT
D3 LZ B 43 ZD MOTOR B ON
D2 CZ / 42 ZD DIRECTION SELECT
D1 CZ 8 41 ZD STEP
DO CZ 9 40 ZD WRITE DATA

AEN CZ IU 39 ZD WRITE GATE
A9 CZ I I C 38 J TRACK 00
A8 CZ 12

00
37 —1 WRITE PROTECT

A7 CZ 13 u 36 ZD READ DATA
A6 CZ 14 00 35 ZD SIDE 1 SELECT
A5 CZ lb 34 _l DISKETTE CHANGE
A4 CZ 16 33 ZD CLOCK IN
A3 CZ 1/ 32 ZD HDC
A2 CZ IU 31 ZD DRIVER TYPE"
A1 CZ iy 30 ZD GATE 245
AO CZ 20 29 ZD DRIVE GROUP SELE

RESET CZ 21 28 ZD TC
DRQ CZ 22 27 ZD DACK
row cz 23 26 ZD IRQ
IOR LZ 24 25 ZD GND

UM8388
Single-Chip Floppy Disk

Controller

Internal write precompensation circuit; precompensation

values: 250-125 ns

Internal data separator circuit

Supports 8", 5%", and 3 1/2" drives

makes DMA operation easy to incorporate with the aid
of an external DMA control chip. The FDC will operate
in either the DMA or Non-DMA mode. In the Non-DMA
mode, the FDC generates interrupts to the processor
every time a data byte is available. In the DMA mode,
the processor needs only to load the command into the
FDC and all data transfers occur under control of the
UM8388 and DMA controller.

Many diskette drive parameters are programmable and a
write-protection feature is supported. One interrupt
level is used to indicate when an operation is completed,
or a status condition requires the microprocessor's atten-
tion.

Block Diagram

TC

DRQ
UACK

CONTROL

low -~

_3£StT_—

DECODER

DRIVE ASElEC

DRIVE BS IFCT

MOTOR A

MOTOR B C
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Pin Configurations
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Absolute Maximum Ratings*

Operating Temperature 0°C to +70°C

Storage Temperature -55°C to +1 50°C

All Output Voltages -0.5 to +7 Volts

All Input Voltages -0.5 to +7 Volts

Supply Voltage Vcc -0.5 to +7 Volts

Power Dissipation 1 Watt

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (TA = 0°C to +70°C, Vcc = +5V ± 5%)

Symbol Parameter
Limits

Unit Conditions
Min. Max.

V
IL Input low voltage 0.8 V

V,H Input high voltage 2.0 V
VOL Output low voltage 0.4 V

lO L
= 8.0mA

Vqh Output high voltage 2.4 vCc V l0H = 4.0 mA
'cc Vcc supply current 200 mA

l|L Input leakage current 10 MA o<v <vcc

'loh
High level output

leakage current
10 MA Vo=VCC

'OFL
Output float leakage

current
10 ma 0.4V<Vo <Vcc

AC Characteristics (TA = 0°C to + 70°C, Vcc = +5.0V ± 10%)

PROCESSOR WRITE CYCLE

PROCESSOR READ CYCLE

Symbol Parameter Min. Max.

*AW address setup to IOW 1 10 ns

%A address hold from IOW t 5 ns

tww IOW pulse width 250 ns

tDW data setup to IOW t 150 ns

*WD data hold from lOWt 10 ns

%l IRQ delay from iOWt 500 ns*

Symbol Parameter Min. Max.

*AR address setup to IOR I 10 ns

tRA address hold from FOR t 5 ns

lRR IOR pulse width 250 ns

XRD data delay from IOR 1 230 ns

*DF output floating delay from IOR t 10 ns 30 ns

tRI IRQ delay fro lOR t 500 ns*

Note: *: The values are for 8 MHz clock rate, multiply timings by 2/1 .67 when using 4/4.8 MHz clock rates.
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DMA OPERATION^

Symbol Parameter Min. Max.

tROCY DRQ cycle period 13 us

WRO 200 nsDACK i to DRQ I

tROR DRQttofOR"! 800 ns

tROW DRQ t to lOWl 250 ns

tRORW DRQ t to TOR t or TOW t 12 pis

Terminal Count, Reset, Index

Symbol Parameter Min. Typ. Max.

*IDX index pulse width 10tCY
**

Vc terminal count width 1tCY

*RST reset width 14tCY

Notes:

*
: The values listed for DMA operation are for 8 MHz clock rate, multiply timings by 2/1 .67 when using 4/4.8 MHz clock rates.

**• t(jY

'

s the clock rate of Drive System.

FDD INTERFACE

Symbol Parameter Min. Typ. Max.

%DD write data width 125/208/250 ns*

*WCY write data cycle time 1/1 .67/2 /is*

*RDD read data active time (low) 40 ns 125/208/250 ns*

^CY read data cycle time 1/1 .67/2 /is*

SEEK OPERATION***

Symbol Parameter Min. Typ. Max.

*STP step active time 5 MS

tSC step cycle time 33 ms

^ST DIR setup to step t 1 /is

tSTD DIR hold from step 4- 24 MS

Notes:

*
: The specified values are for 8/4.8/4 MHz respectively.

***: The values listed for seek operation are for 8 MHz clock period, multiply timings by 2/1 .67 when using 4/4.8 MHz clock rates.
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Timing Waveforms

Processor Read Operation Processor Write Operation

A*-A9
BaCk ADDRESS VAUD

DX&-D7*
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Pin Description

Pin Symbol I/O Description

1 vCc I Power supply, connected to +5V power supply.

2-9 D7-D0 I/O Bi-directional — 8-bit data bus

10 I

Input from DMA — Address Enable. When this line is active (low) the DMA con-

troller has control of the address bus.
AEN

11-20 A9~A0 1 Input from processor - 10-bit Address Bus.

21 RESET 1

Input from processor — places FDC in idle state. Resets output lines to FDD
to "0" (low). Does not affect SRT, HUT or HLT in Specify command.

22 DRQ Output to DMA — DMA Request is being made by FDC when DRQ = "1
".

23 iow~ 1

Input from processor — Control signal for transfer of data to FDC via Data

Bus, when "0".

24 [OR 1

Input from processor — Control signal for transfer of data from FDC to Data

Bus, when "0".

25 GND 1 Ground. Normally connected to +0V ground

26 IRQ Output to processor - Interrupt request generated by FDC.

27 1

Input from DMA - DMA cycle is active when "0" (low) and controller is

performing DMA transfer.
DACK

28 TC 1

Input from DMA - Indicates the termination of a DMA transfer when "1"

(high). It terminates data transfer during Read/Write/Scan command in DMA
or interrupt mode.

29
DRIVE GROUP
SELECT

1

The primary address will be applied when this signal is active high (3FX)

The secondary address will be applied when this signal is low (37X)

30 Output low to enable the extra 74LS245 Buffer on data bus.GATE 245

31 Output low to enable the extra disk drive type port. It's address is 3F 1

.

DRIVER TYPE

32 1

Set this input to low, when your system has a hard disk control card. Otherwise,

set this input to high.
HDC

33 CLOCK IN 1 24 MHz clock input.

34 1

Input from FDD — This input is high when a diskette is present again^and a step

pulse is issued from FDC.
DISKETTE

CHANGE
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Pin Description (Continued)

Pin Symbol I/O Description

35 SIDE 1 SELECT
Output to FDD — This output is active (high) for the upper head. Otherwise,

the lower head is selected.

36 1

Input from FDD - Each bit detected provides a 250 ns (4 MHz), 208 ns (4.8

MHz), 125 ns (8 MHz) active (low) pulse on this line.
READ DATA

37 1

Input from FDD - This input is active low when a diskette with a write protect

notch is inserted.
WRITE PROTECT

38 1

Input from FDD - This signal is low when the upper head is on Track 00

(the outermost track).
TRACK 00

39 WRITE GATE
Output to FDD — An active high level of this output enables the write current

circuits, and the Write Data output controls the writing of information.

40 WRITE DATA
Output to FDD - A 125 ns (8 MHz), 208 ns (4.8 MHz), 250 ns (4 MHz) pulse

on this output causes a bit to be written on the disk if Write Gate is active.

41 STEP

Output to FDD — An active high pulse causes the read/write heads to move in

the direction determined by the "direction select" signal. Motion is started each

time the signal changes from an active to inactive level (at the trailing edge of

the pulse).

42 DIRECTION

SELECT

Output to FDD — This signal determines the direction the read/write head

moves when the step signal is pulsed. A low level indicates away from the

center of the diskette (out); a high level indicates toward the center of the

diskette (in).

43 MOTOR B ON
Output to FDD — The spindle motor B runs when this input is active. The

drive requires a 1 sec (high density)/750 ms (double density) delay after

"motor on" becomes active before and after the trailing edge of the step pulse.

44
DRIVEA
SELECT

Output to FDD — When "Drive A Select" is at the active level, drive A is

enabled. When it is at the inactive level, all drive A outputs are disabled.

45
DRIVE B

SELECT
Output to FDD - When "Drive B Select" is at the active level, drive B is

enabled. When it is at the inactive level, all drive B outputs are disabled.

46 MOTOR A ON

Output to FDD — The spindle motor A runs when this input is active. Drive

A requires a 1 sec (high density)/750 ms (double density) delay after "motor

on" becomes active before and after the trailing edge of the read or write

operation.

47 1

Input from FDD — A low pulse appears on this line to indicate the beginning of

a disk track when the drive senses the index hole in the diskette.
INDEX

48
REDUCED
WRITE

Output to FDD — The inactive state low of this signal indicates that high-density

media is present, requiring normal write currents, and the active state high

indicates low-density media is present, requiring a reduced write current.
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Register Description

1. Digital Output Register (10 write 3F2, 372)

The digital output register (DOR) is an output-only register controlling drive motors, drive selection, and feature
enable. All bits are cleared by the I/O interface reset line. The bit definitions are as follows.

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit!

BitO

Reserved

Reserved

Drive B Motor Enable

Drive A Motor Enable

Enable Diskette Interrupts and DMA

Diskette Function Reset - Diskette function reset when this bit is low ('0').

Reserved

Drive Select - A'O'bn this bit indicates that drive A is selected.

2. Digital Input Register (10 read 3 F7, 377)

The digital input register is an 8-bit, read-only register used for diagnostic purposes. The following are bit definitions

for this register.

Bit?

Bits ~ 6

Diskette Change

Apply to the currently selected fixed disk drive

3. Transfer Rate Register (Diskette Control Register) (10 write 3F7, 377)

The transfer rate register is a 2-bit, output-only register which controls a programmable divider and provides

8M/4.8M/4M Hz clocks for three different data transfer rates. The definition is given as follows:

BitO Bit 1 Transfer Rates Clock Rates Reduce write

1

1

1

1

500K bps

300K bps

250K bps

reserved

8 MHz
4.8 MHz
4 MHz
reserved

1

1

1

4. Main Status Register (IO read 3F4, 374)

Those bits in the main status register are defined as follows:

Bit 7
Request for master (ROM) — The data register is ready to send or receive data to or from the

processor.

Bit 6
Data Input/Output (DIO) — The direction of data transfer between the diskette control and the

processor.

Bit 5 Non-DMA Mode (NDM) — The diskette controller is in the non-DMA mode.

Bit 4 Diskette Control Busy'(CB) — A Read or Write command is being executed.

Bit 3 Reserved

Bit 2 Reserved

Bit 1 Diskette Drive B Busy (DBB) — Diskette drive B is in the seek mode.

BitO Diskette Drive A Busy (DAB) — Diskette drive A is in the seek mode.
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5. Diskette Data Register (10 read 10 write 3F5 375)

This 8-bit data register actually consists of several registers in a stack and only one register is presented to the data

bus at a time when storing data commands, and parameters, or providing diskette-drive status information.

6. Fixed Disk Status Register (10 read 1F7, 177)

The contents of this 8-bit fixed disk status register are checked when system BIOS executes self-test. This register

is enabled when PC system has no Hard Disk Control card and bit 7 is of this register is fixed to 1 (high). This register shall

be disabled when PC system has a Hard Disk Control card.

Table A-1 The I/O addresses of these five registers mentioned above are given in the following:

Primary Secondary Read Write

3F2

3F4

3F5

3F7

372

374

375

377

Main status register

Diskette data register

Digital input register

Digital output register

Diskette data register

Transfer rate register

1F7 177 Fixed Disk Status register*

Fixed disk function

Application Notes

A: General Description

The UM8388 can be easily implemented into a FDC card or a main board and only 4 components (UM8388, 7406*2

74LS245*1) are needed in the IBM PC/AT drive system. The address decoder of UM8388 is switchable by setting pin 29
(Drive group select) of UM8388. If pin 29 is set to 1 (high), then the I/O address of the UM8388 is selected in the primary

drive group address (3F1 ~ 3F7, 1 F7). The contents of the UM8388 Hard Disk Status Register will be checked when system
BIOS executes selftest. This register's bit 7 should be high by setting pin 32 to high when the PC system has no Hard Disk
Control card, otherwise the register's bit 7 should be low by setting pin 32 to low.

B: PC/AT Application

The UM8388 registers are the same as the PC/AT floppy disk controller's. Therefore, the UM8388 can be directly

implemented into the FDC card of the PC/AT to support 1.2M, 720K, 360K 1.44M Bytes FDD and only 4 components

(UM8388*1 , 7406*2 74LS245) are needed. The application circuit is shown as Figure A-1

.

C: PC/XT Application

If the UM8388 is used to support 1.44M, 1.2M, 720K, 360K Byte FDD in the PC/XT an additional FDC program

is needed to control the 1.44M, 1.2M Bytes FDD since the PC/XT BIOS doesn't support the 1.2M, 1.44M Byte FDD. During

the FDD operation, this additional BIOS reads the contents of the UM8388 Drive Type Register set by pin 31 , thus selects

the drive to be 1.44M, 1.2M, 360K or 720K.
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Figure A-1 PC/AT (1.44M, 1.2M, 720K, 360K FDD) Application Circuit
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Figure A-2 PC/XT BIOS ROM Circuit
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Ordering Information

Part Number
Operating

Current (Max.)
Package Type

UM8388
UM8388L-1

UM8388L-2

200 mA
200 mA
200 mA

48LDIP

52 L PLCC

68 L PLCC
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UM8397
Single-Chip Floppy Disk

Controller

Features

IBM PC XT drive system compatible

Supports 2 drives (MS-DOS support)

360 K/720K format selectable

IBM PC drive system address decoder

Only 3 components for the drive

Internal write precompensation circuit; precompensation

values: 250 ns

Internal data separator circuit

Supports 8", 5%", 3Vi" drives

General Description

The UM8397 is a VLSI Floppy Disk Controller (FDC)

chip, which contains the circuitry and control functions

for interfacing a processor with up to 2 floppy disk

drives. It is capable of supporting 360K Bytes (in 5V
diskette drives) and 720K Bytes (in 3 1/2" diskette drives)

and includes FM/MFM-coded, double sided recording.

The UM8397 provides the circuitry which includes the

internal data separator, write precompensation address

decoder, timing control and other control logic. It

simplifies design of the diskette drive system and only

3 components are needed in the IBM PC XT drive

system.

Handshaking signals are provided in the UM8397 which

makes DMA operation easy to incorporate with the aid

of an external DMA control chip. The FDC will operate

in either the DMA or Non-DMA mode. In the Non-DMA

mode, the FDC generates interrupts to the processor

every time a data byte is available. In the DMA mode,

the processor needs only to load the command into the

FDC and all data transfers occur under control of the

UM8397 and DMA controller.

The diskette drive parameters are programmable and the

diskette drive's write-protect feature is supported. An

interrupt level is used to indicate when an operation is

complete and that a status condition requires micropro-

cessor attention.

Pin Configurations

vcc CZ 1

D7 l_ 2

D6 cz 3

D5 lz: 4

D4 cz 5

D3 cz 6

D2 7

D1 cz 8

DO cz 9

AEN cz 10

A9 cz 11

A8 cz 12

A7 cz 13

A6 cz 14

A5 cz 15

A4 16

A3 cz 17

A2 cz 18

A1 cz 19

AO cz 20

RESET cz 21

DRQ cz 22

(OW CZ 23

IOR cz 24

48 ZZ\ NC
47 ZJ INDEX

46 Z3 MOTOR A ON
45 HI DRIVE B SELECT
44 Z3 DRIVE A SELECT
43 ZD MOTOR B ON
42 ZD DIRECTION SELECT
41 ZD STEP

40 ~3 WRITE DATA
39 Z3 WRITE GATE
38 IZI TRACK 00

37 p WRITE PROTECT
36 Z] READ DATA
35 ZD SIDE 1 SELECT
34 Z3 NC
33 z: CLOCK IN

32 Z3 NC
31 zn nc
30 ZJ NC
29 Z3 DRIVE GROUP SELECT
28 Z3 TC
27 Z3 DACK
26 Z3 IRQ
25 Z3 GND

Block Diagram

DO a_^ DATA

D7 Vv BUFFER *V

ADDRESS

DECODER

GROUP

SELECT

DRQ

BUS
CONTROL
CIRCUIT

~"
Back

IRQ

\OR -
few

AEN

RESET

K

PRECOMPENSATION

B326B

DATA

SEPARATOR

SIDE 1 SELECT

WRITE PROTECT

DRIVE A SELECT

DRIVE B- SELECT

MOTOR A ON
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Pin Configurations

44 PIN PLASTIC LEADED CHIP CARRIER

H H
U u
w III

^ _i _l
() UJ 111

< </> w

JZL

Q
CD P» Q
O D >nnnnnnnnnn

D1Q7

DO \2e

aenQq

ati:

A6^

A5[]

A4Q

A2^

1 44 43 42 41 40

UM8397

18o 19 20 21 22 23 24 25 26 27 28UUUUUUUUUU

^MOTOR B ON

^DIRECTION SELECT

]]STEP

[] WRITE DATA

^] WRITE GATE

^j TRACK 00

^j WRITE PROTECT

~\ READ DATA

HsiDE 1 SELECT

^j CLOCK IN

§ ICC Q O i*

o p 2 oc b_ I- o -
l<
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Absolute Maximum Ratings*

Operating Temperature 0°C to +70°C

Storage Temperature -55°C to +150°C

All Output Voltages -0.5 to +7 Volts

All Input Voltages -0.5 to +7 Volts

Supply Voltage Vcc -0.5 to +7 Volts

Power Dissipation 1 Watt

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (TA = 0°C to +70°C, vcc = +5V ± 5%)

Symbol Parameter
Limits

Unit • Conditions
Min. Max.

V
IL Input low voltage 0.8 V

V,H Input high voltage 2.0 V

Vol Output low voltage 0.4 V 1 0L = 8.0 mA

Vqh Output high voltage 2.4 vCc V l0H = 4.0 mA

'cc Vcc supply current 200 mA

l|L Input leakage current 10 MA 0<vo <vcc

'loh
High level output

leakage current
10 MA v = vcc

'OFL
Output float leakage

current
10 /iA 0.4V<Vo <Vcc

AC Characteristics (TA = 0°c to + 70°c, vcc = +5.0V ± 10%)

PROCESSOR WRITE CYCLE

Symbol Parameter Min. Max.

*AW address setup to IOW I 10 ns

%A address hold from IOW t 5 ns

tww IOW pulse width 250 ns

*DW data setup to IOW t 150 ns

%D data hold from lOWt 10 ns

%l IRQ delay from iOWt 1MS*

PROCESSOR READ CYCLE

Symbol Parameter Min. Max.

*AR address setup to IOR 4- 10 ns

*RA address hold from IOR t 5 ns

*RR IOR pulse width 250 ns

tflD data delay from IOR -!• 230 ns

tDF output floating delay from IOR t 10 ns 30 ns

*RI IRQ6 delay from lORt 1/iS*

Note: The values are for 4 MHz clock rate.
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DMA OPERATION 1

Symbol Parameter Min. Max.

tROCY DRQ cycle period 13 jus

^KRO 200 nsDACK 1 to DRQ 1

tROR DRQ t to fOFU 800 ns

tROW DRQtto JOWl 250 ns

tRORW DRQ t to FOR t or IQW t 12 /us

Symbol ' Parameter Min. Typ. Max.

*IDX index pulse width 10tCY
**

t-rc terminal count width 1tCY

tRST reset width 14tCY

FDD INTERFACE

Symbol Parameter Min. Typ. Max.

%DD write data width 250 ns*

%CY write data cycle time 2 /is*

*RDD read data active time (low) 40 ns 250 ns*

*RCY read data cycle time 2/us*

SEEK OPERATION

Symbol Parameter Min. Typ. Max.

^TP step active time 10ms*

tSC step cycle time 66/xs*

^ST DIR setup to step t 2/us*

tsTD DIR hold from step I 48/xs*

Notes:

The values listed for DMA operation are for 4 MHz clock rate.

tCY is the clock rate of Drive System.
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Pin Description

Pin Symbol I/O Description

1 vCc I Power supply, connected to +5V power supply.

2-9 D0-D7 I/O Bi-directional - 8-bit data bus

10 AEN I

Input from DMA — Address Enable. When this line is active (low), the DMA
controller has control of the address bus.

11-20 A0-A9 I Input from processor - 10-bit Address Bus.

21 RESET I

Input from processor - places FDC in idle state. Reset output lines to FDD
to "0" (low). Does notaffect SRT, HUT or HLT in Specify command.

22 DRQ Output to DMA - DMA Request is being made by FDC when DRQ = "1"

23 low I

Input from processor - Control signal for transfer of data to FDC via Data

Bus, when "0".

24 IOR I

Input from processor — Control signal for transfer of data from FDC to Data

Bus, when "0".

25 GND I Ground.

26 IRQ Output to processor — Interrupt request generated by FDC.

27 I

Input from DMA - DMA cycle is active when "0" (low) and controller is

performing DMA transfer.
DACK

28 TC I

Input from DMA - Indicates the termination of a DMA transfer when "1"

(high). It terminates data transfer during Read/Write/Scan command in DMA
or interrupt mode.

29
DRIVE GROUP

SELECT
I

The primary address will be applied when this signal is active high (3FX).

The secondary address will be applied when this signal is low (37X).

30-32

34,48
NC Not connected.

33 CLOCK IN I 4 MHz clock input.

35
SIDE 1

SELECT
Output to FDD - This output is active (high) to the upper head. Otherwise,

the lower head is selected.

36
I

Input from FDD - Each bit detected provides a 250 ns (4 MHz) active (low)
pulse on this line.

READ DATA

37
WRITE

PROTECT I

Input from FDD — This input is active low when a diskette with a write iprotect

notch is inserted.

38
I

Input from FDD - This signal is low when the upper head is on Track 00
(the outermost track).

TRACK 00

39
WRITE
GATE

Output to FDD — An active level of this input enables the write current circuits,

and the Write Data input controls the writing of information.
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Pin Description (Continued)

Pin Symbol I/O Description

40 WRITE DATA
Output to FDD - A 250 ns (4 MHz) pulse on this output causes a bit to be

written on the disk if Write Gate is active.

41 STEP

Output to FDD - An active pulse causes the read/write heads to move in the

direction determined by the "direction select" signal. Motion is started each

time the signal changes from an active to inactive level (at the trailing edge of

the pulse).

42
DIRECTION
SELECT

Output to FDD - This signal determines the direction the read/write head

moves when the step signal is pulsed. A low level indicates away from the

center of the diskette (out); a high level indicates toward the center of the

diskette (in).

43
MOTOR B

ON

Output to FDD - The spindle motor B runs when this input is active. The
drive requires a 1 sec (high density)/750 ms (double density) delay after

"motor on" becomes active before and after the trailing edge of the step pulse.

44
DRIVE A
SELECT

Output to FDD — When "Drive A Select" is at the active level, drive A is

enabled. When it is at the inactive level, all drive A outputs are disabled.

45
DRIVE B

SELECT
Output to FDD - When "Drive B Select" is at the active level, drive B is

enabled. When it is at the inactive level, all drive B outputs are disabled.

46
MOTOR A

ON

Output to FDD — The spindle motor A runs when this input is active. Drive

A requires a 1 sec (high density)/750 ms (double density) delay after "motor

on" becomes active before and after the trailing edge of the read or write

operation.

47
I

Input from FDD — A pulse appears on this line to indicate the beginning of a

disk track when the drive senses the index hole in the diskette.
INDEX

Register Description

1. Digital Output Register (IO Write 3F2, 372)

The digital output register (DOR) is an output-only register used to control drive motors, drive selection, and feature

enable. All bits are cleared by the I/O interface reset line. The bit definitions are as follows.

Bit 7 Reserved

Bit 6 Reserved

Bit 5 Drive B Motor Enable

Bit 4 Drive A Motor Enable

Bit 3 Enable Diskette Interrupts and DMA

Bit 2 Diskette Function Reset — Diskette function reset when this bit is low ('0').

Bit 1 Reserved

BitO Drive Select — A."0" on this bit indicates that drive A is selected.
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2. Digital Input Register (10 Read 3F7, 377)

The digital input register is an 8-bit, read-only register used for diagnostic purposes. The following are bit definitions
for this register.

Bit 7

Bit 0-6

Diskette Change

Apply to the currently selected fixed disk drive

3. Main Status Register (IO Read 3F4, 374)

The bits in the main status register are defined as follows:

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit

Request for master (RQM) - The data register is ready to send or receive data to or from the processor

Data Input/Output (DIP) - The direction of data transfer between the diskette control and the processor.

Non-DMA Mode (NDM) - The diskette controller is in the non-DMA mode.

Diskette Control Busy (CB) - A Read or Write command is being executed.

Reserved

Reserved

Diskette Drive B Busy (DBB) - Diskette drive B is in the seek mode.

Diskette Drive A Busy (DAB) - Diskette drive A is in the seek mode.

4. Data Register (IO read/write 3F5,375)

The 8-bit data register which actually consists of several registers in a stack with only one register presented to the
data bus at a time stores data, commands, and parameters, and provides diskette-drive status information.

Table A-1 The I/O addresses of the UM8397 registers

Primary Secondary Read Write

3F2

3F4

3F5

3F7

372

374

375

377

Main status register

Diskette data register

Digital input register

Digital output register

Diskette data register

1F7 177 Fixed Disk Status register*

*: Fixed disk function

Command Descriptions

There are 15 separate commands which the UM8397 will execute. Each of these commands requires multiple 8-bit
bytes to fully specify the operation which the processor wishes the FDC to perform. The following commands are available:

READ DATA
FORMAT A TRACK
SCAN EQUAL
SCAN LOW OR EQUAL
SCAN HIGH OR EQUAL
RECALIBRATE
READ ID

INVALID

SENSE INTERRUPT STATUS
SPECIFY

SENSE DRIVE STATUS
SEEK
READ DELETED DATA
WRITE DELETED DATA
READ A TRACK

The format of these commands is the same as UM8272A. The UM8397 also has two registers to which the main system pro-
cessor has access: a status register and a data register just the same as the UM8272A. The track stepping rate, head load time,
and head unload time may be programmed by the user. The UM8397 offers many additional features such as multiple sector
transfers in both read and write with a single command, and full IBM PC XT compatibility in both double and high
density models.
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Command Symbol Description

Symbol Name Description

AO Address Line AO controls selection of Main Status Register (AO = 0) or Data Register (AO = 1 ).

C Cylinder Number
C stands for the current/selected Cylinder (track) number through 76 of the
medium.

D Data D stands for the data pattern which is going to be written into a sector.

D7-D0 Data Bus
8-bit Data Bus, where D7 stands for the most significant bit, and DO stands for

the least significant bit.

DTL Data Length
When N is defined as 00, DTL stands for the data length which users are going

to read out or write into the Sector.

EOT End of Track
EOT stands for the final Sector number on a Cylinder. During Read or Write

operation FDC will stop data transfer after a sector # equal to EOT.

GPL Gap Length
GPL stands for the length of Gap 3. During Read/Write commands this value

determines the number of bytes that VCOs will stay low after two CRC bytes.

During Format command it determines the size of Gap 3.

H Head Address H stands for head number or 1 , as specified in ID field.

HD Head
HD stands for a selected head number or 1 and controls the polarity of pin

27. (H = HD in all command words.)

HLT Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms increments).

HUT Head Unload Time
HUT stands for the head unload time after a read or write operation has

occurred (16 to 240 ms in 16 ms increments).

MF FMor MFM Mode If MF is low, FM mode is selected, and if it is high, MFM mode is selected.

MT Multi-Track

If MT is high, a multi-track operation is to be performed. If MT = 1 after

finishing Read/Write operation on side FDC will automatically start searching

for sector 1 on side 1

.

N Number N stands for the number of data bytes written in Sector.

NCN New Cylinder Number
NCN stands for a new Cylinder number, which is going to be reached as a

result of the Seek operation. Desired position of Head.

ND Non-DMA Mode ND stands for operation in the Non-DMA Mode.

PCN
Present Cylinder

Number
PCN stands for the Cylinder number at the completion of SENSE INTERRUPT
STATUS Command. Position of Head at present time.

R Record R stands for the Sector number, which will be read or written.

R/W Read/Write R/W stands for either Read (R) or Write (W) signal.

SC Sector SC indicates the number of Sectors per Cylinder.

SK Skip SK stands for Skip Deleted Data Address Mark.

SRT Step Rate Time
SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms incre-

ments.) Stepping Rate applies to all drives, (F = 1 ms, E = 2 ms, etc.)

STO
ST1
ST2
ST3

Status

Status 1

Status 2
Status 3

ST 0-3 stand for one of four registers which store the status information after

a command has been executed. This information is available during the result

phase after command execution. These registers should not be confused with

the main status register (selected by A0 = 0); ST 0-3 may be read only after a

command has been executed and contains information relevant to that par-

ticular command.

STP
During a Scan operation, if STP = 1 , the data in contiguous sectors is compared

byte by byte with data sent from the processor (or DMA); and if STP = 2,

then alternate sectors are read and compared.

USO, US1 Unit Select US stands for a selected drive number or 1

.
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Table 1. UM8397 Command Set

Phase R/W
Databus

P7 P« D
i °4 °3 °2 °i °c

Phase R/W
Databus

P, D, D< D
3
D, D, D„

Remarks

READ DATA READ A TRACK
Command

Execution

Result

MTMF SK 1 1

X X X X XHDUS1US0
C
H
R
N

-EOT-
-GPL-
-DTL-

-STO-
-ST 1

-

-ST2-
— C —— H —— R —— N —

Command Codes

Sector ID informa-
tion prior to Com-
mand execution.
The 4 bytes are
commanded against
header on Floppy
Disk.

Data-transfer
between the FDD
and mainsystem.
Status information
after Command
execution.
Sector ID informa-
tion after Com-
mand execution.

Command

Execution

Result

READ DELETED DATA
Command

Execution

Result

MTMF SK 1 1

X X X X X HD US1 USO
C
H
R
N

-EOT-
-GPL-
-DTL-

-ST0-
-ST 1-

-ST2-— C —— H —— R —
— N —

Command Codes

Sector ID informa-
tion prior to Com-
mand execution.
The 4 bytes are
commanded against
header on Floppy
Disk.

Data-transfer
between the FDD
and mainsystem.
Status information
after Command
execution.
Sector ID informa-
tion after Com-
mand execution.

MF SK 1

X X X X XHDUS1US0
C
H
R
N

-EOT-
-GPL-
-DTL-

ST0-
-ST 1-

-ST2-— c—— H —
— R —
— N—

Command Codes

Sector ID informa-
tion prior to Com-
mand execution.

Data-transfer
between the FDD
and mainsystem.
FDC reads all data
fields from index
hole to EOT.
Status information
after Command
execution
Sector ID informa-
tion after Com-
mand execution.

READ ID

Command

Execution

Result

MF 1 1

X X X X X HD US1 USO

-ST0-
-ST 1-

-ST2-— C—— H—— R—— N—

Command Codes

The first correct ID
information on the
Cylinder is stored in

Data Register.
Status information
after Command
execution.
Sector ID informa-
tion read during
Execution Phase
from Floppy Disk.

FORMAT A TRACK

WRITE DATA
Command

Execution

Result

MTMF 1 1

X X X X XHDUS1US0
C— H —— R —

— N —
-EOT-
-GPL-
-DTL-

-ST 0-
-ST 1

-

-ST 2-— C -— H —— R —— N —

Command Codes

Sector ID informa-
tion prior to Com-
mand execution.
The 4 bytes are
commanded against
header on Floppy
Disk.

Data-transfer
between the FDD
and mainsystem.
Status information
after Command
execution.
Sector ID informa-
tion after Com-
mand execution.

Command

Execution

Result

MF 1 10 1

X X X X XHDUS1US0
N

-SC-
-GPL-
— D-

ST0-
ST 1-

ST2-
— C —
— H—— R —
— N —

Command Codes

Bytes/Sector
Sectors/Track
Gap 3
FilerByte
FDC formats an
entire track
Status informa-
tion after Com-
mand execution
In this case, the ID
information has no
meaning.

I
SCAN EQUAL

WRITE DELETED DATA
Command

Execution

Result

MTMF 10 1

X X X X X HD US1 USO
C
H
R
N

EOT-
GPL-

-STO-
-ST 1-

-ST2-
— C —
— H —— R -— N -

Command Codes

Sector ID informa-
tion prior to Com-
mand execution.
The 4 bytes are

commanded against
header on Floppy
Disk.

Data-transfer
between the FDD
and mainsystem.
Status information
after Command
execution.
Sector ID informa-
tion after Com-
mand execution.

Command

Execution

Result

MT MF SK 1 1

X X X X XHDUS1US0
C
H
R
N

-EOT-
— GPL-
— STP-

•ST0-
-ST 1-

-ST2-— C—
— H—
— R—
— N —

Note: 1 A should equal binary 1 for all operations.
2 X = Don't care, usually made to equal binary 0.

Command Codes

Sector ID informa-
tion Prior to Com-
mand execution.

Data-compared
between the FDD
and main-system.
Status information
after Command
execution.
Sector ID informa-
tion after Command
execution.
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Table 1. UM8397 Command Set (Continued)

Phase R/W
Databus

Remarks Phase R/W
Databus

Remarks
D, O

t
O

s
D

4 D, Dj D, D D, D« D
5
D 4 D, D

2
D, D

SCAN LOW OR EQUAL RECALIBRATE
Command

Execution

Result

W
w
w
w
w
w
w
w
w

R
R
R
R
R
R
R

MTMF SK 1 1 1

X X X X X HD US1 USO
Command Codes

Sector ID informa-
tion prior Command
execution.

Data-compared
between the FDD
and main-system.
Status information
after Command
execution.
Sector ID informa-
tion after Command
execution.

Command

Executton

W
w X X

111
X X X HD US1 USO

Command Codes

Head retracted to
Track

N SENSE INTERRUPT STATUS
EOT
GPL Command

Result
w
R
R

10 Command Codes
Status information at
the end of seek -opera-
tion about the FDC.

STP

SPECIFY

Command W
W
W

o-
-SRT

1 1— HUT—
H LT - ND

Command Codes

c
H
R
N

SENSE DRIVE STATUS

Command

Result

W
W
R

X X
10

X X XHDUS1US0
Command Codes

Status information
about FDD

SCAN HIGH OR EQUAL
Command

Execution

Result

W
W
W
W
W
W
W
W
W

R
R
R
R
R
R
R

MTMF SK 1 1 10 1

X X X X X HD US1 USO
c

Command Codes

Sector ID informa-
tion prior Command
execution.

Data-compared
between the FDD
and mein-system.
Status information
after Command
execution.
Sector ID informa-
tion afte/ Command
executio'n.

SEEK

Command

Execution

W
W
W

X X
1111XXX HDUS1 USO

NCN

Command Codes

Head is positioned
over proper Cylinder
on Diskette

INVALID

Command

Result

W

R

Invalid Command
Codes (NoOP - FDC
goes into Standby
State)

ST = 80
(16)

H
R ,

_ N

Read Data

A set of nine (9) byte words is required to place the FDC
into the Read Data Mode. After the Read Data command
has been issued the FDC loads the head* (if it is in the

unloaded state), waits the specified head setting time

(defined in the Specify Command), and begins reading ID

address Marks and ID fields. When the current sector

number ("R") stored in the ID Register (IDR) compares
with the sector number read off the diskette, then the FDC
outputs data (from the Data field) byte-by-byte to the main
system via the data bus.

After completion of the read operation from the current

sector, the Sector Number is incremented by one, and

the data from the next sector is read and outputted to the

data bus. This continuous read function is called a "Multi-

Sector Read Operation." The Read Data Command must
be terminated by the receipt of a Terminal Count signal.

Upon receipt of this signal, the FDC stops, outputting

data to the processor, while continuing to read data from
the current sector checking CRC (Cyclic Redundancy
Count) bytes. At the end of the sector terminate the

Read Data Command.

The amount of data which can be handled with a single

command to the FDC depends upon MT (multi-track),

MFM (MFM/FM), and N (Number of Bytes/Sector). Table

2 shows the Transfer Capacity. The "multi-track" func-

tion (MT) allows the FDC to read data from both sides

of the diskette. For a particular cylinder, data will be

transferred starting at Sector 1. Side and completing,

at Sector L. Side 1 (Sector L = last sector on the side).

Note, this function pertains to only one cylinder (the

same track) on each side of the diskette.

When N = 0, then DTL defines the data length which the

FDC must treat as a sector. If DTL is smaller than the

actual data length in a Sector, the data beyond DTL in the

Sector is not sent to the Data Bus. The FDC reads (in-

ternally) the complete Sector performing the CRC check,

and depending upon the manner of command termination,

may perform a Multi-Sector Read Operation. When N is

non-zero, then DTL has no meaning and should be set to

0FFH.

At the completion of the Read Data Command, the head

is not unloaded until after Head Unload Time Interval

(specified in the Specify Command) has elapsed. If the

processor issues another command before the head unloads

then the head setting time may be saved between
subsequent reads. This time out is particularly valuable

when a diskette is copied from one drive to another.

If the FDC detects the Index Hole twice without finding

the right sector, (indicated in "R"), then the FDC sets

the Status Register 1's ND (No Data) flag to 1 (high),

and terminates the Read Data Command. (Status Register

also has bits 7 and 6 set to and 1 respectively.)

After reading the ID and Data Fields in each sector, the

FDC checks the CRC bytes. If a read error is detected

(incorrect CRC in ID field), the FDC sets the Status
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Register 1's DE (Data Error) flag to 1 (high), and if a CRC
error occurs in the Data Field the FDC also sets the Status
Register 2's DD (Data Error in Data Field) flag to 1

(high), and terminates the Read Data Command. (Status

Register also has bits 7 and 6 set to and 1 respectively.)

If the FDC reads a Deleted Data Address Mark off the
diskette, and the SK bit (bit D5 in the first Command
Word) is not set (SK = 0), then the FDC sets the Status
Register 2's CM (Control Mark) flag to 1 (high), and
terminates the Read Data Command, after reading all the
data in the Sector. If SK = 1, the FDC skips the sector
with the Deleted Data Address Mark and reads the next

UM8397

During disk data transfers between the FDC and the pro-
cessor, via the data bus, the FDC must be served by the
processor every 27 /is in the FM Mode, and every 13 us
in the MFM Mode, or the FDC sets the Status Register
1's OR (Over Run) flag to 1 (high), and terminates the
Read Data Command.

If the processor terminates a read (or write) operation in

the FDC, then the ID Information in the Result Phase is

dependent upon the state of the MT bit and EOT byte.
Table 3 shows the values for C, H, R, and N, when the
processor terminates the Command.

Table 2. Transfer Capacity

Multi-Track

MT
MFM/FM

MF
Bytes/Sector

N

Maximum Transfer Capacity
(Bytes/Sector) (Number of

Sectors)

Final Sector

Read
from Diskette

1

00
01

(128) (26)= 3,328
(256) (26) = 6,656

26 at Side

or 26 at Side 1

1

1 1

00
01

(128) (52)= 6,656
(256) (52) = 13,312

26 at Side 1

1

01

02
(256) (15)= 3,840
(512) (15)= 7,680

15 at Side

or 15 at Side 1

1

1 1

01

02
(256) (30) = 7,680

(512) (30) = 15,360
15 at Side 1

1

02
03

(512) (8) = 4,096
(1024) (8) = 8,192

8 at Side

or 8 at Side 1

1

1 1

02
03

(512) (16)= 8,192
(1024) (16) = 16.384

8 at Side 1

Table 3. ID Information When Processor Terminates Command

MT EOT Final Sector Transferred to Processor
ID Information at Result Phase

C H R N
1A
OF
08

Sector 1 to 25 at Side

Sector 1 to Mat Side
Sector 1 to 7 at Side

NC NC R + 1 NC

1A
OF
08

Sector 26 at Side

Sector 15 at Side
Sector 8 at Side

C + 1 NC R =01 NC

1A
OF
08

Sector 1 to 25 at Side 1

Sector 1 to 14 at Side 1

Sector 1 to 7 at Side 1

NC NC R + 1 NC

1A
OF
08

Sector 26 at Side 1

Sector 15 at Side 1

Sector 8 at Side 1

C + 1 NC R =01 NC

1

1A
OF
08

Sector 1 to 25 at Side

Sector 1 to 14 at Side
Sector 1 to 7 at Side

NC NC R + 1 NC

1A
OF
08

Sector 26 at Side

Sector 15 at Side

Sector 8 at Side

NC LSB R =01 NC

1A
OF
08

Sector 1 to 25 at Side 1

Sector 1 to 14 at Side 1

Sector 1 to 7 at Side 1

NC NC R + 1 NC

1A
OF
08

Sector 26 at Side 1

Sector 15 at Side 1

Sector 8 at Side 1

C+ 1 LSB R =01 NC

Note: 1. NC (hJo Change): Th<3 same value as the one at the beainninn of r-nmr
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Write Data

A set of nine (9) bytes is required to set the FDC into

the Write Data mode. After the Write Data command
has been issued the FDC loads the head (if it is in the

unloaded state), waits the specified, head setting time

(defined in the Specify Command), and begins reading

ID Fields. When the current sector number ("Ft"), stored

in the ID Register (IDR) compares with the sector

number read off the diskette, then the FDC takes data

from the processor byte-by-byte via the data bus, and

outputs it to the FDD. After writing data into the current

sector, the Sector Number stored in "R" is incremented

by one, and the next data field is written into. The FDC
continues this "Multi-Sector Write Operation" until the

issuance of a Terminal Count-signal. If a Terminal Count

signal is sent to the FDC it continues writing into the

current sector to complete the data field. If the Terminal

Count signal is received while a data field is being written

then the remainder of the data field is filled with 00

(zeros).

The FDC reads the ID field of each sector and checks

the CRC bytes. If the FDC detects a read error (Incor-

rect CRC) in one of the ID Fields, it sets the Status Register

1's DE (Data Error) flag to 1 (high), and terminates the

Write Data Command. (Status Register also has bits

7 and 6 set to and 1 respectively.)

The Write Command operates in much the same manner

as the Read Command. The Following items are the

same; refer to the Read Data Command for details'.

• Transfer Capacity

• EN (End of Cylinder) Flag

• ND (No Data) Flag

• Head Unload Time Interval

• ID Information when the processor terminates com-

mand.
• Definition of DTL when N = and when N ¥=

In the Write Data mode, data transfers between the

processor and FDC must occur every 31 /is in the FM
mode, and every 15 us in the MFM mode. If the time

interval between data transfers is longer than this then

the FDC sets the Status Register 1's OR (Over Run) flag to

1 (high), and terminates the Write Data Command.

For Mini-floppies, multiple track writes are usually not

permitted. This is because of the turn-off time of the

erase head coils - the head switches tracks before the erase

head turns off. Therefore the system should typically

wait 1.3 ms before attempting to step or change sides.

Write Deleted Data

This command is the same as the Write Data Command
except a Deleted Data Address Mark is written at the

beginning of the Data Field instead of the normal Data

Address Mark.

Read Deleted Data

This command is the same as the Read Data Command

except that when the FDC detects a Data Address Mark

at the beginning of a Data Field and SK = (low), it will

read all the data in the sector and set the Status Register

2's CM flag to 1 (high), and then terminate the command.
If SK = 1 , then the FDC skips the sector with the Data

Address Mark and reads the next sector.

Read A Track

This command is similar to READ DATA Command
except that the entire data field is read continuously

from each of the sectors of a track. Immediately after

encountering the INDEX HOLE the FDC starts reading

all data fields on the track as continuous blocks of data.

If the FDC finds an error in the ID or DATA CRC check

bytes, it continues to read data from the track. The FDC
compares the ID information read from each sector

with the value stored in the IDR, and sets the Status

Register 1's ND flag to 1 (high). If there is no comparison,

(unloaded state), waits the specified, head setting time

in the ID Register. (IDR) compares with the sector.

This command terminates when EOT number of sectors

have been read. If the FDC does not find an ID Address

Mark on the diskette after it encounters the INDEX HOLE
for the second time, then it sets the Status Register 1's

MA (missing address mark) flag to 1 (high), and terminates

the command. (Status Register has bits 7 and 6 set to

Oand 1 respectively.)

Read ID

The READ ID Command is used to give the present

position of the recording head. The FDC stores the

values from the first ID Field it is able to read. If no

proper ID Address Mark is found on the diskette, before

the INDEX HOLE is encountered for the second time

then the Status Register 1's MA (Missing Address Mark)

flag is set to 1 (high), and if no data is found then the

Status Register 1's ND (No Data) flag is also set to 1 (high),

and the command is terminated.

Format A Track

The Format Command allows an entire track to be

formatted. After the INDEX HOLE is detected, Data

is written on the Diskette: Gaps, Address Marks, ID

Fields and Data Fields, all per the IBM System 34 (Double

Density) or System 3740 (Single Density) format are

recorded. The particular format which will be written is

controlled by the values programmed into N (number of

bytes/sector), SC (sectors/cylinder), GPL (Gap Length),

and D (Data Pattern) which are supplied by the processor

during the Command Phase. The Data Field is filled with

the Byte of data stored in D. The ID Field for each sector

is supplied by the processor, that is, four data requests per

sector are made by the FDC for C (Cylinder Number), H

(Head Number), R (Sector Number) and N (Number of

Bytes/Sector). This allows the diskette to be formatted

with nonsequential sector numbers, if desired.
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After formatting each sector, the processor must send
new values for C, H, R, and N to the UM8397 for each
sector on the track. The content of the R Register is

incremented by one after each sector is formatted, thus,

the R register contains a value of R + 1 when it is read
during the Result Phase. This incrementing and
formatting continues for the whole track until the FDC
encounters the INDEX HOLE for the second time,

whereupon it terminates the command.

If a FAULT signal is received from the FDD at the end
of a write operation, then the FDC sets the Status

Register O's EC flag to 1 (high), and terminates the

command after setting bits 7 and 6 of Status Register
to and 1 respectively. Also the loss of a READY
signal at the beginning of a command execution phase
causes command termination.

Table 4 shows the relationship between N. SC, and GPL
for various sector sizes:

Table 4. Sector Size Relationships

Format Sector Size N SC GPL 1 GPL 2 - 3

8" Standard Floppy

FM Mode

128 bytes/sector

256
512*

1024

2048
4096

00
01

02
03

04

05

1A
OF
08
04

02
01

07
0E
1B
47

C8
C8

1B
2A
3A
8A
FF
FF

MFM
Mode4

256
512
1024
2048
4096
8192

01

02

03
04
05
06

1A
OF
08
04
02
01

OE
1B
35

99
C8
C8

36
54

74
FF
FF
FF

5%" Minifloppy

FM Mode

1 28 bytes/sector

128

256
512
1024
2048

00
00
01

02
03
04

12

10

08
04
02

01

07
10

18

46
C8
C8

09
19

30
87
FF
FF

MFM
Mode4

256
256
512
1024
2048
4096

01

01

02
03
04
05

12

10

08
04
02
01

OA
20
2A
80
C8
C8

OC
32
50
FO
FF
FF

3'/s" Sony Micro Floppydisk"

FM Mode
128 bytes/sector

256
512

OF
09
05

07
OE
IB

1B
2A
3A

MFM
Mode4

256
512
1024

1 OF
2 09
3 05

OE
1B
35

36
54
74

Notes:
1 Suggested values of GPL in Read or Write commands to avoid

splice point between data field are ID field of continuous
sections.

1 Suggested values of GPL in format command.
' All values except sector size are hexidecimal.

In MFM mode FDC cannot perform a Read/Write/format
operation with 128 bytes/sector. (N = 00).

UM8397

During the Command Phase of the Seek operation the

FDC is in the FDC BUSY state, but during the Execution

Phase it is in the NON BUSY state. While the FDC is in

the NON BUSY state, another Seek Command may be
issued, and in this manner parallel Seek operations may
be done on up to 2 Drives at once.

If an FDD is in a NOT READY state at the beginning of

the command execution phase or during the Seek opera-

tion, then the Status Register O's NR (NOT READY)
flag is set to 1 (high), and the command is terminated.

Note that the UM8397 Read and Write Commands do
not have implied Seeks. Any R/W command should be

preceded by: 1) Seek Command; 2) Sense Interrupt

Status, and 3) Read ID.

Recalibrate

This command causes the read/write head within the

FDD to retract to the Track position. The FDC clears

the contents of the PCN counter, and checks the status

of the Track signal from the FDD. As long as the Track
signal is low, the Direction signal remains 1 (high) and

Step Pulses are issued. When the Track signal goes high,

the Status Register O's SE (SEEK END) flag is set to 1

(high) and the command is terminated. If the Track

signal is still low after 77 Step Pulses have been issued,

the FDC sets the SE (SEEK END) and EC (EQUIPMENT
CHECK) flags of Status Register to both 1s (highs), and
terminates the command.

The ability to overlap RECALIBRATE Commands to

multiple FDDs, and the loss of the READY signal, as

described in the SEEK Command, also applies to the

RECALIBRATE Command.

Sense Interrupt Status

An Interrupt signal is generated by the FDC for one of

the following reasons:

1. Upon entering the Result Phase of:

a. Read Data Command
b. Read a Track Command
c. Read ID Command
d. Read Deleted Data Command
e. Write Data Command
f

.
Format a Cylinder Command

g. Write Deleted Data Command
h. Scan Commands

2. Ready Line of FDD changes state

3. End of Seek or Recalibrate Command
4. During Execution Phase in the NON-DMA Mode

Interrupts caused by reasons 1 and 4 above occur during
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normal command operations and are easily discernible

by the processor. However, interrupts caused by reasons

2 and 3 may be uniquely identified with the aid of the

Sense Interrupt Status Command. This command when

issued resets the interrupt signal and via bits 5, 6, and

7 of Status Register identifies the cause of the in-

terrupt.

Neither the Seek nor Recalibrate Command have a Result

Phase. Therefore, it is mandatory to use the Sense inter-

rupt Status Command after these commands to effectively

terminate them and to provide verification of the head posi-

tion (PCN).

Table 5. Seek, Interrupt Codes

Seek End
Bit 5

Interrupt Code
Cause

Bit 6 Bit 7

1 1

Ready Line changed

state, either polarity

1

Normal Termination

of Seek or Recalibrate

Command

1 1

Abnormal Termination of

Seek or Recalibrate

Command

Specify

The Specify Command sets the initial values for each of

the three internal timers. The HUT (Head Unload Time)

defines the time from the end of the Execution Phase of

one of the Read/Write Commands to the head unload

state. This timer is programmable from 16 to 240 ms

in increments of 16 ms (01 =16 ms, 02 = 32 ms . . .
OF =

240 ms). The SRT (Step Rate Time) defines the time

interval between adjacent step pulses. This timer is pro-

grammable from 1 to 16 ms in increments of 1 ms (F = 1

ms, E = 2 ms, D = 3 ms, etc.). The HLT (Head Load Time)

defines the time between when the Head Load signal

goes high and when the Read/Write operation starts. This

timer is programmable from 2 to 254 ms in increments

of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms . . . FE = 254 ms).

The step rate should be programmed 1 ms longer than

the minimum time required by the drive.

The time intervals mentioned above are a direct function

of the clock. Times indicated above are for an 8 MHz
clock, if the clock was reduced to 4 MHz then all time

intervals are increased by a factor of 2.

The choice of DMA or NON-DMA operation is made by

the ND (NON-DMA) bit. When this bit is high (ND = 1)

the NON-DMA mode is selected, and when ND = the

DMA mode is selected.

Sense Drive Status

This command may be used by the processor whenever

it wishes to obtain the status of the FDDs. Status Register

3 contains the Drive Status information.

Invalid

If an invalid command is sent to the FDC (a command

not defined above), then the FDC will terminate the

command. No interrupt is generated by the UM8397
during this condition. Bit 6 and bit 7 (DIO and ROM)

in the Main Status Register are both high ("1") indicating

to the processor that the UM8397 is in the Result Phase

and the contents of Status Register (ST0) must be read.

When the processor reads Status Register it will find an

80H Indicating an invalid command was received.

A Sense interrupt Status Command must be sent after a

Seek or Recalibrate interrupt, otherwise the FDC will

consider the next command to be an invalid Command.

In some applications the user may wish to use this com-

mand as a No-Op command, to place the FDC in a stand-

by or no operation state.

Table 6. Status Registers

Bit

Description

No. Name Symbol

STATUS REGISTER

Interrupt

Code
IC D, = and D, =

Normal Termination of Command,
(NT). Command was com-
pleted and properly executed.

D
7
= and D

6
= 1

Abnormal Termination of Com-
mand, (AT). Execution of Com-
mand was started, but was not

successfully completed.

Bit

Description

No. Name Symbol

STATUS REGISTER (CONT.)

D. D, = 1 and D
6
=

Invalid Command issue, (IC).

Command which was issued

was never started.

D, = 1 and D
6
= 1

Abnormal Termination because

during command execution the

ready signal from FDD changed

state.
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Table 6. Status Registers (Continued)

Bit

Description

No. Name Symbol

STATUS REGISTER (CONT.)

D, Seek End SE When the FDC completes the
SEEK Command, this flag is

set to 1 (high).

D
4

Equipment
Check

EC If a fault Signal is received from
the FDD, or if the Track Signal

fails to occur after 77 Step Pulses

(Recalibrate Command) then
this flag is set.

D, Not Ready NR When the FDD is in the not-ready

state and a read or write com-
mand is issued, this flag is set.

If a read or write command is

issued to Side 1 of a single sided

drive, then this flag is set.

D, Head
Address

HD This flag is used to indicate the
state of the head at I nterrupt.

D, Unit Select 1 US 1
These flags are used to indicate a

Drive Unit Number at InterruptD. Unit Select USO

STATUS REGISTER 1

D, End of

Cylinder

EN When the FDC tries to access a

Sector beyond the final Sector
of a Cylinder, this flag is set.

D. Not used. This bit is always
(low).

D, Data Error DE When the FDC detects a CRC
error in either the ID field or the
data field, this flag is set.

°« Over Run OR If the FDC is not serviced by
the main-systems during data
transfers, within a certain time
interval, this flag is set.

D, Not used. This bit always (low).

D* No Data ND During execution of READ DATA,
WRITE DELETED DATA or SCAN
Command, if the FDC cannot
find the Sector specified in the
IDR Register, this flag is set.

During executing the READ ID
Command, if the FDC cannot
read the I D field without an
error, then this flag is set.

During the execution of the
READ A Cylinder Command, if

the starting sector cannot be
found, then this flag is set.

D, Not
Writable

NW During execution of WRITE DATA
WRITE DELETED DATA or
Format A Cylinder Command, if

the FDC detects a write protect
signal from the FDD, then this

flag is set.

D. Missing

Address
Mark

MA If the FDC cannot detect the ID
Address Mark after encountering
the index hole twice, then this

flag is set.

Bit

Description

No. Name Symbol

STATUS REGISTER 1 (CONT.)

D„ Missing

Address
Mark

MA If the FDC cannot detect the Data
Address Mark or Deleted Data
Address Mark, this flag is set.

Also at the same time, theMD
(Missing Address Mark in Data
Field) of Status Register 2 is set.

STATUS REGISTER 2

D, Not used. This bit is always (low.)

D
4

Control
Mark

CM During executing the READ
DATA or SCAN Command, if

the FDC encounters a Sector
which contains a Deleted Data
Address Mark, this flag is set.

D, Data Error in

Data Field

DD If the FDC detect a CRC error in

the data field then this flag is set.

D
4

Wrong
Cylinder

WC This bit is related with the ND bit.

and when the content of C on
the medium are different from that

stored in the IDR, this flag is set.

D
3

Scan Equal
Hit

SH During executing the SCAN Com-
mand, if the condition of "equal"
is satisfied, this flag is set.

D
3

Scan Not
Satisfied

SN During executing the SCAN Com-
mand, if the FDC cannot find a

Sector on the cylinder which meets
the condition, then this flag is set.

D. Bad
Cylinder

BC This bit is related with the ND bit,

and when the content of C on the
medium is different from that

stored in the IDR and the content
of C is FF, then this flag is set.

Do Missing

Address
Mark in

Data Field

MD When data is read from the medium,
if the FDC cannot find a Data
Address Mark or Deleted Data
Address Mark, then this flag is set.

STATUS REGISTER 3

D, Fault FT This bit is used to indicate the status

of the Fault signal from the FDD.

D* Write
Protected

WP This bit is used to indicate the
status of the Write Protected

signal from the FDD.

D, Ready RDY This bit is used to indicate the status

of the Ready signal from the FDD.

D4
Track TO This bit is used to indicate the status

of the Track signal from the FDD.

D3
Two Side TS This bit is used to indicate the status

of the Two Side signal from the FDD.

D
2

Head
Address

HD This bit is used to indicate the status

of Side Select signal to the FDD.

D, Unit Select 1 US 1 This bit is used to indicate the status

of the Unit Select 1 signal to the FDD

D, Unit Select USO This bit is used to indicate the status

of the Unit Select signal to the FDD
in
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Timing Waveforms

Processor Read Operation Processor Write Operation

A»-A9 Xj f
PACK / r

ADDRESS VALID

Jg

i^»—¥
-«dH

DATA VALID:i—

-

K_

DMA Operation

FDD Write/Read Operation

Terminal Count, Reset , Index

Seek Operation

Application Notes

A; General Description

The address decoder built-in UM8397 is switchable by

setting pin 29 of UM8397. If pin 29 is set to 1 (high),

then the I/O address of the UM8397 is selected in the

primary drive group addresses (3F1 ~ 3F7, 1F7) as des-

cribed in Table A-1.
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B: PC/XT Application

The UM8397 provides circuitry which includes the

UM8272A, internal data separator (UM8326B), write

precompensation circuit, address decoder, clock & timing

control circuit, and other control logic. Therefore, it is

very easy to implement into the FDC card or main

board. Only 3 components (UM8397M, 7406*2) are

needed in the IBM PC XT drive system. The application

circuit is shown in Figure A-2.

A9

A11

A22

A23
A24

A25
A26

A27
A28

A29
A30

A31

B2

813

814

B22

B26

B27

9 DO

10 AEN~

11 A9
12 A8
13 A7

14 A6
15 AS

16 A4
17 A3
18 A2
19 A1

20 AO
21 Reset

22 DRQ
23 IOW
24 TOT

UM8397

41

40

39

38

37

36

35

34

Clock-In 33

32

31

30

D.G.Sel. 29

TC 28

DACK 27

IRQ 26

GND 25

« ->V i220Q +5V
h5V 3300*—*v^»

~l

I I
vCc

Ordering Information

Figure A-2 PC/XT (360K, 720K FDD) Application Circuit

Part Number
Operating

Current (Max.)
Package Type

UM8397
UM8397L

200 mA
200 mA

48 pin DIP

44pinPLCC
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Single-Chip Floppy Disk

Controller

Features

IBM PC XT/AT drive system compatible

Supports 2 drives (MS-DOS support)

1.2M/360K/720K format selectable
.

IBM PC drive system address decoder

Only 3 components for the drive

Internal write precompensation circuit; precompensation

values: 250-125 ns

Internal data separator circuit

Supports to control 8", 5%", 3V2" drives

General Description

The UM8398 is a VLSI Floppy Disk Controller (FDC)

chip, which contains the circuitry and control functions

for interfacing a processor with up to 2 floppy disk drives.

It is capable of supporting 360K Bytes, 1.2M Bytes (in

5V diskette drives), 720K Bytes, and 1.44M Bytes, (in

3V2" diskette drives) FDDs using FM/MFM-coded, and

double sided recording. UM8398 includes an internal

data separator, write precompensation, circuit address

decoder, timing control and other control logics. It

simplifies design of a diskette drive system since only 3

components are needed in the IBM PC XT/AT drive

system.

Handshaking signals are provided in UM8398 which

makes DMA operation easy to incorporate with the aid

of an external DMA control chip. The FDC will operate

in either the DMA or Non-DMA mode. In the Non-DMA
mode, the FDC generates interrupts to the processor

every time a data byte is available. In the DMA mode,

the processor needs only to load the command into the

FDC and all data transfers occur under control of the

UM8398 and DMA controller.

Many diskette drive parameters are programmable and

write-protection feature is supported. One interrupt

level is used to indicate when an operation is completed,

or a status condition requires microprocessor's atten-

tion.

Pin Configurations Block Diagram

VCC LZ 1 48 Zl REDUCED WRITE
D 7 1= 2 47 Z3 INDEX
D 6 CZ 3 46 Zl MOTOR A ON
Ds t= 4 45 =3 DRIVE B SELECT
d4 cz 5 44 Zl DRIVE A SELECT
D 3 [= 6 43 Zl MOTOR B ON
D 2 CZ 7 42 Z3 DIRECTION SELECT
Di LZ 8 41 Z3 STEP
Do cz 9 40 Zl WRITE DATA

AEN CZ 1U c 39 Z] WRITE GATE
A9 m II ^ 38 Zl TRACK 00
A8 CZ 12 COw 37 Zl WRITE PROTECT
A 7 CZ 13 CO

00 36 =] READ DATA
A6 CZ 14 35 Z3 SIDE 1 SELECT
A 5 CZ 1b 34 Z3 DISKETTE CHANGE
A4 CZ 16 33 ZD CLOCK IN

A3 CZ 1/ 32 Zl HDC
A2 CZ 18 31 ZJ HIGH/DOUBLE DENSITY A
Ai CZ 19 30 Zl HIGH/DOUBLE DENSITY B

a rz 20 29 Zl DRIVE GROUP SELECT
RESET CZ 21 28 Zl TC
DRQ CZ 22 27 ZJ DACK
fUW CZ 23 26 Zl IRQ

iOR CZ 24 25 Zl GND

HIGHfDOUBLE DENSITY A

HIGH/DOUBLE DENSITY B
CLOCK!
TIMING
CONTROL
CIRCUIT
t I/O

REGISTER

REDUCED WRITE

DO -k
dVC

DATA BUS

BUFFER

DRIVE -~

CROUP

SELECT

3

I

WRITE
PRECOMPENSATION

CIRCUIT

DATA

SEPARATOR

WRITE GATE

SIDE 1 SELECT

WRrTE PROTECT

TC

DRQ

BUS
CONTROL
CIRCUIT

D7BR

IRQ

IBff

row

AEN

RESET

DRIVE A SELECT

DRIVE B SELECT

MOTOR A ON
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Pin Configurations (Continued)

52 PIN PLASTIC LEADED CHIP CARRIER o o

u oo
;Z Q Q D5 D6 D7 V

DD

REDUCED

WR

INDEX

MOTOR

A
ON

DRIVE

BSELf

DRIVE

ASELI

MOTOR

B
ON

nn n nnrinr-inr-inr-in

D2 L" 8
7 6 5 4 3 2 1 52 51 50 49 48

46 -j DIRECTION SELECT

D1 L"
1 9 45 3 STEP

DO : 10 44 3 WRITE DATA

EN Z 11 43 3 WRITE GATE

A9 L" 12 42 3 TRACK 00

NC : 13 41 3 WRITE PROTECT

A8 z ,14 UM8398L-1 4 ^ READ DATA

A7 L 15 39 3 SIDE 1 SELECT

A6 : 16 38 H DISKETTE CHANGE

A5 c 17 37 1 CLOCK IN

A4 z 18 36 3 TEST PIN

A3 z 19 35 3 HDC

A2 z 20 34 3 H/D DENSITY A
21 22 23 24 25 26 27 28 29 30 31 32I33

UUUUUUUUUUULJLI
>- o
< <

i-
UJ
CO
LU
OC

a |§ (or o O o
oc b P z oc z
D •- '- o - DACK

TC

IVE

GROUP
SELECT

DENSITY

B

cr Q
Q I

68 PIN PLASTIC LEADED CHIP CARRIER

5 ^- -J -J .£.

> O LU LU o
Q < w " m
UJ CO < _
U X g LU LU §

nnnnnnnnn nnn nnnnn
3 NCNC C 1098 7654321 6867666564636261^

NC C 11 59b DIRECTION SELECT

D2 C il2 58 3 STEP

NC C 13 57 3 WRITE DATA

D1 C 14 56 3 WRITE GATE
DO C 15 55 -J TRACK 00

AEN C 16 54 2 WRITE PROTECT

A9 C 17 53 3 READ DATA

NC C 18 UM8398L-2 52 3 SIDE 1 SELECT

A8 C ,19 51 3 NC

A7 C 20 50 3 DISKETTE CHANGE

A6 C i21 49 2 CLOCK IN

A5 C 22 48 3 TEST PIN

A4 C 23 47 3 HDC
A3 C 24 46 3 H/D DENSITY A

A2 C 25 45 3 NC

NC C 26 44
2728293031 32333435 36 37383940414243

3 NC

•"DmJUUUUUUUUUUUUULJ
— OHO OBlOCQ OOOOl^UQ- h-CQO

LU u u Q (E-Jt
0C rnLUCOw coz

lu uj
> Q
oc
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Absolute Maximum Ratings*

Operating Temperature 0°C to +70°C

Storage Temperature —55°C to +150°C

All Output Voltages -0.5 to +7 Volts

All Input Voltages -0.5 to +7 Volts

Supply Voltage Vcc -0.5 to +7 Volts

Power Dissipation : 1 Watt

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (TA = 0°c to +70° C, vcc = +5V ± 5%)

Symbol Parameter
Limits

Unit Conditions
Min. Max.

V
.L Input low voltage 0.8 V

V,H Input high voltage 2.0 V

Vol Output low voltage 0.4 V l 0L = 2.0mA

Vqh Output high voltage 2.4 vCc V lOH = 400/xA

'cc Vcc supply current 200 mA

"|L Input leakage current 10 HA o<v <vcc

'loh
High level output

leakage current
10 HA v =vCc

'OFL
Output float leakage

current
10 //A 0.4V<Vo <Vcc

AC Characteristics (TA = 0°c to + 70°c, vcc = +5.0V ± 10%)

PROCESSOR WRITE CYCLE

Symbol Parameter Min. Max.

*aw address setup to IOW 1 ns

%A address hold from IOW t ns

tww IOW pulse width 250 ns

*DW data setup to IOW t 150 ns

%D data hold from lOWt 10 ns

%l IRQ delay from fOWt 500 ns*

PROCESSOR READ CYCLE

Symbol Parameter Min. Max.

*ar address setup to IOR 1 ns

tRA address hold from IOR t ns

*RR IOR pulse width 250 ns

tRD data delay from FOR 4- 230 ns

*DF output floating delay from fOR t 10 ns 30 ns

X R\ IRQ6 delay from IOR t 500 ns*

Note: *: The values are for 8 MHz clock rate, multiply timings by 2/1 .67 when using 4/4.8 MHz clock rates.
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DMA OPERATION 1

Symbol Parameter Min. Max.

tROCY DRQ cycle period 13 /is

^KRO DACK I to DRQ | 200 ns

tROR DRQ t to fOR"4. 800 ns

tROW DRQ t to lOW \ 250 ns

tfiORW DRQ t to IOR tor TOW t 12ms

Symbol Parameter Min. Typ. Max.

*IDX index pulse width 10tCY
**

t-rc terminal count width 1tCY

tRST reset width 14tCY

Notes:

: The values listed for DMA operation are for 8 MHz clock rate, multiply timings by 2/1 .67 when using 4/4.8 MHz clock rates.
**•'

*CY 's tne clock rate of Drive System.

FDD INTERFACE

Symbol Parameter Min. Typ. Max.

twGD
write gate active before the

first significant data bit
4ms 8ms

tWDG
write gate inactive after the

last significant data bit
4 ms 8 ms

*WDD write data width tWCH -50ns** 125/208/250 ns*

*WCY write data cycle time 1/1 .67/2 ms»

*RDD read data active time (high) 40 ns 125/208/250 ns*

*RCY read data cycle time 1/1 .67/2 ms*

SEEK OPERATION***

Symbol Parameter Min. Typ. Max.

^u USAB hold from DIR 45 ms

kjD USAB setup to DIR 24 ms

*STP step active time 5 Ms

tSC step cycle time 33 ms

^ST DIR setup to step t 1 ms

tSTD DIR hold from step I 24 ms

Notes:

The specified values are for 8/4.8/4 MHz respectively.

tWCH — wr i te clock high time.

The values listed for seek operation are for 8 MHz clock period, multiply timings by 2/1 .67 when using 4/4.8 MHz clock rates.
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Pin Description

Pin Symbol I/O Description

1 VCc I Power supply. Connected to +5V power supply.

2~9 D 7 ~D I/O Bi-directional 8-bit data bus

10 AEN I

Input from DMA — Address Enable. When this line is active, the DMA con-

troller has control of the address bus.

11-20 A9 ~Ao I Input from processor — 10-bit Address Bus.

21 RESET I

Input from processor — places FDC in idle state. Reset output lines to FDD
to "0" (low). Does not affect SRT, HUT or HLT in Specify command. If

RDY pin is held high during Reset, FDC will generate interrupt 1.024 ms later.

To clear thisinterrupt.use Sense Interrupt Status command.

22 DRQ Output to DMA - DMA Request is being made by FDC when DRQ 2 = "1
".

23 row I

Input from processor — Control signal for transfer of data to FDC via Data

Bus, when "0".

24 FOR" I

Input from processor — Control signal for transfer of data from FDC to Data

Bus, when "0".

25 GND I Ground. Normally connected to +0V ground

26 IRQ Output to processor — Interrupt request generated by FDC.

27 I

Input from DMA — DMA cycle is active when "0" (low) and controller is

performing DMA transfer.
DACK

28 TC I

Input from DMA — Indicates the termination of a DMA transfer when "1"

(high). It terminates data transfer during Read/Write/Scan command in DMA
or interrupt mode.

29
DRIVE GROUP

SELECT
I The primary address will be applied when this signal is active high.

30
HIGH/DOUBLE
DENSITY B

I

Drive B high or double density diskette drive selection. When drive B is high

density, set this input to high.

31
HIGH/DOUBLE
DENSITY A

I

Drive A high or double density diskette drive format selection. When drive A
is high density, set this input to high.

32 HDC I

Set this input to low, when your system has hard disk control card. Otherwise,

set this input to high.

33 CLOCK IN 1 24 MHz clock input.

34
DISKETTE
CHANGE

1

Input from FDD — This input is high when a diskette is present and a step pulse

is received when the drive is selected.
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Pin Description (Continued)

Pin

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Symbol

SIDE 1

SELECT

I/O

READ DATA

WRITE PROTECT

TRACK 00

WRITE GATE

WRITE DATA

STEP

DIRECTION
SELECT

MOTOR B ON

DRIVE A
SELECT

DRIVE B

SELECT

MOTOR A ON

INDEX

REDUCED
WRITE

Description

Output to FDD - This output is active (high) for the upper head. Otherwise,
the lower head is selected.

Input from FDD - Each bit detected provides a 250 ns (4 MHz), 208 ns (4.8

MHz), 150 ns (8 MHz) active (low) pulse on this line.

Input from FDD - This input is active low when a diskette with a write protect
notch is inserted.

Input from FDD - This signal is low when the upper head is on Track 00
(the outermost track).

Output to FDD - An active level of this input enables the write current circuits,

and the Write Data input controls the writing of information.

Output to FDD - A 150 ns (8 MHz), 208 ns (4.8 MHz), 250 ns (4 MHz) pulse

on this output causes a bit to be written on the disk if Write Gate is active.

When Write Gate is inactive, pulses do not appear on this output.

Output to FDD - An active pulse causes the read/write heads to move in the
direction determined by the "direction select" signal. Motion is started each
time the signal changes from an active to inactive level (at the trailing edge of

the pulse).

Output to FDD - This signal determines the direction the read/write head
moves when the step signal is pulsed. An active level indicates away from the
center of the diskette (out); an inactive level indicates toward the center of the
diskette (in).

Output to FDD - The spindle motor B runs when this input is active. The
drive requires a 1 sec (high density)/750 ms (double density) delay after

"motor on" becomes active before and after the trailing edge of the step pulse.

Output to FDD - When "Drive A Select" is at the active level, drive A is

enabled. When it is at the inactive level, all drive A outputs are disabled.

Output to FDD - When "Drive B Select" is at the active level, drive B is

enabled. When it is at the inactive level, all drive B outputs are disabled.

Output to FDD - The spindle motor A runs when this input is active. Drive

A requires a 1 sec (high density)/750 ms (double density) delay after "motor
on" becomes active before and after the trailing edge of the read or write

operation.

Input from FDD - A pulse appears on this line to indicate the beginning of a

disk track when the drive senses the index hole in the diskette.

Output to FDD - The inactive state of this signal indicates that high-density

media is present, requiring normal write currents, and the active state indicates

low-density media is present, requiring a reduced write current.
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Register Description

1 . Digital Output Register

The digital output register (DOR) is an output-only register controlling drive motors, drive selection, and feature

enable. All bits are cleared by the I/O interface reset line. The bit definitions are as follows.

Bit 7 Reserved

Bit 6 Reserved

Bit 5 Drive B Motor Enable

Bit 4 Drive A Motor Enable

Bit 3 Enable Diskette Interrupts and DMA

Bit 2 Diskette Function Reset — Diskette function reset when this bit is low ('0').

Bit 1 Reserved

BitO Drive Select — A "0" on this bit indicates that drive A is selected.

2. Digital Input Register

The digital input register is an 8-bit, read-only register used for diagnostic purposes. The following are bit definitions

for this register.

Bit 7 Diskette Change

Bit 0~6 Apply to the currently selected fixed disk drive

3. Transfer Rate Register (Diskette Control Register)

The transfer rate register is a 2-bit, output-only register which controls a programmable divider and provides

8M/4.8M/4M Hz clocks for three different data transfer rates. The definition is given as follows:

BitO Bit 1 Transfer Rates Clock Rates

1

1

1

1

500 K bps

300 K bps

250K bps

reserved

8 MHz
4.8 MHz
4 MHz
reserved

4. Main Status Register

Those bits in the main status register are defined as follows:

Bit 7
Request for master (ROM) — The data register is ready to send or receive data to or from the

processor.

Bit 6
Data Input/Output (DIO) - The direction of data transfer between the diskette control and the

processor.

Bit 5 Non-DMA Mode (NDM) — The diskette controller is in the non-DMA mode.

Bit 4 Diskette Control Busy (CB) - A Read or Write command is being executed.

Bit 3 Reserved

Bit 2 Reserved

Bit 1 Diskette Drive B Busy (DBB) - Diskette drive B is in the seek mode.

BitO Diskette Drive A Busy (DAB) — Diskette drive A is in the seek mode.
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5. Diskette Data Register

This 8-bit data register actually consists of several registers in a stack and only one register is presented to the data

bus at a time when storing data commands, and parameters, or providing diskette-drive status information.

6. Drive Type Register

The drive type register is a 4-bit read-only register for drive type settings. This register is used only when FDC control

ROM is at ON condition. The bit definitions are given in the following:

BitO Drive A Type - Drive A is double density when this bit is
'0' and high density when this bit is

'1
'.

Bit 1 Drive B Type - Drive B is double density when this bit is
'0' and high density when this bit is

'1
'.

Bit 2 Ground (Low)

Bit 3 Ground O(Low)

7. Fixed Disk Status Register

The content of this 8-bit fixed disk status register is checked when system BIOS executes self-test. This register

is enabled when PC system has no Hard Disk Control card and bit 7 is of this register is fixed to 1 (high). This register shall

be disabled when PC system has a Hard Disk Control card.

The I/O addresses of these seven registers mentioned above are given in the following.

Primary Secondary Read Write

3F1

3F2

3F4

3F5

3F7

371

372

374

375

377

Drive type register

Main status register

Diskette data register

Digital input register

Digital output register

Main status register

Diskette data register

Transfer rate register

1F7 177 Fixed Disk Status register*

I
Fixed disk function

Command Descriptions

There are 15 separate commands which the UM8398 will execute. Each of these commands requires multiple 8-bit

bytes to fully specify the operation which the processor wishes the FDC to perform. The following commands are

available:

READ DATA
FORMAT A TRACK
SCAN EQUAL
SCAN LOW OR EQUAL
SCAN HIGH OR EQUAL
RECALIBRATE
READ ID

INVALID

SENSE INTERRUPT STATUS
SPECIFY

SENSE DRIVE STATUS
SEEK
READ DELETED DATA
WRITE DELETED DATA
READ A TRACK

The format of these commands is the same as UM8272A. The UM8398 also has two registers to which the main system

processor has access: a status register and a data register just the same as UM8272A. The track stepping rate, head load

time, and head unload time may be programmed by the user. The UM8398 offers many additional features such as multiple

sector transfers in both read and write with a single command, and full IBM PC XT/AT compatibility in both double and

high density models.
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Command Symbol Description

Symbol Name Description

A Address Line A controls selection of Main Status Register (A =0) or Data Register (A =
1 ).

C Cylinder Number
C stands for the current/selected Cylinder (track) number through 76 of the
medium.

D Data D stands for the data pattern which is going to be written into a sector.

D7 -D Data Bus
8-bit Data Bus, where D7 stands for the most significant bit, and D stands for

the least significant bit.

DTL Data Length
When N is defined as 00, DTL stands for the data length which users are going
to read out or write into the Sector.

EOT End of Track
EOT stands for the final Sector number on a Cylinder. During Read or Write
operation FDC will stop data transfer after a sector # equal to EOT.

GPL Gap Length
GPL stands for the length of Gap 3. During Read/Write commands this value
determines the number of bytes that VCOs will stay low after two CRC bytes.

During Format command it determines the size of Gap 3.

H Head Address H stands for head number or 1 , as specified in ID field.

HD Head
HD stands for a selected head number or 1 and controls the polarity of pin

27. (H = HD in all command words.)

HLT Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms increments).

HUT Head Unload Time
HUT stands for the head unload time after a read or write operation has
occurred (16 to 240 ms in 16 ms increments).

MF FMorMFMMode If MF is low, FM mode is selected, and if it is high, MFM mode is selected.

MT Multi-Track

If MT is high, a multi-track operation is to be performed. If MT = 1 after

finishing Read/Write operation on side FDC will automatically start searching

for sector 1 on side 1

.

N Number N stands for the number of data bytes written in Sector.

NCN New Cylinder Number
NCN stands for a new Cylinder number, which is going to be reached as a

result of the Seek operation. Desired position of Head.

ND Non-DMA Mode ND stands for operation in the Non-DMA Mode.

PCN Present Cylinder

Number
PCN stands for the Cylinder number at the completion of SENSE INTERRUPT
STATUS Command. Position of Head at present time.

R Record R stands for the Sector number, which will be read or written.

R/W Read/Write R/W stands for either Read (R) or Write (W) signal.

SC Sector SC indicates the number of Sectors per Cylinder.

SK Skip SK stands for Skip Deleted Data Address Mark.

SRT Step Rate Time
SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms incre-

ments.) Stepping Rate applies to all drives, (F = 1 ms, E = 2 ms, etc.)

STO
ST1
ST2
ST3

Status

Status 1

Status 2
Status 3

ST 0-3 stands for one of four registers which store the status information after

a command has been executed. This information is available during the result

phase after command execution. These registers should not be confused with
the main status register (selected by A = 0); ST 0-3 may be read only after a

command has been executed and contains information relevant to that particular

command.

STP
During a Scan operation, if STP = 1 , the data in contiguous sectors is compared
byte by byte' with data sent from the processor (or DMA); and if STP = 2,

then alternate sectors are read and compared.

USO, US1 Unit Select US stands for a selected drive number or 1

.
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Table 1 . UM8398 Command Set

Phase R/W
Databus

P7 P. P, °4 P3 Pa P> Po
Remarks

READ DATA
Command

Execution

Result

MTMF SK 1 1

X X X X X HD US1 USO
: c

H
R
N

-EOT-
-GPL-
-DTL-

-STO-
-ST 1

-

-ST2-
-C —— H —— R —
— N —

Command Codes

Sector ID informa-
tion prior to Com-
mand execution.
The 4 bytes are
commanded against
header on Floppy
Disk.

Data-transfer
between the FDD
and main system.
Status information
after Command
execution.
Sector ID informa-
tion after Com-
mand execution.

READ DELETED DATA
Command

Execution

Result

MTMF SK 1 1

X X X X X HD US1 USO
C
H
R
N

-EOT-
-GPL-
DTL-

-STO-
-ST 1-
-ST2-— C —— H —— R —— N —

Command Codes

Sector ID informa-
tion prior to Com-
mand execution.
The 4 bytes are
commanded against
header on Floppy
Disk.

Data-transfer
between the FDD
and main system.
Status information
after Command
execution.
Sector ID informa-
tion after Com-
mand execution.

WRITE DATA
Command

Execution

Result

MTMF 1 1

X X X X X HD US1 USO
C
H
R
N

EOT-
•GPL-
DTL-

STO-
ST 1

-

ST2-
- C -
-H —
-R —— N —

Command Codes

Sector ID informa-
tion prior to Com-
mand execution.
The 4 bytes are
commanded against
header on Floppy
Disk.

Data-transfer
between the FDD
and main system.
Status information
after Command
execution.
Sector ID informa-
tion after Com-
mand execution.

WRITE DELETED DATA
Command

Execution

Result

MTMF 1 1

X X X X X HD US1 USO
C-
H—
R
N-

•EOT-
-GPL-
-DTL-

-STO-
-ST 1-

-ST 2-
— C —
— H —— R -— N -

Command Codes

Sector ID informa-
tion prior to Com-
mand execution.
The 4 bytes are

commanded against
header on Floppy
Disk.
Data-transfer
between the FDD
and main system.
Status information
after Command
execution.
Sector ID informa-
tion after Com-
mand execution.

Phase R/W
Databus

D, D
t

P, D 4 D
3
D

2
D, D„

Remarks

READ A TRACK
Command

Execution

Result

MF SK 1

X X X X X HD US1 USO
C
H
R
N

-EOT-
-GPL-
-DTL-

STO-
-ST1-
-ST2-— C—
-H —
-R —
-N—

Command Codes

Sector ID informa-
tion prior to Com-
mand execution.

Data-transfer
between the FDD
and mainsystem.
FDC reads all data
fields from index
hole to EOT.
Status information
after Command
execution
Sector ID informa-
tion after Com-
mand execution.

Command

Execution

Result

MF 1 1

X X X X X HD US1 USO

-ST0-
-ST 1-

-ST2-— C—— H—
-R—
-N—

Command Codes

The first correct ID
information on the
Cylinder is stored in

Data Register.
'

Status information
after Command
execution.
Sector ID informa-
'tion read during
Execution Phase
from Floppy Disk.

FORMAT A TRACK
Command

Execution

Result

MF 1 1 1

X X X X X HD US1 USO
N

-SC-
-GPL-
— D-

ST0-
ST 1-

ST2-
-C-— H—— R —— N —

Command Codes

Bytes/Sector
Sectors/Track
Gap 3
Filer Byte
FDC formats an
entire track
Status informa-
tion after Com-
mand execution
In this case, the ID
information has no
meaning.

SCAN EQUAL
Command

Execution

Result

Note: 1 A should equal binary 1 for all operations.
2 X = Don't care, usually made to equal binary 0.

MT MF SK 1 1

X X X X XHDUS1US0
C
H
R
N

-EOT-
-GPL-
-STP-

ST0-
-ST 1-

ST2-— C—— H—
-R—
-N —

Command Codes

Sector ID informa-
tion Prior to Com-
mand execution.

Data-compared
between the FDD
and main-system.
Status information
after Command
execution.
Sector ID informa-
tion after Command
execution.
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Table 1. UM8398 Command Set (Continued)

Phase R/W
Databus

Remarks Phase R/W
Databus

Remarks
D, D

6
D

5
D« D

3
D, °i Do D

7
D« D

5
D 4 D

3
D

2
D, D

SCAN LOW OR EQUAL RECALIBRATE

Command

Execution

Result

W
w
w
w
w
w
w
w
w

R
R
R
R
R
R
R

MTMF SKXXX 110 1

X X HD US1 USO— C— H— R— N
-EOT

Command Codes

Sector ID informa-
tion prior Command
execution.

Data-compared
between the FDD
and main-system.
Status information
after Command
execution.
Sector ID informa-
tion after Command
execution.

Command

Execution

W
w X X

111
X X X HD US1 USO

Command Codes

Head retracted to
Track

SENSE INTERRUPT STATUS

Command
Result

w
R
R

10 Command Codes
Status information at

the end of seek -opera-
tion about the FDC.

-STP

-STO
SPECIFY

Command W
W
W

-SRT
1 1 I Command Codes— HUT—

HLT -ND|— C
SENSE DRIVE STATUS

Command

Result

W
W
R

X X
10

X X XHDUS1US0
ST 3

Command Codes

Status information
about FDD

SCAN HIGH OR EQUAL

Command

Execution

Result

W
W
W
W
W
W
W
W
W

R
R
R
R
R
R
R

MTMF SKXXX 1110 1

X X HD US1 USO
Command Codes

Sector ID informa-
tion prior Command
execution.

Data-compared
between the FDD
and main-system.
Status information
after Command
execution.
Sector ID informa-
tion after Command
execution.

SEEK
— H Command

Execution

W
W
W

X X
1111

X X XHDUS1US0
Command Codes

Head is positioned
over proper Cylinder
on Diskette

-EOT

-STP

-STO

INVALID

Command

Result

W

R

Invalid Command
Codes (NoOP - FDC
goes into Standby
State)
ST = 80

(16)— N

Read Data

A set of nine (9) byte words is required to place the FDC
into the Read Data Mode. After the Read Data command
has been issued the FDC loads the' head (if it is in the

unloaded state), waits the specified head setting time

(defined in the Specify Command), and begins reading ID

address Marks and ID fields. When the current sector

number ("R") stored in the ID Register (IDR) compares

with the sector number read off the diskette, then the FDC
outputs data (from the Data field) byte-by-byte to the main

system via the data bus.

After completion of the read operation from the current

sector, the Sector Number is incremented by one, and

the data from the next sector is read and output on the

data bus. This continuous read function is called a "Multi-

Sector Read Operation." The Read Data Command must

be terminated by the receipt of a Terminal Count signal.

Upon receipt of this signal, the FDC stops outputting

data to the processor, while continuing to read data from

the current sector, checking CRC (Cyclic Redundancy

Count) bytes, and then at the end of the sector. It will

terminate the Read Data Command.

The amount of data which can be handled with a single

command to the FDC depends upon MT (multi-track),

MFM (MFM/FM), and N (Number of Bytes/Sector). Table

2 on the next page shows the Transfer Capacity. The

"multi-track" function (MT) allows the FDC to read data

from both sides of the diskette. For a particular cylinder,

data will be transferred starting at Sector 1, Side and

completing at Sector L. Side 1 (Sector L = last sector on

the side). Note, this function pertains to only one cylinder

(the same track) on each side of the diskette.

When N = 0, then DTL defines the data length which the

FDC must treat as a sector. If DTL is smaller than the

actual data length in a Sector, the data beyond DTL in the

Sector is not sent to the Data Bus. The FDC reads- (in-

ternally) the complete Sector performing the CRC check,

and depending upon the manner of command termination,

may perform a Multi-Sector Read Operation. When N is

non-zero, then DTL has no meaning and should be set to

OFFH.

At the completion of the Read Data Command, the head

is not unloaded until after Head Unload Time Interval

(specified in the Specify Command) has elapsed. If the

processor issues another command before the head unloads

then the head setting time may be saved between

subsequent reads. This time out is particularly valuable

when a diskette is copied from one drive to another.

If the FDC detects the Index Hole twice without finding

the right sector, (indicated in "R"), then the FDC sets

the Status Register 1's ND (No Data) -flag to 1 (high),

and terminates the Read Data Command. (Status Register

also has bits 7 and 6 set to and 1 respectively.)

After reading the ID and Data Fields in each sector, the

FDC checks the CRC bytes. If a read error is detected

(incorrect CRC in ID field), the FDC sets the Status
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Register 1's DE (Data Error) flag to 1 (high), and if aCRC
error occurs in the Data Field the FDC also sets the Status

Register 2's DD (Data Error in Data Field) flag to 1

(high), and terminates the Read Data Command. (Status

Register also has bits 7 and 6 set to and 1 respectively.)

If the FDC reads a Deleted Data Address Mark off the

diskette, and the SK bit (bit D5 in the first Command
Word) is not set (SK = 0), then the FDC sets the Status

Register 2's CM (Control Mark) flag to 1 (high), and
terminates the Read Data Command, after reading all the

data in the Sector. If SK = 1, the FDC skips the sector

with the Deleted Data Address Mark and reads the next

sector.

During disk data transfers between the FDC and the pro-

cessor, via the data bus, the FDC must be served by the

processor every 27 //s in the FM Mode, and every 13 /is

in the MFM Mode, or the FDC sets the Status Register

Ts OR (Over Run) flag to 1 (high), and terminates the

Read Data Command.

If the processor terminates a read (or write) operation in

the FDC, then the ID Information in the Result Phase is

dependent upon the state of the MT bit and EOT byte.

Table 3 shows the values for C, H, R, and N, when the

processor terminates the Command.

Table 2. Transfer Capacity

Multi-Track

MT
MFM/FM

MF
Bytes/Sector

N

Maximum Transfer Capacity

(Bytes/Sector) (Number of

Sectors)

Final Sector

Read
from Diskette

1

00
01

(128) (26)= 3,328

(256) (26) = 6,656

26 at Side

or 26 at Side 1

1

1 1

00
01

(128) (52)= 6,656

(256) (52) = 13,312
26 at Side 1

1

01

02
(256) (15)= 3,840

(512) (15) = 7,680

15 at Side

or 15 at Side 1

1

1 1

01

02
(256) (30) = 7,680

(512) (30) = 15,360
15 at Side 1

1

02
03

(512) (8) = 4,096

(1024) (8) = 8,192

8 at Side

or 8 at Side 1

1

1 1

02
03

(512) (16)= 8,192

(1024) (16) = 16,384
8 at Side 1

Table 3. ID Information When Processor Terminates Command

MT EOT Final Sector Transferred to Processor
ID Information at Result Phase

C H R N
1A
OF
08

Sector 1 to 25 at Side

Sector 1 to Mat Side

Sector 1 to 7 at Side

NC NC R + 1 NC

1A
OF
08

Sector 26 at Side

Sector 15 at Side

Sector 8 at Side

C + 1 NC R =01 NC

1A
OF
08

Sector 1 to 25 at Side 1

Sector 1 to 14 at Side 1

Sector 1 to 7 at Side 1

NC NC R + 1 NC

1A
OF
08

Sector 26 at Side 1

Sector 1 5 at Side 1

Sector 8 at Side 1

C + 1 NC R=01 NC

1

1A
OF
08

Sector 1 to 25 at Side

Sector 1 to 14 at Side

Sector 1 to 7 at Side

NC NC R + 1 NC

1A
OF
08

Sector 26 at Side

Sector 1 5 at Side

Sector 8 at Side

NC LSB R=01 NC

1A
OF
08

Sector 1 to 25 at Side 1

Sector 1 to 1 4 at Side 1

Sector 1 to 7 at Side 1

NC NC R + 1 NC

1A
OF
08

Sector 26 at Side 1

Sector 1 5 at Side 1

Sector 8 at Side 1

C + 1 LSB R=01 NC
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Write Data

A set of nine (9) bytes is required to set the FDC into

the Write Data mode. After the Write Data command
has been issued the FDC loads the head (if it is in the

unloaded state), waits the specified, head settling time

(defined in the Specify Command), and begins reading

ID Fields. When the current sector number ("R"), stored

in the ID Register. (IDR) compares with the sector

number read off the diskette, then the FDC takes data

from the processor byte-by-byte via the data bus, and

outputs it to the FDD. After writing data into the current

sector, the Sector Number stored in "R" is incremented

by one, and the next data field is written into. The FDC
continues this "Multi-Sector Write Operation" until the

issuance of a Terminal Count-signal. If a Terminal Count

signal is sent to the FDC it continues writing into the

current sector to complete the data field. If the Terminal

Count signal is received while a data field is being written

then the remainder of the data field is filled with 00

(zeros).

The FDC reads the ID field of each sector and checks

the CRC bytes. If the FDC detects a read error (Incor-

rect CRC) in one of the ID Fields, it sets the Status Register

1's DE (Data Error) flag to 1 (high), and terminates the

Write Data Command. (Status Register also has bits

7 and 6 set to and 1 respectively.)

The Write Command operates in much the same manner

as the Read Command. The Following items are the

same; refer to the Read Data Command for details.

• Transfer Capacity

• EN (End of Cylinder) Flag

• ND (No Data) Flag

• Head Unload Time Interval

• ID Information when the processor terminates com-

mand.
• Definition of DTL when N = and when N +

In the Write Data mode, data transfers between the

processor and FDC must occur every 31 jus in the FM
mode, and every 15 jus in the MFM mode. If the time

interval between data transfers is longer than this then

the FDC sets the Status Register Ts OR (Over Run) flag to

1 (high), and terminates the Write Data Command.

For Mini-floppies, multiple track writes are usually not

permitted. This is because of the turn-off time of the

erase head coils — the head switches tracks before the erase

head turns off. Therefore the system should typically

wait 1.3 ms before attempting to step or change sides.

Write Deleted Data

This command is the same as the Write Data Command
except a Deleted Data Address Mark is written at the

beginning of the Data Field instead of the normal Data

Address Mark.

Read Deleted Data

This command is the same as the Read Data Command

except that when the FDC detects a Data Address Mark

at the beginning of a Data Field and SK = (low), it will

read all the data in the sector and set the Status Register

2's CM flag to 1 (high), and then terminate the command.
If SK = 1, then the FDC skips the sector with the Data

Address Mark and reads the next sector.

Read A Track

This command is similar to READ DATA Command
except that the entire data field is read continuously

from each of the sectors of a track. Immediately after

encountering the INDEX HOLE the FDC starts reading

all data fields on the track as continuous blocks of data.

If the FDC finds an error in the ID or DATA CRC check

bytes, it continues to read data from the track. The FDC
compares the ID information read from each sector

with the value stored in the IDR, and sets the Status

Register 1's ND flag to 1 (high) if there is no comparison,

unloaded state), waits the specified, head, setting time

in the ID Register. (IDR) compares with the sector.

This command terminates when EOT number of sectors

have been read. If the FDC does not find an ID Address

Mark on the diskette after it encounters the INDEX HOLE
for the second time, then it sets the Status Register 1's

MA (missing address mark) flag to 1 (high), and terminates

the command. (Status Register has bits 7 and 6 set to:

and 1 respectively.)

Read ID

The READ ID Command is used to give the present

position of the recording head. The FDC stores the

values from the first ID Field it is able to read. If no

proper ID Address Mark is found on the diskette, before

the INDEX HOLE is encountered for the second time

then the Status Register 1's MA (Missing Address Mark)

flag is set to 1 (high), and if no data is found then the

Status Register 1 's ND (No Data) flag is also set to 1 (high),

and the command is terminated.

Format A Track

The Format Command allows an entire track to be

formatted. After the INDEX HOLE is detected. Data

is written on the Diskette: Gaps, Address Marks, ID

Fields and Data Fields, all as per the IBM System 34

(Double Density), or System 3740 (Single Density). The

Format is recorded. The particular format which will be

written is controlled by the values programmed into N
(number of bytes/sector), SC (sectors/cylinder), GPL (Gap

Length), and D (Data Pattern) which are supplied by the

processor during the Command Phase. The Data Field is

filled with the Byte of data stored in D. The ID Field for

each sector is supplied by the processor, thus is, four data

requests per sector are made by the FDC for C (Cylinder

Number), H (Head Number), R (Sector Number) and N
(Number of Bytes/Sector). This allows the diskette to be

formatted with nonsequential sector numbers, if desired.
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After formatting each sector, the processor must send

new values for C, H, R, and N to the UM8398 for each

sector on the track. The content of the R Register is

incremented by one after each sector is formatted, thus,

the R register contains a value of R + 1 when it is read

during the Result Phase. This incrementing and
formatting continues for the whole track until the FDC
encounters the INDEX HOLE for the second time,

whereupon it terminates the command.

If a FAULT signal is received from the FDD at the end

of a write operation, then the FDC sets the Status

Register O's EC flag to 1 (high), and terminates the

command after setting bits 7 and 6 of Status Register

to and 1 respectively. Also the loss of a READY
signal at the beginning of a command execution phase

causes command termination.

Table 4 shows the relationship between N, SC, and GPL
for various sector sizes:

Table 4. Sector Size Relationships

Format Sector Size N SC GPL 1 GPL 2 - 3

8" Standard Floppy

128 bytes/sector 00 1A 07 1B
256 01 OF OE 2A

FM Mode
512
1024

02
03

08
04

IB

47
3A
8A

2048 04 02 C8 FF
4096 05 01 C8 FF

256 01 1A OE 36
512 02 OF 1B 54

MFM 1024 03 08 35 74
Mode4 2048 04 04 99 FF

4096 05 02 C8 FF
8192 06 01 C8 FF

5%" M nifloppy

1 28 bytes/sector 00 12 07 09
128 00 10 10 19

FM Mode 256
512

01

02
08
04

18

46
30
87

1024 03 02 C8 FF
2048 04 01 - C8 FF

256 01 12 OA OC
256 01 10 20 32

MFM 512 02 08 2A 50
Mode4 1024 03 04 80 FO

2048 04 02 C8 FF
4096 05 01 C8 FF

3W Sony Micro Flo ppydisk'

128 bytes/sector OF 07 1B
FM Mode 256 1 09 OE 2A

512 2 05 1B 3A

MFM
Mode4

256
512
1024

1

2

3

OF
09
05

OE
1B
35

36
54
74

Notes:
1 Suggested values of GPL in Read or Write commands to avoid

splice point between data field and ID field of contiguous
sections.

2 Suggested values of GPL in format command.
3

All values except sector size are hexidecimal.
4

In MFM mode FDC cannot perform a Read/Write/format
operation with 128 bytes/sector. (N = 00).

During the Command Phase of the Seek operation the

FDC is in the FDC BUSY state, but during the Execution

Phase it is in the NON BUSY state. While the FDC is in

the NON BUSY state, another Seek Command may be

issued, and in this manner parallel Seek operations may
be done on up to 2 Drives at once.

If an FDD is in a NOT READY state at the beginning of

the command execution phase or during the Seek opera-

tion, then the Status Register O's NR (NOT READY)

flag is set to 1 (high), and the command is terminated.

Note that the UM8398 Read and Write Commands do
not have implied Seeks. Any R/W command should be

preceded by: 1) Seek Command; 2) Sense Interrupt

Status, and 3) Read ID.

Recalibrate

This command causes the read/write head within the

FDD to retract to the Track position. The FDC clears

the contents of the PCN counter, and checks the status

of the Track signal from the FDD. As long as the Track

signal is low, the Direction signal remains 1 (high) and

Step Pulses are issued. When the Track signal goes high,

the Status Register O's SE (SEEK END) flag is set to 1

(high) and the command is terminated. If the Track

signal is still low after 77 Step Pulses have been issued,

the FDC sets the SE (SEEK END) and EC (EQUIPMENT
CHECK) flags of Status Register to both 1s (highs), and

terminates the command.

The ability to overlap RECALIBRATE Commands to

multiple FDDs, and the loss of the READY signal, as

described in the SEEK Command, also applies to the

RECALIBRATE Command.

Sense Interrupt Status

An Interrupt signal is generated by the FDC for one of

the following reasons:

1

.

Upon entering the Result Phase of:

a. Read Data Command
b. Read a Track Command
c. Read ID Command
d. Read Deleted Data Command
e. Write Data Command
f . Format a Cylinder Command
g. Write Deleted Data Command
h. Scan Commands

2. Ready Line of FDD changes state

3. End of Seek or Recalibrate Command
4. During Execution Phase in the NON-DMA Mode

Interrupts caused by reasons 1 and 4 above occur during
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normal command operations and are easily discernbile

by the processor. However, interrupts caused by reasons

2 and 3 may be uniquely identified with the aid of the

Sense Interrupt Status Command. This command when

issued, resets the interrupt signal and via bits 5, 6, and

7 of Status Register identifies the cause of the in-

terrupt.

Neither the Seek nor Recalibrate Command have a Result

Phase. Therefore, it is mandatory to use the Sense inter-

rupt Status Command after these commands to effectively

terminate them and to provide verification of the head

position (PCN).

Table 5. Seek, Interrupt Codes

Seek End
Bit 5

Interrupt Code
Cause

Bit 6 Bit 7

1 1

Ready Line changed

state, either polarity

1

Normal Termination

of Seek or Recalibrate

Command

1 1

Abnormal Termination of

Seek or Recalibrate

Command

Specify

The Specify Command sets the intial values for each of

the three internal timers. The HUT (Head Unload Time)

defines the time from the end of the Execution Phase of

one of the Read/Write Commands to the head unload

state. This timer is programmable from 16 to 240 ms

in increments of 16 ms (01 =16 ms, 02 = 32 ms . . . OF =

240 ms). The SRT (Step Rate Time) defines the time

interval between adjacent step pulses. This timer is pro-

grammable from 1 to 16 ms in increments of 1 ms (F = 1

ms, E = 2 ms, D = 3 ms, etc.). The HLT (Head Load Time)

defines the time between when the Head Load signal

goes high and when the Read/Write operation starts. This

timer is programmable from 2 to 254 ms in increments

of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 ms . . . FE = 254 ms).

The step rate should be programmed 1 ms longer than

the minimum time required by the drive.

The time intervals mentioned above are a direct function

of the clock. Times indicated above are for an 8 MHz
clock, if the clock was reduced to 4 MHz then all time

intervals are increased by a factor of 2.

The choice of DMA or NON-DMA operation is made by

the ND (NON-DMA) bit. When this bit is high (ND = 1)

the NON-DMA mode is selected, and when ND = the

DMA mode is selected.

Sense Drive Status

This command may be used by the processor whenever

it wishes to obtain the status of the FDDs. Status Register

3 contains the Drive Status information.

Invalid

If an invalid command is sent to the FDC (a command

not defined above), then the FDC will terminate the

command. No interrupt is generated by the UM8398
during this condition. Bit 6 and bit 7 (DIO and ROM)
in the Main Status Register are both high ("1") indicating

to the processor that the UM8398 is in the Result Phase

and the contents of Status Register (ST0) must be read.

When the processor reads Status Register it will find an

80H Indicating an invalid command was received.

A Sense interrupt Status Command must be sent after a

Seek or Recalibrate interrupt, otherwise the FDC will

consider the next command to be an invalid Command.

In some applications the user may wish to use this com-

mand as a No-Op command, to place the FDC in a stand-

by or no operation state.

Table 6< Status Register

Bit

Description

No. Name Symbol

STATUS REGISTER

Interrupt

Code
IC D

7
=0and D

6
=0

Normal Termination of Command,
(NT) . Command was com-
pleted and properly executed.

D, = and D
6
= 1

Abnormal Termination of Com-
mand, (AT). Execution of Com-
mand was started, but was not

successfully completed.

Bit

Description

No. Name Symbol

STATUS REGISTER (CONT.)

D
6

D 7
= 1 and D

6
=

Invalid Command issue, (IC).

Command which was issued

was never started.

D 7
= 1 and D

6
= 1

Abnormal Termination because

during command execution the

ready signal from FDD changed

state.
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Table 6. Status Registers (Continued)

Bit

Description

No. Name Symbol

STATUS REGISTER (CONT.)

D, Seek End SE When the FDC completes the
SEEK Command, this flag is

set to 1 (high).

D
4

Equipment
Check

EC If a fault Signal is received from
the FDD, or if the Track Signal
fails to occur after 77 Step Pulses

(Recalibrate Command) then
this flag is set.

D
3

Not Ready NR When the FDD is in the not-ready
state and a read or write com-
mand is issued, this flag is set.

If a read or write command is

issued to Side 1 of a single sided

drive, then this flag is set.

D. Head
Address

HD This flag is used to indicate the
state of the head at I nterrupt.

D, Unit Select 1 US 1
These flags are used to indicate a

Drive Unit Number at InterruptDo Unit Select USO

STATUS REGISTER 1

D, End of

Cylinder
EN When the FDC tries to access a

Sector beyond the final Sector
of a Cylinder, this flag is set.

D
4

Not used. This bit is always
(low).

D, Data Error DE When the FDC detects a CRC
error in either the ID field or the
data field, this flag is set.

D
4

Over Run OR If the FDC is not serviced by
the main-systems during data
transfers, within a certain time
interval, this flag is set.

D, Not used. This bit always (low).

Da No Data ND During execution of READ DATA,
WRITE DELETED DATA or SCAN
Command, if the FDC cannot
find the Sector specified in the

IDR Register, this flag is set.

During executing the READ ID
Command, if the FDC cannot
read the ID field without an
error, then this flag is set.

During the execution of the
READ A Cylinder Command, if

the starting sector cannot be
found, then this flag is set.

D, Not
Writable

NW During execution of WRITE DATA
WRITE DELETED DATA or
Format A Cylinder Command, if

the FDC detects a write protect

signal from the FDD, then this

flag is set.

D Missing

Address
Mark

MA If the FDC cannot detect the ID
Address Mark after encountering
the Index hole twice, then this

flag is set.

Bit

Description

No. Name Symbol

STATUS REGISTER 1 (CONT.)

D, Missing
Address
Mark

MA If the FDC cannot detect the Data
Address Mark or Deleted Data
Address Mark, this flag is set.

Also at the same time, the MD
(Missing Address Mark in Data
Field) of Status Register 2 is set.

STATUS REGISTER 2

D, Not used. This bit is always (low.)

D
6

Control
Mark

CM During executing the READ
DATA or SCAN Command, if

the FDC encounters a Sector
which contains a Deleted Data
Address Mark, this flag is set.

D, Data Error in

Data Field

DD If the FDC detect a CRC error in

the data field then this flag is set.

D* Wrong
Cylinder

WC This bit is related with the ND bit.

and when the contents of C on
the medium is different from that

stored in the IDR, this flag is set.

D
3

Scan Equal
Hit

SH During executing the SCAN Com-
mand, if the condition of "equal"
is satisfied, this flag is set.

D* Scan Not
Satisfied

SN During executing the SCAN Com-
mand, if the FDC cannot find a

Sector on the cylinder which meets
the condition, then this flag is set.

D, Bad
Cylinder

BC This bit is related with the ND bit,

and when the content of C on the
medium is different from that
stored in the IDR and the content
of C is FF, then this flag is set.

D Missing

Address
Mark in

Data Field

MD When data is read from the medium,
if the FDC cannot find a Data
Address Mark or Deleted Data
Address Mark, then this flag is set.

STATUS REGISTER 3

D, Fault FT This bit is used to indicate the status

of the Fault signal from the FDD.

D
4

Write
Protected

WP This bit is used to indicate the
status of the Write Protected
signal from the FDD.

D
5

Ready RDY This bit is used to indicate the status

of the Ready signal from the FDD.

D« Track TO This bit is used to indicate the status

of the Track signal from the FDD.

D 3
Two Side TS This bit is used to indicate the status

of the Two Side signal from the FDD.

D
2

Head
Address

HD This bit is used to indicate the status

of Side Select signal to the FDD.

Di Unit Select 1 US 1 This bit is used to indicate the status

of the Unit Select 1 signal to the FDD

Do Unit Select USO This bit is used to indicate the status

of the Unit Select signal to the FDD
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Timing Waveforms

Processor Read Operation Processor Write Operation

A0-A9

Back ADDRESS VALID

Application Notes

A: General Description

The UM8398 is a VLSI Floppy Disk Controller (FDC)

chip, which contains the circuitry and control functions

for interfacing a processor up to 2 Floppy Disk Drives.

It is capable of supporting 360K Bytes, 1.2M Bytes (in

5%" diskette drives), 720K Bytes, and 1 .44M Bytes (in

3 1/2 " diskette drives) FDDs using FM/MFM-coded, double

sided recording. The UM8398 provides all the functions

of the UM8272A, internal data separator (UM8326B),

write precompensation circuit, address decoder, clock

& timing control circuit, and other control logic. Therefore,

it is very easy to implement into a FDC card or main board

since only 3 components (UM8398*1, 7406*2) are need-

ed in the IBM PC XT/AT drive system.

The address decoder of UM8398 is switchable by

setting pin 29 of UM8398. If pin 29 is set to 1 (high),

then the I/O address of the UM8398 is selected in the

primary drive group address (3F1~3F7, 1F7) described

in Table A-1.
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Table A-1 I/O addresses of the UM8398 registers

Primary Secondary Read Write

3F1
3F2
3F4
3F5
3F7

371
372
374
375
377

Drive type register

Main status register

Diskette data register

Digital input register

Digital output register

Main status register

Diskette data register

Transter rate register

1F7 177 Status register*

Fixed disk function

B: PC/AT Application

The UM8398's registers described in Table A-1 are the

same as the PC/AT floppy disk controller's. Therefore,

the UM8398 can be directly implemented into the FDC

card of the PC/AT to support 1.2M, 720K, 360K Bytes

FDD with only 3 components (UM8398*1, 7406*2)

needed. The application circuit is shown in Figure A-1.

•if OSC = 24MHz for PC/AT

if OSC = 1 2MHz for PC/XT

1.2M. 720K, 360K FDD
360K, 720K FDD

Figure A-1 PC/AT (1.2M, 720K, 360K FDD) and PC/XT (360K, 720K FDD) Application Circuit

C. PC/XT Application

If the UM8398 is implemented into the FDC card of the

PC/XT to support 360K Byte and 720K Byte FDD, the

application circuit is the same as the PC/AT's of the

UM8398 except that the frequency of the oscillation

circuit has to be 12 MHz.

The contents of the UM8398's Hard Disk Status Register

will be checked when system BIOS executes self-test. This

register's bit 7 should be high by setting pin 32 to high when
the PC system has no Hard Disk Control card, otherwise

the register's bit 7 should beilow by setting pin 32 to low.

If the UM8398 is used to support 1.2M, 720K, 360K

Byte FDD in the PC/XT, then an additional FDC program

is needed to control the 1 .2M Byte FDD since the PC/XT

BIOS doesn't support the 1 .2M Byte FDD. During the

FDD operation, this additional BIOS reads the contents

of the UM8398's Drive Type Register set by pin 30 and

pin 31, thus selects the drive to be 1.2M or 360K Byte

FDD.

Table A-2 Shows the definition of pins 30, 31 , and 32.

Table A-2

H/DA(Pin31) H/D B(Pin 30) HDC (Pin 32)

"1" High density High density Without HDC in system

"0" Double density Double density With HDC in system
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PC/XT 1.2M, 720K, 360K FDD Application Circuits

Figure A-3 PC/XT BIOS ROM circuit
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Ordering Information

Part Number
Operating

Current (Max.)
Package Type

UM8398
UM8398L-1

UM8398L-2

200 mA
200 mA
200 mA

48LDIP
52 PLCC

, 68 PLCC
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I/O and Peripherals

Part No. Description Page

UM2G6J

UM6522/A

UM6532/A

UM6551

UM82C0I

UM82C1T-C

UM82C450

UM82C451

UM82C452

UM82C550

UM82C8167

UMS2C852

UM82450

UM82S0A

UM8250B

Enhanced Programmable Communications
Interface JEPCIJ 5-3

Versatile interface Adapter (VJA| 5-1

8

RAM, J/O, Timer Array 5-35

Asynchronous Communication Interface

Adapter JAC1A) .. , , 5-42

Capacitance Keyboard Encoder [CKEJ 5-51

Printer Adapter interface (PAiJ „„. 5-62

Asynchronous Communication Element (ACE) 5-7!

Paralief/Asynchronous Communication
Element...

, 5.86

Single Chip Multi-J/O 5-11

T

Asynchronous Communications Element
with FIFOs 5-135

Real-Time Clock (RTC) 5-158

Multi f/O For XT „...„ 5-165

Asynchronous Communication Element fACE) 5-7 88

Asynchronous Communication Element (ACE) 5-204

Asynchronous Communication Element (ACE) 5-219
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UMC UM2661
Enhanced Programmable Communications

Interface (EPCI)

Features

Synchronous Operation

5 to 8-bit characters plus parity

Single or double SYN operation

Internal or external character synchronization

Transparent or non-transparent mode

Transparent mode DLE stuffing (Tx) and detection

(Rx)

Automatic SYN or DLE-SYN insertion

SYN, DLE and DLE-SYN stripping

Odd, even, or no parity

Local or remote maintenance loop back mode

Baud rate.!DC to 1M bps (1X clock)

Asynchronous Operation

5 to 8-bit characters plus parity

1 , 1 V-i or 2 stop bits transmitted

Odd, even, or no parity

Parity, overrun and framing error detection

Line break detection and generation

False start bit detection

Automatic serial echo mode (echoplex)

Local or remote maintenance loop back mode

Baud rate: DC to 1 M bps ( 1 X clock)

- DC to 62.5K bps (16X clock)

- DC to 15.625K bps (64X clock)

Other Features

Internal or external baud rate clock

3 baud rate sets UM266 1-1, -2, -3

16 internal rates for each set

Double buffered transmitter and receiver

Dynamic character length switching

Full or half duplex operation

TTL compatible inputs and outputs

RxC and TxC pins are short circuit protected

3 open drain MOS outputs can be wire-ORed

Single 5V power supply

No system clock required

Pin Configuration Block Diagram

D2 C 1 28 Z1D1

D3 C 2 27 Zl DO

RxD \Z 3 26 Zl vCc

GND LZ 4 25 Zl RxC/BKDET

D4 \Z 5 24 ZJ DTR

D5 C 6
C
s 23 Z1"rts

D6 LZ 7 0) 22 Zl DSR

D7lZ 8 21 Zl RESET

TxC/SYNC |Z 9 20 Zl BRCLK

A1C 10

11

19

18

Zl TxD

ceC _] TxEMT/DSCHG

AO LZ 12 17 Zl CTS

r/w IZ 13

14

16

15

Zl DCD

RxRDY |_ _| TxRDY

DATA BUS y1-N
00-07 V/ DATA BUS

BUFFER

CLK-

TxC-

DSR -

DCD-

CTS,

RTS-

DTR

TxEMT/DSCHG -

TIMING
BAUD-RATE
GENERATOR
AND CLOCK
CONTROL

MODEM
CONTROL

OPERATION
CONTROL

—

—

MODE
REGISTER 1

MODE
REGISTER 2

COMMAND
REGISTER
STATUS
REGISTER

-N

T*

SYN/DLE
CONTROL
SYN1

REGISTER
SYN2

REGISTER
DLE

REGISTER

^>

TRANSMITTER

TRANSMIT
DATA

HOLDING
REGISTER

TRANSMIT
SHIFT

REGISTER

RECEIVER

RECEIVE
DATA

HOLDING
REGISTER

RECEIVE
SHIFT

REGISTER

Figure 1. internal Block Diagram

5-3



UMC UM2661

Absolute Maximum Ratings *

Supply Voltage Vcc -0.3V to +7.0V

Input/Output Voltage V,N -0.3V to +7.0V

Operating Temperature T p .

.'. ......... 0°C to 70°C

Storage Temperature TSTG ......... . -55°C to 150°C

DC Characteristics

(VCc = 5.0V ± 5%, TA = 0-70°C, unless otherwise noted)

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

Parameter Symbol Min. Typ. Max. Unit

Input High Voltage V| H 2.0 Vcc V

Input Low Voltage V|L 0.8 V
Input Leakage Current

Vim =0 to 5.5V
I IN 10 MA

Input Leakage Current for High

Impedance State
>TSI 10 A/A

Output High Voltage: Iload *= -400/iA VOH 2.4 V

Output Low Voltage: Iload = 2.2 mA Vol 0.4 V

Input Capacitance: fc = 1 MHz C|N 20 P F

Output Capacitance COUT 20 PF

Power Dissipation (Vcc = 5.25V) Pd 650 mW

Receiver/Transmitter Signal Timing

CLOCKS TRANSMIT TIMING

TxC/RxC

BRCLK

:R/Th -tR/TL-*

TR/T

\ /—

V

TBRG

RECEIVER TIMING

RxD

RxC (1X)

\ /—

V

I=X

1.16 OR 64 CLOCKS

TxD

Symbol Characteristics Min. Typ. Max. Unit

tR/TH TxC or RxC HIGH 500 ns

tR/TL TxC or RxC LOW bOU 1.0 ns
fR/T TxC or RxC freq. DC 1.0 MHz
tBRH BRCLK HIGH 70 ns
lBRL BRCLK LOW 70 ns
fBRG BRCLK freq. (1) 4.9152 MHz
lRxS RxD SETUP 300 ns

tRxH RxD HOLD 350 ns

TxD TxD DELAY FROM
TxC
C L

= 150pF

650 ns

TCS SKEW TxD vs TxC
C L = 150pF

ns

Note: fBRQ = 4.9152 applicable for -1 and -2, fBRQ
= 5.0688 for -3.
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Read/Write Timing Characteristics

(Vcc = 5.0V ± 5%, TA = 0-70°C, unless otherwise noted)

UM2661

A0. A1
R/W

Do-D7
READ

Symbol Characteristics Min. Max. Unit

tCE CE Pulse Width 250 ns

tCED CE to CE Delay 600 ns

tSET Address and R/W
Set Up

10 ns

*HLD Address and R/W Hold 10 ns

tos Write Data Set Up 150 ns

*DH Write Data Hold ns

*DD Read Data Delay

CL = 150 pF

200 ns

*DF READ DATA HOLD
CL = 150 pF

10 100 ns

Table 1. Effect of MR 17 and MR16 on Character Fill and Character Stripping (Synchronous Mode)

MR17 MR16 Mode

Double SYN
Normal

Synchronizing
Sequence

SYN1-SYN2

Single SYN
Normal

Double SYN
Transparent

Single SYN
Transparent

SYN1

SYN1-SYN2

Character Fill

SYN1-SYN2

Character(s)
Stripped CR7=0, CR6=1

SYN1

SYN1

DLE-SYN1

DLE-SYN1

SYN1

SYN1-SYN20:

synki;

DLE-SYNI(I)

SYN1-SYN20) (Only Initial Synchronizing

Sequence)

DLE (also Sets SR3 it is Parity Disabled and
not Following a DLE or SYN1

)

In a DLE-DLE Sequence Only the First DLE
is Stripped

DLE-SYN10)
SYN1 (only Initial Synchronizing Sequence)
DLE and DLE-DLE same as Double SYN
Transparent

Note: Symbol indicates SYN DET status set upon detection of initial synchronizing characters and after SYNC has been
achieved by detection of DLE-SYN1 pair.

Test Load

PIN

I
:24kn

C=130pF MAX, FOR D0-D7
C = 30pF MAX. FOR ALL OTHER OUTPUTS
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Timing Waveforms

SYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY

UM2661

DCD

I

~L

1_
i .1 i i i i i i i i i i i i i i i i i i i i i i i i i i i i

u w —

u

u u u—If
READRxHR READRxHR
DATA 1 DATA 2

|P1 I
|d2 I 1 03 1 ID" I

J~L

Figure 2. Receiver Operation Timing Diagram

ASYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY, 1 STOP BIT

RxEN
I

t- MARK

;s|
DATA 1 \h 1 1 DATA 2 1 1 DATA 3 J LL_

DATA 4 I I DATA 5 II
.,

CE U
WRITE ENABLE
RECEIVER/SET DTr
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u
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DATA 2

U
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DATA 3

u
READ RxHR
DATA 5
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Figure 3. Receiver Operation Timing Diagram
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Timing Waveforms (Continued)

SYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY

~ »»JiMuinnjiMiMuin^^
RTS I

I I I I I I I I I I I I 1 I I I 1 I I I I I I I l I I I l I I I I l
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Figure 4. Transmitter Operation Timing Diagram

ASYNCHRONOUS MODE 7-BIT CHARACTER, NO PARITY, 1 STOP BIT
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DATA 2 | I I DATA 3 I I I DATA 4

*"U U U U U
WRITE DATA 1 WRITE DATA 2 WRITE DATA 3 WRITE DATA 4 WRITE FOR LE BREAK CMD
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Figure 5. Transmitter Operation Timing Diagram
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Timing Waveforms (Continued)

ASYNCHRONOUS RECEIVER OPERATION
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U
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RxEN OR
SR BIT6(DCD)
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Figure 6. With Loss of DCD or Disabling RxEN

ASYNCHRONOUS RECEIVER OPERATION
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1
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SR BITS
FRAMING ERROR

Figure 7. Framing Error and Break Detection Timing
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Table 2. Baud Rate Generator Characteristics

UM2661-1 (BRCLK = 4.9152 MHz)

UM2661

MR 2
Baud Rate

Actual Frequency

16X Clock (KHz)
Percent Error Divisor3 2 1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

50
75
110

134.5

150
200
300
600
1050
1200
1800
2000
2400

0.8

1.2

1 .7598
2.152

2.4

3.2

4.8

9.6

1 6.8329
19.2

28.7438
31.9168
38.4

-0.01

0.196

-0.19
-0.26

6144
4096
2793
2284
2048
1536
1024
512
292
256
171

154
128
64
32
16

1 1 4800 76.8
1 1 9600 153.6
1 1 1 19200 307.2 -

UM2661-2 (BRCLK = 4.9152 MHz)

Mf12 Baud Rate Actual Frequency
16X Clock (KHz)

Percent Error Divisor3 2 1

45.5 0.7279 0.005 6752
1 50 0.8 _ 6144

1 75 1.2 _ 4096
1 1 110 1 .7598 -0.01 2793

1 134.5 2.152 _ 2284
1 1 150 2.4 _ 2048
1 1 300 4.8 _ 1024
1 1 1 600 9.6 _ 512

1200 19.2 _ 256
1 1800 28.7438 -0.19 171

1 2000 31.9168 -0.26 154
1 1 2400 38.4 _ 128

1 4800 76.8 _ 64
1 1 9600 153.6 _ 32
1 1 19200 307.2 _ 16
1 1 1 38400 614.4 - 8

UM2661-3(BRCLK = 5.0688 MHz)

MR 2
Baud Rate

Actual Frequency
16X Clock (KHz)

Percent Error Divisor3 2 1

50 0.8 6336
1 75 • 1.2 _ 4224

1 110 1.76 — 2880
1 1 134.5 2.1523 0.016 2355

1 150 2.4 _ 2112
1 1 300 4.8 _ 1056
1 1 600 9.6 _ 528
1 1 1 1200 19.2 _ 264

1 1800 28.8 _ 176
1

1 2000 32.081 0.253 158
1 1 2400 38.4 _ 132
1 1 1 3600 57.6 _ 88
1 1 4800 76.8 _ 66
1 1 1 7200 115.2 _ 44
1 1 1 9600 153.6 _ 33
1 1 1 1 19200 316.8 3.126 16

Note: 16X CLK is used in asynchronous mode,
for T x C

In synchronous mode, clock multiplier is 1 X and BRG can be used Only
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Signal Descriptions

CPU Interface

Reset (Reset)

A high on this input performs a master reset on the

UM2661 . This signal asynchronously terminates any

device activity and clears the mode, command and status

registers. The device assumes the idle state and remains

there until initialized with the appropriate control words.

AO, A1 (Address 0, 1

)

Address lines used to select the internal registers.

R/W (Read/Write)

The direction of data transfers between the EPCI and the

CPU is controlled by the R/W input. When CE and R/W

are both low the contents of the selected registers will be

transferred to the data bus. With CE low and R/W high a

write to the selected register is performed.

CE (Chip Enable)

When low, the selected register will be accessed. When

high the D0-D7 lines will be placed in the high impedance

state.

D0-D7 (Data Bus)

An 8-bit three-state positive true data bus used to transfer

commands, data and status between the EPCI and the

CPU.

TxRDY (Transmitter Ready)

This output is the complement of status register bit SRO.

When low, it indicates that the transmit data holding

register (TxHR) is ready to accept a data character from

the CPU. It goes high when the data character is loaded.

This output is valid only when the transmitter is enabled.

It is an open drain output which can be "wire-ORed" to

the CPU interrupt.

RxRDY (Receiver Ready)

This output is the complement of status register bit SR1.

When low, it indicates that the receive data holding register

(RxHR) has a character ready for input to the CPU. It

goes high when the RxHR is- read by the CPU and also

when the receiver is disabled. It is an open drain output

which can be "wire-ORed" to the CPU interrupt line.

TxEMT/DSCHG
This output is the complement of status register bit SR2.

When low, it indicates that the transmitter has completed

serialization of the last character loaded by the CPU, or

that a change of state of the DSR or DCD inputs has

occurred. This output goes high when the status register

is read by the CPU if the TxEMT condition does not

exist. Otherwise, the TxHR must be loaded by the CPU

for this line to go high. It is an open drain output which

can be "wire OR-ed" to the CPU interrupt line.

Transmitter/Receiver Signals

BRCLK (Baud Rate Clock)

Clock input to the internal baud rate generator. This is

not required when external receiver and transmitter clocks

are used.

RxC/BKDET (Receiver Clock, Break Detect)

When the EPCI is programmed for External Receiver

Clock, this pin will act as an input and control the rate

at which a character is received. The frequency is

programmed in Mode Register 1 and may be 1X, 16X or

64X the baud rate. Data are sampled on the rising edge.

If internal Receiver Clock is programmed this pin will

provide an output, either a 1X/16X clock or Break Detect

signal determined by programming Mode Register 2.

TxC/XSYNC (Transmitter Clock/External SYNC)

When the EPCI is programmed for External Transmitter

clock, this pin will act as an input and control the rate at

which the character is transmitted. The frequency is

programmed in Mode Register 1 and may be 1X, 16X or

64X the baud rate. Data changes on the falling edge of this

clock. If the UPCI is programmed for Internal Transmitter

clock, this pin can be either an output providing a 1 X/16X

clock or an input for External Synchronization determined

by Mode Register 2 programming.

RxD (Receive Data)

RxD is the serial data input to the receiver.

TxD (Transmit Data)

TxD is the serial data output from the transmitter. When

the transmitter is disabled the output will be in the high,

"Mark", state.

DSR (Data Set Ready)

DSR is an input that can be used to indicate to the UPCI

Data Set Ready or Ring Indicator. Its complement appears

in the Status Register as bit SR7. A change of state on

DSR -will cause TxEMT/DSCHG to go low if either CRO or

CR2 = 1.

DCD (Data Carrier Detect)

The DCD input must be low for the receiver to operate.

If DCD goes high while receiving, the RxC is internally

inhibited. The complement of DCD appears in the Status

Register as bit SR6. A change of state in DCD will cause

TxEMT/DSCHG to go low if either CRO or CR2 = 1

.

CTS (Clear To Send)

The CTS input must be low for the transmitter to operate.

If CTS goes high while transmitting, the character currently

in the Transmit Shift Register will be transmitted before

termination, TxD will then go to the high level (Mark).
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DTR (Data Terminal Ready)

The DTR output is the complement of CR1 . It is normally

used to indicate Data Terminal Ready.

RTS (Request To Send)

The RTS output is the complement of CR5. If the

Transmit Shift Register is not empty when CR5 is reset,

RTS will not go high until one TxC after the last serial

bit is transmitted.

Functional Description

The internal organization of the EPCI consists of six major

blocks, (see Fig. 1). These are the Transmitter, Receiver,

Clock Control, Operation Control, Modem Control and

SYN/DLE Control. These blocks internally communicate

over common data and control buses. The data bus is also

linked to the CPU via a bi-directional three-state interface.

Briefly, these blocks perform the following functions:

Transmitter

The Transmitter receives parallel data from the CPU and

converts it to a serial bit stream, inserting Start, Stop, and

Parity bits, as selected by the user, and outputs a composite

serial data stream.

Receiver

The Receiver accepts serial data from the sending device,

converts, it to parallel format checking for 'appropriate

Start, Stop and Parity bits and Control Characters, as

selected by the user, and sends the assembled character to

the CPU.

Timing Control

The Timing Control block contains a programmable Baud

Rate Generator (BRG) which is able to accept external

Transmit (TxC) or Receiver (RxC) clocks or to divide

external clock (BRCLK) for controlling data transfers.

The BRCLK input allows the user to program one of 16

commonly used baud rates.

Operating Control

The Operation Control block contains four registers;

Mode Registers 1 and 2, (MR1, MR2) the Command
Register (CR) and Status Register (SR). These registers

are used to store configuration and operation commands

from the CPU. They generate the necessary internal

control signals for proper device operation, and maintain

status information for the CPU.

Modem Control

The modem control section provides interfacing for

three input signals and three output signals used for

"handshaking" and status indication between the CPU and

a modem.

SYN/DLE Control

This section contains control circuitry and three 8-bit

registers storing the SYN1, SYN2, and DLE characters

provided by the CPU. These registers are used in the

synchronous mode of operation to provide the characters

required for synchronization, idle fill and data transparency.

Operational Description

The EPCI's operation is determined by programming the

Mode and Command Registers. Baud rate, asynchronous

or synchronous communication, and SYN characters are

determined before enabling the transmitter or receiver.

Asynchronous Receiver Operation

After the Mode Registers are configured the receiver is

enabled when the RxEN bit in the Command Register

(CR2) is set to a 1 and DCD is low. The EPCI then

monitors the RxD input waiting for a high to low

transition. If a transition is detected, the RxD input is

again sampled one-half bit time later. If RxD is now high,

a search for a valid start bit is begun again. If RxD is still

low a valid start bit is assumed and the receiver continues

to sample the RxD input at one bit time intervals until the

correct number of data bits, parity bit and one stop bit

have been assembled. The character is then transferred

to the Receive Data Holding Register (RxHR); RxRDY in

the status Register is set (SR1); the RxRDY output goes

low". If the character length is less than 8 bits, the high

order unused bits in the holding register are set to zero.

The parity error, framing error, and overrun error status

bits are strobed into the status register on the positive

going edge of RxC corresponding to the received character

boundry. See Figures 3 and 6.

If the stop bit is present, the receiver will immediately

begin its search for the next start bit. If the stop bit is

absent (framing error), the receiver will interpret a space bit

if it persists into the next bit time interval. If a break

condition is detected (RxD is low for the entire character as

well as the stop bit) only one character consisting of all

zeros (with the FE status bit set) will be transferred to the

holding register. The RxD input must return to a high

condition before a search for the next start bit begins.

See Figure 7.

Pin 25 can be programmed as a Break Detect (BKDET)

output by setting both bits 4 and 7 of Mode Register 2

(MR2). When these bits are set and a break is detected,

the BKDET output will go high. If RxD returns high for

at least one RxD time. BKDET will return low.

Synchronous Receiver Operation

When the EPCI is programmed for synchronous operation,

the receiver will remain idle until the receiver enable bit

5-11



UMC
UM2661

(CR2) is set. At this time the EPCI enters the hunt mode.

Data are shifted into the receive data shift register (RxSR)

one bit at a time. The contents of RxSR are then com-

pared to the contents of the SYN1 register. If the two are

not equal, the next bit is shifted in and the comparison is

repeated. When the two registers match, the hunt mode is

terminated and character assembly mode begins. If single

SYN operation is programmed, the SYN DETECT status

bit is set. If double SYN operation is programmed, the first

character assembled after SYN1 must be SYN2 in order for

the SYN DETECT bit to be set. Otherwise the EPCI

returns to the hunt mode. (Note that the sequence SYN1 -

SYN1-SYN2 will not achieve synchronization). See Figure

2.

When synchronization has been achieved, the EPCI

continues to assemble characters and transfer them to the

holding register, setting the RxRDY status bit and asserting

the RxRDY output each time a character is transferred.

The PE and OE status bits are set as appropriate. Further

receipt of the appropriate SYN sequence sets the SYN
DETECT status bit. If the SYN stripping mode is com-

manded, SYN characters are not transferred to the holding

register. Note: the SYN characters used to establish

initial synchronization are not transferred to the holding

register in any case.

By setting MR24 (MR2 bit 4) and MR27=1 pin 9 (RxC/

SYNC) will be programmed as an external synchroniza-

tion input. When XSYNC is selected internal SYN1,

SYN1-SYN2 and DLE-SYN1 detection is disabled. Each

positive going signal on XSYNC will cause the receiver to

establish synchronization on the rising edge of the next

RxC pulse. Character assembly will start with the RxD
input at this edge. XSYNC must be lowered prior to the

next rising edge of RxC. This external synchronization will

cause the SYN DETECT status bit to be set until the status

register is read. Refer to XSYNC timing diagram.

Asynchronous Transmitter Operation

When the EPCI is programmed to transmit, the transmitter

will remain idle until CTS is low and the TxEN bit (CRO)

is set. The EPCI will respond by setting status register

(SR) bit and asserting the TxRDY output. When the CPU
writes a character into the transmit data holding register

(TxHR), SRO is reset and TxRDY returns high. The

character is then transferred to the transmit shift register

(TxSR) when it is idle or has completed transmission of the

previous character. SRO is again set, and TxRDY goes low.

See Figure 5.

In the asynchronous mode, the transmitter automatically

sends a start bit followed by the programmed number of

data bits, the least significant bit being sent first. It then

appends an optional odd or even parity bit and the pro-

grammed number of stop bits. If, following transmission

of the data bits, a new character is not available in the

transmit holding register, the TxD output remains in the

marking (high) condition and the TxEMT/DSCHG output

and its corresponding status bit are asserted. Transmission

resumes when the CPU loads a new character into the

holding register. The transmitter can be forced to output

a continuous low (BREAK) condition by setting CR3.

Synchronous Transmitter Operation

When the ECPI is initially programmed for synchronous

transmission it will remain in the idle state (RxD high) until

TxEN is set. At this point TxD remains high, TxRDY will

go low and both will stay in this state until the first

character (usually a SYN character) is written into the

TxHR. This starts transmission, with TxRDY going low

each time a character is shifted from the TxHR to the

TxSR. If TxRDY is not serviced before the previous

character is shifted out of the TxSR, the TxEMT output

will go low and the EPCI will automatically fill the pending

gap with SYN1, SYN1, SYN2 doublets, or DLE-SYN1

doublets, depending on the state of MR6 and MR17.

Transmission will be continuous until TxFN is reset to 0.

See Figure 4.

If the send DLE bit (CR3) is set, the DLE character is

automatically transmitted prior to the transmission of any

character stored in the TxHR. Since this is a one time

command, CR3 does not have to be reset.

EPCI Programming

Before data communications can be started the EPCI

must be programmed by writing to its mode and command

registers. Additionally, if synchronous communication has

been selected the appropriate SYN1, SYN2 and DLE
registers must be loaded. Reference the Register Addressing

Table and Initialization Flow Chart for address require-

ments and programming procedure.

The Register Addressing Table shows MR1 and MR2 at the

same address. The EPCI has an internal pointer that

initially directls that first read or write to MR 1, then on the

next access at the same address the pointer directs the

operation to MR2. A similar sequence occurs for the SYN
and DLE registers; first SYN1 then SYN2 then DLE. If

more than the required number of accesses are made the

internal pointer resets to the first register. The pointer

is also reset to MR1 and SYN1 by a RESET input or a

read of the Command Register, but unaffected by any

other read or write operation.

Register Formats

The register formats are summarized in Figures 8 throughl 1

MR1 and MR2 define the general operating characteristics.

The Command Register controls the basic operation

defined by MR1 and MR2. The Status Register indicates

the EPCI operating status and the condition of external
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inputs. These registers are cleared by a RESET input

(SR6 and SR7 excepted).

Mode Register 1 (MRU

MR 11 and MR 10 select the communication mode and baud
rate multiplier. Note: the multiplier in asynchronous
mode applies only if the external input option is selected

by MR24and RM25.

MR13 and MR 12 select Character length. Character

length does not include the parity bit, when selected, and
does not include the start and stop bits in asynchronous

operation.

MR14, when set, selects parity. A parity bit will be

transmitted with each character, and a parity check will be

performed on each character received.

MR 15 selects either odd or even parity.

In the asynchronous mode MR16 and MR17 select the

number of stop bits; 1, 1.5 or 2, If 1 X baud rate is pro-

grammed 1 .5 stop bits defaults to 1 on transmit.

In the synchronous mode MR17 controls the number of

SYN characters used to establish synchronization, and
the number of fill characters to be transmitted when
TxRDY and TxEMTare 0.

MR16 controls selection of the transparent mode. When
MR16 is set (transparent selected) DLE-SYN1 is used for

character fill and SYN detect (SR 5), but the normal

synchronization sequence is used to establish character

Table 3. UM2661 Register Addressing

sync. When transmitting in the synchronous transparent

mode, a DLE character in the. TxHR will cause a second
DLE character to be transmitted. Note: If the send DLE
command (CR3) is active when a DLE character is in the

'TxHR.only one additional DLE will be transmitted.

The bits in the mode register affecting character assembly
and disassembly (MR12-MR16) can be changed dynami-
cally (during active receive/transmit operation). The
character mode register affects both the transmitter and
receiver; therefore in synchronous mode, changes should
be made only in half duplex mode (RxEN=1 or TxEN = 1,

but not both simultaneously = 1). In asynchronous mode,
character changes should be made when RxEN and
TxEN=0,or when TxEN = 1 and the transmitter is marking
in half duplex mode (RxEN = 0).

To effect assembly/disassembly of the next received/

transmitted character, MR12-15 must be changed within

n bit times of the active going state of RxDRY/TxRDY.
Transparent and non-transparent mode changes (MR 16)

must occur within n-1 bit times of the character to be
affected when the receiver or transmitter is active,

(n = the smaller of the new and old character lengths.)

Mode Register 2 (MR2)

MR20 through MR23 select the internal Baud Rate
Generator (BRG). There are 'sixteen selectable rates for

each version as outlined in Table 2.

MR24 through MR27 define the receive and transmit

clock source and the function of pins 9 and 25. Reference

Figure 9.

CE A, Ao R/W Function

1 X X X Three-state Data Bus

Read Receive Holding Register (RxHR)

1 Write Transmit Holding Register (TxHR)

1 Read Status Register (SR)

1 1 Write SYN1/SYN2/DLE Registers

1 Read Mode Registers (MR1 , MR1/MR2)

1 1 Write Mode Registers (MR1 , MR1/MR2)

1 1 Read Command Register

1 1 1 Write Command Register
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EPCI Initialization Flow Chart

INITIAL RESET

LOAD
MODE REGISTER 1

LOAD
MODE REGISTER 2

LOAD
SYN1 REGISTER

LOAD
DLE REGISTER

NOTE: MODE REGISTER 1 MUST BE
WRITTEN BEFORE SYN2 CAN BE WRITTEN,
MODE,REGISTER 2 NEED NOT BE
PROGRAMMED IF EXTERNAL CLOCKS
ARE USED.

NOTE: SYN1 REGISTER
MUST BE WRITTEN
BEFORE SYN2 CAN BE
WRITTEN AND SYN2
BEFORE DLE CAN BE
WRITTEN.
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ASYNC MODE

7 6 STOP BITS

INVALID
1 1

1 VA

1 1 2

SYNC MODE

UM2661

PARITY

5 4 TYPE CONTROL
X DISABLED

1 ODD ENABLED
1 X DISABLED
1 1 EVEN ENABLED

SYN MODE

SYN1-SYN2

SYN1-SYN2

SYN1
SYN1

TRANSPARENCY
CONTROL

NORMAL
TRANSPARENT
NORMAL
TRANSPARENT

FILL
CHAR.

SYN1-SYN2
DLE-SYN1

SYN1
DLE-SYN1

SYNC
MODE

DOUBLE

SINGLE

MODE SELECT

1 MODE BAUD RATE
FACTOR

SYNC 1x

1 ASYNC 1x

1 ASYNC 16x

1 1 ASYNC 64x

CHARACTER LENGTH

3 2 NO. OF
BITS

5

1 6

1 7

1 1 8

Figure 8. Mode Register 1

E 6 5
|

4 3
I

2 1

°l

BAUD R

i ii

7 6 5 4 TxC RxC PIN9 PIN25 MODE

E E TxC RxC SYNC/ASYNC
u 1 E TxC 1x SYNC/ASYNC
u 1x RxC SYNC/ASYNC

u u 1 1x 1x SYNC/ASYNC
U E E TxC RxC SYNC/ASYNC
U 1 E TxC 16x SYNC/ASYNC

E 16x RxC SYNC/ASYNC
1 16x 16x SYNC/ASYNC

u U E XSYNC RxC SYNC
U 1 E TxC BKDET ASYNC

u E XSYNC RxC SYNC
u 1 1x BKDET ASYNC
1 E XSYN RxC SYNC
I 1 E TxC BKDET ASYNC
1 E XSYNC RxC SYNC

1 16x BKDET ASYNC

Figure 9. Function of Pin 9 and Pin 25

Command Register (CR)

CRO (TxEN) will enable o r disable the transmitter. When
TxRDY and TxEMT are all high, theTxEN=0, TxD

transmitter is disabled When TxEN goes active, TxRDY
will go low requesting the first character to be written to

the TxH R, and the TxD output will be enabled to transmit.

When TxEN goes inactive, the UPCI will complete transmis-

sion of any character sti ll inthe TxSR. TxD will then go to

the marking state and TxRDY and TxEMT will go high.

Refer to Transmit timing diagram.

CR1 controls the DTR output,

logical complement of CR1

.

The DTR output is a

CR2 (RxEN) will enable or disable the receiver. When
RxEN=0, the receiver is in an idle mode with RxRDY high.

A to 1 transition of RxEN will initiate a start bit search

in asynchronous mode or initiate the hunt mode in

synchronous transmission. A 1 to transition of RxEN
immediately terminates receiver operation.

In the asynchronous mode setting CR3 will force the TxD
output low (break condition) at the end of the current

transmitted character. TxD will then remain low until CR3
is cleared; at that time TxD will go high for a minimum 1

bit time before resuming normal transmission.

In the synchronous mode setting CR3 will force the

transmission of the DLE character prior to sending the

character in the TxHR. Because this is a one-time com-
mand, bit 3 will automatically reset.

CR5 controls the state of the RTS output. When CR5=1

,

RTS will go low and the transmit logic will be enabled. A
1 to transition of CR5 will cause RTS to go high one
TxC time after the last serial bit is transmitted, (if the

TxSR was not already empty).

CR7 and CR6 provide four alternate modes of operation in

both synchronous and asynchronous operation. When both

bits are normal operation is selected.

In the asynchronous mode, when only CR6 is set automatic
echo mode is selected Clocked, regenerated received data
are automatically directed to the TxD line while normal
receiver operation continues. The receiver must be enabled
(CR2 = 1 ), but the transmitter need not be enabled. CPU to
receiver communications continue normally, but the CPU
to transmitter link is disabled. Only the first character of
a break condition is echoed. The TxD output will go high
until the next valid start is detected. The following condi-
tions are true while in automatic echo mode:
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Data .assembled by the receiver is automatically

placed in the transmit holding register and re-

transmitted by the transmitter on the TxD output.

Transmit clock = receive clock.

TxRDY output = 1

.

The TxEMT/DSCHG pin will reflect only the data set

change condition.

The TxEN command (CRO) is ignored.

In the synchronous mode, when only the CR6 is set auto-

matic SYN/DLE stripping is performed.The state of MR17
and.MR16 controls which characters are stripped. Re-

ference Figure 10 for a detailed example of the 'characters

stripped.

Note: automatic stripping does not affect setting of the

SYN and DLE detect status bits.

Two diagnostic modes are achievable in both synchronous

and asynchronous operation; local loopback with CR7 = 1

and CR6=0,and remote loopback with both bits = 1.

Local Loop Back

1. The transmitter output is connected to the receiver

input.

2. DTR is connected to DCD and RTS is connected to

CTS.

3. Transmit clock is connected to the receive clock.

4. The DTR , RTS a nd TxD outputs are held high.

5. The CTS, DCD, DSR and RxD inputs are ignored.

Note: CR bits 0, 1 and 5 must be set, CR2 is a don't care.

Remote Loop Back

1. Data assembled by the receiver are automatically

placed in the transmit holding register and re-

transmitted by the transmitter on the TxD output.

2. Receive clock is connected to the transmit clock.

3. No data are sent to the local CPU, but the error status

conditions (PE , OE, FE ) are set

4. The RxRDY, TxRDY, and TxEMT/DSCHG outputs

are held high.

5. CR1 (TxEN) is ignored.

6. All other signals operate normally.

Status Register

SRD is the transmitter ready

logical complement of the TxRDY output

TxRDY) status, it is the

This bit

indicates the state of the TxHR when the transmitter is

enabled (TxEN = 1). A indicates TxHR is full, a 1

indicates TxHR is empty and requires servicing by the CPU.

This bit is cleared by writing to TxHR or by disabling the

transmitter (TxEN = 0). Note: SRO is not set in either the

auto echo or remote loop back modes.

SR1 is the receiver ready (RxRDY) status. It is the logical

complement of the RxRDY output. This bit indicates the

state of the RxHR when the receiver is enabled (RxEN = 1).

A0 indicates the RxHR is empty, a 1 indicates the RxHR is

full and requires servicing by the CPU. This bit is cleared

by writing to the TxHR or by disabling the receiver.

(RxEN = 0).

OPERATING MODE
7 6

NORMAL OPERATION

1 ASYNC: AUTO ECHO
SYNC: SYN AND/OR

DLE STRIPPING

1 LOCAL LOOP BACK
1 1 REMOTE LOOP BACK

REQUEST TO SEND

5 RTS

FORCE RTS HIGH
1 TxC AFTER LAST
BIT IN TxSR IS

TRANSMITTED

1 FORCE RTS LOW AND
ENABLE TRANSMITTER

RESET ERROR

4 AFFECT ON SR

NONE
1 RESETS SR BITS

3, 4, & 5 ONLY

TRANSMIT CONTROL (TxEN)

TRANSMITTER
DISABLED

1 ENABLED

DATA TERMINAL READY

1 DTR
FORCE DTR HIGH

1 FORCE DTR LOW

RECEIVE CONTROL (RxEN)

2 RECEIVER
DISABLED

1 ENABLED

ASYNC: FORCE BREAK

3 TxD
NORMAL

1 FORCED BREAK

SYNC: SEND DLE

3 CHAR SENT
NONE

1 DLE SENT

Figure 10. Command Register
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SR2 indicates a change of state of either DSR or DCD or

that the TxSR i s empty. This bit is the logical complement
of the TxEMT/DSCHG output.|A',reading of the status

register will clear bit 2 if a state change on DSR or DCD
has occurred. If a second successive read of the status

register indicates bit 2=0, then DCD or DSR changes. If

bit 2 is still set, then the TxSR is empty. Because the

transmitter does not start until the first character has

been written to the TxHR, TxEMT status will not be
reflected until transmission of the first character is com-
plete, TxEMT status is cleared by writing to the TxHR or
disabling the transmitter. Note: TxEMT status will beset
in synchronous mode even though "fill" characters are

being transmitted.

SR3 when set reflects a parity error when parity checking is

enabled in both the synchronous and asynchronous modes.
In the synchronous transparent mode, (MR16 = 1) and the
parity enable bit (MR14) is 0, SR3 will then indicate DLE
detect when set. This indicates that a character matching
DLE register was received and the present character is

neither SYN1 nor DLE. This bit is cleared when the next
character following the above sequence is loaded into the

RxHR, when the receiver is disabled or by a reset error

command.

SR4 indicates an overrun error when set. An overrun
condition exists when the CPU does not read the RxHR
before the next received character is transferred to it.

(The previous character is lost.) SR4 is cleared by the

reset error command and when the receiver is disabled.

In the asynchronous mode SR5 indicates that the received

character was not framed by a stop bit. If the RxHR is

all O's when bit 5 is set, a break condition was present.

In synchronous non-transparent mode, it indicates receipt

of the SYN1 character in single SYN mode or the SYN1-
SYN2 pair in double SYN mode. In synchronous
transparent mode this bit is set upon detection of the
initial synchronizing characters (SYN1 or SYN1-SYN2)
and after synchronization has been achieved, when a DLE-
SYN1 pair is received. The bit is reset when the receiver

is disabled, when the reset error command is given in

asynchronous mode, and when the status register is read by
the CPU in the synchronous mode.

SR6 and SR7 reflect the condition of the DCD and DSR
inputs respectively, Their state is the logical complement
of their respective inputs.

|_7 | 6 |
5

|
4

|
3 | 2

|
1

| |

WHEN SET (=1) THESE BITS

TxRDY
CONDITION RESET BY

TxHR EMPTY WRITING TO TxHRTxRDY =

RxRDY RxHR FULL READ RxHR, DISABLE
RECEIVERRxRDY -0

TxEMT/DSCHG
RxSR EMPTY OR WRITING TO TxHR

STATE CHANGE ON
READING STATUS REGISTERDCD OR DSR

TxEMT/DSCHG =

PE/DLEDET

ASYNC: PARITY ERROR

SYNC: PARITY ERROR
IF ENABLED OR
DLE DETECT

RESET ERROR CMD
DISABLE RECEIVER
P.E. RESET BY: RESET ERROR
CMD AND DISABLE RECEIVER
DLE DETECT RESET BY: NEXT
CHARACTER LOADING INTO RxHR

OE OVERRUN DETECTED RESET ERROR CMD OR DISABLE
RECEIVER

FE/SYNDET ASYNC: FRAMING
ERROR

SYNC: SYN DETECT

RESET ERROR CMD OR DISABLE
RECEIVER
READ STATUS REGISTER OR
DISABLE RECEIVER

DCD COMPLEMENT OF N/ADCD INPUT

DSR COMPLEMENT OF N/A
DSR INPUT

' » * « 3 2 1 •

MASTER RESET - - •1

ET ERROR CMD - " - - -1

-SYMBOL INDICATES NO EFFECT

Figure 11. Status Register

Ordering Information

Part Number BRCLK Baud Rate

UM2661-1 4.9152 MHz 50 M9200
UM2661-2 4.9152 MHz 45.5^38400
UM2661 -3 5.0688 MHz 50 'v19200

5-17



UM6522 A

Versatile Interface Adapter(VIA)

Features

Two 8-bit bi-directional I/O ports

Two 16-bit programmable timer/counters

Serial data port

Single +5V power supply

TTL compatible except Port A
CMOS compatible peripheral Port A lines

Expanded "handshake" capability allows positive

control of data transfers between processor and periph-

eral devices

Latched input and output registers

1 MHz and 2 MHz operation

General Description

The UM6522/A Versatile Interface Adapter (VIA) is a very

flexible I/O control device. In addition, this device con-

tains a pair of very powerful 1 6-bit interval timers, a serial-

to-parallel/parallel-to-serial shift register and input data

latching on the peripheral ports. Expanded handshaking

capability allows control of bi-directional data transfers

between VIA's in multiple processor systems.

Control of peripheral devices is handled primarily through

two 8-bit bi-directional ports. Each line can be program-

med as either an input or an output. Several peripheral

I/O lines can be controlled directly from the interval timers

for generating programmable frequency square waves or

for counting externally generated pulses. To facilitate

control of the many powerful features of this chip, an

interrupt flag register, an interrupt enable register and a

pair of function control registers are provided.

Pin Configuration Block Diagram

DATA v" f\

BUS \| !/

DATA
BUS

BUFFERS

CHIP
ACCESS
CONTROL—

b

>.
LATCH I LATCH

I (TIL-LI

COUNTER I COUNTER
1TICH) 1 ITIC-L)

NPUT LATCH

PORT A REGISTERS

K_

PORT B REGISTERS

^=V

C=>

5-18



urvfc
UM6S22 A

Absolute Maximum Ratings*

Supply Voltage +8.0 VOLTS
Operating Voltage Range +4V to +7V
Input Voltage Applied GND-2.0Vto 6.5V
I/O Pin Voltage Applied GND-0.5V to VCc +0.5V
Storage Temperature Range -65°C to +1 50°C
Operating Temperature Range 0°C to +70°C
Maximum Power Dissipation 1 Watt

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those in-

dicated in the operational sections of this specification is

not implied and exposure to absolute maximum rating con-

ditions for extended periods may affect device reliability.

DC Electrical Characteristics

(VCc = 5.0V ± 5%, TA = - 70°C unless otherwise noted)

Symbol Parameter Min. Max. Unit

V|H Input High Voltage (all except 02) 2.4 Vcc V
Vch Clock High Voltage 2.4 Vcc V
V|L Input Low Voltage -0.3 0.4 V
IN Input Leakage Current - V jN = to 5 Vdc

R/W, RES, RSO, RS1, RS2, RS3, CS1,CS2
CA1.02

±2.5 MA

! TSI Off-state Input Current - V jN
= 0.4 to 2.4V

VCc = Max, DO to D7
- ±10 MA

l|H Input High Current - V|H = 2.4V
PA0-PA7, CA2, PB0-PB7, CB1, CB2

-100 - MA

IlL Input Low Current - V| L = 0.4 Vdc
PA0-PA7, CA2, PB0-PB7, CB1, CB2

- -1.6 mA

V H Output High Voltage
Vcc = min, l|oac|

= -lOOjiAdc
PA0-PA7, CA2, PB0-PB7, CB1, CB2

2.4 — V

Vol Output Low Voltage
VCc = m in. 'load = 1-6 mAdc

- 0.4 V

'OH Output High Current (Sourcing)
VOH = 2.4V
V0H = 1.5VIPB0-PB7)

-100
-1.0

- MA
mA

lOL Output Low Current (Sinking)
V0L = 0.4 Vdc

1.6 - mA

'off Output Leakage Current (Off state)

TROT

- 10 juA

C IN Input Capacitance - TA = 25°C, f = 1 MHz
(R/W, RES, RSO, RS1 , RS2, RS3, CS1 , CS2
D0-D7, PA0-PA7, CA1, CA2, PB0-PB7)
(CB1.CB2)
(02 Input)

- 7.0

10
20

pF

pF
pF

COUT Output Capacitance - TA = 25°C, f = 1 MHz - 10 pF
Pp

I

Power Dissipation (Vcc = 5.25V) - 700 mW

Test Load
5V

PIN-

2.4kJ2

n
24k£2

3k J2

C= 130 pF MAX. FOR D0-D7

C = 30pF MAX. FOR ALL OTHER OUTPUTS

Figure 2. Test Load (for all Dynamic Parameters)

r: 100 pF

OPEN COLLECTOR
OUTPUT TEST LOAD
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Read Timing Characteristics (Figure 3.)

Symbol Parameter
UM6522 UM6522A

Unit
Min. Max. Min. Max.

TCY Cycle Time 1 50 0.5 50 MS

TACR Address Set -Up Time 180 - 90 - ns

TCAR Address Hold Time - - ns

TPCR Peripheral Data Set- Up Time 300 - 300 - ns

TCDR Data Bus Delay Time - 340 - 200 ns

THR Data Bus Hold Time 10 - 10 - ns

Note: tr, tf = 10 to 30 ns.

02 CLOCK X
CHIP SELECTS, .

REGISTER SELECTS, ^
R/W

- TACR-

.>'

PERIPHERAL . v
DATA S£

TPCR-

Tr
-TCY-

-TCDF

^

N. J
tf

TCAR

THR

< DATA VALID:^
Figure 3. Read Timing Characteristics

Write Timing Characteristics (Figure 4.)

Note: tr, tf = 10 to 30ns.

Symbol Parameter
UM6522 UM6522A

Unit
Min. Max. Min. Max.

TCY Cycle Time 1 50 0.50 50 Ms

TC <t>2 Pulse Width 0.44 25 0.22 25 JUS

TACW Address Set- Up Time 180 - 90 - ns

TCAW Address Hold Time - - ns

TWGW R/W Set- Up Time 180 - 90 - ns

TCWW R/W Hold Time - - ns

TDCW Data Bus Set -Up Time 300 - 150 - ns

THW Data Bus Hold Time 10 - 10 - ns

TCPW Peripheral Data Delay Time - 1.0 - 1.0 Ms

TCMOS
Peripheral Data Delay Time
to CMOS Levels

- 2.0 - 2.0 MS

02 CLOCK

CHIP SELECTS, vXN
REGISTER SELECTS, ^

PERIPHERAL
DATA

VCC

Figure 4. Write Timing Characteristics
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Peripheral Interface Characteristics

Symbol Parameter Min. Max. Typ. Unit Figure
|

tr. tf
Rise and Fall Time for CA1, CB1.CA2, and CB2
Input Signals

- 1.0 MS -

TCA2
Delay Time, Clock Negative Transition to CA2,
Negative Transition (read handshake or pulse mode)

- 1.0 •Us 5a, 5b

TRS
Delay Time, Clock Negative Transition to CA2, Positive

Transition (pulse mode)
- 1.0 US 5a

TRS2
Delay Time, CA1 Active Transition to CA2, Positive

Transition (handshake mode)
- 2.0 MS 5b

TWHS
Delay Time, Clock Positive Transition to CA2 or CB2,
Negative Transition (write handshake)

0.05 1.0 MS 5c, 5d

TDS
Delay Time, Peripheral Data Valid to CB2, Negative

Transition
0.20 1.5 JUS 5c, 5d

T RS3
Delay Time, Clock Transition to CA2 or CB2,
Positive Transition (pulse mode)

- 1.0 JUS 5c

TRS4
Delay Time, CA1 or CB1 Active Transition to CA2 or

CB2, Positive Transition (handshake mode)
- 2.0 JUS 5d

T2 1

Delay Time Required from CA2 Output to CA1,
Active Transition (handshake mode)

400 - ns 5d

Til
Set-up Time, Peripheral Data Valid to CA1 or CB1,
Active Transition (input latching) 300 - ns 5e

TSR1
Shift-Out Delay Time — Time from 2 Falling Edge
to CB2, Data Out

- 300 ns 5f

TSR2
Shift-In Setup Time — Time from CB2 Data in to 2

Rising Edge
300 - ns 5g

TSR3
External Shift Clock (CB1 ) Setup Time Relative to

2 Trailing Edge 100 TCY ns 5g

T|PW Pulse Width - PB6 Input Pulse 2xTCY - 5i

T|CW Pulse Width - CB1 Input Clock 2xTCY - 5h

t ips Pulse Spacing — PB6 Input Pulse 2xTCY - 5i

Tics Pulse Spacing — CB1 Input Pulse 2xTCY - 5h

Tai CA1, CB1 Set-Up Prior to Transition to Arm Latch Tc +50 - ns 5h

TPDH Peripheral Data Hold After CA1, CB1 Transition 150 - ns 5e

TpWl
Set-Up Required on CA1 , CB1 , CA2 or CB2 Prior to

Triggering Edge Tc +50 - ns 5j

TDPR
TDPL

Shift Register Clock — Delay from 2

to CB1 Rising Edge

to CB1 Falling Edge

200

125

ns

ns

5k

5k

Timing Waveforms

02 / V_/ N^^
READ IRA
OPERATION

CA2
"DATA TAKEN"

/" \.

TCA2> • T RS1

Figure 5a. CA2 Timing for Read Handshake, Pulse Mode
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\^|U!VIC

Timing Waveforms (Continued)

h \ / s /
RFAD IRA

\OPERATION X
"DATA TAKEN" Si

TCA2 • \+—T RS2-*>

e—

) f

"DATA RFAOY" ,„. y
ACTIVE
TRANSITION

t

Figure 5b. CA2 Timing for Read Handshake, Handshake Mode

WRITE ORA, ORB
OPERATION

CA2, CB2
"DATA READY"

PA, PB
PERIPHERAL DATA £

/ S A \^^' \^_^
X

" TWHS

TDS
X

TRS3

Figure 5c. CA2, CB2 Timing for Write Handshake, Pulse Mode

WRITE ORA, ORB
OPERATION

CA2. CB2
"DATA READY'

PA, PB
PERIPHERAL DATA ^

CA1, CB1
"DATA TAKEN'

ACTIVE
TRANSITION

Figure 5d. CA2, CB2 Timing for Write Handshake, Handshake Mode

PA, PB
PERIPHERAL
INPUT DATA *

CA1.CB1
INPUT LATCHING
CONTROL

ACTIVE
TRANSITION

Figure 5e. Peripheral Data Input Latch Timing
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UM6522 A

<t>2

n_r~i__r-L
CB2
SHIFT DATA \\
(OUTPUT) "**

CB1
SHIFT CLOCK
(INPUT OR OUTPUT)

TSR1

I DELAY TIME MEASURED FROM THE FIRST
<t>2

FALLING EDGE AFTER CB1 FALLING EDGE.

Figure 5f. Timing for Shift Out with Internal or External Shift Clocking

CB2
SHIFT DATA vN
(INPUT) *

CB1
SHIFT CLOCK
(INPUT OR OUTPUT)

TSR2

TSR3
SETUP TIME MEASURED TO THE FIRST
RISING EDGE AFTER CB1 RISING EDGE

Figure 5g. Timing for Shift In with Internal or External Shift Clocking

CB1
SHIFT CLOCK
INPUT X #'

T ICW T ICS

X
Figure 5h. External Shift Clocking

PB6
PULSE COUNT
INPUT

X y c

T IPW Tips

Figure 5i. Pulse Count Input Timing

X

CA1 , CA2 ^ .

.

CB1.CB2 ^
TPWI

Figure 5j. Setup Time to Trigger Edge

INTERRUPT
GENERATING
EDGE

_r
CB1 s

J l_l L

TDPR

i r

x
- TDPL

Figure 5k. Shift in/out with Internal Clock Delay CD2 to CB1 Edge
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Pin Description

RES (Reset)

The reset input clears all internal registers to logic "0"

(except T1 and T2 latches and counters and the Shift

Register). This places all peripheral interface lines in the

input state, disables the timers, shift register, etc. and

disables interrupting from the chip.

</>2 (Input Clock)

The input clock is the system 02 clock and is used to

trigger all data transfers between the system processor and

the UM6522/A.

R/W (Read/Write)

The direction of the data transfers between the UM6522/A
and the system processor is controlled by the R/W line. If

R/W is low, data will be transferred out of the processor

into the selected UM6522/A register (write operation). If

R/W is high and the chip is selected, data will be transferred

out of the UM6522/A (read operation).

DB0-DB7 (Data Bus)

The eight bi-directional data bus lines are used to transfer

data between the UM6522/A and the system processor.

During read cycles, the contents of the selected UM6522/A

register are placed on the data bus lines and transferred

into the processor. During write cycles, these lines

are high-impedance inputs and data is transferred from

the processor into the selected register. When the

UM6522/A is unselected, the data bus lines are high-

impedance.

CS1, CS2 (Chip Selects)

The two chip select inputs are normally connected to

processor address lines either directly or through decoding.

The selected UM6522/A register will be accessed when
CS1 is high and CS2 is low.

RS0-RS3 (Register Selects)

The four Register Select inputs permit the system processor

to select one of the 16 internal registers of the UM6522/A,

as shown in Figure 6.

IRQ (Interrupt Request)

The Interrupt Request output goes low whenever an

internal interrupt flag is set and the corresponding interrupt

enable bit is a logic "1". This output is "open-drain" to

allow the interrupt request signal to be wire-ORed with

other equivalent signals in the system.

Register

Number

RS Coding
Register

Desig.

Description

RS3 RS2 RS1 RSO Write Read

ORB/IRB Output Register "B" Input Register "B"

1 1 ORA/IRA Output Register "A" Input Register "A"

2 1 DDRB Data Direction Register "B"

3 1 1 DDRA Data Direction Register "A"

4 1 T1C-L T1 Low-Order Latches T1 Low-Order Counter

5 1 1 T1C-H T1 High-Order Counter

6 1 1 T1L-L T1 Low-Order Latches

7 1 1 1 T1L-H T1 High-Order Latches

8 T2C-L T2 Low-Order Latches T2 Low-Order Counter

9 1 T2C-H T2 High-Order Counter

10 1 SR Shift Register

11 1 1 ACR Auxiliary Control Register

12 1 PCR Peripheral Control Register

13 1 1 IFR Interrupt Flag Register

14 1 1 IER Interrupt Enable Register

15 1 1 1 ORA/IRA Same as Reg 1 Except No. "Handshake"

Figure 6. UM6522/A Internal Register Summary
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PA0-PA7 (Peripheral A Port)

The Peripheral A port consists of 8 lines which can be

individually programmed to act as inputs or outputs under

control of a Data Direction Register. The polarity of

output pins is controlled by an Output Register and input

data may be latched into an internal register under control

of the CA1 line. All of these modes of operation are con-

trolled by the system processor through the internal control

registers. These lines represent one standard TTL load in

the input mode and will drive one standard TTL load in the

output mode. Figure 7 illustrates the output circuit.

CA1, CA2 (Peripheral A Control Lines)

The two Peripheral A control lines act as interrupt inputs

or as handshake outputs. Each line controls an internal

interrupt flag with a corresponding interrupt enable bit. In

addition, CA1 controls the latching of data on Peripheral

A port input lines. CA1 is a high impedance input only;

while CA2 represents one standard TTL load in the input

mode. CA2 will drive one standard TTL load in the output

mode.

I/O CONTROL
OUTPUT DATA =D^

PA0-PA7 CA2

INPUT DATA

Figure 7. Peripheral A Port Output Circuit

Functional Description

Port A and Port B Operation

Each 8-bit peripheral port has a Data Direction Register

(DDRA, DDRB) for specifying whether the peripheral pins

are to act as inputs or outputs. A "0" in a bit of the Data

Direction Register causes the corresponding peripheral

pin to act as an input. A "1" causes the pin to act as an

output.

When programmed as an output each peripheral pin is also

controlled by a corresponding bit in the Output Register

(ORA' ORB). A "1" in the Output Register causes the out-

put to go high, and a "0" causes the output to go low. Data

may be written into Output Register bits corresponding

to pins which are programmed as inputs. In this case,

however, the output signal is unaffected.

Reading a peripheral port causes the contents of the Input

Register (IRA, IRB) to be transferred onto the Data Bus.

With input latching disabled, IRA will always reflect the

levels on the PA pins. With input latching enabled and the

selected active transition on CA1 having occurred, IRA

PB0-PB7 (Peripheral B Port)

The Peripheral B port consists of eight bi-directional lines

which are controlled by an output register and a data direc-

tion register in much the same manner as the PA port. In

addition, the PB7 output signal can be controlled by one
of the interval timers while the second timer can be pro-

grammed to count pulses on the PB6 pin. Peripheral B
lines represent one standard TTL load in the input mode
and will drive one standard TTL load in the output mode.

In addition, they are capable of sourcing 1.0mA at 1.5VDC
in the output mode to allow the outputs to directly drive

Darlington transistor circuits. Figure 8 is the circuit

schematic.

CB1, CB2 (Peripheral B Control Lines)

The Peripheral B control lines act as interrupt inputs or

as handshake outputs. As with CA1 andCA2, each line

controls an interrupt flag with a corresponding interrupt

enable bit. In addition, these lines act as a serial port under

control of the Shift Register. These lines represent one
standard TTL load in the input mode and will drive one

standard TTL load in the output mode. Unlike PB0-PB7.

CB1 and CB2 cannot drive Darlington transistor circuits.

+5V
INPUT/

OUTPUT
CONTROL ^FFDHI

OUTPUT
DATA

iNPUT DATA *-

3>HI

PB0-PB7

CB1, CB2

Figure 8. Peripheral B Port Output Circuit

will contain the data present on the PA lines at the time

of the transition. Once IRA is read, however, it will appear

transparent, reflecting the current state of the PA lines

until the next "latching" transition.

The IRB register operates similar to the IRA register.

However, for pins programmed as outputs there is a dif-

ference. When reading IRA, the level on the pin determines

whether a "0" or a "1"
is sensed. When reading IRB,

however, the bit stored in the output register, ORB, is the

bit sensed. Thus, for outputs which have large loading

effects and which pull an output "1" down or which pull

an output "0" up, reading IRA may result in reading a "0"

when a "1" was actually programmed, and reading a "1

"

when a "0" was programmed. Reading IRB, on the other

hand, will read the "1" or "0" level actually programmed,
no matter what the loading on the pin.

Figures 9, 10 and 11 illustrate the formats of the port

registers. In addition, the input latching modes are selected

by the Auxiliary Control Register (Figure 17.)
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Handshake Control of Data Transfer

The UM6522/A allows positive control of data transfer

between the system processor and peripheral devices

through the operation of "handshake" lines. Port A lines

(CA1, CA2) handshake data on both a read and a write

operation while the Port B lines (CB1, CB2) handshake

on a write operation only.

Read Handshake

Positive control of data transfer from peripheral devices

into the system processor can be accomplished very effec-

tively using Read Handshaking. In this case, the peripheral

device must generate the equivalent of a "Data Ready"

signal to the processor signifying that valid data is present

on the peripheral port. This signal normally interrupts

REGO-ORB/IRB

the processor, which then reads the data, causing generation

of a "Data Taken" signal. The peripheral device responds

by making new data available. This process continues

until the data transfer is complete.

In the UM6522/A, automatic "Read" Handshaking is

possible on the Peripheral A port only. The CA1 interrupt

input pin accepts the "Data Ready" signal and CA2
generates the "Data Taken" signal. The "Data Ready"

signal will set an internal flag which may interrupt the

processor or which may be polled under program control.

The "Data Taken" Signal can either be a pulse or a level

which is set low by the system processor and is cleared

by the "Data Ready" signal. These options are shown

in Figure 12 which illustrates the normal Read Handshaking

sequence.

REG1-ORA/IRA

7 6 5432 10

PBO

-PB1

-PB2

-PB3

-PB4

-PB5

-PB6

-PB7

OUTPUT REGISTER "B" (ORBI
OR

INPUT REGISTER "B" ( IRBI

Pin Data
Direction Selection

Write Read

DDRB = "1" (OUTPUT) MPU writes Output
Level (ORB)

MPU reads output register

but in ORB. Pin Level has

no affect.

DDRB = "0" (INPUTI
(Input latching disabled!

MPU writes into

ORB but no effect

On Pin Level until

DDRB changed

MPU reads input level

on PB Pin.

DDRB = "0" (INPUT)

{Input Latching enabled)

MPU reads IRB bit, which is

the level of the PB pin at the

time of the last CB1 active

transition.

Figure 9. Output Register B (ORB), Input Register B (IRB)

-PAO

-PA1

-PA2

-PA3

-PA4

-PA5

-PA6

-PA7

OUTPUT REGISTER "A" (ORA)
OR

INPUT REGISTER "A" (IRA)

Pin Data
Direction Selection

Write Read

DDRA="1" (OUTPUT)
(Input latching disabled)

MPU writes Output

Level (ORA)

MPU reads level on PA pin.

DDRA="1" (OUTPUT)
(Input latching enabled)

MPU reads IRA bit which is

the level of the PA pin at

the time of the last CA1
active transition.

DDRA = "0" (INPUT)
(Input latching disabled) MPU writes into

ORA, but no effect

on pin level, until

DDRA changed.

..

MPU reads level on PA pin.

DDRA = "0" (INPUT)

(Input latching enabled)

MPU reads IRA bit which is

the level of the PA pin at

the time of the last CA1
active transition.

Figure 10. Output Register A (ORA),

Input Register A (IRA)

REG 2 (DDRB) AND REG 3 (DDRA)

7 6 5 4 3 2 10

- PB0/PA0

-PB1/PA1

- PB2/PA2

PB3/PA3

- PB4/PA4

- PB5/PA5

- PB6/PA6
- PB7/PA7

DATA DIRECTION REGISTER
"B" OR "A" (DDRB/DDRA)

•0" ASSOCIATED PB/PA PIN IS AN INPUT

(HIGH- IMPEDANCE)

'1" ASSOCIATED PB/PA PIN IS AN OUTPUT
WHOSE LEVEL IS DETERMINED BY
ORB/ORA REGISTER BIT

Figure 11. Data Direction Registers (DDRB, DDRA)

Write Handshake

The sequence of operations which allows handshaking data

from the system processor to a peripheral device is very

similar to that described for Read Handshaking. However,

for Write Handshaking, the UM6522/A generates the "Data
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Ready" signal and the peripheral device must respond

with the "Data Taken" signal. This can be accomplished

on both the PA port and the PB port on the UM6522/A.
CA2 or CB2 act as a "Data Ready" output in either the

handshake mode or pulse mode and CA1 or CB1 accept

the "Data Taken" signal from the peripheral device, setting

the interrupt flag and clearing the "Data Ready" output.

This sequence is shown in Figure 13.

Selection of operating modes for CA1 , CA2, CB1 , and CB2
is accomplished by the Peripheral Control Register (Figure

14).

DATA READY (CA1

IRQ OUTPUT

READ IRA
OPERATION

"DATA TAKEN"
HANDSHAKE MODE
(CA2)

"DATA TAKEN"
PULSE MODE
(CA2)

Figure 12. Read Handshake Timing (Port A, Only)

WRITE ORA, ORB
OPERATION

"DATA READY-
HANDSHAKE MODE
(CA2, CB2)

"DATA READY"
PULSE MODE
(CA2, CB2)

"DATA TAKEN"
(CA1, CB1)

TRQ OUTPUT

REG 12 -PERIPHERAL CONTROL REGISTER

CB2 CONTROL
7 6 5 OPERATION

INPUT NEGATIVE ACTIVE EDGE
1 INDEPENDENT INTERRUPT

INPUT NEG EDGE
1 INPUT POSITIVE ACTIVE EDGE
1 1 INDEPENDENT INTERRUPT

INPUT POS EDGE
1 HANDSHAKE OUTPUT
1 1 PULSE OUTPUT
1 1 LOW OUTPUT
1 1 1 HIGH OUTPUT

CB1 INTERRUPT CONTROL-

CA2 CONTROL

= NEGATIVE ACTIVE EDGE
1 = POSITIVE ACTIVE EDGE

3 2 1 OPERATION
INPUT NEGATIVE ACTIVE EDGE

1 INDEPENDENT INTERRUPT
INPUT NEG EDGE

1 INPUT POSITIVE ACTIVE EDGE
1 1 INDEPENDENT INTERRUPT

INPUT POS EDGE
1 HANDSHAKE OUTPUT
1 1 PULSE OUTPUT
1 1 LOW OUTPUT
1 1 1 HIGH OUTPUT

(SEE NOTE ACCOMPANYING FIGURE 25)

Figure 14. CA1, CA2, CB1, CB2 Control

Timer Operation

Interval Timer, T1 , consists of two 8-Bit latches and a 1 6-bit

decrement at the <t>2 clock rate. Upon reaching "zero", an

interrupt flag will be set, and IRQ will go low if the inter-

rupt decrements at the 02 clock rate. Upon reaching

"zero" an interrupt flag will be set, and IRQ will go low

if the interrupt is enabled. The timer will then disable any

further interrupts, or (when programmed to) will autom-

atically transfer the contents of the latches into the counter

and begin to decrement again. In addition, the timer may
be programmed to invert the output signal on a peripheral
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pin each time it "times-out." Each of these modes is

discussed separately below.

The T1 counter is depicted in Figure 15 and the latches in

Figure 16.

Reg 4 — Timer 1 Low -Order Counter

Two bits are provided in the Auxiliary Control Register

(bits 6 and 7) to allow selection of the T1 operating modes.

The four possible modes are depicted in Figure 1 7.

Reg 5 — Timer 1 High -Order Counter

7 j 6 [5|4J3|2|
1 |o|

76543210

64
128

-COUNT VALUE

-256

-512

-1024

-2048

-4096

-8192

-16384
- 32768

-COUNT VALUE

WRITE -8 BITS ARE LOADED INTO T1 LOW-ORDER LATCHES.
LATCH CONTENTS ARE TRANSFERRED INTO LOW
ORDER COUNTER AT THE TIME THE HIGH ORDER
COUNTER IS LOADED (REG. 51.

READ - 8 BITS FROM T1 LOW-ORDER COUNTER ARE TRANS-
FERRED TO MPU. IN ADDITION. T1 INTERRUPT FLAG
IS RESET (BIT 6 IN INT£RRUPT FLAG REGISTER).

-8 BITS LOADED INTO T1 HIGH-ORDER LATCHES. ALSO.

AT THIS TIME BOTH HIGH AND LOW-ORDER LATCHES
ARE TRANSFERRED INTO THE T1 COUNTER. AND
INITIATES COUNTDOWN. T1 INTERRUPT FLAG IS ALSO
RESET.

8 BITS FROM T1 HIGH-ORDER COUNTER TRANSFERRED
TO MPU.

Figure 15. T1 Counter Registers

Reg 6 — Timer 1 Low-Order Latches

3

Reg 7 — Timer 1 High-Order Latches

32
64

128

7 6 5 4 3 2 10

-COUNT VALUE -COUNT VALUE

WRITE -8 BITS ARE LOADED INTO T1 LOW-ORDER LATCHES.
THIS OPERATION IS NO DIFFERENT FOLLOWING A
WRITE INTO REG 4.

READ- 8 BITS FROM T1 LOW-ORDER LATCHES TRANSFERRED
TO MPU. UNLIKE REG 4 OPERATION. THIS DOES NOT
CAUSE RESET OF T1 INTERRUPT FLAG.

1 256

512

1024

-2048

4096

8192

16384

32768_

WRITE -8 BITS LOADED INTO T1 HIGH-ORDER LATCHES. UNLIKE

REG 4 OPERATION. NO LATCH-TO-COUNTER TRANS-

FERS TAKE PLACE.

READ -8 BITS FROM T1 HIGH-ORDER LATCHES ARE TRANS-

FERRED TO MPU

Figure 16. T1 Latch Registers

Reg 11 —Auxiliary Control Register

T1 TIMER CONTROL

|6|5|4 |3|2| 1

7 6 OPERATION PB7

TIMED INTERRUPT EACH TIME T1 IS LOADED
DISABLED

1 CONTINUOUS INTERRUPTS
1 TIMED INTERRUPT EACH TIME T1 IS LOADED ONE-SHOT OUTPUT
1 1 CONTINUOUS INTERRUPTS SQUARE WAVE OUTPUT

T2 TIMER CONTROL-

TIMED INTERRUPT
COUNT DOWN WITH PULSES ON PB6

LATCH ENABLE DISABLE

= DISABLE
1 = ENABLE LATCHING

-SHIFT REGISTER CONTROL

4 3 2 OPERATION
DISABLED

1 SHIFT IN UNDER CONTROL OF T2

1 SHIFT IN UNDER CONTROL OF <t>2

1 1 SHIFT IN UNDER CONTROL OF EXT CLK

1 SHIFT OUT FREE RUNNING AT T2 RATE

1 1 SHIFT OUT UNDER CONTROL OF T2

1 1 SHIFT OUT UNDER CONTROL OF 02
1 1 1 SHIFT OUT UNDER CONTROL OF EXT CLK

Figure 17. Auxiliary Control Register

Note: The processor does not write directly to the low order counter (T1C-L). Instead, this half of the counter is loaded automatically from

the low order latch when the processor writes to the high order counter. In fact, it may not be necessary to write to the low order counter in

some applications since the timing operation is triggered by writing to the high order counter.
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T2 COUNT

Figure 18. Timer 1 and Timer 2 One-Shot Mode Timing

Timer 1 One-Shot Mode

The interval timer one-shot mode allows generation of a

single interrupt for each Timer load operation. In addition.

Timer 1 can be programmed to produce a single negative

pulse on PB7.

To generate a single interrupt ACR bits 6 and 7 must be

"0", then either TIL-L or TIC-L must be written with the

low-order count value. (A write to TIC-L is effectively

a Write to TIL-L). Next, the high-order count value is

written to TIC-H, (the value is simultaneously written into

TIL-H), and TIL-L is transferred to TIC-L. Countdown
begins on <j>2 following the write TIC-H and decrements

at the </>2 rate. T1 interrupt occurs when the counters

reach "0". Generation of a negative pulse on PB7 is done

in the same manner, except ACR bit 7 must be a one. PB7

will go low after a Write TIC-H and go high again when
the counters reach "0".

The T1 interrupt flag is reset by either writing TIC-H
(starting a new count) or by reading TIC-L.

Timing for the one-shot mode is illustrated in Figure 18.

Timer 1 Free- Run Mode

The most important advantage associated with the latches

in T1 is the ability to produce a continuous series of evenly

spaced interrupts and the ability to produce a square wave
on PB7 whose frequency is not affected by variations in

the processor interrupt response time. This is accomplished

in the "free-running" mode.

In the free-running mode, the interrupt flag is set and the

signal on PB7 is inverted each time the counter reaches

zero. However, instead of continuing to decrement from

zero after a time-out, the timer automatically transfers

the contents of the latch into the counter (16 bits) and

continues to decrement from there. It is not necessary to

rewrite the timer to enable setting the interrupt flag on the

next time-out. The interrupt flag can be cleared by reading

TIC-L, by writing directly into the flag as will be described

later, or if a new count value is desired by a write to TIC-H.

All interval timers in the UIV16522/A are "re-triggerable".

Rewriting the counter will always re-initialize the time-out

period. In fact, the time-out can be prevented completely

if the processor continues to rewrite the timer before it

reaches zero. Timer 1 will operate in this manner if the

processor writes into the high order counter (T1C-H).

However, by loading the latches only, the processor can

access the timer during each down-counting operation

without affecting the time-out in process. Instead, the

data loaded into the latches will determine the length of

the next time-out period. This capability is particularly

valuable in the free-running mode with the output enabled.

In this mode, the signal on PB7 is inverted and the interrupt

flag is set with each time-out. By responding to the inter-

rupts with new data for the latches, the processor can

determine the period of the next half cycle during each

half cycle of the output signal on PB7. In this manner,

very complex waveforms can be generated. Timing for the

free-running mode is shown in Figure 19.

WRITE TIC-H
OPERATION

IRQ OUTPUT

PB7 OUTPUT

Figure 19. Timer 1 Free- Run Mode Timing

Note: A precaution to take when using PB7 as the timer output concerns the data direction Register contents for PB7.

Both DDRB bit 7 and ACR bit 7 must be "1
" for PB7 to function as the timer output. If either is a "0", then PB7 functions

as a normal output pin, controlled by ORB bit 7.
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Timer 2 Operation

Timer 2 operates as an interval timer (in the "one-shot"

mode only), or as a counter for counting negative pulses

on the PB6 peripheral pin. A single control bit is provided

in the Auxiliary Control Register to select between these

two modes. This timer is comprised of a "write-only"

low-order latch (T2L-L), a "read-only" low-order counter

and a read/write high order counter. The counter registers

act as a 16-bit counter which decrements at the <t>2 rate.

Figure 20 illustrates the T2 Counter Registers.

Timer 2 One-Shot Mode

As an interval timer, T2 operates in the "one-shot" mode

Reg 8 - Timer 2 Low -Order Counter

1

2

4

8

16

32

64

128

COUNT VALUE

WRITE -8 BITS LOADED INTO T2 LOW-ORDER LATCHES.

READ -8 BITS FROM T2 LOW-ORDER COUNTER TRANS-
FERRED TO MPU. T2 INTERRUPT FLAG IS RESET.

similar to Timer 1. In this mode, T2 provides a single

interrupt for each "write T2C-H" operation. After timing

out, (reading 0) the counters "roll-over" to all 1's (FFFF 16 )

and continue decrementing, allowing the user to read

them and determine how long T2 interrupt has been set.

However, setting of the interrupt flag will be disabled

after initial time-out so that it will not be set by the

counter continuing to decrement through zero. The
processor must rewrite T2C-H to enable setting of the

interrupt flag. The interrupt flag is cleared by reading

T2C-L or by writing T2C-H. Timing for this operation

is shown in Figure 18.

Reg 9 - Timer 2 High-Order Counter

7 6 5 4 3 2 10

256

512

1024

2048

4096

8192

16384

32768

COUNT VALUE

WRITE -8 BITS LOADED INTO T2 HIGH-ORDER COUNTER.
ALSO, LOW-ORDER LATCHES TRANSFERRED TO
LOW-ORDER COUNTER, IN ADDITION, T2 INTER-
RUPT FLAG IS RESET,

READ 8 BITS FROM T2 HIGH-ORDER COUNTER TRANS-
FERRED TO MPU.

Figure 20. T2 Counter Registers

Timer 2 Pulse Counting Mode

In the pulse counting mode, T2 serves primarily to count

a predetermined number of negative-going pulses on PB6.

This is accomplished by first loading a number into T2.

Writing into T2C-H clears the interrupt flag and allows the

counter to decrement each time a pulse is applied to PB6.

The interrupt flag will be set when T2 reaches zero. At this

time, the counter will continue to decrement with each

pulse on PB6. However, it is necessary to rewrite T2C-H
to allow the interrupt flag to be set on subsequent down-

counting operations. Timing for this mode is shown in

Figure 21. The pulse must be low on the leading edge of

<t>2.

Shift Register Operation

The Shift Register (SR) performs serial data transfer

into and out of the CB2 pin under control of an internal

modulo-8 counter. Shift pulses can be applied to the

CB1 pin from an external source or, with the proper mode
selection, shift pulses generated internally will appear on

the CB1 pin for controlling external devices.

The control bits which select the various shift register

operating modes are located in the Auxiliary Control

Register. Figure 22 illustrates the configuration of the

SR data bits and the SR control bits of the ACR.

Figures 23 and 24 illustrate the operation of the various

shift register modes.

Interrupt Opeiation

Controlling interrupts within the UM6522/A involves three

principal operations. These are flagging the interrupts,

enabling interrupts and signaling to the processor that

an active interrupt exists within the chip. Interrupt flags

are set by interrupting conditions which exist within the

chip or on inputs to the chip. These flags normally remain

set until the interrupt has been serviced. To determine the

source of an interrupt, the microprocessor must examine

these flags in order from highest to lowest priority. This is

accomplished by reading the flag register into the processor

accumulator, shifting this register either right or left and

then using conditional branch instructions to detect an

active interrupt.
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Associated with each interrupt flag is an interrupt enable processor,

bit. This can be set or cleared by the processor to enable

interrupting the processor from the corresponding interrupt

flag. If an interrupt flag is set to a logic "1 " by an interrupt-

ing condition, and the corresponding interrupt enable bit

is set to a "1", the Interrupt Request Output (IRQ) will go

low. IRQ is an "open-collector" output which can be

wire-ORed to other devices in the system to interrupt the

WRITE T2C-H
OPERATION

PB6 INPUT

"IRQ OUTPUT

J 1

In the UM6522/A, all the interrupt flags are contained in

one register. In addition, bit 7 of this register will be read

as a logic "1
" when an interrupt exists within the chip. This

allows very convenient polling of several devices within

a system to locate the source of an interrupt.

T-T
•a-

N-2

Figure 21. Timer 2 Pulse Counting Mode

Reg 10 - H Reg 10 - Shift Register

7 6 543210

SHIFT REGISTER SITS

NOTES:
1. WHEN SHIFTING OUT. BIT 7 IS THE FIRST BIT
OUT AND SIMULTANEOUSLY IS ROTATED BACK
BIT AND SHIFTED TOWARDS BIT 7.

2. WHEN SHIFTING IN, BITS INITIALLY ENTER
BIT AND ARE SHIFTED TOWARDS BIT 7.

Reg 1 1 — Auxiliary Control Register

-SHIFT REGISTER MODE CONTROL

4 3 2 OPERATION
DISABLED

1 SHIFT IN UNDER CONTROL OF T2
1 SHIFT IN UNDER CONTROL OF 02
1 1 SHIFT IN UNDER CONTROL OF EXT CLK

1 SHIFT OUT FREE-RUNNING AT T2 RATE
1 1 SHIFT OUT UNDER CONTROL OF T2
1 1 SHIFT OUT UNDER CONTROL OF 02
1 1 1 SHIFT OUT UNDER CONTROL OF EXT CLK

Figure 22. SR and ACR Control Bits

SR Disabled (000)

The 000 mode is used to disable the Shift Register. In this

mode the microprocessor can write or read the SR, but the

shifting operating is disabled and operation of CB1 and CB2
is controlled by the appropriate bits in the Peripheral

Control Register (PCR). In this mode the SR Interrupt

Flag is disabled (held to a logic "0").

Shift in Under Control of T2 (001)

In the 001 mode the shifting rate is controlled by the low

order 8 bits of "T2". Shift pulses are generated on the

CB1 Pin to control shifting in external devices. The time

between transitions of this output clock is a function of

the system clock period and the contents of the low order

T2 latch (N).

The shifting operation is triggered by writing or reading

the shift register. Data is shifted first into the low order

bit of SR and is then shifted into the next higher order

bit of the shift register on the negative-going edge of each

clock pulse. The input data should change before the

positive-going edge of the CB1 clock pulse. This data is

shifted into the shift register during the <t>2 clock cycle

following the positive-going edge of the CB1 clock pulse.

After 8 CB1 clock pulses, the shift register interrupt flag

will be set and IRQ will go low.

* JLTUinnnnnnnnim
WRITE OR READ

SHIFT REG.

CB1 OUTPUT
SHIFT CLOCK

CB2 INPUT
DATA

IT
N+2 CYCLES N + 2

CYCLES
2 L^lJ

-
*^~l

wry^mraKMmmmQ
Figure 23-1 Shift Register Input Modes
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Shift in Under Control of </>2 (010)

In mode 010 the shift rate is a direct function of the system

clock frequency. CB1 becomes an output which generates

shift pulses for controlling external devices. Timer 2 op-

erates as an independent interval timer and has no effect

on SR. The shifting operation is triggered by reading or

writing the Shift Register. Data is shifted first into bit

and is then shifted into the next higher order bit of the

shift register on the trailing edge of each <j>2 clock pulse.

After 8 clock pulses, the shift register interrupt flag will

be set, and the output clock pulses on CB1 will stop.

READ SR
OPERATION

*2 jirLnnjuinnnnnjinjuuiruui^
i i

__TL
CB1 OUTPUT
SHIFT CLOCK unjn_n_n_rLn_nj

CB2 INPUT
DATA ii ^CDdXIXIXDCIXIXE)^^

Figure 23-2 Shift Register Input Modes

Shift in Under Control of External CB1 Clock (011)

In mode 011 CB1 becomes an input. This allows an ex-

ternal device to load the shift register at its own pace.

The shift register counter will interrupt the processor

each time 8 bits have been shifted in. However, the shift

register counter does not stop the shifting operation;

it acts simply as a pulse counter. Reading or writing the

Shift Register resets the Interrupt flag and initializes the

SR counter to count another 8 pulses.

Note that the data is shifted during the first system clock

cycle following the positive-going edge of the CB1 shift

pulse. For this reason, data must be held stable during

the first full cycle after CB1 goes high.

*2 jririJLnriJiJinj^^

CB1 OUTPUT
SHIFT CLOCK

Figure 23-3 Shift Register Input Modes

Shift Out Free-Running at T2 Rate (100)

Mode 100 is very similar to mode 101 in which the shift

rate is set by T2. However, in mode 100 the SR Counter

does not stop the shift operation. Since Shift Register

bit 7 (SR7) is circulated back into bit 0, the 8 bits loaded

into the shift register will be clocked onto CR2 repeatedly.

In this mode the shift register counter is disabled, and

IRQ is never set.

juuuuinnjuinnnn^
WRITE SR

OPERATION

CB1 OUTPUT'
SHIFT CLOCK

CB2 .NPUTMlMlllf r^nr^nrrfhrr-T
Figure 24-1 Shift Register Output Modes
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Shift Out Under Control of T2 (101)

In mode 101 the shift rate is controlled by T2 (as in the

previous mode). However, with each read or write of

the shift register the SR Counter is reset and 8 bits are

shifted onto CB2. At the same time, 8 shift pulses are

generated on CB1 to control shifting in external devices.

After the 8 shift pulses, shifting is disabled, the SR
Interrupt Flag is set and CB2 remains at the last data

level.

02
CLOCK

WRITE SR
OPERATION

CB1 OUTPUT
SHIFT CLOCK

JHLJnJTJTJTJlJlJTJ^^

CB2 INPUT
DATA *

IRQ

N + 2 CYCLES N + 2 CYCLES

_2_l 1_3_ •fi-

lC X J ) A

Figure 24-2 Shift Register Output Modes

Shift Out Under Control of 02 (110)

In mode 110, the shift rate is controlled by the 02 system clock.

WRITE SR
OPERATION

CB1 OUTPUT
SHIFT CLOCK

CB2 INPUT .,

DATA *

Figure 24-3 Shift Register Output Modes

Shift Out Under Control of External CB1 Clock (111)

In mode 111, shifting is controlled by pulses applied to

the CB1 pin by an external device. The SR counter sets

the SR Interrupt flag each time it counts 8 pulses but

it does not disable the shifting function. Each time theUW fw i .v *. w >isv<vs I*-- in« J'lii Liny lunviiwil. UUV/I I L I I r IV^ 111*5 |_M UU^JOUI OOI

icroprocessor writes or reads the shift register, the SR byte of data

Interrupt flag is reset and the SR counter is initialized

to begin counting the next 8 shift pulses on pin CB1.

After 8 shift pulses, the interrupt flag is set. The micro-

processor can then load the shift register with the next

WRITE SR
OPERATION_H
CB1 INPUT

SHIFT CLOCK

CB2 OUTPUT ,

DATA* X #

Figure 24-4 Shift Register Output Modes
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The Interrupt Flag Register (IFR) and Interrupt Enable

Register (IER) are depicted in Figures 25 and 26, respec-

tively.

The IFR may be read directly by the processor. In addi-

tion, individual flag bits may be cleared by writing a
"1"

into the appropriate bit of the IFR. When the proper

chip select. and register signals are applied to the chip, the

contents of this register are placed on the data bus. Bit 7

indicates the status of the IRQ output. This bit cor-

responds to the logic function: IRQ = IFR6 x IER6 +

IFR5 x IER5 + IFR4 x IER4 + IFR3 x IER3 + IFR2 x

IER2 + IFR1 x IER1 + IFRO x IERO. Note: X = logic

AND, += Logic OR.

The IFR bit 7 is not a flag. Therefore, this bit is not

directly cleared by writing a logic "1" into it. It can only

be cleared by clearing all the flags in the register or by

disabling all the active interrupts as discussed in the next

section.

For each interrupt flag in IFR, there is a corresponding

bit in the Interrupt Enable Register. The system processor

can set or clear selected bits in this register to facilitate

controlling individual interrupts without affecting others.

This is accomplished by writing to address 1110 (IER

address). If bit 7 of the data placed on the system data

bus during this write operation is a "0", each "1 " in bits 6

through clears the corresponding bit in the Interrupt

Enable Register. For each "zero" in bits 6 through 0, the

corresponding bit is unaffected.

Setting selected bits in the Interrupt Enable Register is

accomplished by writing to the same address with bit 7 in

the data word set to a logic "1
". In this case, each "1 " in

bits 6 through will set the corresponding bit. For each

"zero", the corresponding bit will be unaffected. The

individual control of the setting and clearing operations

allows very convenient control of the interrupts during

system operation.

In addition to setting and clearing IER bits, the processor

can read the contents of this register by placing the proper

address on the register select and chip select inputs with the

R/W line high. Bit 7 will be read as a logic "1 ".

Reg 13— Interrupt Flag Register

|7|6|5|4l3|2|l|0l

CLEARED BY

CA2-

LCA1—

CB2-

CB1

TIMER 2-

TIMER 1—
IRQ

CA2 ACTIVE EDGE

CA1 ACTIVE EDGE

COMPLETE 8 SHIFTS

CB2 ACTIVE EDGE
CB1 ACTIVE EDGE
TIME-OUT OF. T2

TIME-OUT OF T1

ANY ENABLED
INTERRUPT

READ OR WRITE
REG 1 (ORAI*

READ OR WRITE
REG 1 (ORA)

READ OR WRITE
SHIFT REG
READ OR WRITE ORB"

READ OR WRITE ORB
READ T2 LOW OR
WRITE T2 HIGH

READ T1 LOW OR
WRITE T1 HIGH

CLEAR ALL
INTERRUPTS

• IF THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS

"INDEPENDENT" INTERRUPT INPUT, THEN READING OR
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT
CLEAR THE FLAG BIT. INSTEAD, THE BIT MUST BE

CLEARED BY WRITING INTO THE IFR. AS DESCRIBED
PREVIOUSLY.

Reg 14 — Interrupt Enable Register

E6 543210

CA2

CA1

SHIFT REG

CB2

CB1

TIMER 2

TIMER 1

SET/CLEAR

"0" = INTERRUPT DISABLED
"1"= INTERRUPT ENABLED

Notes:

1. IF BIT 7 IS A "0", THEN EACH "1" IN BITS 0-6 DISABLES THE

CORRESPONDING INTERRUPT.

2. IF BIT 7 IS A"1",THEN EACH "1" IN BITS 0-6 ENABLES THE

CORRESPONDING INTERRUPT.

3. IF A READ OF THIS REGISTER IS DONE, BIT 7 WILL BE "1"

AND ALL OTHER BITS WILL REFLECT THEIR ENABLE/

DISABLE STATE.

Figure 25. Interrupt Flag Register (IFR) Figure 26. Interrupt Enable Register (IER)

Ordering Information

Part Number Frequency Package

UM6522

UM6522A

1 MHz

2 MHz
40LDIP
40LDIP

5-34



Si it%^u s UM6S32/A

RAM, I/O, Timer Array

Features

8 bit bi-directional Data Bus for direct communica-

tion with the microprocessor

Programmable edge-sensitive interrupt

128x8 static RAM
Two 8 bit, bi-directional, data ports for interface to

peripherals

Two programmable I/O peripheral data direction

registers

Programmable interval-timer

Programmable interval timer interrupt

Peripheral pins with direct transistor drive capability

High impedance, three-state, data pins

General Description

The UM6532/A is designed to operate in conjunction with

the UM6500 Microprocessor Family. It is comprised of a

128 x 8-bit static RAM; two software controlled, 8-bit, bi-

directional, data ports allowing direct interfacing between

the microprocessor unit and peripheral devices; a software

programmable interval timer with interrupt capable of

timing in various intervals from 1 to 262,1 44 clock periods;

and a programmable, edge-detect, interrupt circuit.

Pin Configuration Block Diagram

vssd 1 40 Zl A6

A5Q 2 39 Zl «*2

A4[Z 3 38 I] CS1

A3C 4 37 Zl CS2

A2[Z 5 36 Zl RS

A1C 6 35 Zl R/w

AOLZ c 34 Zl RES

PAO|Z 8 S 33 Zl DO

PA1 C 9 tt 32 Z1D1
PA2lZ 10 I

M 31 Zl D2
PA3d 11 > 30 Zl D3

PA4C 12 29 Zl D4

PA5C 13 28 Z) D5

PA6C 14 27 Zl D6

PA7lZ 15 26 DD7
PB7C 16 25 Zl IRQ

PB6LZ 17 24 Zl PBO

PB5lZ 18 23 Zl PB1

PB4lZ 19 22 Zl PB2

vccLZ 20 21 Zl PB3

i.

"
'

DATA
DIRECTION
REGISTER

A

OUTPUT
REGISTER

A

PERIPHERAL
DATA BUFFER

A

PERIPHERAL
DATA BUFFER

B

OUTPUT
REGISTER

B

DATA
DIRECTION
REGISTER

B

1
1 •

DATA
BUS

BUFFER

ADDRESS
OECODER

CHIP SELECT
LOGIC

128x8
STATIC
RAM

NTERRUPT
CONTROL
LOGIC

INTERVAL
TIMER

, , ,

AO A6RS CS1 CS2 42 R/WffiES"
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Absolute Maximum Ratings*

Supply Voltage +8.0 Volts

Operating Voltage Range +4V to +7V
Input Voltage, Applied GND-2.0V to 6.5V

I/O Pin Voltage, Applied GND-0.5V to VCc+0.5V
Storage Temperature Range —65°C to +150°C
Operating Temperature Range 0°C to +70°C
Maximum Power Dissipation 1 Watt

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Characteristics

(VCC = 5.0V ± 5%, Vss = 0V, TA = - 70°C)

Parameter Symbol Min. Typ. Max. Unit

Input High Voltage V| H 2.4 vcc V

Input Low Voltage VlL 0.3 0.4 V

Input Leakage Current; V|n = Vss+ 5V
A0-A6, RS, R/W, REB", <j>2, CS1 , C52~

l|N 1.0 2.5 HA

Input Leakage Current for High Impedance State

(Three State); V|N =0.4V to 2.4V; D0-D7
'tsi ±1.0 ±10.0 juA

Input High Current; Vin = 2.4V

PA0-PA7, PB0-PB7
l|H -100 -300 /XA

Output High Voltage

VCc=MIN, l L0AD -IOOjuA (PA0-PA7,PB0-PB7,D0-D7)

lLOAD 3MA (PB0-PB7)

Voh
2.4

1.5

V

Output Low Voltage

VCC =MIN,I L0AD 1.6 MA
Vol 0.4 V

Output High Current (Sourcing);

Voh > 2.4V (PA0-PA7, PB0-PB7, D0-D7)

> 1 .5V Available for direct transistor

drive (PB0-PB7)

•oh
-100

3.0

-1000

5.0

juA

mA

Output Low Current (Sinking); Vol < °-4v lOL 1.6 mA
Clock Input Capacitance CfJIK 30 pf

Input Capacitance C|N 10 Pf

Output Capacitance CoUT 10 Pf

|

Power Dissipation (Vcc = 5.25V) P D 680 mW
*AII inputs contain protection circuitry to prevent damage due to high static charges. Care should be exercised to prevent

unnecessary application of voltages outside the specification range.

Test Load

PIN n
'24k £2

130 pF MAX. FOR D0-D7
30 pF MAX. FOR ALL OTHER OUTPUTS

2.4k SI
3k ft

PIN-

-J-100pF

OPEN COLLECTOR
OUTPUT TEST LOAD
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"Write" Timing Characteristics

<t>2 CLOCK

CHIP SELECTS \N^
REGISTER SELECTS ^

R/W

DATA BUS ^

PERIPHERAL
DATA

'Read" Timing Characteristics

«S2 CLOCK

CHIP SELECTS

REGISTER SELECTS ^
R/W

PERIPHERAL
DATA

DATA BUS

"Write" Timing Characteristics

Symbol Parameter
UM6532 UM6532A

Unit
Min. Max. Min. Max.

Tcy Cycle Time 1 50 0.50 50 jus

TC 02 Pulse Width 0.44 25 0.22 25 fiS

TACW Address Set-Up Time 180 - 90 — ns

TcAW Address Hold Time - - ns

TWCW R/W Set-Up Time 180 - 90 - ns

TCWW R/WHoldTime - — ns

Tdcw Data Bus Set-Up Time 265 - 100 — ns

THW Data Bus Hold Time 10 - 10 _ ns

TCPW Peripheral Data Delay Time - 1.0 - 1.0 JUS

TCMOS Peripheral Data Delay Time

to CMOS Levels
- 2.0 - 2.0 ,s

Note: t r , tf = 10 to 30 ns.
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"Read" Timing Characteristics

Symbol Parameter
UM6532 UM6532A

Unit
Min. Max. Min. Max.

TfJY Cycle Time 1 50 0.5 50 jus

TACR Address Set-Up Time 180 - 90 - ns

TcAR Address Hold Time - - ns

TpCR Peripheral Data Set-Up Time 300 - 300 - ns

TCDR Data Bus Delay Time - 340 - 200 ns

Thr Data Bus Hold Time 10 - 10 - ns

Note: tr.tf = 10 to 30ns.

Interface Signal Description

Reset (RES)

During system initialization a Logic "0" on the RES input

will cause a zeroing of all four I/O registers. This in turn

will cause all I/O buses to act as inputs, thus protecting

external components from possible damage and erroneous

data while the system is being configured under software

control. The Data Bus Buffers are put into an "OFF" state

during Reset. Interrupt capability is disabled with the RES

signal. The RES signal must be held low for at least one

clock period when reset is required.

Input Clock

The input clock is a system Phase Two clock which can be

either a low level clock (V||_<0.4, V|h>2.4) or high level

+0.3,
clock (V| L< 0.2, V, H =Vcc -0.2'

Read/Write (R/W)

The R/W signal is supplied by the microprocessor and is

used to control the transfer of data to and from the

UM6532/A. A high on the R/W pin allows the processor to

read (with proper addressing) the UM6532/A. A low on

the R/W" pin allows a write (with proper addressing) to

the UM6532/A.

Interrupt Request (IRQ)

The IRQ output is derived from the interrupt control logic.

It will normally be high, with a low indicating an interrupt

from the UM6532/A. IRQ is an "open-drain" output,

permitting several units to be wire-ORed to the common
IRQ microprocessor input pin. The IRQ output may be

activated by a transition on PA7 or "timeout" of the

Interval Timer.

Data Bus (D0-D7)

The UM6532/A has eight, bi-directional, data lines (D0-

D7). These lines connect to the system's data bus and allow

transfer of data to and from the microprocessor. The

output buffers remain in the "off" state, except when a

Read operation occurs.

Peripheral Data Ports (PA0-PA7, PB0-PB7)

The UM6532/A has two 8-bit, peripheral, I/O Ports; Port A
(lines PA0-PA7) and Port B (lines PB0-PB7). Each line is

individually programmable as either an input or an output.

By writing a "0" to any bit position of the Data Direction

Register (DDRA or DDRB) the corresponding line will be

programmed an an input. Likewise, by writing a "1" to

any bit position in DDRA or DDRB will cause the cor-

responding line to act as an output.

When a Port line is programmed as an input, and its output

register (ORA or ORB) is read by the MPU, the TTL level

on the Port line will be transferred to the data bus. When

the Port lines are programmed as outputs, the lines will

reflect the data written by the MPU into the output

registers. (See the Edge Sense Interrupt Section for an

additional use of PA7.)

Address and Select Lines (A0-A6, RS, CS1 and CS2)

A0-A6 and RS are used to address the RAM, I/O registers,

Timer and Flag register. CS1 and CS2 are used to select

(enable access to) the UM6532/A.

Internal Organization

A block diagram of the internal architecture is shown on

Page 5-35. The UM6532/A is divided into four basic sec-

tions: RAM, I/O, Timer, and Interrupt Control. The RAM
interfaces directly with the microprocessor through the

system data bus and address lines. The I/O section consists

of two 8-bit halves. Each half contains a Data Direction

Register (DDR) and an I/O register.
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RAM 128 Bytes (1024 Bits)

A 128 x 8-bit static RAM is contained on the UM6532/A.
It is addressed by A0-A6 (Byte Select), RS, CS1 , and CS2.

Internal Peripheral Registers

There are four 8-bit internal registers: two data direction

registers and two output registers. The two data direction

registers (A side and B side) control the direction of the

data into and out of the peripheral I/O. A logic "zero" in a

bit of the data direction register (DDRA and DDRB) causes

the corresponding line of the I/O port to act as an input. A
logic "one" causes the corresponding line to act as an
output. The voltage on any line programmed as an output
is determined by the corresponding bit in the output
register (ORA and ORB).

Data is read directly from the PA lines during a peripheral

read operation. For a PA pin programmed as an output,

the data transferred into the processor will be the same as

the data in the ORA, only if the voltage on the line is

allowed to be > 2.4 volts for a logic "one" and <0.4 volts

for a "zero". If the loading on the line does not allow this,

then the data resulting from the read operation may not
match the contents of ORA.

The output buffers for the PB lines are somewhat different

from the PA buffers. The PB buffers are push-pull devices

which are capable of sourcing 3 mA at 1.5 volts. This
allows these lines to directly drive transistor circuits. To
assure that the processor will read the proper data when
performing a peripheral read operation, logic is provided in

the peripheral B port to permit the processor to read the
contents of ORB, instead of the PB lines.

Interval Timer

The Timer section of the. UM6532/A contains three basic

parts: preliminary divide down register, programmable

Value read =1110 10
Complement = 0001 101 1

Add 1 = 1 1 1 = 28.

8-bit register and interrupt logic. These are illustrated in

Figure 1.

The Interval Timer can be programmed to count up to 256
time intervals. Each time interval can be either 1T, 8T,
64T, or 1024T increments, where T is the system clock

period. When a full count is reached, the interrupt flag is

set, to logic "1
". After the interrupt flag is set, the internal

clock continues counting down, but at a 1T rate to a

maximum of 255T. This allows the user to read the

counter and then determine how long the interrupt has

been set.

The 8-bit system Data Bus is used to transfer data to and
from the Interval Timer. If a total of 52 time intervals

were to be counted, the pattern 1 10 10 would be
put on the Data Bus and written into the Interval Time
register.

At the same time that data is being written to the Interval

Timer, the counting intervals of 1,8, 64, and 1024T are

decoded from address lines A0 and A1. During a Read or

Write operation address line A3 controls the interrupt

capability of IRQ, i.e., A3 = "1" enables TRQ, A3 = "0"

disables IRQ. In either case, when timeout occurs, bit 7 of

the Interrupt Flag Register is set. This flag is cleared when
the Timer register is either read from or written to by the

processor. If iRQ is enabled by A3 and an interrupt

occurs, IRQ will go low. When the Timer is read prior to

the interrupt flag being set, the number of time intervals

remaining will be read, i.e., 51 , 50, 49, etc.

When the Timer has counted down to "0 0", an
interrupt will occur on the next count time and the counter
will read "11111111". After interrupt, the Timer
register decrements at a divide by "1" rate of the system
clock. If after interrupt, the Timer is read and a value of
"1 110 10 0" is read, the time since interrupt is 28T.
The value read is in two's complement.

IRQ

R/W PA7 A3

" " "

INTERRUPT
CONTROL

Tf
D7 D6

D7 D6 D5 D4 D3 D2 D1 DO

-!' M M 1 1 i.

_

R/W A1

PROGRAMMABLE
REGISTER

A0

*• * ; DIVIDE
DOWN «S2

D5 D4 D3 D2 D1 DO

Figure 1. Basic Elements of Interval Timer
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Thus, to arrive at the total elapsed time, merely do a two's

complement and add "1" to the original time written into

the Timer. Again, assume the time was written as "0 1 1

10 0" (= 52). With a divide by 8, total time to interrupt

is (52 x 8) + 1 = 417T. Total elapsed time would be 41 6T

+ 28T = 444T, assuming the value read after interrupt was

"1 1 100 1 0".

After an interrupt, whenever the Timer is written or read,

the interrupt is reset. However, the reading of the Timer at

the same time the interrupt occurs will not reset the

interrupt flag.

Figure 2 illustrates an example of interrupt.

WRITE T

mo

_TL

Figure 2. Timer Interrupt Timing

1. .Data written into Interval Timers is "0 1 10 10 0"

= 52 10

2. Data in Interval timer is "0 1 10 1" = 25i

23152- 1 = 52 - 26 - 1 = 25

3. Data in Interval Timer is "0 0" = 10

52 415
1 = 52 - 51 - 1 =

4. Interrupt has occurred at 02 pulse #416

Data in Interval Timer = "11111111"
5. Data in Interval Timer is "1 10 1 10 0"

two's complement is "0 1 1 1 0" = 84j

84 + (52 x 8) = 500 10

When reading the Timer after an interrupt, A3 should be

low so as to disable the IRQ pin. This is done so as to

avoid future interrupts until after another Write operation.

Interrupt Flag Register

The Interrupt Flag Register consists of two bits: the timer

interrupt flag and the PA7 interrupt flag. When a read

operation is performed on the Interrupt Flag Register, the

bits are transferred to the processor on the data bus, as

the diagram below indicates.

INTERRUPT FLAG REGISTER

7 6 5 4 I 3 2 1

\ /

"(

PA7 F

r

-AG

FLAGTIMER

The PA7 flag is cleared when the Interrupt Flag Register is

read. The timer flag is cleared when the timer register is

either written or read.

Addressing

Addressing of the UM6532/A is accomplished by the 7

address inputs, the RS input and the two chip select inputs

CS1 and CS2. To address the RAM, CS1 must be high with

CS2 and RS low. To address the I/O and Interval Timer,

CS1 and RS must be high, with CS2 low. As can be seen, to

access the chip, CS1 is high and CS2 is low. To distinguish

between RAM or l/O-Timer Section, the RS input is used.

When this input is low, the RAM is addressed; when high,

the I/O Interval Timer section is addressed. To distinguish

between Timer and I/O, address line A2 is utilized. When

A2 is high, the Interval Timer is accessed. When A2 is low,

the I/O section is addressed. Table 1 illustrates the chip

addressing.
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Edge Sense Interrupt

In addition to its use as a peripheral I/O line, PA7 can

function as an edge sensing input. In this mode, an active

transition on PA7 will set the internal interrupt flag (bit 6
of the Interrupt Flag Register). When this occurs, and
providing the PA7 interrupt is enabled, the IRQ output will

go low.

Control of the PA7 edge detecting logic is accomplished by
performing a write operation to one of four addresses. The
data lines for this operation are "don't care" and the
addresses to be used are found in Table 1

.

The setting of the internal interrupt flag by an active

transition on PA7 is always enabled, whether PA7 is set up
as an input or an output.

The RES signal disables the PA7 interrupt and sets the
active transition to the "negative edge-detect" state. During

the reset operation, the interrupt flag may be set by a

negative transition. It may, therefore, be necessary to clear

the flag before its normal use as an edge detecting input is

enabled. This can be achieved by reading the Interrupt

Flag Register.

I/O Register-Timer Addressing

Table 1 illustrates address decoding for the internal

elements and timer programming. Address line A2
distinguishes I/O registers from the Timer. When A2 is low
and RS is high, the I/O registers are addressed. Once the
I/O registers are addressed, address lines A1 and AO decode
the desired register.

When the timer is selected A1 and AO decode the

"divide-by" matrix. This decoding is defined in Table 1

.

In addition. Address A3 is used to enable the interrupt flag

to ma
Table 1. Addressing Decode

Functions

RAM
ORA
DDRA
ORB
DDRB
Time, t1, IRQ ON
Timer,' -t8, IRQ ON
Timer, t-64, IRQ ON
Timer, -M024, IRQ ON
Timer, -M, IRQ OFF
Timer, t-8, IRQ OFF
Timer, -r64, IRQ OFF
Timer, -4- 1024, IRQ OFF
Read Timer, IRQ ON
Read Timer, IRQ OFF
Read Interrupt Flags

RA7 IRQOFF,NEG
EDGE

PA7 IRQOFF.POS
EDGE

PA7 IRQON,NEG
EDGE

PA7 IRQON.POS
EDGE

RS"

L

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

H

A6

X

A5 A4 A3 A2

X

L

L

L

L

H

H

H
H

H

H

H

H
H
H

H
H

H

H

A1 AO

X

L

H

L

H

L

H
L

H

L

H

L

H

L

L

H

L

H

L

H

WR RD

Notes: "X" - Address, "-" = Address bits are "don't care", "." = Data bits are "don't care-

Ordering Information

Part Number Speed Package

UM6532
UM6532A

1 MHz
2 MHz

40LDIP
40LDIP
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Asynchronous Communication

Interface Adapter (ACIA)

Features

On-chip baud rate generator: 15 programmable baud

rates derived from a standard 1.8432 MHz external

crystal (50 to 19,200 baud)

Programmable interrupt and status register to simplify

software design

Single +5 volt power supply

Serial echo mode

False start bit detection

8-bit, bi-directional data bus for direct communica-

tion with the microprocessor

External 16x clock input for non-standard baud rates

(up to 125 k baud)

Programmable: word lengths; number of stop bits;

parity bit generation and detection

Data set and modem control signals provided

Parity: (odd, even, none, mark, space)

Full-duplex or half-duplex operation

5, 6, 7, 8, and 9 bit transmission

General Description

The UM6551 is an Asynchronous Communication Adapter

(ACIA) intended for interfacing the 6500/6800 micro-

processor families to serial communication data sets and

modems. A unique feature is the inclusion of an on-chip

programmable baud-rate generator, with a crystal being

the only external component required.

Pin Configuration Block Diagram

R/W
cs
cs.

SELECT
AND

CONTROL
LOGIC

RECEIVE
SHIFT

REGISTER
\N

I

RECEIVER
CONTROL

DTR
RTS
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Absolute Maximum Ratings*

Supply Voltage -0.3V to +7.0V

Input/Output Voltage -0.3V to +7.0V

Operating Temperature 0°C to 70°C

Storage Temperature —55°C to 150°C

Comments

Stresses above those listed under "Absolute Maximum

Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Characteristics

(VCc = 5.0V ± 5%, TA = 0-70°C, unless otherwise noted)

Parameter Symbol Min. Typ. Max. Unit

Input High Voltage V|H 2.0 - vCc V

Input Low Voltage VlL -0.3 - 0.8 V

Input Leakage Current: V|n = to 5V
(^2, RAV, RES, CSo, CS,, RS , RS,,CTS, R x D, DCD, DSR) in - ±1.0 ±2.5 MA

Input Leakage Current for High Impedance State (Three State) 'tsi
- ±2.0 ±10.0 MA

Output High Voltage: I load = -IOOjuA
(DB -DB7 , TxD, RxC, RTS, DTR) VOH 2.4 - - V

Output Low Voltage: l|_OAD
= 1.6mA

(DB -DB7 , TxD, RxC, RTS,DTR, FRO) Vol - - 0.4 V

Output High Current (Sourcing): Vqh = 2.4V
(DB -DB7 , TxD, RxC'RTS. DTR) •oh -100 - - JLlA

Output Low Current (Sinking): Vol = 0.4V
(DB -DB 7 , TxD, RxC, RTS, DTR, "IRQ) IfJL 1.6 - - mA

Output Leakage Current (Off State): Vqut = 5V (IRQ) 'OFF
- 1.0 10.0 MA

Clock Capacitance (<j>2) CCLK - - 20 pF

Input Capacitance (Except XTAL 1 and XTAL2) C IN
- - 10 pF

Output Capacitance Qdut - - 10 pF

Power Dissipation (See Graph) (TA = 0°C) Vcc = 5.25V Pd - 170 300 mW

TYPICAL
POWER

DISSIPATION
(mW)

175

150

125

20 40 60 80

TAMBIENT <°c>

Figure 1. Power Dissipation vs. Temperature
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CS , CSp RS , RS

R/W

DATA BUS «»
:

Figure 2. "Write" Timing Characteristics

Write Cycle

(Vcc = 5.0V ± 5%, TA = to 70°C, unless otherwise noted)

Parameter Symbol
UM6551 UM6551A

Unit
Min. Max. Min. Max.

Cycle Time tCYC 1.0 - 0.5 - Us

<t> 2 Pulse Width tc 400 - 200 - ns

Address Set -Up Time tACW 120 - 70 - ns

Address Hold Time tCAH - - ns

R/W Set- Up Time twcw 120 - 70 - ns

R/W Hold Time tCWH - - ns

Data Bus Set- Up Time tDCW 150 - 60 - ns

Data Bus Hold Time tHW 20 - 20 - ns

(t r and tf = 10 to 30 ns)

Crystal Specification

1. Temperature stability ± 0.01% (0° to 70°C)

2. Characteristics at 25°C ± 2°C

a. Frequency (MHz) 1.8432

b. Frequency tolerance (±%) 0.02

c. Resonance mode Series

d. Equivalent resistance (ohm) 400 max.

e. Drive level mW 2

f. Shunt capacitance pF 7 max.

g. Oscillation mode Fundamental

No external components should be in the crystal circuit

Clock Generation

XTAL1

CZ)

T
XTAL2

UM6551

EXTERNAL
CLOCK

OPEN
CIRCUIT

kL

XTAL1
6

UM6551

7
XTAL2

INTERNAL CLOCK EXTERNAL CLOCK
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CS , CSj, RS . RSj

R/W

DATA BUS

Figure 3. "Read" Timing Characteristics

Read Cycle

(VCc = 5.0V ± 5%, TA = to 70°C, unless otherwise noted)

Parameter Symbol
UM6551 UM6551A

Unit
Min. Max. Min. Max.

Cycle Time tCYC 1.0 - 0.5 - Ats

Pulse Width (02) tc 400 - 200 - ns

Address Set- Up Time tACR 120 - 70 - ns

Address Hold Time *CAR - - ns

R/W Set- Up Time tWCR 120 - 70 - ns

Read Access Time (Valid Data) tCDR - 200 - 150 ns

Read Data Hold Time tHR 20 - 20 - ns

Bus Active Time (Invalid Data) tCDA 40 - 40 - ns

Test Load
OPEN COLLECTOR
OUTPUT TEST LOAD

PIN-

2.4kfi

&
24k ft

3kn

PIN

±=100pF

C=130pF MAX. FOR DB -DB 7
~

C = 30pF MAX. FOR ALL OTHER OUTPUTS
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XTAL1
(TRANSMI
CLOCK INPUT)

XCCY
tCH

SnjT VjT
%DCL

X

J N.

Note: TxD rate is 1/16 TxC rate

Figure 4a. "Transmit" Timing with External Clock

DTR. RTS

IRQ
(CLEAR)

tDLY

xz
t|RQ

Figure 4b. "Interrupt" and "Output' Timing

RxC
(INPUT)

tCCY

"^t_J \_
•tCL"

lCH

Note: RxD rate is 1/16 RxC rate

Figure 4c. "Receive" External Clock Timing

Transmit/Receive Characteristics

Parameter Symbol
UM6551 UM6551A

Unit
Min. Max. Min. Max.

Transmit/Receive Clock Rate tCCY 400* - 400* - ns

Transmit/Receive Clock High Time tCH 175 - 175 - ns

Transmit/Receive Clock Low Time tCL 175 - 175 - ns

XTAL 1 to TxD Propagation Delay tDD - 500 - 500 ns

Propagation Delay (RTS, DTR) tDLY - 500 - 500 ns

IRQ Propagation Delay (Clear) t|RQ - 500 - 500 ns

(t r . tf = 10 to 30 ns input clocks only)

* The baud rate with external clocking is: Baud Rate :

16xTccy

Interface Signal Description

RES (Reset)

During system initialization, a low on the RES input will

cause internal registers to be cleared.

02 (Input Clock)

The input clock is the system <t>2 clock and is used to

trigger all data transfer between the system microprocessor

and the UM6551.

R/W (Read/Write)

The R/\N is generated by the microprocessor and is used

to control the direction of data transfer. A high on the

R/W pin allows the processor to read the data supplied

by the UM6551 . A low on the R/W pin allows a write to

the UM6551

.

IRQ (Interrupt Request)

The IRQ pin is an interrupt signal from the interrupt

control logic. It is an "open drain" output, permitting

several devices to be connected to the common IRQ

microprocessor input. Normally a high level, IRQ goes

low when an interrupt occurs.
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DB DB7 (Date Bus)

The DB -DB7 pins are the eight data lines used for

transfer of data between the processor and the UM6551.
These lines are bi-directional and are normally high-

impedance, except during Read cycles, when selected.

CS , CS t (Chip Selects)

The two "chip select" inputs are normally connected to

the processor address lines either directly or through

decoders. The UM6551 is selected when CS is high

and CSj is low.

RS , RSj (Register Selects)

The two "register select" lines are normally connected to

the "processor address" lines to allow the processor to

select the various UM6551 internal registers. The

following table indicates the internal "register select"

coding:

RS, RS Write Read

Transmit Data

Register

Receiver Data

Register

1

Programmed

Reset (Data is

"Don't Care")

Status Register

1 Command Register

1 1 Control Register

Register Select Coding

The table shows that only the "Command" and "Control"

registers are read/write. The "Programmed Reset" opera-

tion does not cause a data transfer, but is used to clear

the UM6551 registers. The Programmed Reset is

AC IA/Modem Interface Signal Description

XTAL1, XTAL2 (Crystal Pins)

These pins are normally directly connected to the external

crystal (1.8432 MHz) used to derive the various baud

rates. Alternatively, an externally generated clock may
be used to drive the XTAL1 pin; in which case, the XTAL2
pin must "float".

TxD (Transmit Data)

The TxD output line is used to transfer serial NRZ
(nonreturn-to-zero) data to the modem. The LSB (least

significant bit) of the Transmit Data Register is the first

data bit transmitted and the rate of data transmission

is determined by the baud rate selected.

RxD (Receive Data)

The RxD input line is used to transfer serial NRZ data

into the ACIA from the modem, LSB first. The receiver

data rate is either the programmed baud rate or the rate

slightly different from the Hardware Reset (RES).

These differences are described in the individual register

definitions.

of an externally generated receiver clock. This selection

is made by programming the Control Register.

RxC (Receive Clock)

The RxC is a bi-directional pin which serves as either

the receive 16x clock input or the receive 16x clock output.

The latter mode results if the internal baud rate generator

is selected for receive data clocking.

RTS (Request to Send)

The RTS output pin is used to control the modem from

the processor. The state of the RTS pin is determined

by the contents of the Command Register.

CTS (Clear to Send)

The CTS input pin is used to control the transmitter opera-

tion. The enable state is with CTS low. The transmitter

is automatically disabled if CTS is high.
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DTR (Data Terminal Ready)

This output pin is used to indicate the status of the

UM6551 to the modem. A low on DTR indicates the

UM6551 is enabled and a high indicates it is disabled.

The processor controls this pin via bit of the Command

Register.

DSR (Data Set Ready)

The DSR input pin is used to indicate the status of the

modem to the UM6551. A low indicates the "ready"

state and a high, "not-ready". DSR is a high-impedance

input and must not be a "no -connect".! If unused, it should

be driven high or low, but not switched.

Note: if Command Register Bit = "1", and a change of

state on TJSR occurs, IRQ will be set, and Status Register

Bit 6 will reflect the new level. The state of DSR does

not affect either "Transmit" or "Receive" operations.

DCD (Data Carrier Detect)

The DCD input pin is used to indicate the status of the

carrier detect output of the modem to the UM6551. A

low indicates that the modem carrier signal is present

and a high, that it is not. DCD, like DSR, is a high-im-

pedance input and must not be a "no-connect".

Note: If Command Register Bit = "1", and a change of

state on "DCD occurs, IRQ will be set, and Status Register

Bit 5 will reflect the new level. The state of DCD does

not affect "Transmit" operation, but must be low for the

"Receive" to operate.

Internal Organization

The Transmitter/Receiver sections of the UM6551 are

depicted by the block diagram in Figure 5.

RECEIVER
SHIFT REGISTER

CONTROL o
REGISTER -*-V^
BIT4 = "1"

C*

CLOCK
DIVIDER

(16)

CLOCK
DIVIDER

(16)

RxD

SYNC
LOGIC

TRANSMITTER
SHIFT REGISTER

-*• TxD

Figure 5. Transmitter/Receiver Clock Circuits

Bits 0-3 of the Control Register select the divisor used

to generate the baud rate for the Transmitter. If the

Receiver clock is to use the same baud rate as the

Transmitter, then RxC becomes an output pin and can

be used to slave other circuits to the UM6551.
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Control Register

The Control Register is used to select the desired mode
for the UM6551. The word length, number of stop bits,

and clock controls are all determined by the Control
Register, which is depicted in Figure 6.

CONTROL REGISTER

STOP BITS

7 6 5

"0" » 1 Stop Bit
"1"= 2 Stop Bit

1 Stop Bit if Word Length
= 8 Bits and Parity*

1 '/i Stop Bits if Word Length
" 5 Bits and No Parity

WORD LENGTH

BIT DATA WORD
LENGTH6 5

8

1 7

1 6

1 1 5

RECEIVER CLOCK SOURCE

"0" « External Receiver Clock
"1

" Baud Rate Generator

•This allows for 9-bit transmission (8 data bits plus parity)

HAROWARE RESET
PROGRAM RESET

4 3 2 10

16x EXTERNAL CLOCK

BAUD RATE
GENERATOR

7 6 5 4 3 2 1

| °i
-1- -1

50 BAUD

Figure 6. Control Register Format

Command Register

The Command Register is used to control Specific

Transmit/Receive functions and is shown in Figure! 7.

COMMAND REGISTER

PARITY CHECK C0NTR0LS-

7 6 5 4 3 12 10

BIT
OPERATION

7 6 5

- -
Parity Disabled No Parity Bit

Generated No Parity Bit Received

1 Odd Parity Receiver and Transmitter

1 1

Even Parity Receiver and
Transmitter

1 1

Mark Parity Bit Transmitted,
Parity Check Disabled

1 1 t

Space Parity Bit Transmitted,
Parity Check Disabled

NORMAL/ECHO MODE
FOR RECEIVER

-DATA TERMINAL READY

"0" " Disable Receiver and All

Interrupts (DTR high)
"1 " = Enable Receiver and All

Interrupts IDTR low)

-RECEIVER INTERRUPT ENABLE

"0" " IRQ Interrupt Enabled from
Bit 3 of Status Register

"1
" » FHCT Interrupt Disabled

-TRANSMITTER CONTROLS

"0" « Normal
"V = Echo (Bit 2 and

3 must be "0")

'BIT TRANSMIT
INTERRUPT

"HTs

LEVEL
TRANSMITTER

3 2

Disabled High Off

1 Enabled Low On
1 Disabled Low On
1 1 Disabled Low Transmit BRK

HARDWARE RESET
PROGRAM RESET

7 6 5 4 3 2 10
o o~o~o|o|o|o

- - - o o o "o~"o

Figure 7. Command Register Format
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Status Register

The Status Register is used to indicate to the processor

the status of various UM6551 functions and is outlined

in Figure 8.

CLEARED BY

Parity Error
•

Framing Error*

Receive Data

Register Full

Transmit Data

Register Empty

DCT5

1 No Error

' Error

' No Error
1 Error

' No Error

Error

< Not Full

Full

Not Empty
Empty

' DCD Low
' DCD High

' DCD Low
DSR High

No Interrupt

Interrupt

Self Clearing"

Self Clearing
**

Self Clearing * *

Read Receive

Oata Register

Write Transmit

Data Register

Not Resettable
Reflects DCD
State

Not Resettable

Reflects OSR
State

Read

Status Register

HARDWARE RESET
PROGRAM RESET

7 6 5 4 3 2 1

- - 1

- - - - - - -

•NO INTERRUPT GENERATED FOR THESE CONDITIONS.

•CLEARED AUTOMATICALLY AFTER A READ OF RDR

AND THE NEXT ERROR FREE RECEIPT OF DATA.

Figure 8. Status Register Format

Transmit and Receive Data Registers

These registers are used as temporary data storage for

the UM6551 Transmit and Receive circuits. The Transmit

Data Register is characterized as follows:

• Bit is the leading bit to be transmitted.

• Unused data bits are the high-order bits and are "don't

care" for transmission.

The Receiver Data Register is characterized in a similar

fashion:

• Bit is the leading bit received.

"MARK"

• Unused data bits are the high-order bits and are "0"

for the receiver.

• Parity bits are not contained in the Receive Data

Register, but are stripped -off after being used for

external parity checking. Parity and all unused high-

order bits are "0".

Figure 9 illustrates a single transmitted or received data

word, for the example of 8 data bits, parity, and 1 stop

bit.

"MARK"

DATA BITS

r
i

. i

START
BIT

PARITY
BIT

STOP BIT

Figure 9. Serial Data Stream Example

Ordering Information

Part Number Clock Rate Package

UM6551 1 MHz 28LDIP

UM6551A 2 MHz 28LDIP
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UMC UM82C01

Capacitance Keyboard Encoder (CKE)

Features

16x8 matrix, can build up to 128 key capacitance

keyboard

Single chip with 16 scan drive outputs and 8 sense

inputs

Two packages 28 pin for 88 key KB and 40 pin for

128 key KB

Keyboard scanning and encoding under complete

control of the user's computer, especially 8048 micro-

computer

Single 5V supply

High-speed CMOS technology

Serve as easy interface to 8048

New CMOS sense technology, CMOS analog sense

circuit is built in

Byte wide sense, higher performance than serial sense

technology

Wide frequency range, 1MHz to 11 MHz 8048 can be

used

General Description

UM82C01 is a CMOS LSI, which offers interface between

microcomputer and capacitive keyboard matrix. 40 pin

UM82C01-1 is capable of scanning up to 128 low cost

capacitive keys. 28 pin UM82C01-2 serves keyboard

applications with less than 88 keys.

The keyboard scan is under complete control of the

8048 series microcomputer writing to expand I/O port.

Port 2 data is multiplexed to initiate one of the scan

lines. Sense circuit will receive the scan signal through

capacitive keys if one key is pressed. Sense circuit includes

CMOS analog and digital circuits which senses action by

Pin Configurations

ALE LZ 1 40 Zl PROG
N.C. LZ 2 39 ZlN.C.

P20 LZ 3 38 3xo
P21 LZ 4 37 Zlxi
P22 LZ 5 36 Z] X2

P23 LZ 6 35 Z] X3

n.c. LZ 7 34 Z]X4
N.C. LZ 8 33 Zl X5

N.C. LZ 9 C 32 Zl X6

vccLZ 10 h 31 ZlX7
N.C. LZ 11 a 30 Zl X8

io LZ 12 29 ZJ X9

ii c 13 28 Zl xio

12 C 14 27 Z) X11

13 E 15 26 Zl X12

14 IZ 16 25 Zl X13

is LZ 17 24 Zl X14

16 LZ 18 23 Zl X15

n LZ 19 22 Ux 7

vsslZ 20 21 ZJn.c.

following amplifying and latching of analog signals from

capacitive switches, these 8 data bits are then divided

and latched making two nibbles. Two instructions can

read these two nibbles from port 2. Then the micro-

computer can analyze them and generate the scan

code.

Antiscan is used to enhance the simple capacitive switches

that are usually used in capacitive keyboards, offering

switching threshold in sense input. This provides the

keyboard with mechanical hysteresis which is built into

the more expensive hall-effect and reed switches.

n LZ 1

12 LZ 2

13 LZ 3

14 LZ 4

15 LZ 5

ie LZ 6

n LZ 7

vss LZ 8

xz LZ 9

xio LZ 10

X9 LZ 11

xs LZ 12

xy LZ 13

X6 LZ 14

10

Zlvcc

P23

Z1P22

ZJP21

Z1P20

ZJALE

ZJPROG

ZJxo

Z1X1

7JX2

7JX3

Z]X4

~JX5
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Block Diagram

P20 -»

P23 -»•

PROG

ALE

INSTRUCTION
DECODER
AND
LATCH

V

TIMING
CONTROL

DATA
SELECTOR

AND
DRIVER

MULTIPEXER
AND

SCAN LINE

DRIVER

V

ANTISCAN

LOWER
NIBBLE r-r
LATCH yl

HIGHER
NIBBLE
LATCH

SENSE
AMPLIFIER

X10
X11C)

>X15(»)

-x2

.17

») Only in UM82C01-1

Absolute Maximum Ratings *

Operating Temperature 0° to 70°C

Storage Temperature —55° to 1
50°C

Power Supply Max. 7V

Voltage on Any Pin Vss -0.7V to VCc +0.7V

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.
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DC Characteristics

(Operating Voltage 5V + 10%)

Item Parameter Symbol Min. Typ. Max. Unit Conditions

Digital

Input Low Voltage V|L -0.5 0.8 V

Input High Voltage V| H 2.0 vCc V

Output Low Voltage, I/O Port VoLP 0.45 V Iql = 5 mA

Output High Voltage, I/O Port VCHP Vcc-0.45 Vcc V IOH = -400|iA

Output Low Voltage, Scan Line vols 0.45 V Iql = 5 mA

Output High Voltage, Scan Line vOHS Vcc-0.45 v Cc V Iqh = -5mA

Analog

Input High to Reference AVH 0.1 1.8 V
Lying on Voltage

Reference Vre FInput Low to Reference AV L -0.1 -1.8 V

Operating Current 'cc 15 mA

Stand by Power Supply Current 'SB 200 (XA
No sensing and

Scanning

AC Characteristics

(TA = 0°C to 70°C, VCc = 5V + 10%, Vss = 0V)

Parameter Symbol
UM82C01

Unit Conditions

4 MHz 11 MHz

Address Latch Width tLL

Min. Typ. Max. Min. Typ. Max.

ns700 150

Cycle Time tCY 3.75 1.36 jits

Port Control Setup to PROG tcp 420 100 ns

Port Control Hold to PROG tpc 800 160 ns

Port Output Data Setup top 1350 400 ns

Port Data Hold from PROG tpD 320 90 ns

PROG Strobe to ALE *CAI 210 50 ns

PROG Pulse Width tpp 2370 700 ns

PROG to Port 2 Input Valid tpR 2130 700 ns

Input Data Hold from PROG tPF 380 140 ns

A LE to SCAN Setup *ASi 200 100 ns

ALE to SCAN Ended tASa 200 100 ns
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Timing Diagram

ZEROING TIME

DEFINED ALE

A \

)C

\

Pin Description

Symbol Designation I/O Description

P20-P23 I/O Port I/O This four-bit bidirectional port contains the address and control bits from

8048 juC on a high to low transition of PROG. During a low to high transi-

tion of the PROG signal, the port contains the selected scan data for UM82C01

if the last command is a write operation. The sense nibble data from UM82C01

is latched during the low to high transition if the last command is a read

operation. There exists a state flow in two continuous read operations which

is called "read cycle". Upper nibble coming from sense inputs 14 to 17 is

transferred in P20 to P23 from UM82C01 during low to high transition of

PROG of MOVD A, P5 instruction, and lower nibble coming from 10 to 13

is transferred in P20 to P23 during low to high transition of PROG of MOVD
A, P4 instruction.

ALE Address Latch

Enable Strobe

1 This pin comes direct from 8048 ALE. It is used as the time base as well as

address latch strobe. Our target is to let 8048 work between 1 MHz to 11

MHz, so ALE varies from 66.6 KHz to 733.3 KHz. General PC key boards

use 4 to 5 MHz 8048, hence, ALE is typically a 266.6 KHz strobe signal

for a 4 MHz 8048. When ALE first goes from low to high in a write cycle,

the PROG is activated and goes to low and at this time. Port 2 containing port

address and write instruction codes is valid and should be latched by UM82C01

to initiate the scan mode.
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Pin Description! (Continued)

Symbol Designation I/O Description

ALE Address Latch

Enable Strobe

I UM82C01 begins Zeroing stage of its sense amplifier at this instant. PROG will

go to high before second ALE of this write instruction. The Zeroing stage ends

at the next ALE low to high transient. Timing Diagram, shows that this edge
triggers the selected scan line to be active. The second ALE, which is next
to end write instruction, is used to control scan line to inactive and its active

transient is the high to low edge. In read cycle, when first ALE goes from
high to low, PROG is activated to go to low, port 2 containing port address

and read instruction code is valid and should be latched by UM82C01 to initiate

the read mode.

PROG Control Strobe I An active low strobe comes direct from 8048 PROG. 8048, PROG is a control

strobe to expanded I/O. UM82C01 is designed to locate expanded port 4 and
port 5 in 8048.

Every time PROG is activated, UM82C01 is initiated in either write or read

mode. When PROG goes inactive in a write cycle, selected scan data is valid in

port 2 and is latched by UM82C01 to encode the scan line. In a read cycle,

latched upper and lower nibbles are valid circularly in port 2 at every PROG
low to high transition.

X0-X15 Scan Line Out These are the 16 full range drive outputs. One of the lines is activated in a

write cycle. Selected scan data is latched and used to decode these sixteen

scan lines so the scanning is fully programmable by 8048. The selected scan

line is activated in the defined ALE rising edge and ended in the next ALE
falling edge. (Reference to Timing Diagram). The defined ALE is the first

ALE after the write instruction is finished. There are eleven scan lines for 28

pin UM82C01-2, X11 to X15 and are included in scan line driver for 40 pin

UM82C0M.

X Z Antiscan Out This is the antiscan output. This output is activated whenever no scanning

occurs, and is deactivated when any one of X0 to X15 is activated. Antiscan

is used to reduce the voltage in sense input when there is no scanning which
prevents logic error.

I0-I7 Sense Line Input I These eight lines are inputs from capacitance keyboard matrix. The small

current pulses caused by the scan lines and pressed keyswitches are detected

here.

Vcc Power Supply I Connected to +5V power supply.

Vss Ground I Normally connected to +0V ground.

Application Description

The Microprocessor The Keyboard

The capacitance keyboard encoder (CKE) UM82C01 is

designed to serve as an interface to 8048 series 8-bit

microprocessors. The user can control the keyboard

function easily through programming of microprocessor,

which includes scanning reading and serves as an interface

to host computer.

A keyboard is an aray of switches. The array consists of a
two dimensional matrix. One side of the matrix (X-lines) is

used to drive the array with a microprocessor chosen
signal, while the other side (I- Lines) is connected to sense
circuits. In traditional configuration, users make use of

mechanical contact switches. With a new sensing
mechanism, capacitive switches present a good solution.
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The Capacitive Switch

X

A.
(a) (b)

Figure 1. Mechanical Switch (a) Key off (b) Key on

,cp

(a)

N,
Cqn + cp

(b)

Figure 2. Capacitive Switch (a) Key off (b) key on

Fig. 1 shows the traditional mechanical switch, (a) When

the key switch is off, X-lines and l-lines are open to each

other, (b) When the key switch is on, X-lines and l-lines

short together. Fig. 2, shows the capacitive switch, (a)

The key switch is off; only a small parasitic capacitance

exists between X-lines and l-lines (b) The key switch is

on, a Con + Cp appears between X-lines and l-lines.

I
T "° AV SENSE1

CS

AV SENSE 1
=VD'

_1_

cs'

vD .

cs + c

Figure 3a. Equivalent circuit for Capacitive Key

ANTISCAN~u
SCAN 0.

V D
o-

cA

AVSENSE2 AVSENSE2 =VD

CA

CS + Cp + CA
-VD

CS + Cp + CA

Figure 3b. Equivalent circuit for Capacitive Key with Antiscan Consideration

In Fig. 3a, an equivalent circuit for a capacitive key is

shown. The voltage AVSENSE -| is decided by the scanning

voltage VD , capacitance C and Cs .

In Fig. 3b, an antiscanning consideration is presented.

Writing

The scanning trigger edge is taking place with the inverse

voltage "antiscan". After this edge, the voltage AVsense2

is decided by the voltage divided by Cp minus the voltage

divided by CA -

SCAN LINE
(11 Lines for UM82C01-2)

£ SENSE LINE

Figure 4. Logic Symbol of the CKE
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In system configuration, the CKE is designed to stand in

the expanded I/O port of 8048 microcomputer. The

CKE uses the PORT 2, ALE and PROG to serve as an

interface to the microprocessor. When 8048 writes a

scan code to CKE, the CKE must be accessed through the

expanded PORT 4. When 8048 reads the sensing code

from the CKE, the CKE must be accessed through the

expanded PORTS 4 and 5. PORTS 6 and 7 are reserved

for the user.

ALE

PROG

\ r
P20-P23 CIXZ>

A: Address and Instruction

B : Data

Figure 5. PROG Timing of 8048 l/P PORT Expansion

Address P21 P20 PORT

PORT 4

PORT 5

PORT 6

PORT 7

Definitions

Writing Port

(Same as PORT 4)

Instruction P23 P22 Instruction

READ
WRITE
OR
AND

Definitions

Writing Instruction

Figure 6. Expanded Port Definition in Writing Cycle

By using PORT 4 (PORT 5 the same) of 8048 series

microcomputer, the user can write his scanning data to

the CKE chip. After the writing, two NOP instructions

should be used to permit correct decoding and scanning.

The timing diagram is shown in Fig. 7.

For example, if the user wants to scan X-line, the recom-

mended Assembly is as listed:

Label Command Arguments Comments

SCAN1 MOV A,#01H ;##1H Can Vary From

; #0</>H To #</>FH

MOVD
NOP
NOP

P4, A
Wait Until CKE Starts

Scanning.
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ALE

PROG

P20-P23

n f\ ® n_

(a) First ALE of MOVD instruction

(B) Second ALE of MOVD instruction

© ALE of first NOP instruction

<3) ALE of second NOP instruction

(e) Edge of latch sense data

Figure 7. Timing Diagram of Writing and Scanning

Scanning

The CKE latches port address and instruction at the PROG

high to low edge in Fig. 7, then enters the writing mode.

At the PROG low to high edge, the CKE latches the data in

P20-P23 which is now defined as the expanded PORT 4,

and decodes the data to select the programmed scan line.

Although the decoding and selection does not take much

time, the scan line does not activate immediately.

From the PROG falling edge to the rising edge of the ALE,

to the MOVD instruction in Fig. 7, the Sense Amplifier of

CKE is "Zeroing". After the zeroing cycle, all the sense

inputs are balanced at the reference voltage, and the select-

ed scan line is activated at the falling edge of this ALE.

The scanning lines X to X 1S can each be decoded from the

hexadecimal data programmed in PORT 4 at the writing

cycle.

The scanning cycle equals an ALE cycle, so the scanning

closes at the ALE falling edge of second NOP instruction as

shown in Fig. 7. Before the end of scanning. Sense

Amplifier will latch the sense data; These will be discussed

in the Sensing section.

Antiscan

Antiscan line Xj is low whenever any scanning is activated,

and is high when all scan lines X to Xi S are low.

If no key is pressed, the antiscan will generate a —AV to

the reference voltage, so that the Sense Amplifier will sense

a voltage lower than reference voltage and latch a denoted

low after amplification. If any key is pressed and the key

is scanned, the voltage divided by the on capacitance will

be a +AV, so that the Sense Amplifier will sense a voltage

higher than reference and latch a logic high after

amplification.

The effect on whether antiscan ning is larger than

scanning depends on whether the key is pressed or not

A new CMOS sense technology called "Sense Amplifier"

is built in the CKE. In Fig. 8, we show the zeroing and

sensing of this technology. In zeroing cycle, the switch

between the input and output of the inverter is closed,

so the sense input pad equals the reference voltage. After

zeroing cycle, the shorting switch at the inverting stage is

opened and sensing circuit is activated. In Fig. 7, we can

see scanning also starts after zeroing. In fact, sensing is

there writing for scanning. During the scanning cycle,
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Sensing

VamtI O 1'ANTI

VSCAN O 1H^c
77T

(a) Zeroing

Vanti O—|h-0-*0

VSCAN O 1

(b) Sensing

Fig. 8. Zeroing and Sensing

the CKE will latch the sensing input at the edge in Fig. 7.

The CKE uses byte-wide sensing, and has 8-bit latches.

After latching, the data is separated into two nibbles,

Higher Nibble and Lower Nibble, and stored.

Reading

Because the CKE serves as an interface to 8048 micro-

computer by expanded PORT, the data must be 4-bits

wide. Whenever there is data in the latches, the user can

read the sensing data in nibble form. The CKE is designed

to stand at PORT 4 and PORT 5 in the reading cycle.

Address P21 P20 PORT Definitions

PORT 4 Reading Lower Nibble

1 PORT 5 Reading Higher Nibble

1

1 1

PORT 6

PORT?
Not used

Not Used

Instruction P23 P22 Instruction Definitions

Read Reading Instruction

1

1

1

1

Write

Or

And

The latched data can be read by 8048 in two read

instructions, these two instructions need not but can be

continuous, and higher nibble is defined to be read from

PORT 5, lower nibble from PORT 4. Users must pay

attention for if no reading is instructed before the next

writing, UM82C01 will reject the writing instruction

until the reading instruction has been executed.

The recommended reading Assembly is as listed and the

timing diagram is shown in Fig. 10.

5-59



UMC

Label Command Arguments

UM82C01

Comments

Read 1

Read 2

:

MOVD
SWAP
MOV

MOVD
ORL

A, P5

A
Rn,A

A, P4

A, Rn

Read Higher Nibble

Read Lower Nibble and

Combine Nibbles to Byte

PROG

P20-P23

f\

\-<r

i

©

n-

-if-

ft-

J~\ TV

© ®
X^—A_

(V) Port address and instruction of READ 1

(b) High nibble output from CKE

(c) Port address and instruction of READ 2

(d) Lower nibble output from CKE

Figure 10. Port Timing of Reading

After the reading cycle, the microcomputer can use the

read data to generate scan code or key code easily.

Application Note

UM82C01 is a new solution for capacitance keyboard.

The application therefore differs from the present cap-

acitance Con and P. C. board parasitic capacitance Cp of

general capacitance keyboards and consideration should be

given to design them in. Con and Cp are listed in Table 1.

Cs , CA and CBS are listed in Table 2. Table 3 (a) and (b)

are recommendations for capacitance selection.

Table 1. Definition of Con and CB

Name Symbol Min. Typ. Max. Unit

Key on Capacitance

P.C.B. Parasitic Capacitance

Con

Cp

8 20

1 3

pf

Pf
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Table 2. Definition of C§ , C/^ and Cgg

Name Symbol Min. Typ. Max. Unit

Shunt Capacitance

Antiscan Capacitance

Capacitance between two senses

Cs

CA
Cbs

4

80 150

8

5

Pf

Pf

Pf

Table 3. Recommended Application of C& for various Cqn

Symbol
Range

Unit

Lower Upper

Con

Ca

Cp

10

4

25

8

3

Pf

Pf

Pf

Typical Application

Symbol
Range

Unit

Lower Upper

Con 25 35 Pf

Ca 8 15 Pf

. cP 3 Pf

(b)

J7
CD

T
rx
1

1

P20

P23

8048

ALE

PROG

TO KEYBOARD
INTERFACE

P20

P23

ALE

PROG

UM82C01

X denotes shield by ground

I

I

1

hs ^
Con

16x8 MATRIX

LON

**

hs j •<<

cON CON
cA

Ordering Information

Part Number KB Type Package

UM82C01-1 128 Key 40 DIP

UM82C01-2 88 Key 28 DIP
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Printer Adapter Interface (PAI)

Features

Programmable parallel printer interface

Completely TTL-compatible I/O

Reduces system package count

User-controlled interrupt request

Fully compatible with Z-80 and 8086 microprocessor

families

High driving capability

On-chip oscillator can be used to generate 1.5 MHz

to 20 MHz oscillation

Single 5V supply

General Description

The UM82C1 1 -C, Printer Adapter Interface (PAI), fabricated

with a silicon gate CMOS process, offers parallel port

interface between the CPU and the printer, and is especially

suitable as a printer adapter for industry-standard

personal computers.

The UM82C11-C uses TTL logic to interface with the printer.

Printer data bus pins can each source 2.6 mA and sink

24 mA. Each of the four printer control pins can

source 1.5 mA and sink 7mA. The UM82C11-C fits the

well-known Centronics printer interface.

PAI is also suitable for a personal computer interface board

which contains RS-232C interface or display interface.

The on-chip oscillator and -HO divider can be used to

offer the BAUD-rate clock with RS-232C interface or

the dot clock with monochrome display interface.

The user can use the Data Bus, IOR, IOW, IRQ, and

CS to interface PAI with 8086 or Z-80 microprocessors.

Pin Configurations

xi [2 1 40 H VDD
X2Q 2 39 n A1

CLKQ 3 38 ~J A0

dclk[I 4 37 ZlPO
RSTQ 5 36 Z1P1

IOWQ 6 35 Z]P2
IOR|~J 7 34 ~JP3
DIRQ 8 33 ~JP4
DOQ 9

C
1

32 7JP5
DIG 10 31 ^]P6
D2Q 11

12

o 30

29

Z]P7
D3Q _| ERROR

D4[~J 13 28 Zl SLCT

D5[~J 14 27 7JPE

D6Q 15 26 ^J ACK

D7C 16

17

25

24

7J BUSY

irqQ _] STROB
CSQ 18 23 ~J AUTOFD
pore 19 22 UTnTT
vssC 20 21 HSLCT

37

A0
A1

VDD
NC
NC
NC
NC
XI

X2
CLK
iCLK

RST

LLL

UM82C11-C

24

I PF

I ACK
I BUSY
I STROR
I AUTOhD
1 INI 1

1 SLCT

1
V5S

, 1 POE
1 CS
1 IRD

1 D7

aiocccO'- ^ o n o ^ in (oggrQOQ ZQZQDQ
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Absolute Maximum Ratings*

D.C Supply Voltage Vqd
-0.5V to 7V (with respect to Vss )

Operating Temperature 0°C — 70°C

Storage Temperature —65°C — 150°C

DC Electrical Characteristics

(TA = 0° - 70°C, VDD = + 5V ± 10%)

'Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

Symbol Parameter Min. Typ. Max. Unit Conditions

V| L Input Low Voltage - 0.4 0.8 V -

V| H Input High Voltage 2.0 2.4 - V -

Vol Output Low Voltage - 0.2 0.4 V VDD =5.5V

Iol = Max

Vqh Output High Voltage 2.4 - - V VDD = 4.5V

l0H = Max

'in

Input Leakage

Current
- - ±10 MA

VDD =5.5V

Vin = VD d orGND

'old
Output Low Current

Printer Data Bus =
- - 24 mA V l = 0.45V

'OHD
Output High Current

Printer Data Bus= 1

- - -2.6 mA VDD = 5.5V

Voh=2.4V

'OLC
Output Low Current

Printer Control Bus =
- - 7 mA V L = 0.45V

'OHC
Output High Current

Printer Control Bus= 1

- - -1.5 mA VDD = 5.5V

VOH =2.4V

'fl Tristate Leakage Current - - ±10 MA
VDD = 5.5V

Vfl = VD d orGND

'cc
Quiescent Supply

Current
- - 200 MA

VDD = 5.5V
V| N =0VorVDD
i =o

'op Operating Current* - 10 - mA
Oscillation Frequency
= 20 MHz, Typical
Application

"Operating Current depends on oscillator frequency, output loading and operating temperature.
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A C Characteristics

(TA = 0° - 70°C, Vcc = +5V ± 10%, C
L
= 50 pF)

WRITE

Symbol Parameter Min. Max. Unit

Tww Write Pulse Width 200 - ns

TAW Address to I0W Set-up Time 20 - ns

TWA Address Hold Time after IOW 20 - ns

TDW Data to IOW Set-up Time 70 - ns

^WD Data Hold Time after IOW 30 - ns

TWOL IOW= 1 to Data Latched - 90 ns

READ

Symbol Parameter Min. Max. Unit

TRR Read Pulse Width 300 - ns

TDD DIR Delay after IOR - 35 ns

TAR Address to IOR Set-up Time 20 - ns

TRA Address Hold Time after FOR 20 - ns

TPR Printer Bus to IOR Set-up Time - ns

TRP Printer Bus Hold Time after IOR - ns

TRDS IOR to DO - D7 Output - 70 ns

TRDR DO - D7 Released after FOR 30 ns

'Note: When the CPU reads the printer's status, output data may change if the printer signals are unstable.

OTHERS

Symbol Parameter Min. Max. Unit

TRSW Reset Pulse Width 40 - ns

TRSCH Reset to Control Bus = 1 (STROB, AUTOFD, SLCT) Propagation Delay - 90 ns

TRSINI Reset to Control Bus I NIT = Propagation Delay - 60 ns

T|D ACK to I RQ Propagation Delay - 45 ns

T,Z IRQ Disable Time - 50 ns

Tie IRQ Enable Time - 50 ns

TRSIRZ IRQ floating after RST - 50 ns

TDCKD CLK to DCLK Printer Data Enable - 20 ns

TZP POE low to Printer Data Enable - 40 ns

TPZ POE high to Printer Data Disable - 40 ns
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Pin Description

Pin Symbol Name I/O Description

1

2

X1

X2
Crystal In I

X1 , X2 are the pins to which a crystal (whose frequency is

between 1 .5 MHz and 20 MHz) is attached.

3 CLK Clock Out A buffered oscillating clock output.

4 DCLK Divided Clock
A buffered clock output whose frequency is one-tenth that of

Pin 3.

5 RST Reset I

An active high RESET pin.

When activated, printer control outputs STROB, AUTOFD,
and SLCT are inactive, INIT is active, and IRQ is disabled remain-

ing high impedance.

6 low I/O Write I

A "Low" on this pin enables the CPU to write data or control

words toPAI.

7 Tor I/O Read I

. A "Low" on this pin enables PAI to send data, control words or

printer status to the CPU. It allows the CPU to read from PAI.

8 DIR Direction

This output pin is active high only when CS and IOR are activat-

ed.

It indicates the direction of data transfer between the CPU data

bus.and PAI.

When high, PAI sends data, control words or printer status to

the CPU.

9-16 D0-D7 System Data Bus I/O

The bidirectional 8-bit data bus pins are connected to the system

data bus.

Data or control words are transmitted or received upon exe-

cution of input or output instructions by the CPU. Status infor-

mation on the printer is also received through the data bus.

17 IRQ
Interrupt

Request

This is an interrupt request output pin, which is generated when
ACK is high.

This pin is enabled by writing D4 = 1 in the control word, and

is disabled when D4 = 0.

When RST is activated, this pin is disabled.

18 CS Chip Select I

When CS = it enables communications between the CPU and

PAI.

19 POE
Printer Data

Output Enable
I

The printer data output (P0 ~ P7) is enabled when POE =

and disabled otherwise.

20 Vss Ground Power ground pin.

21 Printer Select I/O

When activated low, the printer is selected.

This pin is programmable in bit D3 by writing a control com-

mand.
SLCT

PAI outputs the inverted D3 to the S LCT pin.

(Com.
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Pin Description (Continued)

Pin Symbol Name I/O Description

22 TnTT Initialize I/O

When activated low, the printer buffer is cleared. This pin is

programmable in bit D2 by writing a control command and

PAI outputs the D2 signal to this pin.

The pulse width of the INIT must be more than 50 (is for

initialization of most printers.

23 Auto Feed I/O

When this pin is low, the printer is fed automatically, one line

after printing.

This pin is programmable in D1 by writing a control command,

and PAI outputs the inverted D1 to this pin.

AUTOFD

24 Data Strobe I/O

When activated low, the printer reads in the data on printer data

busP0~P7.
It synchronizes the data strobe between PAI and the printer. This

pin is programmable in bit DO by writing a control command, and

PAI outputs the inverted DO to this pin.

STROB

25 BUSY Busy State I

This is an input pin driven by the printer.

A "High" indicates that the printer can't receive data at "During

Data Entry", "During Part of Paper Feed", "During Printer

Error Status", "During Printing" or "In Off-Line State". The

CPU can read this signal in D7 by READ STATUS command.

26 ACK Acknowledge I

This is an input pin driven by the printer.

A "Low" indicates that the data has been received and that

printer is ready to accept other data. The CPU can read this

signal in D6 by the READ STATUS command.

27 PE Paper End I

This is a pin output from the printer. A "High" indicates that

the printer is out of paper. The CPU can read this signal in TJ5 by

the "READ STATUS" command.

28 SLCT
Printer Selected

Status
I

This is always "High" unless the printer power is down. The CPU
can read this signal in D4 by the "READ STATUS" command.

29 Error Status I

This is input pin driven by the printer.

It is "Low" only when the printer is in error status as shown below:

(1) Paper end status.

(2) Abnormal motor operation.

(3) Off-line state.

The CPU can read this status in D3 by the "READ STATUS"
command.

ERROR

30-37 P7-P0 Printer Data Bus I/O

These output pins send out the data to the printer by the CPU
"Writing Data" command. They are compatible with the TTL
logic level. The CPU can also "Read Back" these data which the

CPU last wrote by the "READ DATA" command.

38
39

A0
A1

Address I

These input addresses, in conjunction with IOR, IOW, CS,control

the selection of one of the five commands.

40 VDD Power Supply +5V.

Note: The CPU can "Read Back" the control command it last wrote by reading the control word. These are STROB,

AUTOFD, WiT, SLCT and IRQEN on the data bus DO ~ D4.
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Function Description

When reset is activated (RST=1), STROBE = 1, AUTOFD
= 1, INIT = 0, SLCT=1, and Interrupt Request "IRQ" is

disabled. PAI offers five kinds of commands selected by

AO , A 1 , TOW , TOR and CS, as shown below

:

Input Output
Operation

CS A1 AO "Tor IOW DIR

1 X X X X PAI not activated.

1 Write data to the printer.

1 1 Read data on printer data bus.

1 1 1 Read status from the printer.

1 1 Write control word to the printer.

1 1 1 Read control word on printer control bus.

Others (No operation.**)

Notes:
''

It is illegal to read anything when chip select is active and AO = A1 = 1

.

1. WRITE DATA to the PRINTER
Data on DO ~ D7 are present on PO ~ P7 bus, parallel

and sent to the printer. At the rising edge of IOW,

data is latched on the PO ~ P7 bus until the next falling

edge of IOW. When POE = 1 , PO ~ P7 bus are disabled

to tristate. When POE = the PO ~ P7 is enabled.

2. READ DATA on PRINTER DATA BUS
At the falling edge of IOR, data on PO ~ P7 is sent

back to CPU through DO ~ D7, CPU reads back the

printer data.

3. READ STATUS from the PRINTER
CPU reads the real-time status of the printer. The states are:

Data D7 D6 D5 D4 D3 D2 D1 DO

STATE BUSY ACK PE SLCT - - -ERROR

Note: The BUSY state is inverted on D7.

4. WRITE CONTROL WORD to the PRINTER
CPU writes the control word to the printer. The control signals are:

Data Bus D7 D6 D5 D4 D3 D2 D1 DO

CONTROL Signal - - - IRQEN SLCT INIT AUTOFD STROB

The control signals are latched on printer control bus at the rising edge of IOW.

Note: "Interrupt Request Enable (IRQEN)" is not present on any output pin, but enables the output pin IRQ when D4
= 1, and disables IRQ to high impedance when D4 = SLCT, AUTOFD and STROBE are inverted on D3, D1

and DO individually.

5. READ CONTROL WORD on PRINTER CONTROL BUS

At the falling edge of TOR, control signal is latched on IRQEN, SLCT pin, INIT pin, AUTOFD pin and STROB pin are

sent back to CPU on D4, D3, D2, D1 and DO individually.

(1) When control word D4 = »-IRQ pin floating.

(2) When control word D4=1 - 1 RQ = ACK.
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A.C. Testing Input Waveforms

UM82CU-C

0.45

X2.0V
™\f

TEST POINT Y
0.8V 8 /\

OUTPUT LOAD: 50 pF

Write Cycle Waveform

" Tww

/

IOW

V-
I

TWA 1

CS AO >

TAW "T

|

*~

:c~
'

--TWD —

O0~ D7

DATA BUS

P0~ P7

and

>
L

*L
- 1 WOL ..

PRINTER

DATA BUS i

Interrupt Request Waveform
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Read Cycle Waveform

IOR

DIR

CS

AO, A1

DATA ON
PRINTER DATA BUS
OR CONTROL BUS
OR STATUS BUS

\ s

IX
'PR

X
D0~D7

'RR

r

—» TRDS

<

DC"*

X
1 RP

X
3R *-

>
Reset Waveform

RST

AUTOFD
SLCT

/
' \
TRSCH

' HSW

/
/

T RSINI

SI HUB "'

^
INII

T R

IRQ >

Clock Waveform

Printer Port Enable/Disable Waveform
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Typical Applications

PA I on Printer Card

RESET

IOW

IOR

IRQ7

0>

£1
LS245

RESET

DIR P'

D0 UM82C11-C

RST

IOW

"iOR

IRQ

AUTOFD
INIT

SLCT

ACK

BUSY
PE

SLCT

ERROR

PRINTER 25-PIN

D SHELL
CONNECTOR

DATAO

DATA1

DATA2

DATA3

DATA4
DATA5

DATA6
DATA7

STROB

AUTOFD
Wit

SLCT

ACK

BUSY

PAI on Multifunction Card

PRINTER 25-PIN

D-SHELL CONNECTOR
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UM82C450
Asynchronous Communication

Element (ACE)

Features

Adds or deletes standard asynchronous communication

bits (start, stop, and parity) to or from a serial data

stream

Full double buffering eliminates the need for precise

synchronization

Independently controlled transmit, receive, line status,

and data set interrupts

Programmable baud rate, generator allows division of

any input clock by 1 to (2
16— 1) and generates the

internal 16x clock

Independent receiver clock input

Modem control functions (CTS, RTS, DSR, DTR,

R
I

, and carrier detect)

Single +5 volt power supply

General Description

The UM82C450 is a programmable Asynchronous Comm-
unication Element (ACE) chip fabricated using the Si-

Gate CMOS process. The UM82C450 is an improved

version of the UM82C50. It performs serial-to-parallel

conversion on data characters received from a peripheral

device or a modem, and parallel-to-serial conversion on

data characters received from the CPU. The CPU can read

Pin Configuration

Fully programmable serial-interface characteristics

— 5-, 6-, 7-, or 8-bit characters

— Even, odd, or no-parity bit generation and detection

— 1,1 V2, or 2-stop bit generation

— Baud rate generation (DC to 56K baud)

False start bit detection

Complete status reporting capabilities

Easily interfaces to most popular microprocessors

Line break generation and detection

Internal diagnostic capabilities

— Loopback controls for communications link fault

isolation

— Break, parity, overrun, framing error simulation

Fully prioritized interrupt system controls

the complete status of the ACE at any time during

functional operation. The UM82C450 also includes a pro-

grammable baud rate generator that is capable of dividing

the timing reference clock input by divisors of 1 to (2
16 —

1) and producing a 16x clock for driving the internal

transmitter logic.

c 1 40 H vcc
c 2 39 Urn
c 3 38 JDCD
c 4 37 7JDSR

c 5 36 7JCTS

c 6 35 7J MR

r 7 34 ZIOUTI

rz 8 33 ID DTR

u. 9 c 32 _| RTS

n. 10 2
03 31 I]OUT2

c 11 O 30 7J INTRPT

c 12 •&. 29 7J NC

c 13 O 28 Z|Ao

c 14 27 DA,
c 15 26 Ha2

c 16 25 _| ADS

c 17 24 ZI CSOUT

c 18 23 7JDDIS

c 19

20

22

21

ZIdistr

L _J DISTR
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Block Diagram

D 7 -D„ <^>
DATA
BUS

BUIFER

INTERNAL
DATA BUS

A

Ai

A 2

CSO

CS1

CS2

ADS
MR

DISTR

DISTR

DOSTR

DOSTR
DDIS

CSOUT
XTAL1
XTAL2

SELECT
&

CONTROL
LOGIC

RECEIVER
BUFFER
REGISTER C

LINE
CONTROL
REGISTER

RECEIVER
SHIFT

REGISTER
SIN

^>

DIVISOR
LATCH (LS)

DIVISOR
LATCH (MS)

BAUD
GENERATOR

LINE
STATUS
REGISTER

RECEIVER
TIMING

&
CONTROL

TRANSMITTER
TIMING

&
CONTROL

1

TRANSMITTER
HOLDING
REGISTER

TRANSMITTER
SHIFT

REGISTER

7$
MODEM
CONTROL
REGISTER V

b MODEM
STATUS
REGISTER

INTERRUPT
ENABLE
REGISTER

INTERRUPT
CONTROL
LOGIC

INTERRUPT
ID

REGISTER

AV

MODEM
CONTROL
LOGIC

OUT1

-»- INTRPT
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Absolute Maximum Ratings*

Temperature Under Bias 0°C to +70°C
Storage Temperature -65°C to + 150°C

All input or Output Voltages with

Respect to Vss -0.5V to + 7.0V

Power Dissipation 60 mW

•Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics

TA = 0°C to +70°C, Vcc = +5V ± 5%, Vss = 0V, unless otherwise specified.

Symbol Parameter Conditions Min. Max. Unit

V,LX Clock Input Low Voltage -0.5 0.8 V

VIHX Clock Input High Voltage 2.0 Vcc V

V,L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2.0 Vcc V

Vol Output Low Voltage l0L
= 1.6 mAonall* 0.4 V

Vqh Output High Voltage l0L = -1.0 mA* 2.4 V

Ice <AV) Avg Power Supply Current (Vcc ) Vcc = 5.25V, TA = 25°C

No Loads on output
SIN.DSR.RLSD,
CTS, RI = 2.0V
Allother inputs = 0;8V

10 mA

"|L Input Leakage Vcc = 5.25V, V^ = ov
All other pins floating.

V|N
= 0V, 5.25V

±10 ma

1 33
'^1 19^1

'CL Clock Leakage ±10 MA

'oz TRI-STATE Leakage Vcc = 5.25V, Vgs = 0V
VOUT

= 0V
-
5 -25V

1 ) Chip deselected

2) WRITE Mode, chip

selected

±20 HA

V ILMR MR Schmitt V, L 0.8 V

VIHMR MR Schmitt V,H 2.0 V

* Does not apply to XTAL2

Capacitance

TA = 25°C, Vcc = Vss = 0V

Symbol Parameter Conditions Min. Typ. Max. Unit

C-XTAL2 Clock Input Capacitance

fc
=

1 MHz

Unmeasured pins

retu rned to Vss

15 20 pF

CXTAL1 Clock Output Capacitance 20 30 pF

C|N Input Capacitance 6 10 pF

Qdut Output Capacitance 10 20 PF
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AC Characteristics

TA = 0°C to 70°C, Vcc = +5V ± 5%

Symbol Parameter Conditions Min. Max. Unit

lAW Address Strobe Width 60 - ns

lAS Address Setup Time 60 ns

*AH Address Hold Time ns

tCS ,Chip Select Setup Time 60 ns

tfJH Chip Select Hold Time ns

tQIW DISTR/DISTR Strobe Width 125 ns

XBC Read Cycle Delay 175 ns

RC Read Cycle =tAR *+tDIW +tRC 360 ns

k)D DISTR/DISTR to Driver Disable Delay @ 100 pF loading*** 60 ns

tDDO Delay from DISTR/DISTR to Data @ 100 pF loading 125 ns

tHZ DISTR/DISTR to Floating Data Delay @ 100 pF loading*** 100 ns

xDO\N DOSTR/DOSTR Strobe Width 100 ns

*WC Write Cycle Delay 200 ns

wc Write Cycle = tAW + tDOW + twc 360 ns

*DS Data Setup Time 40 ns

toH Data Hold Time 40 ns

tcSC* Chip Select Output Delay from Select @ 100 pF loading 100 ns

*RA* Address Hold Time from DISTR/DISTR 20 ns

*RCS* Chip Select Hold Time from DISTR/DISTR 20 ns

*ar* DISTR/DISTR Delay from Address 60 ns

tfJSR* DISTR/DISTR Delay from Chip Select 50 ns

t * Address Hold Time from DOSTR/DOSTR 20 ns

%cs Chip Select Hold Time from DOSTR/DOSTR 20 ns

*aw* DOSTR/DOSTR Delay from Address 60 ns

t *Tcsw DOSTR/DOSTR Delay from Select 50 ns

^RW Master Reset Pulse Width 5 ns

tXH Duration of Clock High Pulse External Clock (3.1 MHz Max.) 140 JUS

txL Duration of Clock Low Pulse External Clock (3.1 MHx Max.) 140 ns

Baud Generator

N Baud Divisor 1 2
16 -1

^LD Baud Output Negative Edge Delay 100 pF Load 125 ns

^HD Baud Output Positive Edge Delay 100 pF Load 125 ns

tLW Baud Output Down Time f
x
=2MHz,--2,100pF Load 425 ns

*HW. Baud Output Up Time fx = 3 MHz, -!-3, 100 pF Load 330 ns

Receiver

tsCD Delay from RCLK to Sample Time 2 JUS

tsiNT Delay from Stop to Set Interrupt 1 1
RCLK**
Cycles

tRINT
Delay from DISTR/DISTR
(RD RBR/RDLSR) to Reset Interrupt

100 pF Load 1 /xs

'Applicable only when ADS is tied low.

** RCLK is equal to tXH and tXL .

*** Charge and discharge time is determined by V0L , V h and the external loading.
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AC Characteristics

Symbol Parameter Conditions Min. Max. Unit

Transmitter

tHR
Delay from DOSTR/DOSTR (WR THR)
to Reset Interrupt

100 pF Load 175 ns

t IRS
Delay from Initial INTR Reset to

Transmit Start
8 24

RCLK
Cycles

tsi Delay from Initial Write to Interrupt 16 32
RCLK
Cycles

tSTI Delay from Stop to Interrupt (THRE) 8 8
RCLK
Cycles

t|R
Delay from DISTR/DISTR (RD MR)

to Reset Interrupt (THRE)
100Pf Load 250 ns

Modem Control

tMDO
Delay from DOSTR/DOSTR (WR MCR)
to Output

100pF Load 200 ns

tsiM Delay to Set Interrupt from MODEM Input 100 pF Load

*RIM
Delay to Reset Interrupt from DISTR/
DISTR (RDMSR)

100 pF Load 250 ns

Timing Waveforms

EXTERNAL CLOCK INPUT (3.1 MHz MAX.

XTAL1

AC TEST POINTS

BAUDOUT TIMING

XTAL1

BAUD OUT
<-f 1)

JTrxnJTJTJTJTJ^nJT-TLrL
ibhd-H H-

tBLD -*) I*- -H. |*- lHW

TJTJTrLrLrL
—I b— tBHD -H f»-

tLW

-Hh-tBLD __h—

H

lHW

tBLD I*
-*\ X L\N

-H|*- -H h-<BHD tHW I* »l« tLW ~H

BAUD OUT
K-3)
~i_n n r~i_

tBLD

BAUD OUT
|tN,N>3]

-h, h- -H h~ tBHD

~l I

—

t Lw- -*]tHW : (N-2) XTAL1 CYCLES

l LW = 2 XTAL1 CYCLES
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Timing Waveforms (Continued)

WRITE CYCLE

ADS \ /

A 2 .
A,. A )( VALIpTy

\VMJD DATAV—
* Applicable Only When ADS is Tied Low.

READ CYCLE

[-— 'AW —*\ ^^^^^
ADs"^\____y

[
--US-H \— *AH

A " A»!ZXEiEiX

W
CS2, CSj , CSq

1 h^H k-^H

iX vaud ?GEE

tRA*

I
K— tCSC* —

H

IT /-
EC

tRCS*

tCSR'
" 'AR* •RC

-tD(W - *RC

DISTR/DISTR
)(

active )C

DOSTR/DOSTR

SB
it

ACTIVE

lDDD

ACTIVE

*DD

-*i -»H r— tHZ
DATA
D0-D7'

Applicable Only When ADS is Tied Low.
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Timing Waveforms (Continued)

RECEIVER TIMING

_R
SAMPLE CLK

n n_

n_

SIN
(RECEIVER

INPUT
DATA!

\ START /

INTERRUPT
(DATA READY OR

RCVR ERRI

DISTR/DISTR (2)
(READ REC

DATA BUFFER
OR RDLSRI

DATA BITS (5 2) YpaRITyY STOP \ /

J l I
,
,i
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Pin Description

Input Signals

Chip Select (CSO, CS1, CS2), Pins 12-14: When CSO and

CS1 are high and CS"2 is low, the chip is selected. Chip

selection is complete when the decoded chip select signal

is latched with an active (low) Address Strobe (ADS) input.

This enables communication between the ACE and the

CPU.

Data Input Strobe (DISTR, DISTR), Pins 22 and 21 : When
DISTR is high or DISTR is low while the chip is selected, it

allows the CPU to read status information or data from a

selected register of the ACE. Only an active DISTR or

DISTR input is required to transfer data from the ACE
during a read operation. Therefore, tie either the DISTR
input permanently low or the DISTR input permanently

high, if not used.

Data Output Strobe (DOSTR, DOSTR), Pins 19 and 18:

When DOSTR is high or DOSTR is low while the chip is

selected, it allows the CPU to write data or control words
into a selected register of the ACE. Only an active DOSTR
or DOSTR input is required to transfer data to the ACE
during a write operation. Therefore, tie either the DOSTR

'

input permanently low or the DOSTR input permanently

high, if not used.

Address Strobe (ADS), Pin25: When low, provides latch-

ing for the Regi ster Select (A , A !# A2 ) and Chip Select

(CSO, CS1, CS2) signals. An active ADS input is required

when the Register Select (Ao,A,,A2 ) signals are not

stable for the duration of a read or write operation. If

not required, tie the ADS input permanently low.

Register Select (A2 , A t , A ), Pins 26-28: These three

inputs are used during a read or write operation to select

an ACE register to read from or write to as indicated

in Table A. The DLAB must be set high by the

system software to access the Baud Generator Divisor

Latches.

Master Reset (MR), Pin 35: This input is buffered with

a TTL-compatible Schmitt Trigger with 0.5V typical

hysteresis. When high, it clears all the registers (except

the Receiver Buffer, Transmitter Holding, and Divisor

Latches), and the control logic of the ACE . Also,

t

he state

of various output signals (SOUT, INTRPT,OUT 1,OUT2,
RTS, DTR) are affected by an active MR input. (Refer

to Table 1.)

Receiver Clock (RCLK), Pin 9: This input is the 16x

baud rate clock for the receiver section of the chip.

Serial Input (SIN), Pin 10: Serial data input from the com-

munications link (peripheral device, MODEM, or data set).

Clear to Send (CTS), Pin 36: The CTS signal is a MODEM
control function input whose conditions can be tested

by the CPU by reading bit 4 (CTS) of the MODEM Status

Register. Bit (DCTS) of the MODEM Status Register

indicates whether the CTS input has changed state since

the previous reading of the MODEM Status Register. CTS
has no effect on the Transmitter. Whenever the CTS bit

of the MODEM Status Register changes state, an interrupt

is generated if the MODEM Status Interrupt is enabled.

DLAB A2 A! Ao Register

Receiver Buffer (read), Transmitter

Holding Register (write)

1 Interrupt Enable

X 1 Interrupt Identification (read only)

X o. 1 1 Line Control

X 1 MODEM Control

X 1 1 Line Status

X 1 1 MODEM Status

X 1 1 1 Scratch

1 Divisor Latch (least significant byte)

1 1 Divisor Latch (most significant byte)

Table A. Register Address

Data Set Ready (DSR), Pin 37: When low, this indicates

that the MODEM or data set is ready to establish the com-

munications link and transfer data with the ACE. The DSR
signal is a MODEM-control function input whose condition

can be tested by the CPU by reading bit 5 (DSR) of the

MODEM Status Register. Bit 1 (DDSR) of the MODEM
Status Register indicates whether the DSR input has

changed state since the previous reading of the MODEM
Status Register. Whenever the DSR bit of the MODEM
Status Register changes state, an interrupt is generated if

the MODEM Status Interrupt is enabled.

Data Carrier Detect (DCD), Pin 38: When low, indicates

that the data carrier has been detected by the MODEM or

data set. The DCD signal is a MODEM-control function

input whose condition can be tested by the CPU by reading

bit 7 (DCD) of the MODEM Status Register. Bit 3 (DDCD)

of the MODEM Status Register indicates whether the

DCD input has changed state since the previous reading

of the MODEM Status Register. DCD has no effect on the

receiver. Whenever the DCD bit of the MODEM Status

Register changes state, an interrupt is generated if the

MODEM Status Interrupt is enabled.

Ring Indicator (Rl), Pin 39: When low, indicates that a

telephone ringing signal has been received by the MODEM
or data set. The Rl signal is a MODEM-control function

input whose condition can be tested by the CPU by reading

bit 6 (Rl) of the MODEM Status Register. Bit 2 (TERI)
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of the MODEM Status Register indicates whether the Rl

input has changed from a low to a high state since the

previous reading of the MODEM Status Register. Whenever
the Rl bit of the MODEM Status Register changes from a

high to a low state, an interrupt is generated if the MODEM
Status Register is enabled.

Vcc , Pin 40: +5V supply.

Vss , Pin 20: Ground (OV) reference.

Output Signals

Data Terminal Ready (DTR), Pin 33: When low, informs

the MODEM or data set that the ACE is ready to communi-

cate. The DTR output signal can be set to an active low by

programming bit (DTR) of the MODEM Control Register

to a high level. The DTR signal is set high upon a Master

Reset operation. The DTR signal is forced to its inactive

state (high) during loop mode operation.

Request to Send (RTS), Pin 32: When low, informs the

MODEM or data set that the ACE is ready to transmit

data. The RTS output signal can be set to an active low

by programming bit 1 (RTS) of the MODEM Control

Register. The RTS signal is set high upon a Master Reset

operation. The RTS signal is forced to its inactive state

(high) during loop mode operation.

Output 1 (OUT 1), Pin 34: User-designated output that

can be set to an active low by programming bit 2 (OUT 1)

of the MODEM Control Register to a high level. The

OUT 1 signal is set high upon a Master Reset Operation.

The OUT 1 signal is forced to its inactive state (high) during

loop mode operation.

Output 2 (OUT 2), Pin 31: User-designated output that

can be set to an active low by programming bit 3 (OUT 2)

of the MODEM Control Register to a high level. The

OUT 2 signal is set high upon a Master Reset Operation.

The OUT 2 signal is forced to its inactive state (high) during

loop mode operation.

Chip Select Out (CSOUT), Pin 24: When high, indicates

that the chip has been selected by active, CSO, CS1 , and

CS2 inputs. No data transfer can be initiated until the

CSOUT signal is a logic 1. CSOUT goes low when chip

is deselected.

Driver Disable (DDIS), Pin 23: Goes low whenever the

CPU is reading data from the ACE. A high-level DDIS
output can be used to disable an external transceiver (if

used between the CPU and ACE on the D 7 —

D

Data Bus)

at all times, except when the CPU is reading data.

Baud Out (BAUDOUT), Pin 15: 16 x clock signal for the

transmitter section of the ACE. The clock rate is equal

to the main reference oscillator frequency divided by the

specified divisor in the Baud Generator Divisor Latches.

The BAUDOUT may also be used for the receiver section

by tying this output to the RCLK input of the chip.

Interrupt (INTRPT), Pin 30: Goes high whenever any one

of the following interrupt types has an active high condi-

tion and is enabled via the IER: Receiver Error Flag;

Received Data Available; Transmitter Holding Register

Empty; and MODEM Status. The INTRPT signal is reset

low upon the appropriate interrupt service or a Master

Reset operation.

Serial Output (SOUT), Pin 11: Composite serial data

output to the communications link (peripheral, MODEM
or data set). The SOUT signal is set to the Marking (logic

1 ) state upon a Master Reset operation.

Input/Output Signals

Input/Output Signals for the data bus and External clock.

Data (D 7—

D

) Bus, Pins 1—8: This bus comprises eight

TRI-STATE input/output lines. The bus provides bidirec-

tional communications between the ACE and the CPU.

Data, control words, and status information are transferred

via the D 7—D Data Bus.

External Clock Input/Output (XTAL 1, XTAL 2), Pins 16

and 17: These two pins connect the main timing reference

(crystal or signal clock) to the ACE.

Programmable Registers

The system programmer may access or control any of

the ACE registers summarized in Table 2 via the CPU.

These registers are used to control ACE operations and to

transmit and receive data.

Line Control Register

The system programmer specifies the format of the asyn-

chronous data communications exchange via the Line

Control Register. In addition to controlling the format,

the programmer may retrieve the contents of the Line

Control Register for inspection. This feature simplifies

system programming and eliminates the need for separate

storage in system memory of the line characteristics.

The contents of the Line Control Register are indicated

in Table 2 and are described below.

Bits and 1: These two bits specify the number of bits

in each transmitted or received serial character. The en-

coding of bits and 1 is as follows:

Bit 1 BitO Word Length

1

1

1

1

5 Bits

6 Bits

7 Bits

8 Bits
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Bit 2: This bit specifies the number of Stop bits in each

transmitted character. If bit 2 is a logic 0, one Stop bit

is generated in the transmitted data. If bit 2 is a logic 1

when a 5-bit word length is selected via bits and 1 , one

and a half Stop bits are generated. If bit 2 is a logic 1 when

either a 6-, 7-, or 8-bit word length is selected, two Stop

bits are generated. The Receiver checks the first Stop-bit

only, regardless of the number of Stop bits selected.

Bit 3: This bit is the Parity Enable bit. When bit 3 is a

logic 1 , a Parity bit is generated (transmit data) or checked

(receive data) between the last data word bit and Stop bit

of the serial data. (The Parity bit is used to produce an

even or odd number of 1s when the data word bits and

the Parity bit are summed.)

Bit 4: This bit is the Even Parity Select bit. When bit 3 is a

logic 1 and bit 4 is a logic 0, an odd number of logic 1s

is transmitted or checked in the data word bits and Parity

bit. When bit 3 is a logic 1 and bit 4 is a logic 1 , an even

number of logic 1s is transmitted or checked.

Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and

5 are logic 1 the Parity bit is transmitted and checked by

the receiver as a logic 0. If bits 3 and 5 are 1 and bit 4

is a logic then the Parity bit is transmitted as a 0.

Bit 6: This bit is the Break Control bit. When it is set to

a logic 1 , the serial output (SOUT) is forced to the Spacing

(logic 0) state. The break is disabled by setting bit 6 to

a logic 0. The Break Control bit acts only on SOUT and

has no effect on the transmitter logic.

Note: This feature enables the CPU to alert a terminal in

a computer communications system. If the following

sequence is followed , no erroneous or extraneous characters

will be transmitted because of the break.

1

.

Load an all 0s, pad character, in response to THRE.

2. Set break after the next THRE.

3. Wait for the transmitter to be idle, (TEMT = 1), and

clear break when normal transmission has to be restored.

During the break, the Transmitter can be used as a charac-

ter timer to accurately establish the break duration.

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It

must be set high (logic 1) to access the Divisor Latches of

the Baud Generator during a Read or Write operation. It

must be set low (logic 0) to access the Receiver Buffer,

the Transmitter Holding Register, or the Interrupt Enable

Register.

Table 1 . Reset Functions

Register/Signal Reset Control Reset State

Interrupt Enable Register Master Reset
All Bits Low

(0 - 3 forced and 4 - 7 permanent)

Interrupt Identification Register Master Reset
Bit is High, Bits 1 and 2 Low
Bits 3 - 7 are permanently Low

Line Control Register Master Reset All Bits Low

MODEM Control Register Master Reset All Bits Low,

Line Status Register Master Reset
All Bits Low,

Except Bits 5& 6 are High

MODEM Status Register Master Reset
BitsO- 3 Low

Bits 4- 7 — Input Signal

SOUT Master Reset High

INTRPT(RCVR Errs) Read LSR/MR Low

INTRPT (RCVR Data Ready) Read RBR/MR Low

INTRPT(THRE) Read IIR/WriteTHR/MR Low

INTRPT (Modem Status Changes) ReadMSR/MR Low

OUT 2 Master Reset High

RTS Master Reset High

dTr" Master Reset High

OUT1 Master R eset High
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Table 2|. Summary of Accessible Registers

Bit No.

Register Address

DL4B=0 0DLAB=0 1 DLAB=1 2 3 4 5 6 7 DLAB=1 1 DLAB=1

Receiver

Buffer

Register

Read

Only)

Transmitter

Holding

Register

(Write

Only)

Interrupt

Enable

Register

Interrupt

Ident.

Register

Read

Only)

Line

Control

Register

MODEM
Control

Register

Line

Status

Register

MODEM
Status

Register

Scratch

Reg-

ister

Divisor

Latch

(LS)

Divisor

Latch

(MS)

RBR THR IER MR LCR MCR LSR MSR SCR DLL DLM

Data Bit 0* Data Bit

Enable

Received

Data

Available

Interrupt

(ERBFI)

"0"
if

Interrupt

Pending

Word
Length

Select

Bit

(WLSO)

Data

Terminal

Ready

(DTR)

Data

Ready

(DR)

Delta

Clear

to Send

(DCTS)

BitO BitO Bit 8

1 Data Bit 1 Data Bit 1

Enable

Transmitter

Holding

Register

Empty
Interrupt

(ETBEI)

Interrupt

ID

Bit (0)

(WL
Word
Length

Select

Bit 1

(WLS1)

Request

to Send

(RTS)

Overrun

Error

(OR)

Delta

Data

Set

Ready

(DDSR)

Bit 1 Bit 1 Bit 9

2 Data Bit 2 Data Bit 2

Enable

Receiver

Line

Status

1 nterrupt

(ELSI)

Interrupt

ID

Bit(1)

Number
of Stop

Bits

(STB)

Out 1

Parity

Error

(PE)

Trailing

Edge

Ring

Indicator

(TERI)

Bit 2 Bit 2 Bit 10

3 Data Bit 3 Data Bit 3

Enable

MODEM
Status

Interrupt

(EDSSI)

Parity

Enable

(PEN)
Out 2

Framing

Error

(FE)

Delta

Data

Carrier

Detect

(DDCD)

Bit 3 Bit 3 Bit 1

1

4 Data Bit 4 Data Bit 4

Even
Parity

Select

(EPS)

Loop
Break

Interrupt

(Bl)

Clear to

Send

(CTS)

Bit 4 Bit 4 Bit 12

5 Data Bit 5 Data Bit 5 Stick

Parity

Transmitter

Holding

Register

(THRE)

Data

Set

Ready

(DSR)

Bit 5 Bit 5 Bit 13

6 Data Bit 6 Data Bit 6
Set

Break

Transmitter

Empty
(TEMT)

Ring

Indicator

(Rl)

Bit 6 Bit 6 Bit 14

7 Data Bit 7 Data Bit 7

Divisor

Latch

Access

Bit

DLAB)

Data

Carrier

Detect

(DCD)

Bit 7 Bit 7 Bit 15

* Bit is the least significant bit. It is the first bit serially transmitted or received.
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Programmable Baud Generator

The ACE contains a programmable Baud Generator that is

capable of taking any clock input (DC to 3.1 MHz) and

dividing it by any divisor from 1 to 2
16

-1). The output

frequency of the Baud Generator is 16 x the Baud [divisor

# = (frequency input) -r (baud rate x 16)] . Two 8-bit

latches store the divisor in a 16-bit binary format. These

Divisor Latches must be loaded during initialization in

order to ensure desired operation of the Baud Generator.

Upon loading either of the Divisor Latches, a 16-bit Baud

counter is immediately loaded. This prevents long counts

on initial load.

Tables 3 and 4 illustrate the use of the Baud Generator

with crystal frequencies of 1.8432 MHz and 3.072 MHz

respectively. For baud rates of 38400 and below, the error

obtained is minimal. The accuracy of the desired baud

rate is dependent on the crystal frequency chosen. The

maximum operating frequency of the Baud Generator is

3.1 MHz. However, when using divisors of 3 and below,

the maximum frequency is equal to the divisor in MHz.

For example, if the divisor is 1, then the maximum

frequency is 1 MHz. In no case should the data rate be

greater than 56 K Baud.

Line Status Register

This 8-bit register provides status information to the CPU

concerning the data transfer. The contents of the Line

Status Register are indicated in Table 2 and are described

below.

Bit C: This bit is the receiver Data Ready (DR) indicator.

Bit is set to a logic 1 whenever a complete incoming

character has been received and transferred into the Re-

ceiver Buffer Register. Bit is reset to a logic by reading

the data in the Receiver Buffer Register.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1

indicates that data in the Receiver Buffer Register was

not read by the CPU before the next character was trans-

ferred into the Receiver Buffer Register, thereby destroy-

ing the previous character. The OE indicator is reset when-

ever the CPU reads the contents of the Line Status Re-

gister.

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2

indicates that the received data character does not have

the correct even or odd parity, as selected by the even-

parity-select bit. The PE bit is set to a logic 1 upon detec-

tion of a parity error and is reset to a logic whenever

the CPU reads the contents of the Line Status Register.

Bit 3: This bit is the Framing Error (FE) indicator. Bit 3

indicates that the received character did not have a valid

Stop bit. Bit 3 is set to a logic 1 whenever the Stop bit

following the last data bit or parity bit is detected as a

zero bit (Spacing level). The FE indicator is reset whenever

the CPU reads the contents of the Line Status indicator.

Table 3. Baud Rates Using 1 .8432 MHz Crystal

Desired
Divisor Used

to Generate

Percent Error I

Difference Between 1

Baud Rate
16 x Clock Desired and Actual

50 2304 -

75 1536 -

110 1047 0.026

134.5 857 0.058

150 768 -

300 384 -

600 192 -

1200 96 -

1800 64 -

2000 58 0.69

2400 48 -

3600 32 -

4800 24 -

7200 16 -

9600 12 -

19200 6 -

38400 3 -

56000 2 2.86

Typical Oscillator Application

DRIVER
EXTE

CLOCK
RNAL K^
:LOCK \?°~

OPTIONAL
CLOCK
OUTPUT

OPTIONAL
DRIVER

-<

XTAL1

UM82C450

XTAL2

I
c

' CRYS
TAL

17

XTAL1

UM82C450

Rx2
-AAV-I XTAL2

I

Typical Crystal Oscillator Network

Crystal R P R*2 Ci c2

3.1 MHz 1 Mfi 1.5K 10-30pF 40-60 pF

1.8 MHz 1 Mfi 1.5K 10-30pF 40-60 pF
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Table 4. Baud Rates Using 3.072 MHz Crystal

Desired

Baud Rate

Divisor Used Pencent Error

to Generate Difference Between
16 x Clock Desired and Actual

50 3840 _
75 2560 _
110 1745 0.026

134.5 1428 0.034

150 1280 —
300 640 -
600 320 -
1200 160 —
1800 107 0.312

2000 96 -

2400 80 —

3600 53 0.628

4800 40 —

7200 27 1.23

9600 20
—

19200 10
—

38400 5

Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit 4
is set to a logic 1 whenever the received data input is held
in the Spacing (logic 0) state for longer than a full word
transmission time (that is, the total time of Start bit +
data bits + Parity + Stop bits). The Bl indicator is reset

whenever the CPU reads the contents of the Line Status
indicator. Bits 1 through 4 are the error conditions that
produce a Receiver Line Status interrupt whenever any
of the corresponding conditions are detected.

Bit 5: This bit is the Transmitter Holding Register Empty
(THRE) indicator. Bit 5 indicates that the ACE is ready
to accept a new character for transmission. In addition,
this bit causes the ACE to issue an interrupt to the CPU
when the Transmit Holding Register Empty Interrupt
enable is set high. The THRE bit is set to a logic 1 when
a character is transferred from the Transmitter Holding
Register into the Transmitter Shift Register. The bit is

reset to logic concurrent with the loading of the Trans-
mitter Holding Register by the CPU.

Bit 6: This bit is the Transmitter Empty (TEMT) indicator.

Bit 6 is set to a logic 1 whenever the Transmitter Holding
Register (THR)and the Transmitter Shift Register (TSR)
are both empty. It is reset to a logic whenever either
theTHR or TSR contains a data character.

Table 5. Interrupt Control Functions

Interrupt Identification

Register
Interrupt Set and Reset Functions

Bit 2 Bit 1 BitO
Priority

Level

Interrupt

Type
Interrupt

Source

Interrupt

Reset Control

1 - None None -

1 1 Highest
Receiver

Line Status

Overrun Error

or

Parity Error

or

Framing Error

or

Break Interrupt

Reading the
Line Status Register

1 Second
Received

Data Available

Receiver

Data Available
Reading the

Receiver Buffer Register

1 Third
Transmitter

Holding Register

Empty

Transmitter

Holding Register

Empty

Reading the

IIR Register
(if source of interrupt)

or

Writing into the
Transmitter Holding

Register

Fourth
MODEM
Status

Clear to Send
or

Data Set Ready
or

Ring Indicator

or

Data Carrier

Detect

Reading the

MODEM Status

Register
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Bit 7: This bit is permanently set to logic 0. The Line

Status Register is intended for read operations only.

Writing to this register is not recommended as this opera-

tion is used for factory testing.

Interrupt Identification Register

The ACE has an on-chip interrupt capability that allows for

flexibility in interfacing popular microprocessors presently

available. In order to provide minimum software overhead

during data character transfers, the ACE prioritizes inter-

rupts into four levels. The four levels of interrupt condi-

tions are as follows: Receiver Line Status (priority 1);

Received Data Ready (priority 2); Transmitter Holding

Register Empty (priority 3); and Modem Status (priority

4).

Information indicating that a prioritized interrupt is pend-

ing and the type of that interrupt are stored in the Inter-

rupt Identification Register (MR). When addressed during

chip-select time, the II R freezes the highest priority inter-

rupt pending and no other interrupts are acknowledged

until the particular interrupt is serviced by the CPU. The

contents of the IIR are indicated in Table2 and are de-

scribed below.

Bit 0: This bit can be used in either a hardwired prioritized

or polled environment to indicate whether an interrupt is

pending. When bit is a logic 0, an interrupt is pending

and the IIR contents may be used as a pointer to the ap-

propriate interrupt service routine. When bit is a logic 1

,

no interrupt is pending and polling (if used) continues.

Bits 1 and 2: These two bits of the IIR are used to identify

the highest priority interrupt pending as indicated in

Table 5.

Bits 3 through 7: These five bits of the IIR are always

logic 0.

Interrupt Enable Register

This 8-bit register enables the four types of interrupts of

the ACE to separately activate the chip interrupt (INTRPT)

output signal. It is possible to totally disable the interrupt

system by resetting bits through 3 of the Interrupt Enable

Register. Similarly, by setting the appropriate bits of

this register to a logic 1 , selected interrupts can be enabled.

Disabling the interrupt system inhibits the Interrupt Id-

entification Register and the active (high) INTRPT out-

put from the chip. All other system functions operate

in their normal manner, including the setting of the Line

Status and MODEM Status Registers. The contents of the

Interrupt Enable Register are indicated in Table 2 and are

described below.

Bit 0: This bit enables the Received Data Available Inter-

rupt when set to logic 1

.

Bit 1: This bit enables the Transmitter Holding Register

Empty Interrupt when set to logic 1

.

Bits 2: This bit enables the Receiver Line Status Interrupt

when set to logic 1.

Bit 3: This bit enables the MODEM Status Interrupt when

set to logic 1.

Bits 4 through 7: These four bits are always logic 0.

MODEM Control Register

This 8-bit register controls the interface with the MODEM
or data set (or a peripheral device emulating a MODEM).
The contents of the MODEM Control Register are indicated

in Table 2 and are described below.

Bit 0: This bit controls the Data Terminal Ready (DTR)

output. When bit is set to logic 1, the DTR output is

forced to a logic 0. When bit is reset to a logic 0, the

DTR output is forced to a logic 1. The DTR output of

the ACE may be applied to an EIA inverting line drive

(such as the DS1488) to obtain the proper polarity input

at the succeeding MODEM or data set.

Bit 1: This bit controls the Request to Send RTS output.

Bit 1 affects the RTS output in a manner identical to that

described above for bit 0.

Bit 2: This bit controls the Output 1 (OUT 1) signal, which

is an auxiliary user-designated output. Bit 2 affects the

OUT 1 output in a manner identical to that described

above for bit 0.

Bit 3: This bit controls the Output 2 (OUT 2) signal, which

is an auxiliary user-designated output. Bit 3 affects the

OUT 2 output in a manner identical to that described above

for bit 0.

Bit 4: This bit provides a local loopback feature for diagno-

tic testing of the ACE. When bit 4 is set to logic 1, the

following occur: the transmitter Serial Output (SOUT) is

set to the Marking (logic 1) state; the receiver Serial Input

(SIN) is disconnected; the output of the Transmitter Shift

Register is "looped back" into the Receiver Shift R egiste r

input; the four MODEM Control inputs (CTS, DSR, DCD,

and Rl) are disconnected; and the four MODEM Control

outputs (DTR, RTS, OUT 1, and OUT 2) are internally

connected to the four MODEM Control inputs, and the

MODEM Control output pins are forced to their inactive

state (high). In the diagnostic mode, data that is transmit-

ted is immediately received. This feature allows the pro-

cessor to verify the transmit-and received-data paths of

the ACE.

In the diagnostic mode, the receiver and transmitter inter-

rupts are fully operational. The MODEM Control Inter-

rupts are also operational, but the interrupts' sources are

5-84



UMC UM82C4S0

now the lower four bits of the MODEM Control Register

instead of the four MODEM Control inputs. The interrupts

are still controlled by the Interrupt Enable Register.

Bit 5 through 7: These bits are permanently set to logic 0.

MODEM Status Register

This 8-bit register provides the current state of the control

lines from the MODEM (or peripheral device) to the CPU.

In addition to this current-state information, four bits

of the MODEM Status Register provide change information.

These bits are set to a logic 1 whenever a control input

from the MODEM changes state. They are reset to logic

whenever the CPU reads the MODEM Status Register.

Accessible Registers

The contents of the MODEM Status Register are indicated

in.Table 2 and are described below.

Bit 0: This bit is the Delta Clear to Send (DCTS) indicator.

Bit indicates that the CTS input to the chip has changed

state since the last time it was read by the CPU.

Bit 1: This bit is the Delta Data Set Ready (DDSR) in-

dicator. Bit 1 indicates that the DSR input to the Chip

has changed state since the last time it was read by the

CPU.

Bit 2: This bit is the Trailing Edge of Ring Indicator

(TERI) detector. Bit 2 indicates that the Rl input to the

chip has changed from a low to a high state.

Bit 3: This bit is the Delta Data Carrier Detect (DDCD)

indicator. Bit 3 indicates that the DCD input to the chip

has changed state. Whenever bits 0, 1 , 2, or 3 are set to

logic 1 , a MODEM Status Interrupt is generated.

Bit 4: This bit is the complement of the Clear to Send

(CTS) input. If bit 4 (loop) of the MCR is set to a 1 , this

bit is equivalent to RTS in the MCR.

Bit 5: This bit is the complement of the Data Set Ready

(DSR) input. If bit 4 of the MCR is set to a 1 , this bit is

equivalent to DTR in the MCR

.

Bit 6: This bit is the complement of the Ring Indicator

(rTO input. If bit 4 of the MCR is set to a 1, this bit is

equivalent to OUT 1 in the MCR.

Bit 7: This bit is the complement of the Data Carrier

Detect (DCD) input. If bit 4 of the MCR is set to a 1 , this

bit isequivalenttoOUT 2 of the MCR.

Scratchpad Register

This 8-bit Read/Write Register does not control the ACE
in any way. It is intended as a scratchpad register to be

used by the programmer to hold data temporarily.

Typical Application

SYSTEM BUS

A

C=^ r^>

-J\ ADDRESS
-l/ DECODER

. D -D 7

<= Z^> BUFFER C r— D

V vi

BAUDOUT

RCLK

UM82C450

D D 7

DISTR

DOSTR

DISTR

DOSTR
ADS

SOUT

SIN

RTS

DTR

DSR

OCD

CTS

TT^

I

EIA /I—N. RS-232

DRIVERS V—^ INTERFACE
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UM82C451
Parallel/Asynchronous

Communication Element

Features

IBM PC/AT compatible

UM82C450 with on-board Centronix printer interface

Completely pin-and upward-compatible with the dual

serial channel UM82C452
Independent control of transmit, receive, line status

and data set interrupts

Individual modem control signals

Programmable Serial interface characteristics:

— 5-, 6-, 7- or 8-bit characters

— Even-, odd-or no-parity bit generation and detection
— 1,1 1 12 or 2 stop bit generation

Three-state TTL drive for the data and control bus

Description

The UM82C451 is an enhanced version of the popular

UM82C450 asynchronous communications element (ACE).

The serial channel performs serial-to-parallel conversion

on data characters received from peripheral devices or

modems, and parallel-to-serial conversion of data char-

acters transmitted by the CPU. The complete status of the

Parallel/Asychronous Communications Element (P/ACE)
can be read at any time during functional operation by
the CPU. The information obtained includes the type

and condition of the transfer operations being performed,

and error conditions. It is fully pin-and upward-compatible

with the dual serial channel UM82C452. The second

serial channel of the UM82C452 occupies pins that are

VCC, GND, or NC (not connected) on the UM82C451.

The UM82C451 also provides the user with a fully bi-

directional parallel data port that fully supports the parallel

Centronics type printer, This port allows information

received from either serial communication port to be

printed from the P/ACE. The parallel port, together with

the serial port, provides IBM PC/AT compatible computers
with a single device to serve the two system ports.

A programmable baud rate generator is included that

can divide the timing reference clock input by a divisor

between 1 and (2
16

-1).

The UM82C451
chip carrier.

is packaged in a 68-pin plastic leaded

Pin Configuration Block Diagram
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Pin Description

Pin No. Symbol I/O Description

37 Tor I

Input/Output Read strobe: This is an active Low input signal used

to cause the selected channel to output data to data bus (DBO-

DB7).

36 Tow I

Input/Output Write strobe: This is an active Low input signal

used to cause data input from data bus (DB0-DB7) to the channel

selected.

33-35 A2-A0 I

Address lines A2-A0: The address lines are used to select the in-

ternal register in selected channels during CPU cycle.

32,38 CSO, CS2 I

Chip Selects: Each chip select input acts as an enable of each

channel during read and write, CSO selects Serial Channel and

CS2 selects Parallel Port.

44 BDO
Bus Buffer Output: This active high output is asserted when any

channel is selected. This output can be used to control the system

bus driver device (74LS245).

14-21 DB0-DB7 I/O

Data Bit DB0-DB7: The data bus provides eight three-state I/O

lines for the transfer of data, control and status information be-

tween CPU and UM82C451. These lines are normally in a high-

impedance state except during read operation. DO is the least

significant bit (LSB) and is the first serial bit to be transmitted

or received.

39 I

Reset: When low, the reset input forces the UM82C451 into an

idle state in which all serial data activities are suspended. The

Registers and signals of the UM82C451 are all cleared to the

state as indicated in Table 1

.

sH

RESET

26 SOUTO

Serial Data Output: This line is the serial data output of UART,
used to transmit serial data to communication link. SOUT is held

in marking (logic 1) state when the transmitter is disabled, reset,

the Transmitter Register is empty, or when in the loop mode.

41 SINO I

Serial Data Input: This line is used to receive serial data from the

communication line or modem into the UART. Data on serial

data inputs is disabled during the loop mode.

24

Request To Send: This signal is an active low output for UART,
When active, it informs the Modem or data set that the controller

is ready to send data. This signal is set low by writing logic 1 to

MCR (1 ) and reset to high by Reset.

RTSO

25

Data Terminal Ready: This signal is an active low output for

UART. When active, it informs the modem or data set that the

controller is ready to communicate. This signal is set low by

writing logic 1 to MCR (0) and reset to high by Reset.

DTRO
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Pin Description (Continued)

Pin No. Symbol I/O Description

28 I

Clear to send: This signal is an active low input for UART. The logic

state of this signal is reflected in MSR (4) and any change of state

in either CTS pin will set DCTS bit MSR (0) of each Modem Status

Register. When active, this pin informs that the Modem or data set

is ready to receive data.

CTSO

31 I

Data Set Ready: This signal is an active low input for UART. The

logic state of this signal is reflected in MSR (5) and any change of

state in either DSR pin will set DDSR bit MSR (1) of each Modem

Status Register. When active, the signal informs that the Modem or

data set is ready to establish communication.

DSRO

29 I

Receiver Line Signal Detect: This is an active low input for UART.

The logic state of this signal is reflected in MSR (7) and any change

of state in either DCD pin will set DDCD bit MSR (3) of each

Modem Status Register. When active, this pin informs that the data

carrier has been detected by Modem or data set.

RLSDO

30 "RIO I

Ring Indicator: This signal is an active low input for UART. The

logic state of this signal is reflected in MSR (6) and TERI bit MSR

(2) will be set when the state of either Rl pin is changed from low

to high.

4 CLK I Clock Input: The external clock input from a crystal oscillator.

1 I

Line Printer Output Enable: This input signal enables the data out-

puts of the parallel line printer when it is low. When it is high, the

data pins of line printer are held in a high-impedance state. This

pin may be tied to ground for normal line printer operation.

LPTOE

53-46 PD0-PD7

Parallel Data Bus: This bus provides a byte-wide input or output

port to the system. The eight lines are held in a high-impedance

state when the port is not selected.

68 ACK I

Acknowledge: This signal goes low to indicate that the printer has

already received a character and is ready to accept another.

67 PE I

Paper Empty: This signal goes high when the line printer has run

out of paper.

66 BUSY I

Busy: This signal goes high when the line printer has a local opera-

tion in progress and cannot accept data.

65 SLCT I

Selected: This signal goes high when the line printer has been

selected.
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Pin No. Symbol I/O Description

63 ERR I

Error: This signal goes low when the line printer has encountered

an error condition.

58 I/O
Line Printer Select: This signal is used to select the printer when
it is low.

SLIN

57 "InTT I/O
Line Printer Initialize: When this signal goes low, it will allow

the line printer initialization routine to be started.

56 AFD I/O
Line Printer Autofeed: When this signal goes low, it will cause the

printer to line-feed after a line is printed.

55 STB I/O

Line Printer Strobe: When this signal is low, it provides the line

printer a signal to latch the data currently on the parallel port. This

signal should keep low at least 0.5 jus to ensure the completion of

data latch.

45

————^__

INTO

Serial Channel Interrupt: Serial channel interrupt goes high when
one of the following interrupts has an active condition and is en-

abled by the IER of its associated channel: Receiver Error Flag,

Receiver Data Available, Transmitter Holding Register Empty, and
Modem Status. The interrupt is reset to low upon appropriate

service. This pin will be held in a high-impedance state if the MCR
(3) of each associated channel is programmed low (logic 0).

59 INT2

Line Printer Interrupt: This interrupt goes low when ACK goes

low. This signal is enabled by Bit 4 of the Printer Control Register

and will be held in a high-impedance state if Bit 4 of the printer

Control Register is programmed low.

39
3, 23, 40, 64 vCc I Power Supply: +5V

2,5,6-9,13,

22,27,42,43,

54,61,62

GND Ground: 0V

10-12,60 NC No Connection

Functional Description:

Serial Channel Registers

Three types of internal registers are used in the serial

channel of the UM82C451. They are used in the opera-

tion of the device, and are the control, status, and data

registers. The control registers are the Bit Rate Select

Register DLL (Divisor Latch LSB) and DLM (Divisor

Latch MSB), Line Control Register. Interrupt Enable

Register, and the Modem Control registers, while the status

registers are the Line Status Registers and the Modem
Status Register. The data registers are the Receiver Buffer

Register and the Transmitter Holding Register. The Ad-

dress, Read, and Write inputs are used in conjunction

with the Divisor Latch Access Bit in the Line Control

Register [LCR (7)] to select the register to be written to

or read (see Table 1). Individual bits within these registers

are referred to by the register mnemonic and the bit

number in parenthesis. An example, LCR (7) refers to

Line Control Register Bit 7.

The Transmitter Buffer Register and Receiver Buffer

Register are data registers holding from five to eight bits

of data. If less than eight data bits are transmitted, data

is right justified to the LSB. Bit of a data word is always

the first serial data bit received and transmitted. The
UM82C451 data registers are double-buffered so that

read and write operations can be performed at the same
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Table 1. Serial Channel Internal Registers

DLAB A2 A1 AO Mnemonic

RBR
THR
IER

IIR

LCR
MCR
LSR

MSR
SCR
DLL
DLM

X = "Don't Care" = Logic Low

Note: The Serial Channel is accessed when CSO is low.

Register

Receiver Buffer Register (read only)

Transmitter Holding Register (write only)

Interrupt Enable Register

Interrupt Identification Register (read only)

Line Control Register

Modem Control Register

Line Status Register

Modem Status Register

Scratch Register

Divisor Latch (LSB)

Divisor Latch (MSB)

1 = Logic High

time the UART is performing the parallel-to-serial and

serial-to-parallel conversion.

The format of the data character is controlled by the

Line Control Register. The contents of the LCR may

be read, eliminating the need for separate storage of the

line characteristics in system memory. The contents of

the LCR are described below.

LCR (0) Word Length Select Bit (WLSO)

LCR (1) Word Length Select Bit 1 (WLS1)

LCR (2) Stop Bit Select (STB)

LCR (3) Parity Enable (PEN)

LCR (4) Even Parity Select (EPS)

LCR (5) Stick Parity

LCR (6) Set Break

LCR (7) Divisor Latch Access Bit (DLAB)

LCR (0) and LCR (1) word length select bit 1
:
The number

of bits in each serial character is programmed as shown

in the following chart:

LCR(1) LCR (0) Word Length

1

1

1

1

5 Bits

6 Bits

7 Bits

8 Bits

LCR (2) Stop Bit Select: LCR (2) specifies the number

of stop bits in each transmitted character. If LCR (2)

is a logic 0, one stop bit is generated in the transmitted

data. If LCR (2) is a logic 1 when a 5-bit word length

is selected, 1.5 stop bits are generated. If LCR (2) is a

logic 1 when either a 6-, 7-, or 8-bit word length is selected,

two stop bits are generated. The receiver checks for two

stop bits if programmed.

LCR (3) Parity Enable: When LCR (3) is high, a parity

bit between the last data word bit and stop bit is generated

and checked.

LCR (4) Even Parity Select: When parity is enabled (LCR

(3) = 1). LCR (4)-0 selects odd parity, and LCR (4) = 1

selects even parity.

LCR (5) Stick Parity: When parity is enabled (LCR (3)
=

1), LCR (5) = 1 causes the transmission and reception

of a parity bit to be in the opposite state from that in-

dicated by LCR (4). This allows the user to force parity

to a known state and for the receiver to check the parity

bit in a known state.

LCR (6) Break Control: When LCR (6) is set to a logic

"1", the serial output (SOUT) is forced to the spacing

(logic 0) state. The break is disabled by setting LCR (6)

to a logic "0". The Break Control bit acts only on SOUT

and has no effect on the transmitter logic. Break Control

enables the CPU to alert a terminal in a computer com-

munications system. If the following sequence is used,

no erroneous or extraneous characters will be transmitted

because of the break.

1

.

Load an all "0"s pad character in response to THRE.

2. Set break in response to the next THRE.

3. Wait for the transmitter to be idle (TEMT = 1,

and clear break when normal transmission has to

be restored.
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LCR
7

LCR
6

LCR
5

LCR
4

LCR
3

LCR
2

LCR
1

LCR

Word
Length

Select

Stop

Bit Select

Parity

Enable

Even
' Parity

Select

Stick
' Parity

Break

Control

0=5 Data Bits

1=6 Data Bits

10=7 Data Bits

11=8 Data Bits

= 1 Stop Bit

1=1.5 Stop Bits if 5 Data Bits Selected 2 Stop

Bits if 6, 7, 8 Data Bits Selected

= Parity Disabled

1 = Parity Enabled

= Odd Parity

1 = Even Parity

= Stick Parity Disabled

1 = Stick Parity Enabled

Divisor

Latch

Access

Bit

= Break Disabled

1 = Break Enabled

= Access Receiver Buffer

1 = Access Divisor Latches

Figure 1. Line Control Register

LCR (7) Divisor Latch Access Bit (DLAB): LCR (7) must

be set high (logic "1") to access the Divisor Latches DLL
and DLM of the Baud Rate Generator during a read or

write operation. LCR (7) must be input low to access

the Receiver Buffer, the Transmitter Holding, or the

Interrupt Enable Registers.

The Line Status Register (LSR) is a single register that

provides status indications. The LSR is usually the first

register read by the CPU to determine the cause of an

interrupt or to poll the status of the serial channel of the

UM82C451.

Three error flags OE, FE, and PE provide the status of

any error conditions detected in the receiver circuitry.

During reception of the stop bits, the error flags are set

high by an error condition. The error flags are not reset

by the absence of an error condition in the next received

character. The flags reflect the last character only if no

overrun occurred. The Overrun Error character in the

Receiver Buffer Register has been over-written by

a character from the Receiver Shift Register before

being read by the CPU. The character is thereby lost.

Framing Error (FE) indicates that the last character

received contained incorrect (low) stop bits. This is caused

by the absence of the required stop bit or by a stop bit

too short to be detected. Parity Error (PE) indicates that

the last character received had a parity error based on

the programmed and calculated parity of the received

character.

The Break Interrupt (Bl) status bit indicates that the

last character received was a break character. A break

character is an invalid data character. However, it is an

entire character, including parity and stop bits.

The Transmitter Holding Register Empty (THRE) bit

indicates that the THR register is empty and may receive

another character. The Transmission Shift Register Empty

(TEMT) bit indicates that the Transmitter Shift Register

is empty, and the serial channel has completed transmission

of the last character to be sent. If the interrupt is enabled

[IER (1)] an active THRE causes an interrupt (INTRPT).

The Data Ready (DR) bit indicates that the RBR has

been loaded with a received character (including Break)

and that the CPU may access this data.

Reading the LSR clears LSR (1) LSR (4). (OE, PE, FE,

andBI.)

The contents of the Line Status Register shown in Table

2 are described as follows:
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Table 2. Line Status Register Bits

LSR Bits Logic 1 Logic

LSR (0) Data Ready (DR) Ready Not Ready
LSR (1) Overrun Error (OE) Error No Error

LSR (2) Parity Error (PE) Error No Error

LSR (3) Framing Error (FE) Error No Error

LSR (4) Break Interrupt (Bl) Break No Break

LSR (5) Transmitter Holding Register Empty (THRE) Empty Not Empty
LSR (6) Transmitter Empty (TEMT) Empty Not Empty
LSR (7) Not Used

LSR (0) Data Ready (DR): Data Ready is set high when

an incoming character has been received and transferred

into the Receiver Buffer Register. LSR (0) is reset low

by a CPU read of tne data in the Receiver Buffer Register.

LSR (1) Overrun Error (OE): Overrun Error indicates

that data in the Receiver Buffer Register was not read

by the CPU before the next character was transferred

into the Receiver Buffer Register, overwriting the previous

character. The OE indicator is reset whenever the CPU
reads the contents of the Line Status Register.

LSR (2) Parity Error (PE): Parity Error indicates that

the received data character does not have the correct

even or odd parity, as selected by the Even Parity Select

bit [LCR (4)]. The PE bit is set high upon detection

of a parity error, and is reset low when the CPU reads

the contents of the LSR.

LSR (3) Framing Error (FE): Framing Error indicates

that the received character did not have a valid stop bit.

LSR (3) is set high when the stop bit following the last

data bit or parity bit is detected as a zero bit (spacing

level). The FE indicator is reset low when the CPU reads

the contents of the LSR.

LSR (4) Break Interrupt (Bl): Break Interrupt is set high

when the received data input is held in the spacing (logic

0) state for longer than a full word transmission time

(start bit + data bits + parity + stop bits). The Bl indicator

is reset when the CPU reads the contents of the Line

Status Register.

LSR (D-LSR (4) are the error conditions that produce

a Receiver Line Status interrupt (priority 1 interrupt

in the Interrupt Identification Register (MR)) when any

of the conditions are detected. This interrupt is enabled

by setting IER (2) = 1 in the Interrupt Enable Register.

LSR (5) Transmitter Holding Register Empty (THRE):

THRE indicates that the UM82C450 is ready to accept

a new character for transmission. The THRE bit is set

high when a character is transferred from the Transmitter

Holding Register into the Transmitter Shift Register.

LSR (5) is reset low by the loading of the Transmitter

Holding Register by the CPU. LSR (5) is not reset by a

CPU read of the LSR.

When the THRE interrupt is enabled (IER (1) = 1). THRE
causes a priority 3 interrupt in the MR. If THRE is the

interrupt source indicated in IIR, INTRPT is cleared

by a read of the 1 1 R

.

LSR (6) Transmitter Empty (TEMT): TEMT is set high

when the Transmitter Holding Register (THR) and the

Transmitter Shift Register (TSR) are both empty. LSR

(6) is reset low when a character is loaded into the THR
and remains low until the character is transferred out

of SOUT. TEMT is not reset low by a CPU read of the

LSR.

LSR (7): This bit is always 0.

The Modem Control Register (MCR) controls the inter-

face with the modem or data set as described in Table

3. MCR can be written and read. The RTS and DTR
outputs are directly controlled by their control bits in

this register. A high input asserts a low (true) at the output

pins. MCR Bits 0,1,3, and 4 are shown below:

MCR (0): When MCR (0) is set high, the DTR output is

forced low. When MCR (0) is reset low, the DTR output

is forced high. The DTR output of the serial channel

may be input into an inverting line driver in order to

obtain the proper polarity input at the modem or data

set.

MCR (1): When MCR (1) is set high, the RTS output

is forced low. When MCR (1) is reset low, the RTS output

is forced high. The RTS output of the serial channel may

be input into an inverting line driver in order to obtain

the proper polarity input at the modem or data set.

MCR (3): When MCR (3) is set high, the INT output

is enabled.

MCR (4): MCR (4) provides a local loopback feature

for diagnostic testing of the channel. When MCR (4) is

set high, Serial Output (SOUT) is set to the marking (logic

"1") state, and the receiver data input Serial Input (SIN)

is disconnected. The output of the Transmitter Shift
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Table 3. Modem Control Register Bits

MCR Bits Logic 1 Logic

MCR (0) Data Terminal Ready (DTR) DTR Output Low DTR Output High

MCR ( 1 ) Request to Send ( RTS) RTS Output Low RTS Output High

MCR (2)

MCR (3) Interrupt (INT) Enable INT Enabled INT Disabled

MCR (4) Loop Loop Enabled Loop Disabled

MCR (5)

MCR (6)

MCS(7)

Register is looped back into the Receiver Shift Register

input. The three modem control inputs (CTS, DSR, and

Rl) are disconnected. The modem control outputs (DTR

and RTS) are internally connected to the four modem
control inputs. The modem control output pins are forced

to their inactive state (high).

In the diagnostic mode, data transmitted is immediately

received. This allows the processor to verify the transmit

and receive data paths of the selected serial channel. Bits

MCR (5)-MCR (7) are permanently set to logic 0.

The MSR provides the CPU with status of the modem
input lines from the modem or peripheral devices. The

MSR allows the CPU to read the serial channel modem
signal inputs by accessing the data bus interface of

the UM82C451. In addition to the current status in-

formation, four bits of the MSR indicate whether the

modem inputs have changed since the last reading of

the MSR. The delta status bits are set high when a control

input from the modem changes state, and reset low when

the CPU reads the MSR.

The modem input lines for each channel are CTS, DSR,

Rl and RLSD, MSR (4) MSR (7) are status indications

of these lines. The status indications follow the status

of the input lines. If the modem status interrupt in the

Interrupt Enable Register is enabled [IER (3)], a change

of state in modem input signals will be reflected by

the modem status bits in the MR register, and an interrupt

(INTRPT) is generated. The MSR is a priority 4 interrupt.

The contents of the Modem Status Register are described

in Table 4. Note that the states (high or low) of the status

bits are inverted versions of the actual input pins.

MSR (0) Delta Clear to Send (DCTS): DCTS indicates

that the CTS input to the serial channel has changed

state since the last time it was read by the CPU.

MSR (1) Delta Data Set Ready (DDSR): DDSR indicates

Modem Control Register (MCR)

MCR
7

MCR
6

MCR
5

MCR
4

MCR
3

MCR
2

MCR
1

MCR

L_ Data
Terminal

Ready

Request

To Send

NC

INT

LOOP

= -DTR Output High (Inactive)

1 = -DTR Output Low (Active)

= -RTS Output High (Inactive)

1 = -RTS Output Low (Active)

Not Connected

0= INT Disabled

1
= INT Enabled

= LOOP Disabled

1 = LOOP Enabled

These Bits are Permanently Set to Logic "0"

Figure 2. Modem Control Register
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Table 4. Modem Status Register Bits

MSR Bit Mnemonic Description

MSR (1) DDSR Delta Data Set Ready

MSR (2) TERI Trailing Edge of Ring Indicator

MSR (0) DCTS Delta Clear to Send

MSR (3) DRLSD Delta Data Carrier Detect

MSR (4) CTS Clear To Send

MSR (5) DSR Data Set Ready

MSR (6) Rl Ring Indicator

MSR (7) ;' RLSD Receiver Line Signal Detect

that the DSR input to the serial channel has changed

state since the last time it was read by the CPU.

MSR (2) Trailing Edge of Ring Indicator (TERI): TERI
! indicates that the TTT input to the serial channel has

changed state from high to low since the last time it was

read by the CPU. Low to high transitions on RIO do not

activate TERI.

MSR (3) Delta Data Carrier Detect (DRSLD): DRSLD
indicates that the RSLD input to the serial channel has

changed state since the last time it was read by the CPU.

MSR (4) Clear to Send (CTS): Clear to Send (CTS) is

the status of the CTS input from the modem indicating

to the serial channel that the modem is ready to receive

data from the serial channel's transmitter, output (SOUT).

If the serial channel is in loop mode [MSR (4) = 1] . MSR
(4) is equivalent to RTS in the MCR.

MSR (5) Data Set Ready (DSR): Data Set Ready (DSR)

is a status of the DSR input from the modem to the

serial channel which indicates that the modem is ready to

provide received data to the serial channel receiver cir-

cuitry. If the channel is in the loop mode [MCR (4) = 1]

,

MSR (5) is equivalent to DTR in the MCR.

MSR (6) Ring Indicator: Indicates the status to the Rl

input (pin 39). If the channel is in the loop mode [MCR
(4) = 1 ] , MSR (6) is not connected in the MCR.

MSR (7) Receive Line Signal Detect: Receive Line Signal

Detect indicates the status of the Receive Line Signal

Detect (RLSD) input. If the channel is in the loop mode
[MCR (4) = 1] , MSR (4) is equivalent to OUT2 of the

MCR.

The modem status inputs (Rl, RLSD, "D"5R\ and CTS)

reflect the modem input lines with any change of status.

Reading the MSR register will clear the delta modem
status indications but has no effect on the status bits.

The status bits reflect the state of the input pins regardless

of the mask control signals. If a DCTS, DDSR, TERI,

or DRLSD are true, and a state change occurs during

a read operation (DISTR), the state change is not indicat-

ed in the MSR. If DCTS, DDSR, TERI, or DRLSD are

false, and a state change occurs during a read operation, the

state change is indicated after the read operation.

For LSR and MSR, the setting of status bits is inhibited

during status register read DISTR operations. If a status

condition is generated during a read DISTR operation,

the status bit is not set until the trailing edge of the read

DISTR.

If a status bit is set during a read DISTR operation, and

the same status condition occurs, that status bit will be

cleared at the trailing edge of the read DISTR instead

of being set again.

The UM82C451 serial channel contains a programmable

Baud Rate Generator (BRG) that divides the clock (DC

to 3.1 MHz) by any divisor from 1 to 2 16 -T (see also

BRG description). The output frequency of the Baud

Generator is 16X the data rate [divisor #= clock + (baud

rate x 16)]. Two 8-bit divisor latch registers store the

divisor in a 16-bit binary format. These Divisor Latch

registers must be loaded during initialization. Upon load-

ing either of the Divisor latches, a 16-bit baud counter

is immediately loaded. This prevents long counts on initial

load.

The receiver circuitry in each serial channel of the

UM82C451 is programmable for 5, 6, 7, or 8 data bits

per character. For words of less than 8 bits, the data is

right justified to the least significant bit LSB = Data Bit

[RBR (0)]. Data Bit of a data word [RBR (0)] is

the first data bit received. The unused bits in a character

less than 8 bits are output low to the parallel output by

the serial channel.

Received data at the SIN input pin is shifted into the

Receiver Shift Register by the 16X clock provided at the

RCLK input. This clock is synchronized to the incoming

data based on the position of the start bit. When a complete

character is shifted into the Receiver Shift Register, the

assembled data bits are parallel loaded into the Receiver

Buffer Register. The DR flag in the LSR register is set.

Double buffering of the received data permits continuous

reception of data without losing received data. While the

Receiver Shift Register is shifting a new character into

the serial channel, the Receiver Buffer Register is holding

a previously received character for the CPU to read. Failure

to read the data in the RBR before complete reception

of the next character results in the loss of the data in the

Receiver Register. The OE flag in the LSR register indicates

the overrun condition.

RBR Bits thru 7:

RBR (0)

RBR (1)

RBR (2)

RBR (3)

Data Bit

Data Bit 1

Data Bit 2

Data Bit 3
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RBR (4)

RBR (5)

RBR (6)

RBR (7)

Data Bit 4

Data Bit 5

Data Bit 6

Data Bit 7

The Transmitter Holding Register (THR) holds parallel

data from the data bus (D0-D7) until the Transmitter

Shift Register is empty and ready to accept a new character

for transmission. The transmitter and receiver word length

and number of stop bits are the same. If the character

is less than eight bits, unused bits at the microprocessor

data bus are ignored by the transmitter.

Data Bit [THR (0)] is the first serial data bit transmitted.

The THRE flag [LSR (5)] reflects the status of the THR.
The TEMT flag [LSR (5)] indicates if both the THR
and TSR are empty.

THR Bits thru 7

THR (0)

THR (1)

THR (2)

THR (3)

THR (4)

THR (5)

THR (6)

THR (7)

Data BitO

Data Bit 1

Data Bit 2

Data Bit 3

Data Bit 4

Data Bit 5

Data Bit 6

Data Bit 7

The Scratchpad Register is an 8-bit Read/Write register that

has no effect on either channel in the UM82C451. It is

intended to be used by the programmer to hold data

temporarily.

SCR Bits thru 7

SCR (0) Data Bit

SCR (1) Data Bit 1

SCR (2) Data Bit 2

SCR (3) Data Bit 3

SCR (4) Data Bit 4

SCR (5) Data Bit 5

SCR (6) Data Bit 6

SCR (7) Data Bit 7

Interrupts

The Interrupt Identification Register (MR) in the serial

channel of the UM82C451 has interrupt capability for

interfacing to current microprocessors. In order to min-

imize software overhead during data character transfers,

the serial channel prioritizes interrupts into four levels.

The four levels of interrupt conditions are as follows:

1. Receiver Line Status (priority 1)

2. Received Data Ready (priority 2)

3. Transmitter Holding Register Empty (priority 3)

4. Modem Status (priority 4)

information indicating that a prioritized interrupt is pend-

ing and the type of interrupt is stored in the interrupt

Identification Register (MR). When addressed during

chip select time, the MR indicates the highest priority

interrupt pending. No other interrupts are acknowledged

until the interrupt is serviced by the CPU. The logic equiv-

alent of the interrupt control circuit is shown in Figure 3.

The contents of the MR are indicated in Table 5 and

are described below.

MR (0): MR (0) can be used in either a hard-wired prioritiz-

ed or polled environment to indicate whether an interrupt

is pending. When MR (0) is low, an interrupt is pending,

and 1 1 R contents may be used as a pointer to the appro-

priate interrupt service routine. When MR (0) is high,

no interrupt is pending.

MR (1) and MR (2) are used to identify the highest priority

interrupt pending as indicated in Table 5.

MR (3)-IIR (7): These five bits of the MR are logic 0.

The Interrupt Enable Register (IER) is a Write register

used to independently enable the four serial channel

interupts which activate the interrupt (INTRPT) output.

All interrupts are disabled by resetting IER (0)-IER (3)

of the Interrupt Enable Register. Interrupts are enabled

by setting the appropriate bits of the IER high. Disabling

the interrupt system inhibits the Interrupt Identification

Register and the active (high) INTRPT output. All other

system functions operate in their normal manner, including

the setting of the Line Status and Modem Status Registers.

The content of the Interrupt Enable Register is described

in Table 6 and below.

IER (0): When programmed high [IER (0) = Logic 1],

IER (0) enables Received Data Available Interrupt.

IER (1): When programmed high [IER (1) = Logic 1],

IER (1) enables the Transmitter Holding Register Empty
interrupt.

IER (2): When programmed high [IER (2) = Logic 1],

IER (2) enables the Receiver Line Status interrupt.

IER (3): When programmed high [IER (3) = Logic 1],

IER (3) enables the Modem Status Interrupt.

IER (4)-IER (7): These four bits of the IER are logic

0.

Transmitter

The serial transmitter section consists of a Transmitter

Holding Register (THR), Transmitter Shift Register (TSR),

and associated control logic. The Transmitter Holding

Register Empty (THRE) and Transmitter Shift Register

Empty (TEMT) are two bits in the Line Status Register

which indicate the status of THR and TSR.
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Table 5. Interrupt Identification Register

Interrupt Identification Interrupt Set and Reset Functions

Bit 2 Bit1 BitO
Priority

Level

Interrupt

Flag

Interrupt

Source

Interrupt

Reset Control

X

1

1

X

1

1

1

First

Second

Third

Fourth

None

Receiver

Line Status

Received Data

Available

THRE

Modem Status

None

OE,PE

FE.orBI

Received Data

Available

THRE

-CTS, -DSR
-RI.-RSLD

LSR Read

RBR Read

MR Read if THRE is the

Interrupt Source or THR Write

MSR Read

X= Not Defined.

DR (LSR BITO)

ERBFI (IERBITO)

THRE (LSR BIT 5)

ETBEI (IER BIT 1)

OE (LSR BIT 1)

PE (LSR BIT 2)

FE (LSR BIT 3)

Bl (LSR BIT 4)

ELSI (IER BIT 1)

DOTS (MSR BITO)

DDSR (MSR BIT 1)

TERI (MSR BIT 2)

DDCD(MSRBIT3)

EDSSI (IER BIT 3)

INTERRUPT ENABLE (MCR BIT 3)

o
On
H>~>

CH

^Ofd-J

INTERRUPT
OUTPUT

Figure 3. Interrupt Control Logic
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Table 6. Serial Channel Accessible Registers

Register

Mnemonic

Register Bit Number

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

RBR Data Data Data Data Data Data Data Data

(Read Only) Bit 7

(MSB)

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

(LSB)*

THR Data Data Data Data Data Data Data Data

(Write Only) Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

DLL Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

DLM Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

IER (EDSSI)

Enable

Modem
Status

Interrupt

(ELSI)

Enable

Receiver

Line

Status

Interrupt

(ETBEI)

Enable

Transmitter

Holding

Register

Empty

Interrupt

(ERBFI)

Enable

Received

Data

Available

Interrupt

IIR Interrupt Interrupt "0"1F
(Read Only) ID

Bit (1)

ID

Bit (0)

Interrupt

Pending

LCR (DLAB) Set Stick (EPS) (PEN) (STB) (WLSB1) (WLSBO)

Divisor Break Parity Even Parity Number Word Word
Latch Parity Enable of Stop Length Length

Access Select Bits Select Select

Bit Bit 1 BitO

MCR Loop Out 2 Out 1 (RTS)

Request

To

Send

(DTR)

Data

Terminal

Ready

LSR (TEMT) (THRE) (Bl) (FE) (PE) (OE) (DR)

Transmitter Transmitter Break Framing Parity Overrun Data

Empty Holding

Register

Empty

Interrupt Error Error Error Ready

MSR (DCD) (RD (DSR) (CTS) (DRSLD) (TERI) (DDSR) (DCTS)

Data Ring Data Clear Delta Trailing Delta \*Delta

Carrier Indicator Ready to Receive Edge Data "

Clear

Detect Set Send Line Signal

Detect

Ring

Indicator

Set

Ready

to

Send

SCR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

f LSB Data Bit is the first bit transmitted or received.
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To transmit a 5 to 8-bit word, the word is written through

D0-D7 to the THR. The microprocessor should perform

a write operation only if THRE is high. The THRE is

set high when the word is automatically transferred from

the THR to the TSR during the transmission of the start

bit.

When the transmitter is idle, THRE and TEMT are high.

The last word written causes THRE to be reset to 0.

After the transfer, THRE returns high. TEMT remains

low for at least the duration of the transmission of the

data word. If a second character is transmitted to the

THR, the THRE is reset low. Since the data word cannot

be transferred from the THR to the TSR until the TSR

is empty, THRE remains low until the TSR has com-

pleted sending the word. When the last word has been

transmitted out of the TSR, TEMT is set high. THRE
is set high one THR to TSE transfer time later.

Receiver

Serial asynchronous data is input into the SIN pin. The

idle state of the line providing the input into SIN is high.

A start bit detect circuit continually searches for a high

to low transition from the idle state. When the transition

is detected, a counter is reset, and counts the 16X clock

to 7V2, which is the center of the start bit. The start

bit is valid if the SIN is still low at the mid-bit sample of

the start bit. Verifying the start bit. prevents the receiver

from assembling a false data character due to a low going

noise spike on the SIN input.

The Line Control Register determines the number of

data bits in a character (LCR (0), LCR (1)), number of

stop bits LCR (2), if parity is used LCR (3), and the

polarity of parity LCR (4). If Status for the receiver is

provided in the Line Status Register to the Receiver

Buffer Register when the Data Received indication in LSR

(0) is set high, the CPU reads the Receiver Buffer Re-

gister through D0-D7. This read resets LSR (0). If D0-

D7 are not read prior to a new character transfer from

the RSR to the RBR, the overrun error status indica-

tion is set in LSR (1). The parity check tests for even

or odd parity on the parity bit, which precedes the first

stop bit. If there is a parity error, the parity error is set

in LSR (2). There is circuitry which tests whether the

stop bit is high. If it is not, a framing error indication

is generated in LSR (3).

The center of the start bit is defined as clock count 7 1
/i.

If the data into SIN is a symmetrical square wave, the

center of the data cells will occur within ±3.125% of

the actual center, providing an error margin of 46.875%.

The start bit can begin as much as one 16X clock cycle

prior to being detected.

Baud Rate Generator (BRG)

The BRG generates the clocking for the UART function.

providing standard ANSI/CCITT bit rates. The oscillator

driving the BRG is provided by an external clock into

CLK.

The data rate is determined by the Divisor Latch registers

DLL and DLM and the external frequency. The bit rate

is selected by programming the two divisor latches, Divisor

Latch Most Significant Byte and Divisor Latch Least

Significant Byte. Setting DLL = 1 and DLM = selects

the divisor to divide by 1 (divide by 1 gives the maximum
baud rate for a given input frequency at the CLK input).

The BRG can use any of three different popular frequencies

to provide standard baud rates. These frequencies are

1.8432 MHz, 2.4576 MHz, and 3.072 MHz. With these

frequencies, standard bit rates from 50 to 38.5 kbps are

available. Tables 7, 8, and 9 illustrate the divisors needed to

obtain standard rates using these three crystal frequencies.

Reset

After power up, the UM82C451 RESET input should

be held low for 500 ns to reset the UM82C451 circuits

to an idle mode until initialization. A low on RESET
causes the following:

1. Initializes the transmitter and receiver internal clock

counters.

2. Clears the Line Status Register (LSR), except for Trans-

mitter Shift Register Empty (TEMT) and Transmit

Holding Register Empty (THRE), which are set. The

Modem Control Register (MCR) is also cleared. All

of the discrete lines, memory elements and miscellane-

ous logic associated with these register bits are also

cleared or turned off. The Line Control Register (LCR),

Divisor Latches, Receiver Buffer Register, Transmitter

Buffer Register are not affected.

Following removal of the reset condition (Reset high),

the UM82C451 remains in the idle mode until programmed.

A hardware reset of the UM82C451 sets the THRE and

TEMT status bit in the LSR. When interrupts are sub-

sequently enabled, an interrupt occurs due to THRE.

A summary of the effect of a reset on the UM82C451
is given in Table 10.

Programming

Each serial channel of the UM82C451 is programmed

by the control registers LCR, IER, DLL and DLM, and

MCR. These control words define the character length,

number of stop bits, parity, baud rate, and modem in-

terface. While the control register can be written in any

order, the IER should be written to last because it controls

the interrupt enables. Once a serial channel is programmed

and operational, these registers can be updated any time

the UM82C451 serial channel is not transmitting or re-

ceiving data.
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The control signals required to access each serial channel's

internal registers are shown below.

Software Reset

A software reset of the serial channel is a useful method

for returning to a completely known state without a

system reset. Such a reset consists of writing to the LCR,

Divisor Latches, and MCR registers. The LSR and RBR

registers should be read prior to enabling interrupts in

order to clear out any residual data or status bits which

may be invalid for subsequent operation.

Clock Input Operation

The maximum input frequency of the external clock

of the UM82C451 is 3.1 MHz.

Table 7. Baud Rates (1 .8432 MHz Clock)

Table 8. Baud Rates (2.4576 MHz Clock)

Desired Divisor Used Percent Error

Baud Rate Difference Between

Desired and Actual

50 2304 -

75 1536 -

110 1047 0.026

134.5 857 0.058

150 768 -

300 384 -

600 192 -

1200 96 -

1800 64 -

2000 58 0.69

2400 48 -

3600 32 -

4800 24 -

7200 16 -

9600 12 -

19200 6 -

38400 3 -

56000 2 2.86

Desired Divisor Used Percent Error

Baud Rate Difference Between

Desired and Actual

50 3072 -

75 2048 -

110 1396 0.026

134.5 1142 0.0007

150 1024 -

300 512 -

600 256 -

1200 128 -

1800 85 0.392

2000 77 0.260

2400 64 -

3600 43 0.775

4800 32 -

7200 21 1.587

9600 16 -

19200 8 -

38400 4 -

Table 9. Baud Rates (3.072 MHz Clock)

Desired Divisor Used Percent Error

Baud Rate Difference Between

Desired and Actual

50 3840 -

75 2560 -

110 1745 0.026

134.5 1428 0.034

150 1280 -

300 640 -

600 320 -

1200 160 -

1800 107 0.312

2000 96 -

2400 80 -

3600 53 0.628

4800 40 -

7200 27 1.23

9600 20 -

19200 10 -

38400 5 —
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Table 10. Reset Control of Register and Pinout Signals

Register/Signal Reset Control Reset Status

Interrupt Enable Register Reset All Bits low

Interrupt Identification Register Reset Bit is high and Bits 1-7 are low

Line Control Register Reset All Bits low

Modem Control Register Reset All Bits low

Line Status Register Reset Bits 5, 6 are high, others are low

Modem Status Register Reset Bits 0-3 are low, Bits 4-7 are input signals

SOUTO, Reset High

Reset HighRTSO, DTRO

INTO, INT2 Reset High-Impedance

Reset HighSTB,AFD,SLIN,

fNiT Reset Low

Device Application

DATA A—
BUS X"

ADDR
BUS

CLT
BUS

»

^
A

OPTION '

JUMPERS

UM82C451

UART AND
PRINTER
PORT

SERIAL
CHANNEL
BUFFERS Hj|

9-PIN

|f
"D "

»sj CONN

PARALLEL
PORT

R/C NET

25-PIN

"D"
CONN
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Functional Description:

Parallel Port Register

The UM82C451's parallel port interfaces the device to a

Centronics-style printer. When Chip Select 2 (CS2) is low,

(IOR) and write (IOW) pins are as shown. The Read Data

Register allows the microprocessor to read the information

on the parallel bus. The Read Status Register allows the

microprocessor to read the status of the printer in the five

most significant bits. The status bits are Printer Busy

(BUSY), acknowledge (ACK), which is a handshake func-

tion. Paper Empty (PE), Printer Selected (SLCT), and

Error. (ERROR). The Read Control Register allows the

state of the control lines to be read. The Write Control

Register sets the state of the control lines.

They are Interrupt Enable (IRQ ENB), Select In (SLIN), In -

itialize the Pri nter (IN IT ), Autofeed the Paper (AUTOFD),

and Strobe (STROBE), which informs the printer of

the presence of a valid byte on the parallel bus. The Write

Data Register allows the microprocessor to write a byte

to the parallel bus.

The parallel port is completely compatible with the par-

allel port implementation used in the IBM Serial/Parallel

Adaptor.

Table 12. Parallel Port Register Select

Control Pins Register Selected

-IOR -IOW -CS2 A1 AO

1 Read Data

1 1 Read Status

1 1 Read Control

1 1 1 Invalid

1 Write Data

1 1 Invalid

1 1 Write Control

1 1 1 Invalid

Table 11. Parallel Port Registers

Register Register Bits

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 BitO

Read Data PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

Read Status BUSY ACK PE SLCT ERROR 1 1 1

Read Control 1 1 1 IRQ ENB SLIN TnTt AUTOFD STROBE

Write Data PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

Write Control 1 1 1 IRQ ENB SLIN INIT AUTOFD STROBE

AC Characteristics TA = 0°C to +70°C, Vcc = 5V ± 5% (Notes 1 , 5)

Serial

Symbol Parameter Min Max Unit Conditions

kllW
! DISTR Strobe Width 125 ns

RC Read Cycle 360 ns

^DD Delay from DISTR to Data 125 ns 100 pF Load

tHZ DISTR to Floating Data Delay 100 ns 100 pF Load, Note 4

lDOW 100 nsDOSTR Strobe Width

wc Write Cycle 360 ns

tDS Data Setup Time 40 ns

tDH Data Hold Time 40 ns

*RA Address Hold Time from DISTR 20 ns Note 2

tRCS Chip Select Hold Time from DISTR 20 ns Note ?

tAR 1 DISTR Delay from Address 60 ns Note 2
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AC Characteristics (Continued)

Symbol Parameter Min Max Unit Conditions

tcSR DISTR Delay from Chip Select 50 ns Note 2

tWA Address Hold Time from DOSTR 20 ns Note 2

twcs Chip Select Hold Time from DOSTR 20 ns Note 2

lAW DOSTR Delay from Address 60 ns Note 2

XCSN DOSTR Delay from Select 50 ns Note 2

XRW Reset Pulse Width 5 Ms

lXH Duration of Clock High Pulse 140 ns External Clock

*XL Duration of Clock Low Pulse 140 ns External Clock

Transmitter

t|HR1
Delay from Rising Edge of DOSTR
(WR THR) To Reset Interrupt

175 ns 100 pF Load

t|RS Delay from Initial INTR Reset to Transmit Start 8 24 CLK
cycles

Note 3

tsi Delay from Initial Write to Interrupt 16 32 CLK
cycles

Note 3

tSTI Delay from Stop to Interrupt (THRE) 8 8
CLK
cycles

Note 3

t|R
Delay from DISTR (RD MR)
to Reset Interrupt (THRE)

250 ns 100 pF Load

Modem Control

tMDO
Delay from DISTR
(WR MCR) to Output

200 ns 100 pF Load

^IM Delay to Set Interrupt from MODEM Input 200 ns 100pF Load

tRIM
Delay to Reset Interrupt from

DISTR (RSMSR)
250 ns 100 pF Load

Receiver

^INT Delay from Stop to Set Interrupt 1 1
CLK
cycles

Note 3

tRINT
Delay from DOSTR
(RD RBR/RDLSR) to Reset Interrupt

1 ^s 1 00 pF Load

Parallel Port

WRITE

Symbol Parameter Min. Max. Unit

Tww Write Pulse Width 200 - ns

TAW Address to IOW Set-up Time 20 - ns

TWA Address Hold Time after IOW 20 - ns

TDW Data to IOW Set-up Time 70 - ns

TWD Data Hold Time after IOW 30 - ns

TWOL IOW = 1 to Data Latched - 90 ns
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READ

Symbol Parameter Min. Max. Unit

TRR Read Pulse Width 300 - ns

TAR Address to IOR Set-up Time 20 - ns

TRA Address Hold Time after IOR 20 - ns

TPR Printer Bus to IOR Set-up Time - ns

TRP Printer Bus Hold Time after IOR - ns

TRDS IOR to DO -D7 Output - 70 ns

TRDR DO - D7 Released after IOR - 30 ns

*Note: When the CPU reads the printer's status, output data may change if the printer signals are unstable.

OTHERS

Notes: 1. All timing specif ications apply to pins to both serial channels (e. g. Ri refers to both R10 and R1 1)

2. The internal address strobe is always active.

3. RCLK = tXH andtXL .

4. Charge and discharge time is determined by VOL, VOH, and the external loading.

5. All timings are referenced to valid and valid 1 (see AC TEST POINTS).

Serial Port Timing:

Write Cycle Timing

\

i |* tcsw

[• tAW

\ *"'" /

X

\

DATA
D0-D7

|»-tDS -.4—tDH -J

—/VALID DATA \_

\

Symbol Parameter Min. Max. Unit

TRSW Reset Pulse Width 40 - ns

TRSCH Reset to Control Bus= 1 (STROB, AUTOFD, SLCT) Propagation Delay - 90 ns

TRSIN1 Reset to Control Bus I NIT = Propagation Delay - 60 ns

T,D ACK to IRQ Propagation Delay - 45 ns
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Read Cycle Timing

DATA
D0-D7

X
\

tCSR

tAR

V ACTIVE J-

tDIW

ACTIVE

X
/

]/ VALIDV
\ DATA /

V

\

\

Receiver Timing

SIN
(RECEIVE

INPUT
DATA)3 VART /

SAMPLE
CLK

INTERRUPT
(DATA

READY OR
RCVRERR)

DISTR

(READ REC
DATA

BUFFER OR
RDLSR)

DATA BITS (5-8)

-ti XEE)^STOP

ISINT

/

XEEK
•tRINT-

V

Transmitter Timing

SERIAL
OUT (SOUT)

INTERRUPT
(THRE)

DOSTR
(WRTHR)

tMR1
r~ft ft~

V STAHT/
DATA (5-8)

"V V ^
START/

J\ / STOP ( 1 -2) t

/

tIRS PARITY

\
tSTI

f
/A

DISTR
(RD IIR)

V
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Modem Timing

DOSTR
(WR MCR).

RT5. DTF

J \ J \

\
tMDO tMDO

/
CTS. DSA.RLSD

INTERRUPT

f \

-*-tSIM-»- tRIM

DISTR
(RD MSR)

Rl

* 3tRIM -»
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Interrupt Request Waveform
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Application Circuit
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Application Circuit
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Absolute Maximum Ratings * *Comments

Ambient Operating Temperature —10°Cto+70°C Stresses above those listed under "Absolute Maximum
Storage Temperature —65°C to +150°C Ratings" may cause permanent damage to the device.

Supply Voltage to Ground These are stress ratings only. Functional operation of

Potential —0.5V to Vcc + 0.3V this device at these or any other conditions above those

Applied Output Voltage -0.5V to Vcc +0.3V indicated in the operational sections of this specification

A ,. ,
, iW ._ nrw ,

-,_.. is not implied and exposure to absolute maximum rating
Applied Input Voltage -0.5V to + 7.0V .. . , , ,

n _. . J.. cnn ... conditions for extended periods may affect device re-
Power Dissipation 500 mW

liability.

DC Electrical Characteristics (TA = to 70°C, Vcc = 5V + 5%)

Symbol Parameter Min. Max. Unit Conditions

V|LX Clock Input Low Voltage -0.5 0.8 V

VIHX Clock Input High Voltage 2.0 Vcc V

V|L Input Low Voltage -0.5 0.8 V

V,H Input High Voltage 2.0 vCc V

Vol Output Low Voltage 0.4 V

l0L = 4.0 mA on DB0-DB7, l0L
=

12 mA on PD0-PD7, l0L = 10 mA
on -INIT, -AFD, -STB, and -SLIN

(see Note 1), l0L = 2.0 mA on all

other outputs

Vqh Output High Voltage 2.4 V

l0H = -0.4 mA on DB0-DB7,

l0H = -2.0 mA on PD0-PD7,

l0H = -0.2 mA on -INIT, -AFD,

-STB, and -SLIN, l0H = -0.2

mA on all other outputs

'cc Power Supply Current 40 mA

Vcc = 5.25 V, No loads on SIN0, 1;

-DISTR0, 1; -RLSD0, 1; -CTS0,

1; —RIO,— RI1 = 2.0V. Other

= 0.8V, Baud rate generator =

4 MHz. Baud rate = 56K

"IL
Input Leakage 10 MA

VCC = 5.25V,GND = 0V

All other pins floating

'CL Clock Leakage 10 MA V |N
= 0V, 5.25V

"oz 3-State Leakage 20 juA

Vcc = 5.25V, GND = 0V,

VOUT = 0V, 5.25V

1 ) Chip deselected

2) Chip and write mode selected

V, L (RES) Reset Schmitt V, L
0.8 V

V|H (RES) Reset Schmitt VtH 2.0 V

Note 1. INIT, AFD, STB , and SLIN are open collector output pins that each have an internal pull-up resistor (2.5 kS2

3.5 kJ2) to Vcc . This will generate a maximum of 2.0 mA of internal Iql ' n addition to this internal current, each pin

will sink at least 10 mA, while maintaining the V0l_ specification of 0.4V Max.
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Single Chip Multi-I/O

Features

IBM PC/AT Compatible
Centronics printer interface

Dual channel version of UM82C450
Independent control of transmit, receive, line status

and modem status interrupts on each channel

Individual modem control signals for each channel

Programmable serial interface characteristics for each

channel:

5-, 6-, 7- or 8-bit characters

Even-, odd-or no-parity bit generation and detection

1,1 1 12 or 2 stop bit generation

Three-state TTL drive capabilities for bidirectional

data bus and control bus for each channel

Description

The UM82C452 is an enhanced dual channel version

of the popular UM82C450 asynchronous communication
element (ACE). The device services two serial input/

output interfaces simultaneously in microcomputer or

microprocessor based systems. Each channel performs

serial-to-parallel conversion on data characters received

from peripheral devices or modems, and parallel-to-serial

conversion on data characters transmitted by the CPU.
The complete status of each channel of the dual ACE
can be read at any time during functional operation by
the CPU. The information obtained includes the type

and condition of the transfer operations being performed,

and error conditions.

In addition to its dual communications interface capabil-

Pin Configuration

RSLD1 RI1

GND
CLK GND ACK BUSY VCC SIN1

SOUT1

DTRTQ
RT5T rz

CT5TQ
DBOE
DB1 \Z.

DB2C
DB3fZ
DB4Q
DB5[Z
DB6Q
DB7 [Z

GND \Z

VCC Q
RTSOQ
DTROf^
SOUTO [~

_

i
I GNDjpSRlJCSIlLPTOEjPE _LSLCTIERRJCGNDn

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61

UM82C452

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

UUUUJJUUUUUUUUUUUU
gndIrsldoIdsroI A2 I aoTior IresetIsinoIgnd
CTSO RIO CSO A1 low CS2 VCC GND

3NT1
^]lNT2

ZISTlN

UaTd
Z)STB

ZlGND

Updo
Z)PD1

I]PD2

Z)P03

I]PD4

IJPD5

I]PD6

UPD7
^JlNTO

^]BD0

ities, the UM82C452 provides the user with a fully bid-

irectional parallel data port that fully supports the parallel

Centronics type printer. This port allows data transmitted

by the CPU to be printed. The parallel port, together

with the two serial ports, provide IBM PC/AT compatible
computers with a single device to serve the three func-

tions.

A programmable baud rate generator is included that can

divide the timing reference clock input by a divisor be-

tween 1 and (2
16

-1).

The UM82C452 is packaged in

chip carrier.

Block Diagram

a 68-pin plastic leaded

— rtso
-• DTRO

RTS1
•-DTR1
SOUT1
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Pin Description

Pin No. Symbol I/O Description

37 Tor I

Input/Output Read strobe: This is an active Low input signal used to

cause the selected channel to output data to data bus (DB0-DB7).

36 Tow I

Input/Output Write strobe: This is an active Low input signal

used to cause data input from data bus (DB0-DB7) to the channel

selected.

33-35 A2-A0 I

Address lines A2-A0: The address lines are used to select the internal

register in selected channels during the CPU cycle.

32, 3, 38

cso, csT,

CS2 I

Chip Selects: Each chip select input acts as an enable of each

channel during read and write. CSO selects Serial Channel 0, CS1

selects Serial Channel 1 and CS2 selects Parallel Port.

44 BDO
Bus Buffer Output: This active high output is asserted when any

channel is selected. This output can be used to control the system

bus driver device (74LS245).

14-21 DB0-DB7 I/O

Data Bit DB0-DB7: The data bus provides eight three-state I/O

lines for the transfer of data, control and status information be-

tween CPU and UM82C452. These lines are normally in a high-

impedance state except during read operation. DO is the least signi-

ficant bit (LSB) and is the first serial bit to be transmitted or re-

ceived.

39 I

Reset: When low, the reset input forces the UM82C452 into an idle

state in which all serial data activities are suspended. The Registers

and signals of the UM82C452 are all cleared to the state as indicated

in Table 1. .

RESET

26,10 SOUTO,
SOUT1

Serial Data Outputs: These lines are the serial data outputs of

UARTs, used to transmit serial data to the communication link.

Each SOUT is held in marking (logic 1) state when the transmitter is

disabled, reset, the Transmitter Register is empty, or when in the loop

mode.

41,62 SIN0.SIN1 I

Serial Data Inputs; These lines are used to receive serial data from

the communication line or modem into the UARTs. Data on serial

data inputs is disabled during loop mode.

24,12

Request To Send Outputs: This signal is an active low output for

each UART. When active, it informs the Modem or data set that the

controller is ready to send data. This signal is set low by writing

logic 1 to MCR (1 ) and reset to high by Reset.

RTSO,

RTS1

25,11

Data Terminal Ready Lines: This signal is an active low output for

each UART. When active, it informs the modem or data set that

the controller is ready to communicate. This signal is set low by

writing logic 1 to MCR (0) and reset to high by Reset.

DTRO,

DTR1
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Pin Description (Continued)

Pin No.

28,13

31,5

29,8

30,6

53-46

68

67

66

65

Symbol

CTSO,

CTS1

DSRO

DSRl

RLSDO

RLSD1

RIO

RI1

I/O

CLK

LPTOE

PD0-PD7

ACK

PE

BUSY

SLCT

Description

Clear to send Inputs: This signal is an active low input for each UART.
The logic state of this signal is reflected in MSR (4) and any change

of state in either CTS pin will set DCTS bit MSR (0) of each Modem
Status Register. When active, it informs that the Modem or data set

is ready to receive data.

Data Set Ready: This signal is an active low input for each UART.
The logic state o f this signal is reflected in MSR (5) and any change
of state in either DSR pin will set DDSR bit MSR (1) of each Modem
Status Register. When active, it informs that the Modem or data set is

ready to establish communication.

Receive Line Signal Detect: This is an active low input for each UART.
The logic state of this signal is reflected in MSR (7) and any change
of state in either R LSD pin will set DR LSD bit MSR (3) of each
Modem Status Register. When active, it informs that the data carrier

has been detected by Modem or data set.

Ring Indicator: This signal is an active low input for each UART.
The logic state of this signal is reflected in MSR (6) and TERI bit

MSR (2) will be set when the state of either Rl pin is changed from

Low to h igh

.

Clock Input: The external clock input from a crystal oscillator.

Line Printer Output Enable: This input signal enables the data outputs

of the parallel line printer when it is low. When it is high, the data
pins of the line printer are held in a high-impedance state. This pin

may be tied to ground for normal line printer operation.

Parallel Data Bus: This bus provides a byte-wide input or output port to
the system. The eight lines are held in a high-impedance state when the
port is not selected.

Acknowledge: This signal goes low to indicate that the printer has

already received a character and is ready to accept another.

Paper Empty: This signal goes high when the line printer has run

out of paper.

Busy: This signal goes high when the line printer has a local opera-

tion in progress and cannot accept data.

Selected: This signal goes high when the line printer has been selected.

5-113



UMC UM82C4S2

Pin Description (Continued)

Pin No. Symbol I/O Description

63 ERR I

Error: This signal goes low when the line printer has encountered

an error condition.

58 I/O
Line Printer Select: This signal is used to select the printer when

it is low.
SLIN

57 Wit I/O
Line Printer Initialize; When this signal goes low, it will allow the

line printer initialization routine to be started.

56 Tafd I/O
Line Printer Autofeed: When this signal goes low, it will cause the

printer to line-feed after a line is printed.

55 sTb I/O

Line Printer Strobe: When this signal is low, it provides the line

printer a signal to latch the data currently on the parallel port.

This signal should keep low at least 0.5 us to ensure the comple-

tion of data latch.

45,60 INTO

INT1

Serial Channel Interrupts: Each Serial channel interrupt goes high

when one of the following interrupts has an active condition and is

enabled by the IER of its associated channel: Receiver Error Flag,

Receiver Data Available, Transmitter Holding Register Empty, and

Modem Status. The interrupt is reset to low upon appropriate

service. This pin will be held in a high-impedance state if the MCR

(3) of each associated channel is programmed low (logic 0).

59 INT2

Line Printer Interrupt: This interrupt goes low when ACK goes

low. This signal is enabled by Bit 4 of the Printer Control Register

and will be held in a high-impedance state if Bit 4 of the printer

Control Register is programmed low.

23, 40, 64 vCc I Power Supply: +5V

2,7,9,22,27,

42,43,54,61
GND

IT- II

Ground: 0V

Functional Description:

Serial Channel Registers:

Three types of internal registers are used in each serial

channel of the UM82C452. They are used in the opera-

tion of the device, and are the control, status, and data

registers. The control registers are the Baud Rate Select

Register DLL (Divisor Latch LSB) and DLM (Divisor

Latch MSB), Line Control Register. Interrupt Enable

Register, and the Modem Control register. The status

registers are the Line Status Registers and the Modem

Status Register. The data registers are the Receiver Buffer

Register and the Transmitter Holding Register. Address,

Read, and Write inputs are used in conjunction with the

Divisor Latch Access Bit (DLAB) in the Line Control

Register LCR (7) to select the register to be written or

read (see Table 1). Individual bits within these registers

are referred to by the register mnemonic and the bit

number in parenthesis. An example, LCR (7) refers to

Line Control Register Bit 7.

The Transmitter Buffer Register and Receiver Buffer

Register are data registers holding from five to eight bits

of data. If less than eight data bits are transmitted, data

is right justified to the LSB. Bit of a data word is always

the first serial data bit received and transmitted. The

UM82C452 data registers are double-buffered so that

read and write operations can be performed at the same

time the UART is performing the parallel-to-serial and

serial-to-parallel conversion.

The format of the data character is controlled by the

Line Control Register. The contents of the LCR may

be read, eliminating the need for separate storage of the

line characteristics in system memory. The contents of

the LCR are described below.

LCR (0) Word Length Select Bit (WLS0)

LCR (1) Word Length Select Bit 1 (WLS1)

LCR (2) Stop Bit Select (STB)

LCR (3) Parity Enable (PEN)
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Table 1 . Serial Channel Internal Registers

DLAB A2 A1 AO Mnemonic Register

RBR Receiver Buffer Register (read only)

THR Transmitter Holding Register (write only)

1 IER Interrupt Enable Register

X 1 IIR Interrupt Identification Register (read only)

X 1 1 LCR Line Control Register

X 1 MCR Modem Control Register

X 1 1 LSR Line Status Register

X 1 1 MSR Modem Status Register

X 1 1 1 SCR Scratch Register

1 DLL Divisor Latch (LSB)

1 1 DLM Divisor Latch (MSB)

X = "Don't Care" = Logic Low 1 = Logic High

Note: Serial Channel is accessed when CSO is low; Serial Channel 1 is accessed when CS1 is low. Selecting both channels

simultaneously is an invalid condition.

LCR (4) Even Parity Select (EPS)

LCR (5) Stick Parity

LCR (6) Set Break

LCR (7) Divisor Latch Access Bit (DLAB)

LCR (0) and LCR (1) word length select bit 1 : The number

of bits in each serial character is programmed as shown

in the following chart:

LCR (1) LCR (0) Word Length

5 Bits

1 6 Bits

1

1 1

7 Bits

8 Bits

LCR (2) Stop Bit Select: LCR (2) specifies the number

of stop bits in each transmitted character. If LCR (2)

is a logic 0, one stop bit is generated in the transmitted

data. If LCR (2) is a logic 1 when a 5-bit word length

is selected, 1.5 stop bits are generated. If LCR (2) is a

logic 1 when either a 6- 7-, or 8-bit word length is selected,

two stop bits are generated. The receiver checks for two

stop bits if programmed.

LCR (3) Parity Enable: When LCR (3) is high, a parity

bit between the last data word bit and stop bit is generated

and checked.

LCR (4) Even Parity Select: When parity is enabled (LCR

(3) = 1). LCR (4)-0 selects odd parity, and LCR (4) = 1

selects even parity.

1), LCR (5) = 1 causes the transmission and reception

of a parity bit to be in the opposite state from that in-

dicated by LCR (4). This allows the user to force parity

to a known state and for the receiver to check the parity

bit in a known state.

LCR (6) Break Control: When LCR (6) is set to a logic

"1", the serial output (SOUT) is forced to the spacing

(logic 0) state. The break is disabled by setting LCR (6)

to a logic "0". The Break Control bit acts only on SOUT
and has no effect on the transmitter logic. Break Control

enables the CPU to alert a terminal in a computer com-

munications system. If the following sequence is used,

no erroneous or extraneous characters will be transmitted

because of the break.

1

.

Load an all "0"s pad character in response to THRE.

2. Set break in response to the next THRE.

3. Wait for the transmitter to be idle (TEMT =1),

and clear break when normal transmission has to

be restored.

LCR (7) Divisor Latch Access Bit (DLAB): LCR (7) must

be set high (logic "1") to access the Divisor Latches DLL
and DLM of the Baud Rate Generator during a read or

write operation. LCR (7) must be input low to access

the Receiver Buffer, the Transmitter Holding, or the

Interrupt Enable Registers.

The Line Status Register (LSR) is a single register that

provides status indications. The LSR is usually the first

register read by the CPU to determine the cause of an

interrupt or to poll the status of each serial channel of

the UM82C452.

LCR (5) Stick Parity: When parity is enabled (LCR (3)

Three error flags OE, FE, and PE provide the status of
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LCR
7

LCR
6

LCR
5

LCR
4

LCR
3

LCR
2

LCR
1

LCR

Word
. Length

Select

Stop
"Bit Selected

Parity

"Enable

Even
Parity

Select

Stick

Parity

Break

Control

Divisor

Latch

Access

Bit

= 5 Data Bits

1=6 Data Bits

10 = 7 Data Bits

11=8 Data Bits

= 1 Stop Bit

1 = 1.5 Stop Bits if 5 Data Bits Selected

2 Stop Bits if 6, 7, 8 Data Bits Selected

= Parity Disabled

1 = Parity Enabled

= Odd Parity

1 = Even Parity

= Stick Parity Disabled

1 = Stick Parity Enabled

= Break Disabled

1 = Break Enabled

= Access Receiver Buffer

1 = Access Divisor Latches

Figure 1. Line Control Register

any error conditions detected in the receiver circuitry.

During reception of the stop bits, the error flags are set

high by an error condition. The error flags are not reset

by the absence of an error condition in the next received

character. The flags reflect the last character only if no

overrun occurred. The Overrun Error (OE) indicates that

a character in the Receiver Buffer Register has been over-

written by a character from the Receiver Shift Register

before being read by the CPU. The character is thereby

lost. Framing Error (FE) indicates that the last character

received contained incorrect (low) stop bits. This is caused

by the absence of the required stop bit or by a stop bit

too short to be detected. Parity Error (PE) indicates that

the last character received had a parity error based on
the programmed and calculated parity of the received

character.

The Break Interrupt (Bl) status bit indicates that the

last character received was a break character. A break

character is an invalid data character. However, it is an

entire character, including parity and stop bits.

The Transmitter Holding Register Empty (THRE) bit

indicates that the THR register is empty and may receive

another character. The Transmission Shift Register Empty
(TEMT) bit indicates that the Transmitter Shift Register

is empty, and the serial channel has completed transmission

of the last character to be sent. If the interrupt is enabled

[IER (1)],an active THRE causes an interrupt (INTRPT).

The Data Ready (DR) bit indicates that the RBR has

been loaded with a received character (including Break)

and that the CPU may access this data.

Reading the LSR clears LSR (D-LSR (4). (OE, PE, FE,

andBI.)

The contents of the Line Status Register shown in Table

2 are described below:

LSR (0) Data Ready (DR): Data Ready is set high when an

incoming character has been received and trans-

ferred into the Receiver Buffer Register. LSR (0) is reset

low by a CPU read of the data in the Receiver Buffer

Register.

LSR (1) Overrun Error (OE): Overrun Error indicates

that data in the Receiver Buffer Register was not read

by the CPU before the next character was transferred into

the Receiver Buffer Register, overwriting the previous

character. The OE indicator is reset whenever the CPU
reads the contents of the Line Status Register.
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Table 2. Line Status Register Bits

LSR Bits Logic 1 Logic

LSR (0) Data Ready (DR) Ready Not Ready
LSR (1) Overrun Error (OE) Error No Error

LSR (2) Parity Error (PE) Error No Error

LSR (3) Framing Error (FE) Error No Error

LSR (4) Break Interrupt (Bl) Break No Break

LSR (5) Transmitter Holding Register Empty (THRE) Empty Not Empty
LSR (6) Transmitter Empty (TEMT) Empty Not Empty
LSR (7) Not Used

LSR (2) Parity Error (PE): Parity Error indicates that

the received data character does not have the correct

even or odd parity, as selected by the Even Parity Select

bit [LCR (4)]. The PE bit is set high upon detection

of a parity error, and is reset low when the CPU reads

the contents of the LSR.

LSR (3) Framing Error (FE): Framing Error indicates

that the received character did not have a valid stop bit.

LSR (3) is set high when the stop bit following the last

data bit or parity bit is detected as a zero bit (spacing

level). The FE indicator is reset low when the CPU reads

the contents of the LSR.

LSR (4) Break Interrupt (Bl): Break Interrupt is set high

when the received data input is held in the spacing (logic

0) state for longer than a full word transmission time

(start bit + data bits + parity + stop bits). The Bl indicator

is reset when the CPU reads the contents of the Line

Status Register.

LSR (1) LSR (4) are the error conditions that produce

a Receiver Line Status interrupt (priority 1 interrupt

in the Interrupt Identification Register (MR)) when any

of the conditions are detected. This interrupt is enabled

by setting IER (2) = 1 in the Interrupt Enable Register.

LSR (5) Transmitter Holding Register Empty (THRE):

THRE indicates that the UM82C450 is ready to accept

a new character for transmission. The THRE bit is set

high when a character is transferred from the Transmitter

Holding Register into the Transmitter Shift Register.

LSR (5) is reset low by the loading of the Transmitter

Holding Register by the CPU. LSR (5) is not reset by a

CPU read of the LSR.

When the THRE interrupt is enabled (IER (1) = 1). THRE
causes a priority 3 interrupt in the MR. If THRE is the

interrupt source indicated in MR, INTRPT is cleared

by a read of the MR.

LSR (6) Transmitter Empty (TEMT): TEMT is set high

when the Transmitter Holding Register (THR) and the

Transmitter Shift Register (TSR) are both empty. LSR

(6) is reset low when a character is loaded into the THR
and remains low until the character is transferred out

of SOUT. TEMT is not reset low by a CPU read of the

LSR.

LSR (7): This bit is always 0.

The Modem Control Register (MCR) controls the inter-

face with the modem or data set as described in Table

3. The MCR can be written and read. The RTS and DTR
outputs are directly controlled by their control bits in

this register. A high input asserts a low (true) at the output

pins. MCR Bits 0,1,3, and 4 are shown below:

MCR (0): When MCR (0) is set high, the DTR output is

forced low. When MCR (0) is reset low, the DTR output

is forced high. The DTR output of the serial channel

may be input into an inverting line driver in order to

Table 3. Modem Control Register Bits

MCR Bits Logic 1 Logic

MCR (0) Data Terminal Ready (DTR) DTR Output Low DTR Output High

MCR(1) Request to Send (RTS) RTS Output Low RTS Output High

MCR (2)

MCR (3) Interrupt (INT) Enable INT Enabled INT Disabled

MCR (4) Loop Loop Enabled Loop Disabled

MCR (5)

MCR (6)

MCS(7)
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Modem Control Register (MCR)

MCR
7

MCR
6

MCR
5

MCR
4

MCR MCR MCR
1

MCR

Data

Terminal

Ready

Request

To Send

- NC

INT

LOOP

-DTR Output High (Inactive)

-DTR Output Low (Active)

= -RTS Output High (Inactive)

1 = -RTS Output Low (Active)

Not Connected

0= INT Disabled

1
= INT Enabled

= LOOP Disabled

1 = LOOP Enabled

These Bits are Permanently Set to Logic "0"

Figure 2. Modem Control Register

obtain the proper polarity input at the modem or data

set.

MCR (1): When MCR (1) is set high, the RTS output

is forced low. When MCR (1) is reset low, the RTS output

is forced high. The RTS output of the serial channel may
be input into an inverting line driver in order to obtain

the proper polarity input at the modem or data set.

MCR (3): When MCR (3) is set high, the INT output

is enabled.

MCR (4): MCR (4) provides a local loopback feature

for diagnostic testing of the channel. When MCR (4) is

set high. Serial Output (SOUT) is set to the marking (logic

"1") state, and the receiver data input Serial Input (SIN)

is disconnected. The output of the Transmitter Shift

Register is looped back into the Receiver Shift Register

input. The three modem control inputs (CTS, DSR, and

Rl) are disconnected. The modem control outputs (DTR

and RTS) are internally connected to the four modem
control inputs. The modem control output pins are forced

to their inactive state (high).

In the diagnostic mode, data transmitted is immediately

received. This allows the processor to verify the transmit

and receive data paths of the selected serial channel. Bits

MCR (5)—MCR (7) are permanently set to logic 0.

The MSR provides the CPU with status of the modem
input lines from the modem or peripheral devices. The

MSR allows the CPU to read each of the several channel

modem signal inputs by accessing the data bus interface

of the UM82C452. In addition to the current status in-

formation, four bits of the MSR indicate whether the

modem inputs have changed since the last reading of

the MSR. The delta status bits are set high when a control

input from the modem changes state, and reset low when
the CPU reads the MSR.

The modem input lines for each channel are CTS, DSR,

RT and RLSD. MSR (4) MSR (7) are status indications

of these lines. The status indications follow the status

of the input lines. If the modem status interrupt in the

Interrupt Enable Register is enabled [IER (3)], a change

of state in modem input signals will be reflected by the

modem status bits in the MR register, and an interrupt

(INTRPT) is generated. The MSR is a priority 4 interrupt.

The contents of the Modem Status Register are described

in Table 4. Note that the states (high or low) of the status

bits are inverted versions of the actual input pins.

MSR (0) Delta Clear to Send (DCTS): DCTS indicates

that the CTS input to the serial channel has changed

state since the last time it was read by the CPU.

MSR (1) Delta Data Set Ready (DDSR): DDSR indicates

that the DSR input to the serial channel has changed

state since the last time it was read by the CPU.

MSR (2) Trailing Edge of Ring Indicator (TERI): TERI

indicates that the Rl input to the serial channel has changed

state from high to low since the last time it was read by

the CPU. Low to high transitions on Rl do not activate

TERI.

MSR (3) Delta Data Carrier Detect (DRSLD): DRSLD
indicates that the RSLD input to the serial channel has

changed state since the last time it was read by the CPU.
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Table 4. Modem Status Register Bits

MSR Bit Mnemonic Osscription

MSR (1) DDSR Delta Data Set Ready

MSR (2) TERl Trailing Edge of Ring Indicator

MSR (0) DCTS Delta Clear to Send

MSR (3) DRLSD Delta Data Carrier Detect

MSR (4) CTS Clear To Send

MSR (5) DSR Data Set Ready

MSR (6) Rl Ring Indicator

MSR (7) RLSD Receiver Line Signal Detect

MSR (4) Clear to Send (CTS): Clear to Send (CTS) is

the status of the CTS input from the modem indicating

to the serial channel that the modem is ready to receive

data from the serial channel's transmitter output (SOUT).

If the serial channel is in loop mode [MSR (4) = 1] . MSR
(4) is equivalent to RTS in the MCR.

MSR (5) Data Set Ready (DSR): Data Set Ready (DSR)

is a status of the DSR input from the modem to the serial

channel which indicates that the modem is ready to provide

received data to the serial channel receiver circuitry. If

the channel is in the loop mode [MCR (4) = 1] , MSR (5)

is equivalent to DTR in the MCR.

MSR (6) Ring Indicator: Indicates the status to the Rl

input (pin 39). If the channel is in the loop mode [MCR
(4) = 1 ] , MSR (6) is not connected in the MCR.

MSR (7) Receive Line Signal Detect: Receive Line Signal

Detect indicates the status of the Receive Line Signal

Detect (RLSD) input. If the channel is in the loop mode
[MCR (4) = 1] , MSR (4) is equivalent to OUT2 of the

MCR.

The modem status inputs (Rl, RLSD, DSR, and CTS)

reflect the modem input lines with any change of status.

Reading the MSR register will clear the delta modem
status indications but has no effect on the status bits.

The status bits reflect the state of the input pins regardless

of the mask control signals. If DCTS, DDSR, TERl, or

DRLSD are true, and a state change occurs during a

read operation (DISTR), the state change is not indicat-

ed in the MSR. If DCTS, DDSR, TERl, or DRLSD are false,

and a state change occurs during a read operation, the

state change is indicated after the read operation.

For LSR and MSR, the setting of status bits is inhibited

during status register read DISTR operations. If a status

condition is generated during a read DISTR operation,

the status bit is not set until the trailing edge of the read

DISTR.

If a status bit is set during a read DISTR operation, and

the same status condition occurs, that status bit will be

cleared at the trailing edge of the read DISTR instead

of being set again.

Each UM82C452 serial channel contains a programmable

Baud Rate Generator (BRG) that divides the clock (DC

to 3.1 MHz) by any divisor from 1 to 2
16 -1 (see also

BRG description). The output frequency of the Baud

Generator is 16X the data rate [divisor # = clock + (baud

rate x 16)]. Two 8-bit divisor latch registers store the

divisor in a 16-bit binary format. These Divisor Latch

registers must be loaded during initialization. Upon load-

ing either of the Divisor latches, a 16-bit baud counter

is immediately loaded. This prevents long counts on initial

load.

The receiver circuitry in each serial channel of the

UM82C452 is programmable for 5, 6, 7, or 8 data bits

per character. For words of less than 8 bits, the data is

right justified to the least significant bit LSB = Data Bit

[RBR (0)]. Data Bit of a data word [RBR (0)] is

the first data bit received. The unused bits in a character

less than 8 bits are output low to the parallel output by

the serial channel.

Received data at the SIN input pin is shifted into the

Receiver Shift Register by the 16X clock provided at the

RCLK input. This clock is synchronized to the incoming

data based on the position of the start bit. When a complete

character is shifted into the Receiver Shift Register, the

assembled data bits are parallel loaded into the Receiver

Buffer Register. The DR flag in the LSR register is set.

Double buffering of the received data permits continuous

reception of data without losing received data. While the

Receiver Shift Register is shifting a new character into

the serial channel, the Receiver Buffer Register is holding

a previously received character for the CPU to read. Failure

to read the data in the RBR before complete reception

of the next character result in the low of the data in the

Receiver Register. The OE flag in the LSR register indicates

the overrun condition.

RBR Bits thru 7:

RBR (0)

RBR (1)

RBR (2)

RBR (3)

RBR (4)

RBR (5)

RBR (6)

RBR (7)

Data Bit

Data Bit 1

Data Bit 2

Data Bit 3

Data Bit 4

Data Bit 5

Data Bit 6

Data Bit 7

The Transmitter Holding Register (THR) holds parallel

data from the data bus (D0-D7) until the Transmitter

Shift Register is empty and ready to accept a new character

for transmission. The transmitter and receiver word length

and number of stop bits are the same. If the character

is less than eight bits, unused bits at the microprocessor
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data bus are ignored by the transmitter.

Data Bit [THR (0)] is the first serial data bit transmitted.

The THRE flag [LSR (5)] reflect the status of the THR.

The TEMT flag [LSR (5)] indicates if both the THR
and TSR are empty.

THR Bits thru 7

THR (0)

THR (1)

THR (2)

THR (3)

THR (4)

THR (5)

THR (6)

THR (7)

Data Bit

Data Bit 1

Data Bit 2

Data Bit 3

Data Bit 4

Data Bit 5

Data Bit 6

Data Bit 7

The Scratchpad Register is an 8-bit Read/Write register that

has no effect on either channel in the UM82C452. It is

intended to be used by. the programmer to hold data

temporarily.

SCR Bits thru 7

SCR (0) Data Bit

SCR (1) Data Bit 1

SCR (2) Data Bit 2

SCR (3) Data Bit 3

SCR (4) Data Bit 4

SCR (5) Data Bit 5

SCR (6) Data Bit 6

SCR (7) Data Bit 7

Interrupts

The Interrupt Identification Register (MR) of each serial

channel of the UM82C452 has interrupt capability for

interfacing to current microprocessors. In order to min-

imize software overhead during data character transfers,

the serial channel prioritizes interrupts into four levels.

The four levels of interrupt conditions are as follows:

1. Receiver Line Status (priority 1)

2. Received Data Ready (priority 2)

3. Transmitter Holding Register Empty (priority 3)

4. Modem Status (priority 4)

Information indicating that a prioritized interrupt is pend-

ing and the type of interrupt is stored in the Interrupt

Identification Register (IIR). When addressed during

chip select time, the IIR indicates the highest priority

interrupt pending. No other interrupts are acknowledged

until the interrupt is serviced by the CPU. The logic equiv-

alent of the interrupt control circuit is shown in Figure 3.

The contents of the IIR are indicated in Table 5 and

are described below.

ed or polled environment to indicate whether an interrupt

is pending. When IIR (0) is low, an interrupt is pending,

gnd 1 1 R contents may be used as a pointer to the appro-

priate interrupt service routine. When IIR(O) is high, no

interrupt is pending.

IIR (1 ) and IIR (2) are used to identify the highest priority

interrupt pending as indicated in Table 5.

1 1 R (3)-l I R (7) : These five bits of the 1 1 R are logic 0.

The Interrupt Enable Register (IER) is a Write register

used to independently enable the four serial channel

interrupts which activate the interrupt (INTRPT) output.

All interrupts are disabled by resetting IER (O)-IER (3)

of the Interrupt Enable Register. Interrupts are enabled

by setting the appropriate bits of the IER high. Disabling

the interrupt system inhibits the Interrupt Identification

Register and the active (high) INTRPT output. All other

system functions operate in their normal manner, including

the setting of the Line Status and Modem Status Registers.

The contents of the Interrupt Enable Register are indicated

in Table 6 and are described below.

IER (0): When programmed high [IER (0) = Logic 1],

IER (0) enables Received Data Available Interrupt.

IER (1): When programmed high [IER (1) = Logic 1] ,

IER (1) enables the Transmitter Holding Register Empty

interrupt.

IER (2): When programmed high [IER (2) = Logic 1] ,

IER (2) enables the Receiver Line Status interrupt.

IER (3): When programmed high [IER (3) = Logic 1] ,

IER (3) enables the Modem Status Interrupt.

IER (4)-IER (7): These four bits of the IER are logic

0.

Transmitter

The serial transmitter section consists of a Transmitter

Holding Register (THR), Transmitter Shift Register (TSR),

and associated control logic. The Transmitter Holding

Register Empty (THRE) and Transmitter Shift Register

Empty (TEMT) are two bits in the Line Status Register

which indicate the status of THR and TSR. To transmit

a 5- to 8-bit word, the word is written through D0-D7

to the THR. The microprocessor should perform a write

operation only if THRE is high. The THRE is set high

when the word is automatically transferred from the

THR to the TSR during the transmission of the start

bit.

IIR (0) : IIR (0) can be used in either a hard-wired prioritiz-
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Table 5. Interrupt Identification Register

Interrupt Identification Interrupt Set and Reset Functions

Bit 2 Bit 1 BitO
Priority

Level

Interrupt

Flag

Interrupt

Source

Interrupt

Reset Control

X

1

1

X

1

1

1

First

Second

Third

Fourth

None

Receiver

Line Status

Received Data

Available

THRE

Modem Status

None

OE.PE

FE.orBI

Received Data

Available

THRE

-CTS, -DSR
-RI.-RSLD

LSR Read-

RBR Read

IIR Read if THRE is the

Interrupt Source or THR Write

MSR Read

X = Not Defined.

DR (LSR BITO).

ERBFI (IER BITO)

THRE (LSR BIT 5)

ETBEI (IER BIT 1)

OE (LSR BIT 1)

PE (LSR BIT 2)

FE (LSR BIT 3)

Bl (LSR BIT 4)

ELSI (IER BIT 1)

DCTSIMSR BITO)

DDSR (MSR BIT 1)

TERI (MSR BIT 2)

DDCD (MSR BIT 3)

EDSSI (IER BIT 3) •

Interrupt Enable (MCR BIT 3)

O
Ch

^OfO^

5j€>fdJ

^H> INTERRUPT
OUTPUT

Figure 3. Interrupt Control Logic
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Table 6. Serial Channel Accessible Registers

Register

Mnemonic

Register Bit Number

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

RBR Data Data Data Data Data Data Data Data

(Read Only) Bit 7

(MSB)

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

(LSB)*

THR Data Data Data Data Data Data Data Data

(Write Only) Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

DLL Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

DLM Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

IER (EDSSI)

Enable

Modem
Status

Interrupt

(ELSI)

Enable

Receiver

Line

Status

Interrupt

(ETBEI)

Enable

Transmitter

Holding

Register

Empty

Interrupt

(ERBFI)

Enable

Received

Data

Available

Interrupt

IIR Interrupt Interrupt "0"1F

(Readonly) ID

Bit (1)

ID

Bit (0)

Interrupt

Pending

LCR (DLAB) Set Stick (EPS) (PEN) (STB) (WLSB1) (WLSBO)

Divisor Break Parity Even Parity Number Word Word

Latch Parity Enable of Stop Length Length

Access Select Bits Select Select

Bit Bit 1 BitO

MCR Loop Out 2 Out 1 (RTS)

Request

To

Send

(DTR)

Data

Terminal

Ready

LSR (TEMT) (THRE) (Bl) (FE) (PE) (OE) (DR)

Transmitter Transmitter Break Framing Parity Overrun Data

Empty Holding

Register

Empty

Interrupt Error Error Error Ready

MSR (DCD) (Rl) (DSR) (CTS) (DRSLD) (TERI) (DDSR) (DCTS)

Data Ripg Data Clear Delta Trailing Delta Delta

Carrier Indicator Ready to Receive Edge Data Clear

Detect Set Send Line Signal

Detect

Ring

Indicator

Set

Ready

to

Send

SCR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

k LSB Data Bit is the first bit transmitted or received.
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0. After completion of the transfer, THRE returns high.

TEMT remains low for at least the duration of the trans-

mission of the data word. If a second character is trans-

mitted to the THR, the THRE is reset low. Since the

data word cannot be transferred from the THR to the

TSR until the TSR is empty. THRE remains low until

the TSR has completed transmission of the word. When

the last word has been transmitted out of the TSR, TEMT

is set high. THRE is set high one THR to TSR transfer

time later.

Receiver

Serial asynchronous data is input 'into the SIN pin. The

idle state of the line providing the input into SIN is high.

A start bit detect circuit continually searches for a high

to low transition from the idle state. When the transition

is detected, a counter is reset, and counts the 16X clock

to 71/2, which is the center of the start bit. The start

bit is valid if the SIN is still low at the midbit sample of

the start bit. Verifying the start bit prevents the receiver

from assembling an incorrect data character due to a

low going noise spike on the SIN input.

The Line Control Register determines the number of

data bits in a character (LCR (0), LCR (1)), number of

stop bits LCR (2), if parity is used LCR (3), and the

polarity of parity LCR (4). If Status information for the

receiver is provided in the Line Status Register to the

Receiver Buffer Register, the Data Received indication

in LSR (0) is set high, the CPU reads the Receiver Buffer

Register through D0-D7. This read resets LSR (0). If

D0-D7 are not read prior to a new character transfer

from the RSR to the RBR, the overrun error status in-

dication is set in LSR (1). The parity check tests for even

or odd parity on the parity bit, which precedes the first

stop bit. If there is a parity error, the parity error is set

in LSR (2). There is circuitry which tests whether the

stop bit is high. If it is not, a framing error indication

is generated in LSR (3).

The center of the start bit is defined as clock count 7

1/2. If the data into SIN is a symmetrical square wave, the

center of the data cells will occur within ±3.125% of

the actual center, providing an error margin of 46.875%.

The start bit can begin as much as one 16X clock cycle

prior to being detected.

Baud Rate Generator (BRG)

The BRG generates the clocking for the UART function,

providing standard ANSI/CC1TT bit rates. The oscillator

driving the BRG is provided by an external clock into

CLK.

The bit rate is selected by programming the two divisor

latches, Divisor Latch Most Significant Byte and Divisor

Latch Least Significant Byte. Setting DLL=1 and DLM=0
selects the divisor to divide by 1 (divide by 1 gives

maximum baud rate for a given input frequency at the

CLK input).

The BRG can use any of three different popular frequencies

to provide standard baud rates. These frequencies are

1.8432 MHz, 2.4576 MHz, and 3.072 MHz. With these

frequencies, standard bit rates from 50 to 38.5 kbps are

available. Tables 7, 8, and 9 illustrate the divisors needed to

obtain standard rates using these three crystal frequencies.

Reset

After power up, the UM82C452 RESET input (MR)

should be held low for 500 ns to reset the UM82C452

circuits to an idle mode until initialization. A low on

RESET causes the following:

1. Initializes the transmitter and receiver internal clock

counters.

2. Clears the Line Status Register (LSR), except for Trans-

mitter Shift Register Empty (TEMT) and Transmit

Holding Register Empty (THRE), which are set. The

Modem Control Register (MCR) is also cleared. All

of the discrete lines, memory elements and logic ass-

ociated with these register bits are also cleared or turned

off. The Line Control Register (LCR), Divisor Latches,

Receiver Buffer Register, Transmitter Buffer Register

are not affected.

Following removal of the reset condition (Reset high),]

theUM82C452 remains in the idle mode until programmed.

A hardware reset of the UM82C452 sets the THRE and

TEMT status bit in the LSR. When interrupts are sub-

sequently enabled, an interrupt occurs due to THRE.

A summary of the effect of a reset on the UM82C452

is given in Table 10.

Programming

Each serial channel of the UM82C452 is programmed

by the control registers LCR, IER, DLL and DLM, and

MCR. These control words define the character length,

number of stop bits, parity, baud rate, and modem in-

terface. While the control register can be written in any

order, the IER should be written to last because it controls

the interrupt enables. Once a serial channel is programmed

and operational, these registers can be updated any time

the UM82C452 serial channel is not transmitting or re-

ceiving data.
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The control signals required to access each serial channel's

internal registers are shown below.

Software Reset

A software reset of the serial channel is a useful method

for returning to a completely known state without a

system reset. Such a reset consists of writing to the LCR,

Divisor Latches, and MCR registers. The LSR and RBR

registers should be read prior to enabling interrupts in

order to clear out any residual data or status bits which

may be invalid for subsequent operation.

Clock Input Operation

The maximum input frequency of the external clock

of the UM82C452 is 3.1 MHz.

Table 7. Baud Rates (1 .8432 MHz Clock)

Table 8. Baud Rates (2.4576 MHz Clock)

Desired Divisor Used Percent Error

Baud Rate Difference Between

Desired and Actual

50 2304 -

75 1536 -

110 1047 0.026

134.5 857 0.058

150 768 -

300 384 -

600 192 -

1200 96 -

1800 64 -

2000 58 0.69

2400 48 -

3600 32 -

4800 24 -

7200 16 -

9600 12 -

19200 6 -

38400 3 -

56000 2 2.86

Desired Divisor Used Percent Error

Baud Rate Difference Between

Desired and Actual

50 3072 _

75 2048 -

110 1396 0.026

134.5 1142 0.0007

150 1024 -

300 512 -

600 256 -

1200 • 128 -

1800 85 0.392

2000 77 0.260

2400 64 -

3600 43 0.775

4800 32 -

7200 21 1.587

9600 16 -

19200 8 -

38400 4 -

Table 9. Baud Rates (3.072 MHz Clock)

Desired Divisor Used Percent Error

Baud Rate Difference Between
Desired and Actual

50 3840 -

75 2560 -

110 1745 0.026

134.5 1428 0.034

150 1280 -

300 640 -

600 320 -

1200 160 -

1800 107 0.312

2000 96 -

2400 80 -

3600 53 0.628

4800 40 -

7200 27 1.23

9600 20 -

19200 10 -

38400 5 -
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Table 10. Reset Control of Register and Pinout Signals

Register/Signal Reset Control Reset Status

Interrupt Enable Register Reset All Bits low

Interrupt Identification Register Reset Bit is high and Bits 1-7 are low

Line Control Register Reset All Bits low

Line Status Register Reset Bits 5,6 are high, others are low

Modem Status Register Reset Bits 0-3 are low, Bits 4-7 are input signals

SOUT0,SOUT1 Reset High

Reset HighRTSO, RTS1.DTR0, DTR1

INTO, INT1JNT2 Reset High-Impedance

Reset

Reset

High,

Low
STB,AFD,SLIN
INIT

Device Application

DATA
BUS

ADDR
BUS

CTL
BUS

<^
^\

^s
"7

OPTION
JUMPERS

7

UM82C452

DUAL
UART AND
PRINTER

PORT

SERIAL
CHANNEL
BUFFERS <
SERIAL

CHANNEL 1

BUFFERS

PARALLEL
PORT

R/C NET

9-PIN
"D"
CONN

9-PIN

"D"
CONN

25-PIN

"D"

CONN
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Functional Description:

Parallel Port Registers

The UM82C452 parallel port interfaces the device to a

Centronics-style printer. When Chip Select 2 (CS2) is low,

the parallel port is selected. Table 1 1 shows the registers

associated with this parallel port. The read or write func-

tionof the register is controlled by the states of the read

(IOR) and write (IOW) pins as shown. The top four re-

gisters are read-only registers, and the bottom four are

write-only registers.

Since the parallel port is bidirectional, the first register

(READ PORT) allows the microprocessor to read the

information on the parallel bus. The second register (READ
STATUS) allows the microprocessor to read the status

of the printer in the five most significant bits. The status

bits are Printer Busy (BUSY), Acknowledge (ACT), which
is a handshake function, Paper Empty (PE), Printer Select-

ed (SLCT), and Error (ERROR). The third register (READ
CONTROL functions are duplicated in the sixth register

(WRITE CONTROL).

The control bits are found in the five least significant

bits of these registers,. They are Interrupt Enable (IRQ

ENB), Select In (SLIN), Initialize the Printer (TnTT),

Autofeed the Paper (AUTOFD), and Strobe (STROBE),
which informs the printer of the presence of a valid byte on
the parallel bus. The fifth register (WRITE PORT) allows

the microprocessor to write a byte to the printer.

The parallel port is completely compatible with the par-

allel port implementation used in the IBM Serial/Parallel

Adaptor.

Table 12. Parallel Port Register Select

Control Pins Register Selected

-IOR -IOW -CS2 A1 AO

1 Read Port

1 1 Read Status

1 1 Read Control

1 1 1 Invalid

1 Write port

1 1 Invalid

1 1 Write Control

1 1 1 Invalid

Table 1 1 . Parallel Port Registers

Register Register Bits

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

Read Port PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

Read Status BUSY ACK PE SLCT ERROR 1 1 1

Read Control 1 1 1 IRQ ENB SLIN INIT AUTOFD STROBE

Write Port PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

Write Control 1 1 1 IRQ ENB SLIN INIT AUTOFD STROBE

AC Characteristics TA = 0°C to +70°C, Vcc = 5V ± 5% (Notes 1

,

Serial

5)

Symbol Parameter Min Max Unit Condition

tDIW DISTR to Floating Data Delay 125 ns

RC Read Cycle 360 ns

toDD Delay from DISTR to Data 125 ns 100 pF Load

*HZ DISTR to Floating Data Delay 100 ns 100 pF Load .Note 4

tDOW DOSTR Strobe Width 100 ns

WC Write Cycle 360 ns

tpS Data Setup Time 40 ns

toH Data Hold Time 40 ns

tRA Address Hold Time from DISTR 20 ns Note 2

^CS Chip Select Hold Time for DISTR 20 ns Note 2

XAH DISTR Delay from Address 60 ns Note 2
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AC Characteristics (Continued)

Parallel Port

UMB2C4S2

Symbol Parameter Min Max Unit Conditions

tCSR DISTR Delay from Chip Select 50 ns Note 2

lWA Address Hold Time from DOSTR 20 ns Note 2

tWCS Chip Select Hold Time from DOSTR 20 ns Note 2

*AW DOSTR Delay from Address 60 ns Note 2

tCSW DOSTR Delay from Select 50 ns Note 2

tRW Reset Pulse Width 5 MS

tXH Duration of Clock High Pulse 140 ns External Clock

txL Duration of Clock Low Pulse 140 ns External Clock

Transmitter

tHR1
Delay from Kising fcdge of DOSTR
(WR THR) To Reset Interrupt

175 ns 100 pF Load

xms Delay from Initial INTR Reset to Transmit Start 8 24 CLK
Cycles

Note 3

tsi Delay from Initial Write to Interrupt 16 32 CLK
Cycles

Note 3

XST\ Delay from Stop to Interrupt (THRE) 8 8 CLK
Cycles

Note 3

t|R
Delay from DISTR (RD MR)
to Reset Interrupt (THRE) 250 ns 100 pF Load

Modem Control

tMDO
Delay from DOSTR
(WR MCR) to Output 200 ns 100 pF Load

tsiM Delay to Set Interrupt from MODEM Input 200 ns 100 pF Load

tRIM
Delay to Reset Interrupt from
DISTR (RSMSR)

250 ns 100 pF Load

Receiver

tsiNT Delay from Stop to Set Interrupt 1 1
CLK

Cycles
Note 3

tRINT
Delay from DISTR

-

(RD RBR/RDLSR) to Reset Interrupt
1 MS 100 pF Load

WRITE

Symbol Parameter Min. Max. Unit

Tww Write Pulse Width 200 - ns

TAW Address to IOW Set-up Time 20 - ns

TWA Address Hold Time after IOW 20 - ns

TDW Data to IOW Set-up Time 70 - ns

TWD Data Hold Time after IOW 30 - ns

TWOL TOW - 1 to Data Latched - 90 ns
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READ

Symbol Parameter Min. Max. Unit

TRR Read Pulse Width 300 - ns

TAR Address to IOR Set-up Time 20 - ns

TRA Address Hold Time after IOR 20 - ns

TPR Printer Bus to IOR Set-up Time - ns

TRP Printer Bus Hold Time after IOR - ns

TRDS Tor to do - D7 Output - 70 ns

TRDR DO - D7 Released after TOR - 30 ns

'Note: When the CPU reads the printer's status, output data may change if the printer signals are unstable.

OTHERS

Symbol Parameter Min. Max. Unit

TRSW Reset Pulse Width 40 - ns

TRSCH Reset to Control Bus= 1 (STROB, AUTOFD.SLCT) Propagation Delay - 90 ns

TRSIN1 Reset to Control Bus I NIT = Propagation Delay - 60 ns

T|D ACK to IRQ Propagation Delay - 45 ns

Notes: 1. All timing specifications apply to pins to both serial channels (e. g. R i refers to both R10and R11).

2. The internal address strobe is always active.

3. RCLK = tXH and tXL .

4. Charge and discharge time is determined by VOL, VOH and the external loading.

5. All timings are referenced to valid and valid 1 (see AC TEST POINTS).

Serial Port Timing:

Write Cycle Timing

DATA
D0-D7

X
\

)(

\ activs /

|--tDS *|*tDH -J

—/valid DATA V.

OR

\
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Read Cycle Timing

UM82C4S2

A2 A1 AO

"C5"

DATA
DO-D7

J(

X

tCSR

tAR

V ACTIVE J.

tDIW

ACTIVE

M

)C

J

/ validV
\ DATA/

"

i
\

Receiver Timing

SIN
(RECEIVER

INPUT
DATA)

SAMPLE
CLK

INTERRUPT
(DATA READY

OR RCVR
ERR)

\ START / DATA BITS (5-8) V PARITY)' STOP \ /

I I J L

DISTR

J I I

ISINT *

/
tRINT
V

\ ACTIVE /
Transmitter Timing

SERIAL
OUT (SOUT)

INTERRUPT
(THRE)

DOSTR
(WR THF

tHR1

y START/-
Y~~ySTOP(1-2) f /DATA ( 5-8) X J STOP ( 1 -2)

PARITY

7tt ¥

tSI

DISTR
(RD IIR)

\ I
\y

\
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Modem Timing

OOSTR
(WR MCR)

RTS, DTR

CTS.DSA.RLSD

INTERRUPT

"\ / ^ /

\
tMDO tMDO

/

/

DISTR
(RDMSR)

\
/

*-tSIM* tRlM -..

\ /

tSIM

Parallel Port Timing:

A.C. Testing Input Waveform

2.4'

0.45'

X2.0V
2*o\ /"

TEST POINT Y
o.8v

;
,. Q,bA

OUTPUT LOAD: 50 pF

Write Cycle Waveform

low

•- Taia/ -•"

CS A0

zx
AW

'WW

V ,'

D0-D7-

DATA BUS >;

'DW

P0~P7
AND"

PRINTER
DATA BUS-

X
* Twn»

X
'WOL'

X
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Interrupt Request Waveform

IRQEN (D4) % f

ACK

IRQ

4
\J

Read Cycle Waveform

IOR

"•- Tar *

AO, A

DATA ON
PRINTER DATA BUS

OR CONTROL BUS

OR STATUS BUS

D0~D7

CS v C

A, ft

AR

'PR

X

RR

y

* TRDS*"

TRP L—

X
*TRDFT

A X

X

Reset Waveform

RST

AUTOFD
SLCT

STROB

INIT

X
RSW

RSCH

RSIN1

X
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Absolute Maximum Ratings *

Ambient Operating Temperature —10°C to +70°

C

Storage Temperature —65° C to +150°C

Supply Voltage to Ground

Potential -0.5V to Vcc + 0.3V

Applied Output Voltage

-0.5V to Vcc + 0.3V

Applied Input Voltage

-0.5V to + 7.0V

Power Dissipation 500 mW

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics (TA = to +70°C, Vcc = 5V ± 5%)

Symbol Parameter Min Max Unit Conditions

V|LX Clock Input Low Voltage -0.5 0.8 V

VIHX Clock Input High Voltage 2.0 Vcc V

V|L Input Low Voltage -0.5 0.8 V

V,H Input High Voltage 2.0 Vcc V

Vol Output Low Voltage 0.4 V
l0L = 4.0 mA on DB0-DB7, 12 mA on

PD0-PD7, 2 mA on all other outputs

VqH Output High Voltage 2.4 V

lOH =-0.4 mA on DB0-DB7, -0.2 mA

on PD0-PD7, -0.2 mA on all other

outputs

'cc Power Supply Current 40 mA

Vcc = 5.25V, No loads on SI NO,

1;-DSR0, 1;-RLSD0, 1;-CTS0, 1.

RIO, RI1 = 2.0V. Other inputs =

0.8V. Baud rate generator = 4 MHz,

Baud rate = 56K

l,L Input Leakage 10 (XA

Vcc = 5.25V, GND = 0V.

All other pins floating.

>CL Clock Leakage 10 MA V lN
= 0V, 5.25V

'oz 3-State Leakage 20 ma

Vcc = 5.25V, GND = 0V.

VOUT = 0V, 5.25V

1) Chip deselected

2) Chip and write mode selected

V
|L

(RES) Reset Schmitt V| L
0.8 V

V |H (RES) Reset Schmitt V )H 2.0 V
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Application Circuit
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Application Circuit (Continued)

cm ?
•- CM

cm « <o co

m cm

<D » ID «- CM CO

cmco^io to r- co O)<<<<<<<< cm o ^ in <o r- «- 00 C3) O >-
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is* £S; 1/M82C550
Asynchronous Communications

Element with FIFOs

Features:

Capable of running all existing UM82C450 software

Pin for pin compatible with the existing UM82C450

except for CSOUT (24) and NC (29). The former

CSOUT and NC pins will be TXRDY and RXRDY,
respectively

After reset, all registers are identical to the UM82C450
register set

In the FIFO mode, transmitter and receiver are each

buffered with 16 byte FIFO's to reduce the number

of interrupts presented to the CPU.

Adds or deletes standard asynchronous communica-

tion bits (start, stop, and parity) to or from the serial

data

Full double buffering in the CHARACTER mode

eliminates need for precise synchronization

Independently controlled transmit, receive, line status,

and data set interrupts.

Programmable baud generator divides any input clock

by 1 to (2
16 - 1) and generates the 16x clock

General Description

The UM82C550 is an improved version of the UM82C450

Asynchronous Communications Element (ACE). The

improved specifications ensure compatibility with any

of state-of-the-art CPUs. Functionally identical to the

UM82C450 on power up (CHARACTER mode) the

UM82C550 can be put into an alternate mode (FIFO

mode) to relieve the CPU of excessive overhead when

the data rate is high. In this mode internal FIFOs are

activated allowing 16 bytes (plus 3 bits per byte of error

data in the RCVR FIFO) to be stored in both receive

and transmit modes. All the logic is on chip to minimize

system overhead and maximize system efficiency. Two
pin functions have been added to allow signalling of DMA
transfers.

The ACE performs serial -to-parallel conversion on data

characters received from a peripheral device or a MODEM,
and parallel-to-serial conversion on data characters re-

Independent receiver clock input

MODEM control functions (CTS, RTS, DSR, DTR,

RI,andDCD)

Fully progrmmable serial -interface characteristics:

— 5-, 6-, 7-, or 8-bit characters

— Even, odd, or no-parity bit generation and detect-

ion

— 1-, V/t-, or 2-stop bit generation

— Baud generation (DC to 256 K baud)

False start bit detection

Complete status reporting capabilities

TRI-STATE TTL drive for the data and control buses

Line break generation and detection

Internal diagnostic capabilities:

— Loopback controls for communications link fault

isolation

— Break parity overrun framing error simulation

Fully prioritized interrupt system controls

ceived from the CPU. The CPU can read the complete

status of the ACE at any time during the functional opera-

tion. Status information reported includes the type and

condition of the transfer operations being performed

by the ACE, as well as any error conditions (parity, over-

run, framing, or break interrupt).

The ACE includes a programmable baud rate generator

that is capable of dividing the timing reference clock

input by divisors of 1 to (2
16 - 1), and producing a 16x

clock for driving the internal transmitter logic. Provisions

are also included to use this 16 x clock to drive the re-

ceiver logic. The ACE has complete MODEM-control

capability, and a processor-interrupt system that may

be software tailored to the user's requirements, minimiz-

ing the computing required to handle the communica-

tions link.
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Pin Configurations

Dual-In- Line Package Chip Carrier Package

DO 1= i 40 3 VCC
D1 l: 2 39 J Rl

D2 r. 3 38 3 DCD
D3 c 4 37 3 DSR

D4 c 5 36 3 CTS

D5 tz 6 35 3 MR
06 r 34 3 OUT1
D7 r 8 33 3 DTR

RCLK c 9
C

32 3 RTS

SIN c 10 00 31 3 OUT2
SOUT L 11 o 30 J INTRPT

CSO n 12 o 29 3 RXRDY
CS1 c 13 28 3 AO
CS2 r 14 27 n At

8AUD0UT r 15 26 3 A2
XTAL1 r 16 25 3 ADS
XTAL2 r 17 24 3 TXRDY
DOSTR r 18 23 3 DDIS

DOSTR r 19 22 3 DISTR

VSS c 20 21 3 DISTR

D5 C
06 \Z

D7C
RCLK \2

SIN £
NC [Z

SOUT[^

CSO [2

CS1 C
CS2C

BAUDOUT [2 17

•» m cn - o (J Oi- u co |-
o o o o o z > In Id Iq lo

nnnnnnnnnnn
6 5 4 3 2 1 44 43 42 41 40

18 19 20 21 22 23 24 25 26 27 28

uuuuuuuuuuu

39 3] MR

38 3 0UT1

37 ^2 DTR

36 3 "TS

35 ~J OUT2

34 2 NC

33 ~2 INTRPT

32 ~2 RXRDY

31 2 A0

30 ^ A1

29 3 A2

x x la q

Block Diagram

1281

127)

1261

112^

(131

I14t

T25]
-

SELECT

&

I35J. CONTROL
(222

[2-\\

am
118)

LOGIC

^23)

j24]

(16^

im
p9i

LINE

STATUS
REGISTER

TRANSMITTER
HOLDING
REGISTER

MODEM
CONTROL
REGISTER

MODEM
STATUS
REGISTER

INTERRUPT
ENABLE
REGISTER

INTERRUPT
CONTROL
LOGIC

FIFO
CONTROL
REGISTER

RECEIVER
SHIFT

REGISTER

i£L RCLK

TRANSMITTER
SHIFT
REGISTER

T35]

MODEM
CONTROL
LOGIC

RTS

CTS

DTR
DSR

DCD
'

Rl

OUT1

OUT2

1

INTERRUPT
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Pin Description

Pin No. Symbol I/O Description

1 ~8 Data Bus

D0-D7
I/O This bus comprises eight TRI-STATE input/output lines. The bus provides

bidirectional communications between the ACE and the CPU. Data control

words, and status information are transferred via the DO ~ D7 Data Bus.

9 RCLK I This input is the 16X baud rate clock for the receiver section of the chip.

10 SIN I Serial data input forms the communications link (peripheral device,

MODEM, or data set).

11 SOUT Composite serial data output to the communications link (perherial,

MODEM or data set). The SOUT signal is set to the Marking (logic 1)

state upon a Master Reset operation.

12- 14 CS0-CS2 I When CSO and CS1 are high and CS2 is low, the chip is selected. Chip
selection is complete when the decoded chip select signal is latched with
an active (low) Address Strobe (ADS) input. This enables communica-
tion between the ACE and the CPU.

15 BAUDOUT 16X clock signal for the transmitter section of the ACE. The clock rate

is equal to the main reference oscillator frequency divided by the specif ied

divisor in the Baud Generator Divisor Latches. The BAUDOUT may also

be used for the receiver section by tying this output to the RCLK input

of the chip.

16 ~ 17 XTAL1
XTAL2

I These two pins connect the main timing reference (crystal or signal clock)

to the ACE.

18 DOSTR
DOSTR

I

I

When DISTR is high or DISTR is low while the chip is selected, it allows

the CPU to write data or control words into a selected register of the

ACE.

Note: Only an active DOSTR or DOSTR input is required to transfer

data to the ACE during a write operation. Therefore tie either

the DOSTR input permanently low or the DOSTR input per-

manently high if not used.

20 GND Ground

21

22

DISTR

DISTR
I

I

When DISTR is high or DISTR is low while the chip is selected, it allows

the CPU to read status information or data from a selected register of

the ACE.

Note: Only an active DISTR or DISTR input is required to transfer data

to the ACE during a read operation. Therefore tie either the DISTR
input permanently low or the DOSTR input permanently high if

not used.

23 DDIS Goes low whenever the CPU is reading data from the ACE. A high-level

DDIS output can be used to disable an external transceiver (if used be-

tween the CPU and ACE on the D7 ~ DO Data Bus at all times except

when the CPU is reading data.)

5-137



UMC UM82C550

Pin Description (Continued)

Pin No. Symbol I/O Description

24 TXRDY Transmitter DMA signalling is available through this pin. When operating

in the FIFO mode, one of two types of DMA signalling per pin can be

selected via FCR3 when operating as in the Character Mode only DMA
mode is allowed. Mode supports interleaved DMA where a transfer

is made between CPU bus cycles. Mode 1 supports burst DMA where

multiple transfers are made continuously until the XMIT FIFO has been

filled.

TXRDY Mode 0: In the Character Mode (FCRO = 0) or in the FIFO Mode

(FCRO = 1, FCR3 = 0) and there are no characters in the XMIT FIFO

or XMIT holding register, the TXRDY pin (24) will be low active. Once

It is activated the TXRDY pin will go inactive after the first character

is loaded into the XMIT FIFO.

TXRDY Mode 1: In the FIFO Mode (FCRO = 1) when FCR3 = 1 and

there is at least one unfilled position in the XMIT FIFO. It will go low

active. This pin will become inactive when the XMIT FIFO is completely

full.

25 ADS When low, provides latching for the Register Select (A0, A1, A2) and

Chip Select (CS0. CS1 ,CS2) signals.

Note: An active ADS input is required when the Register Select (A0,

A1, A2) signals are not stable for the duration of a read or write

operation. If not required tie the ADS input permanently low.

26~28 A0~A2 These three inputs are used during a read or write operation to select

an ACE register to read from or write into as indicated in the table below.

Note that the state of the Divisor Latch Access Bit (DLAB), which is

the most significant bit of the Line Control Register, affects the selection

of certain ACE registers. The DLAB must be set high by the system soft-

ware to access the Baud Generator Divisor Latches.

DLAB A2 A1 A0 Register

Receiver Buffer (read)

Transmitter Holding

Register (write)

1 Interrupt Enable

X 1 Interrupt Identification (read)

X 1 FIFO Control (write)

X 1 1 Line Control

X 1 MODEM Control

X 1 1 Line Status

X 1 1 MODEM Status

X 1 1 1 Scratch

1 Divisor Latch

(least significant byte)

1 1 Divisor Latch

(most significant byte)
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Pin Description (Continued)

Pin No. Symbol I/O Description

29 RXRDY Receiver DMA signalling is available through this pin. When operating

in the FIFO mode, one of two types of DMA signalling can be selected

via FCR3. When operating as in the Character Mode only DMA mode

is allowed. Mode supports interleaved DMA where a transfer is made

between CPU bus cycles. Mode 1 supports burst DMA where multiple

transfers are made continuously until the RCVR FIFO has been empti-

ed.

RXRDY Mode 0: When in the Character Mode (FCRO = 0) or in the FIFO

Mode (FCRO = 1 , FCR3 = 1 ) and there is at least 1 character in the RCVR
FIFO or RCVR HOLD register, the RXRDY pin (29) will be low active.

Once it is activated the RXRDY pin will go inactive when there are no

more characters in the FIFO or HOLD register.

RXRDY Mode 1: In the FIFO Mode (FCRO = 1) when the FCR3 = 1

and the trigger level or the timeout has been reached, the RXRDY pin

will go low active. Once it is activated it will go inactive when there are

no more characters in the FIFO or hold register.

30 INTRPT Goes high whenever any one of the following interrupt types has an active

high condition and is enabled via the IER: Receiver Error Flag; Received

Data Available timeout (FIFO Mode only), Transmitter Holding Register

Empty and MODEM Status. The INTRPT signal is reset low upon the

appropriate interrupt service or a master Reset operation.

31 User-designated output that can be set to an active low by programming

bit 3 (OUT 2) of the MODEM Control Register to high level. The OUT 2

signal is set high upon a Master Reset Operation. The OUT 2 signal is

forced to its inactive state (high) during loop mode operation.

OUT 2

32 RTS When low, informs the MODEM or data set that the ACE is ready to

transmit data. The RTS output signal can be set to an active low by pro-

gramming bit 1 (RTS) of the MODEM Control Register. The RTS signal

is set high upon a Master Reset operation.

The RTS signal is forced to its inactive state (high) during loop mode opera-

tion.

33 DTR When low, informs the MODEM or data set that the ACE is ready to com-

municate. The DTR output signal can be set to an active low by programm-

ing bit (DTR) of the MODEM Control Register to a high level. The DTR
signal is set high upon a Master Reset operation. The DTR signal is forced

to its inactive state (high) during loop mode operation.

34 User-designated output that can be set to an active low by programming

bit 2 (OUT 1) of the MODEM Control Register to high level. The OUT 1

signal is set high upon a Master Reset Operation. The OUT 1 signal is

forced to its inactive state (high) during loop mode operation.

OUT1
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Pin Description (Continued)

Pin No. Symbol I/O Description

35 MR 1 This input is buffered with a TTL-compatible Schmitt Trigger with 0.5V

typical hysteresis when high, it clears all the registers and FIFOs (except

the Receiver Buffer, Transmitter Holding, Scratch Pad Register and Divisor

Latches), and the control logic of the ACE. Also the state of various output

signals (SOUT, INTRPT, OUT 1, OUT 2, RTS, DTR) are affected by

an active MR input (Refer to Table 1)

36 CTS 1 The CTS signal is a MODEM control function input whose conditions

can be tested by the CPU by reading bit 4 (CTS) of the MODEM Status

Register. Bit (DCTS) of the MODEM Status Register indicates whether

the CTS input has changed state since the previous reading of the MODEM
Status Register. CTS has no effect on the Transmitter.

Note: Whenever the CTS bit of the MODEM Status Register changes

state, an interrupt is generated if the MODEM Status interrupt

is enabled.

37 DSR 1 When low, this indicates that the MODEM or data set is ready to establish

the communications link and transfer data with the ACE, the DSR signal

is a MODEM-control function input whose condition can be tested by

the CPU by reading bit 5 (DSR) of the MODEM Status Register. Bit 1

(DDSR) of the MODEM Status Register indicates whether the DSR input

has changed state since the previous reading of the MODEM Status Register.

Note: Whenever the DSR bit of the MODEM Status Register changes

state, an interrupt is generated if the MODEM Status interrupt is

enabled.

38 DCD 1
When low, indicates that the data carrier has been detected by the MODEM
or data set. The DCD signal is a MODEM-control function input whose

condition can be tested by the CPU by reading bit 7 (DCD) of the MODEM
Status Register. Bit 3 (DDCD) of the MODEM Status Register indicates

whether the DCD input has changed state since the previous reading of

the MODEM Status Register. DCD has no effect on the receiver.

Note: Whenever the DCD bit of the MODEM Status Register changes

state, an interrupt is generated if the Modem Status interrupt is

enabled.

39 m" 1 When low, indicates that a telephone ringing signal has been received by

the MODEM or data set. The RT signal is a MODEM-control function

input whose condition can be tested by the CPU by reading bit 6 (Rl)

of the MODEM Status Register. Bit 2 (TERI) of the MODEM Status Re-

gister indicates whether the Rl input has changed from a low to a high

state since the previous reading of the MODEM Status Register.

Note: Whenever the Rl bit of the MODEM Status Register changes from

a high to a low state, an interrupt is generated if the MODEM
Status Register is enabled.

40 vCc +5V Power Supply.
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Table I. ACE Reset Functions

Register/Signal Reset Control Reset State

Interrupt Enable Register Master Reset
All Bits Low

(0—3 forced and 4—7 permanent)

Interrupt Identification Register Master Reset
Bit is High, Bits 1-3, 7 forced low

Bits 4—6 are Permanently Low

Line Control Register Master Reset All Bits Low
MODEM Control Register Master Reset All Bits Low

Line Status Register Master Reset
All Bits Low,

Except Bits 5 & 6 are High

MODEM Status Register Master Reset
Bits 0-3 Low

Bits 4-7 - Input Signal

SOUT Master Reset High

INTRPT(RCVRErrs) Read LSR/MR Low

INTRPT (RCVR Data Ready) Read RBR/MR Low

INTRPT(THRE) ReadllR/WriteTHR/MR Low

INTRPT (Modem Status Changes) Read MS R/MR Low

OUT2 Master Reset High

RTS Master Reset High

DTR Master Reset High

OUT1 Master Reset High

RCVR FIFO MR/FCR1 • FCRO/AFCRO All Bits Low

XMITFIFO MR/FCR1 • FCRO/AFCRO All Bits Low

FIFO Control Master Reset All Bits Low

Register Descriptions

The system programmer may access or control any of the

ACE registers summarized in Table II via the CPU. These

registers are used to control ACE operations and to trans-

mit and receive data.

Programmable Baud Generator

The ACE contains a programmable Baud Generator that

is capable of taking any clock input (DC to 8.0 MHz)
and dividing it by any divisor from 2 to 2 16 - 1). 4 MHz
is the highest input clock frequency recommended when
the divisor = 1. The output frequency of the Baud

Generator is 16 x the Baud [divisor #= (frequency input)

-5- (baud rate x 16)] . Two 8-bit latches store the divisor

in a 16-digit binary format. These Divisor Latches must

be loaded during initialization in order to ensure desired

operation of the Baud Generator. Upon loading either

of the Divisor Latches, a 16-bit Baud counter is im-

mediately loaded. This prevents long counts on initial

load.

Tables III, IV and V illustrate the divisors for use with

crystal frequencies of 1.8432 MHz, 3.072 MHz and 8

MHz, respectively. For baud rates of 38400 and below,

the error obtained is minimal. The accuracy of the desired

baud rate is dependent on the crystal frequency chosen.

Typical Oscillator Applications

XTAL1

UM82C550

f

£
—l-AAAV

XTAL1

UM82C550

Typical Crystal Oscillator Network

Crystal R
P

R x2 c
t c2

3.1 MHz 1 Mft 1.5K 10-30 pF 40-60 pF

1.8 MHz 1 MJ2 1.5K 1030pF 40-60 pF
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Table III. Baud Rates Using 1 £432 MHz Crystal Table V. Baud Rates Using 8 MHz Crystal

Divisor Used Percent Error

Desired to Generate Difference Between
Baud Rate 16 x Clock Desired and Actual

50 2304 _
75 1536 —

110 1047 0.026

134.5 857 0.058

150 768 —
300 384 _
600 192 _
1200 96 _

1800 64 _
2000 58 0.69

2400 48 _
3600 32 _

4800 24 _
7200 16 _
9600 12 _
19200 6 _
38400 3 _
56000 2 2.86

Table IV. Baud Rates Using 3.072 MHz Crystal

Divisor Used Percent Error

Desired to Generate Difference Between
Baud Rate 16 x Clock Desired and Actual

50 3840

75 2560 —
110 1745 0.026

134.5 1428 0.034

150 1280 _
300 640 —

600 320 _
1200 160 _
1800 107 0.312

2000 96 _
2400 80 -_

3600 53 0.628

4800 40 _
7200 27 1J23

9600 20 _
19200 10 _
38400 5 ~

Desired

Baud Rate

50

75

110

134.5

150

300

600

1200

1800

2000

2400

3600

4800

7200

9600

19200

38400

56000

128000

Divisor Used

to Generate

16 x Clock

10000

6667

4545

3717

3333

1667

833

417

277

250

208

139

104

69

52

26

13

9

4

2

Percent Error

Difference Between

Desired and Actual

0.005

0.010

0.013

0.010

0.020

0.040

0.080

0.080

0.160

0.080

0.160

0.644

0.160

0.160

0.160

0.790

2.344

2.344

Interrupt Enable Register

This 8-bit register enables the four types of interrupts

of the ACE to separately activate the chip interrupt

(INTRPT) output signal. It is possible to totally disable

the interrupt system by resetting bits through 3 of

the Interrupt Enable Register. Similarly, by setting the

appropriate bits of this register to a logic 1, selected in-

terrupts can be enabled. Disabling the interrupt system

inhibits the Interrupt Identification Register and the

active (high) INTRPT output from the chip. All other

system functions operate in their normal manner, including

the setting of the Line Status and MODEM Status Registers.

The contents of the Interrupt Enable Register are in-

dicated in Table 1 1 and are described below.

Bit 0: This bit enables the Received Data Available In-

terrupt (and timeout interrupts in the FIFO mode) when
set to logic 1

.

Bit 1: This bit enables the Transmitter Holding Register

Empty Interrupt when set to logic 1

.

Bit 2: This bit enables the Receiver Line Status Interrupt

when set to logic 1

.
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Bit 3: This bit enables the MODEM Status Interrupt when

set to logic 1.

Bits 4 through 7: These four bits are always logic 0.

controlled by the Interrupt Enable Register.

Bit 5 through 7: These bits are permanently set to logic

0.

MODEM Control Register

This 8-bit register controls the interface with the MODEM
or data set (or a peripheral device emulating a MODEM).

The contents of the MODEM Control Register are in-

dicated in Table II and are described below.

Bit 0: This bit controls the Data Terminal Ready (DTR)

output. When bit is set to a logic 1 , the DTR output

is forced to a logic 0. When bit is reset to a logic 0,

the DTR output is forced to a logic 1

.

Bit 1: This bit controls the Request to Send RTS output.

Bit 1 affects the RTS output in a manner identical to

that described above for bit 0.

Bit 2: This bit controls the Output 1 (OUT 1) signal,

which is an auxiliary user-designated output. Bit 2 affects

the OUT 1 output in a manner identical to that described

above for bit 0.

Bit 3: This bit controls the Output 2 (OUT 2) signal,

which is an auxiliary user-desigated output. Bit 3 affects

the OUT 2 output in a manner identical to that described

above for bit 0.

Bit 4: This bit provides a local loopback feature for

diagnostic testing of the ACE. When bit 4 is set to logic

1, the following occur: the transmitter Serial Output

(SOUT) is set to the Marking (logic 1) state: the receiver

Serial Input (SIN) is disconnected; the output of the

Transmitter Shift Register is "looped back" into the

Receiver Shift Register input; the four MODEM Control

inputs (CTS, DSR, DCD, and r!) are disconnected; and

the four MODEM Control outputs (DTR, RTS, OUT 1,

and OUT 2) are internally connected to the four MODEM
Control inputs, and the MODEM Control output pins

are forced to their inactive state (high). In the diagnostic

mode, data that is transmitted is immediately received.

This feature allows the processor to verify the transmit-

and received -;.ri paths of the ACE.

In the diagnostic node, the receiver and transmitter inter-

rupts are fully operational. Their sources are external

to the part. The MODEM Control Interrupts are also

operational, but the interrupts' sources are now the lower

four bits of the MODEM Control Register instead of

the four MODEM Control inputs. The interrupts are still

Interrupt Identification Register

The ACE has an on-chip interrupt capability that allows

for flexibility in interfacing popular microprocessors

presently available. In order to provide minimum soft-

ware overhead during data character transfers, the ACE

prioritizes interrupts into four levels. The four levels of

interrupt conditions are as follows: Receiver Line Status

(priority 1); Received Data Ready (priority 2): Timeout

(priority 2, FIFO Mode only); Transmitter Holding Re-

gister Empty (priority 3); and MODEM Status (priority

4).

Information indicating that a prioritized interrupt is pend-

ing and the type of that interrupt is stored in the Interrupt

Identification Register (IIR). When addressed during

chip-select time the IIR freezes the highest priority in-

terrupt pending and no other interrupts change the IIR

even though they are recorded, until that particular inter-

rupt is serviced by the CPU. The contents of the IIR

are indicated in Table 1 1 and are described below.

Bit 0: This bit can be used in either a prioritized interrupt

or polled environment to indicate whether an interrupt

is pending. When bit is a logic 0, an interrupt is pending

and the IIR contents may be used as a pointer to the

appropriate interrupt service routine. When bit is a

logic 1, no interrupt is pending and polling (if used) con-

tinues.

Bits 1 and 2: These two bits of the IIR are used to identify

the highest priority interrupt pending as indicated in Table

VI.

Bit 3: In the Character mode this bit is 0. In the FIFO

mode this bit is set along with bit 2 when a timeout in-

terrupt is pending.

Bits 4 through 6: These three bits of the IIR are always

logic 0.

Bit 7: This bit is set when FCR0= 1.
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Table VI. Interrupt Control Functions

FIFO
Mode
Only

Interrupt

Identification

Register
Interrupt Set and Reset Functions

Bit 3 Bit 2 Bit 1 BitO
Priority

Level
Interrupt Type Interrupt Source Interrupt Reset Control

1 - None None -

1 1 Highest Receiver Line

Status

Overrun Error or Parity

Error or Framing Error

or Break Interrupt

Reading the Line Status

Register

1 Second Received Data

Available

Receiver Data Available

or Trigger Level Reached

Reading the Receiver Buffer

Register or the FIFO Drops

Below the Trigger Level

1 1 Second Character

Timeout

Indication

No Characters Have Been

Removed From or Input

to the

RCVR FIFO During the

Last 4 Char.

Times and There is at

Least 1 Char.

in it During This Time

Reading the Receiver

Buffer Register

1 Third

Transmitter

Holding

Register

Empty

Transmitter Holding

Register Empty

Reading the MR Register

(If source of interrupt) or

Writing into the Transmitter

Holding Register

Fourth
MODEM
Status

Clear to Send or

Data Set Ready or

Ring Indicator or

Data Carrier Detect

Reading the MODEM
i

Status Register

Line Status Register

This 8-bit register provides status information to the
CPU concerning the data transfer. The contents of the
Line Status Register are indicated in Table II and are

described below.

Bit 0: This bit is the receiver Data Ready (DR) indicator.

Bit is set to a logic 1 whenever a complete incoming
character has been received and transferred into the Re-
ceiver Buffer Register or the FIFO. Bit is reset to a

logic by reading all of the data in the Receiver Buffer
Register or the FIFO.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit

1 indicates that data in the Receiver Buffer Register was
not read by the CPU before the next character was trans-

ferred into the Receiver Buffer Register thereby destroy-

ing the previous character. The OE indicator is reset when-

ever the CPU reads the contents of the Line Status Re-

gister. If the FIFO mode data continues to fill the FIFO
beyond the trigger level an overrun error will occur only
after the FIFO is full and the next character has been
completely received in the shift register. OE is indicated

to the CPU as soon as it happens. The character in the
shift register is overwritten, but it is not transferred to

the FIFO.

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2
indicates that the received data character does not have
the correct even or odd parity, as selected by the even-

parity-select bit. The PE bit is set to a logic 1 upon de-

tection of a parity error and is reset to a logic whenever
the CPU reads the contents of the Line Status Register.

In the FIFO mode this error is associated with the par-

ticular character in the FIFO it applies to. This error is

revealed to the CPU when its associated character is at

thetopof the FIFO.
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Bit 3: This bit is the Framing Error (FE) indicator. Bit

3 indicates that the received character did not have a

valid Stop bit. Bit 3 is set to a logic 1 whenever the Stop

bit following the last data bit or parity bit is detected as

a zero bit (Spacing level). The FE indicator is reset when-

ever the CPU reads the contents of the Line Status in-

dicator. In the FIFO mode this error is associated with

the particular character in the FIFO it applies to. This

error is revealed to the CPU when its associated character

is at thetopof the FIFO.

Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit

4 is set to a logic 1 whenever the received data input

is held in the Spacing (logic 0) state for longer than a

full word transmission time (that is, the total time of

Start bit + data bits + Parity + Stop bits). The Bl indicator

is reset whenever the CPU reads the contents of the Line

Statr. indicator. In the FIFO mode this error is associated

with the particular character in the FIFO it applies to.

This error is revealed to the CPU when its associated

character is at the top of the FIFO. When break occurs

only one zero character is loaded into the FIFO. The

next character transfer is enabled after SIN goes to the

marking state and receivesthe next valid start bit.

Note: Bits 1 through 4 are the error conditions that pro-

duce a Receiver Line Status interrupt whenever any of

the corresponding conditions are detected.

Bit 5: This bit is the Transmitter Holding Register Empty

(THRE) indicator. Bit 5 indicates that the ACE is ready

to accept a new character for transmission. In addition,

this bit causes the ACE to issue an interrupt to the CPU

when the Transmit Holding Register Empty Interrupt

enable is set high. The THRE bit is set to a logic 1 when

a character is transferred from the Transmitter Holding

Register into the Transmitter Shift Register. The bit is

reset to logic concurrently with the loading of the Trans-

mitter Holding Register by the CPU. In the FIFO mode

this bit is set whenthe XMIT FIFO is empty, it is cleared

when at least 1 byte is written to the XMIT FIFO.

Bit 6: This bit is the Transmitter Empty (TEMT) indicator.

Bit 6 is set to a logic 1 whenever the Transmitter Holding

Register (THR) and the Transmitter Shift Register (TSR)

are both empty, it is reset to a logic whenever either

the THR or TSR contains a data character. In the FIFO

mode this bit is set to one whenever the transmitter FIFO

and shift register are both empty.

Bit 7: In the Character mode this is a 0. In the FIFO

mode LSR7 is set when there is at least one parity error

framing error or break indication in the FIFO LSR7 is

cleared when the CPU reads the LSR, if there are no sub-

sequent errors in the FIFO.

FIFO Control Register

This is a write only register at the same location as the

1 1 R the IIR is a read only register. This register is used

to enable the FIFOs, clear the FIFOs, set the RCVR FIFO

trigger level, and select the type of DMA signalling.

Bit 0: Writing a 1 to FCRO enables both the XMIT and

RCVR FIFOs. Resetting FCRO will clear all bytes in both

FIFOs. When changing from FIFO Mode to Character

Mode and vice versa data is automatically cleared from

the FIFOs. This bit must be a 1 when other FCR bits

are written to or they will not be programmed.

Bit 1: Writing a 1 to FCR1 clears all bytes in the RCVR

FIFO and resets its counter logic to 0. The shift register

is not cleared. The 1 that is written to this bit position

is self-clearing.

Bit 2: Writing a 1 to FCR2 clears all bytes in the )<MIT

FIFO and resets its counter logic to 0. The shift register

is not cleared. The 1 that is written to this bit position

is self-clearing.

Bit 3: Setting FCR3 to a 1 will cause the RXRDY and

TXRDY pins to change from mode to mode 1 if FCRO =

1 (see description of RXRDY and TXRDY pins.)

Bit 4,5: FCR4 to FCR5 are reserved for future use.

Bit 6, 7: FCR6 and FCR7 are used to set the trigger level

for the RCVR FIFO interrupt.

6
RCVR FIFO

7
Trigger Level (Bytes)

01

1 04

1

1 1

08

14

Line Control Register

The system programmer specifies the format of the asyn-

chronous data communications exchange via the Line Con-

trol Register. In addition to controlling the format, the

programmer may retrieve the contents of the Line Control

Register for inspection. This feature simplifies system

programming and eliminates the need for separate storage

in system memory of the line characteristics. The contents
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of the Line Control Register are indicated in Table II

and are described below.

Bits and 1: These two bits specify the number of bits

in each transmitted or received serial character. The en-

coding of bits and 1 is as follows:

Bit 1 BitO Word Length

5 Bits

1 6 Bits

1 7 Bits

1 1 8 Bits

Bit 2: This bit specifies the number of Stop bits in each

transmitted character. If bit 2 is a logic 0, one Stop bit

is generated in the transmitted data. If bit 2 is a logic

1 when a 5-bit word length is selected via bits and 1

,

one and a half stop bits are generated. If bit 2 is a logic

1 when either a 6-, 7-, or 8-bit word length is selected,

two Stop bits are generated. The Receiver checks the

first Stop-bit only, regardless of the number of Stop bits

selected.

Bit 3: This bit is the Parity Enable bit. When bit 3 is a

logic 1 , a Parity bit is generated (transmit data) on checked

(received data) between the last data word bit and Stop

bit of the serial data (The ferity bit is used to produce

an even or odd number of 1s when the data word bits

and the Parity bit are summed.)

Bit 4: This bit is the Even Parity Select bit. When bit

3 is a logic 1 and bit 4 is a logic 0, an odd number of

logic 1s is transmitted or checked in the data word bits

and Parity bit. When bit 3 is a logic 1 and bit 4 is a logic

1 ,an even number of logic 1s is transmitted or checked.

Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and

5 are logic 1 the Parity bit is transmitted and checked

by the receiver as a logic 0. If bits 3 and 5 are 1 and bit

4 is a logic then the Parity bit is transmitted and checked

as a logic 1

.

Bit 6: This bit is the Break Control bit. When it is set

to a logic 1 , the serial output (SOUT) is forced to the

Spacing (logic 0) state. The break is disabled by setting

bit 6 to a logic 0. The Break Control bit acts only on

SOUT and has no effect on the transmitter logic.

Note: This feature enables the CPU to alert a terminal

in a computer communications system. If the following

sequence is followed, no erroneous or extraneous char-

acters will be transmitted because of the break.

1

.

Load in all Os. a pad character in response to THRE.
2. Set break after the next THRE.
3. Wait for the transmitter to be idle. (TEMT = 1), and

clear break when normal transmission has to be res-

tored.

During the break the Transmitter can be used as a char-

acter timer to accurately establish the break duration.

Bit 7: This bit is the Divisor Latch Access Bit (DLAB).

It must be set high (logic 1) to access the Divisor Latches

of the Baud Generater during a Read or write operation.

It must be set low (logic 0) to access the Receiver Buffer,

the Transmitter Holding Register, or the Interrupt Enable

Register.

Modem Status Register

This 8-bit register provides the current state of the control

lines from the MODEM (or peripheral device) to the CPU.

In addition to this current-state information, four bits

of the MODEM Status Register provide change informa-

tion. These bits are set to a logic 1 whenever a control

input from the MODEM changes state. They are reset

to logic whenever the CPU reads the MODEM Status

Register.

The contents of the MODEM Status Register are indicated

in Table II and described below.

Bit 0: This bit is the Delta Clear to Send (DCTS) indicator.

Bit indicates that the CTS input to the chip has changed

state since the last time it was read by the CPU.

Bit 1: This bit is the Delta Data Set Ready (DDSR)

indicator. Bit 1 indicates that the DSR input to the chip

has changed state since the last time it was read by the

CPU.

Bit 2: This bit is the Trailing Edge of Ring Indicator (TERI

detector. Bit 2 indicates that the Rl input to the chip

has changed from a low to a high state.

Bit 3: This bit is the Delta Data Carrier Detect (DDCD)

indicator. Bit 3 indicates that the DCD input to the chip

has changed state.

Note: Whenever bit 0, 1 , 2, or 3 is set to logic 1 , a MODEM
Status Interrupt is generated.

Bit 4: This bit is the complement of the Clear to Send

(CTS) input. If bit 4 (loop) of the MCR is set to a 1,

this bit is equivalent to RTS in the MCR.

Bit 5: This bit is the complement of the Data Set Ready

(DSR) input. If bit 4 of the MCR is set to a 1, this bit

is equivalent to DTR in the MCR.

Bit 6: This bit is the complement of the Ring Indicator

(Rl) input. If bit 4 of the MCR is set to a 1, this bit is

equivalent to OUT 1 in the MCR.
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Bit 7: This bit is the complement of the Data Carrier

Detect (DCD) input. If bit 4 of the MCR is set to a 1

,

this bit is equivalent to OUT 2 of the MCR.

Scratchpad Register

This 8-bit Read/Write Register does not control the ACE
in any way. It is intended as a scratchpad register to be

used by the programmer to hold data temporarily.

FIFO Interrupt Mode Operation

When the RCVR FIFO and receiver interrupts are en-

abled (FCRO = 1, IER0 = 1) RCVR interrupts will occur

as follows:

A. The receive data available interrupt will be issued

to the CPU when the FIFO has reached its programm-

ed trigger level; it will be cleared as soon as the FIFO

drops below its programmed trigger level.

B. The MR receive data available indication also occurs

when the FIFO trigger level is reached, and like the

interrupt it is cleared when the FIFO drops below

the trigger level.

C. The receiver line status interrupt (IIR = 06), as before,

has higher priority than the received data available

(IIR = 04) interrupt.

D. The data ready bit (LSRO) is set as soon as a character

is transferred from the shift register to the RCVR
FIFO, It is reset when the FIFO is empty.

When the XMIT FIFO and transmitter interrupts are

enabled (FCRO = 1, IER1 = 1). XMIT interrupts will

occur as follows:

A. The transmitter holding register interrupt (02) occurs

when the XMIT FIFO is empty; it is cleared as soon

as the transmitter holding register is written to (1

to 16 characters may be written to the XMIT FIFO

while servicing this interrupt) or the I IR is read.

B. The transmitter FIFO empty indications will be

delayed character time minus the last stop bit time

whenever the following occurs. THRE = 1 and there

have not been at least two bytes at the same time

in the transmit FIFO since the last THRE = 1. The

first transmitter interrupt after changing FCRO will

be immediate, if it is enabled.

When RCVR FIFO and receiver interrupts are enabled,

RCVR FIFO timeout interrupts will occur as follows:

A. A FIFO timeout interrupt will occur, if the following

conditions exist

- at least one character is in the FIFO

- the most recent character received was longer

than 4 continuous character times ago (if 2 stop

bits are programmed the second one is included

in this time delay)

- the most recent CPU read of the FIFO was longer

than 4 continuous character times ago.

This will cause a maximum character received to interrupt

issued delay of 16 ms at 300 BAUD with a 12 bit char-

acter.

B. Character times are calculated by using the RCLK
input for a clock signal (this makes the delay pro-

portional to the baud rate).

C. When a timeout interrupt has occurred it is cleared

and the time reset when the CPU reads one character

from the RCVR FIFO.

D. When a timeout interrupt has not occurred the time-

out timer is reset after a new character is received

or after the CPU reads the RCVR FIFO.

Character timeout and RCVR FIFO trigger level interrupts

have the same priority as the current received data available

interrupt; XMIT FIFO empty has the same priority as

the current transmitter holding register empty interrupt.

FIFO Polled Mode Operation

With FCRO = 1 resetting IER0, IER1, IER2, IER3 or

all to zero puts the ACE in the FIFO Polled Mode of

operation. Since the RCVR and XMlTTER are controlled

separately either one or both can be in the polled mode

of operation.

In this mode the user's program will check RCVR and

XMlTTER status via the LSR as stated previously.

LSRO will be set as long as there is one byte in the

RCVR FIFO.

LSR1 to LSR4 will specify which error(s) has occured.

Character error status is handled the same way as when

in the interrupt mode, the IIR is not affected since

IER2=0.

LSR5will indicate when the XMIT FIFO is empty.

LSR6 will indicate that both the XMIT FIFO and shift

register are empty.

LSR7 will indicate whether there are any errors in

the RCVR FIFO.

There is no trigger level reached or timeout condition in-

dicated in the FIFO Polled Mode, however, the RCVR and

XMIT FIFOs are still fully capable of holding characters.
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Absolute Maximum Ratings*

Temperature Under Bias 0°C to +70 C

Storage Temperature -65 C to +150 C

All input or Output Voltages with Respect to Vss
-0.5Vto+7.0V

Power Dissipation 60 mW

"Comments

Stresses above those listed under "Absolute Maximum

Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics ( TA =
C
C to +70° C, vcc = +5V ± 5%, vss = V, unless otherwise specified. )

Symbol Parameter Conditions Min. Max. Unit

V,LX Clock Input Low Voltage -0.5 0.8 V

VIHX Clock Input High Voltage 2.0 Vcc V

V|L Input Low Voltage -0.5 0.8 V

V|H Clock Input High Voltage 2.0 Vcc V

Vol Output Low Voltage lOL = 1.6 mA on all* 0.4 V

Vqh Output High Voltage lOL = -1 .0 mA* 2.4 V

Ice (AV) Avg Power Supply Current (

V

cc )

Vcc = 5.25V, TA = 25° C

No Loads on output

SIN,DSR,RLSD,

CTS, RI = 2.0V

All other inputs = 0.8 V

10 mA

"lL
Input Leakage Vcc = 5.25V, Vss = 0V

All other pins floating.

VIN = 0V, 5.25V

±10 juA

'CL Clock Leakage ±10 MA

•oz TRI-STATE Leakage

Vcc = 5.25V, Vss = 0V

V0UT = 0V, 5.25V

1) Chip deselected

2) WRITE Mode, chip

selected

±20 MA

VILMR MRSchmitt V| L
0.8 V

VIHMR MR Schmitt V,H 2.0 V

*Does not apply to XTAL2

Capacitance ( TA = 25° C, vcc = vss = ov )

Symbol Parameter Conditions Min. Typ. Max. Unit

CXTAL 2 Clock Input Capacitance

f
c
= 1 MHz

Unmeasured pins

returned to Vss

15 20 PF

CXTAL1 Clock Output Capacitance 20 30 PF

C|N Input Capacitance 6 10 PF

COUT Output Capacitance 10 20 PF
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AC Characteristics (

T

A = o°c to -70°C, vrr = +5V ± 5%

Symbol Parameter Conditions Min. Max. Unit

Vh Address Hold Time ns

*AR DISTR/DISTR Delay from Address (Note 1

)

30 ns

*AS Address Setup Time 60 ns

*AW Address Strobe Width 60 ns

tCH Chip Select Hold Time ns

XCS Chip Select Setup Time 60 ns

tfJSR DISTR/DISTR Delay from Chip Select (Note 1

)

50 ns

tfJSW DOSTR/DOSTR Delay from Select (Note 1

)

50 ns

^D DISTR/DISTR to Driver Enable/Disable @IOOpF loading (Note 3) 60 ns

^DA DOSTR/DOSTR Delay from Address (Note 1) 30 ns

^DD Delay from DISTR/DISTR to Data @lOOpF loading 125 ns

tDH Data Hold Time 30 ns

^IW DISTR/DISTR Strobe Width 125 ns

*DOW DOSTR/DOSTR Strobe Width 100 ns

^S Data Setup Time 30 ns

tHZ DISTR/DISTR to Floating Data Delay @100pF loading (Note 3) 100 ns

^RW Master Reset Pulse Width 5 MS

*RA Address Hold Time from DISTR/DISTR (Note 1

)

20 ns

*RC Read Cycle Delay 125 ns

tRCS Chip Select Hold Time from DISTR/DISTR (Note 1

)

20 ns

*WA Address Hold Time from DOSTR/DOSTR (NoteD 20 ns

*WC Write Cycle Delay 150 ns

twCS
Chip Select Hold Time from

DOSTR/DOSTR (NoteU 20 ns

*XH Duration of Clock High Pulse
External Clock

(8.0 MHz Max.)
55 ns

*XL Duration of Clock Low Pulse
External Clock

(8.0 MHz Max.)
55 ns

RC Read Cycle = tAR + tDlw + tRC 280 ns

wc Write Cycle = tDDA + tD0W + twc 280 ns

Baud Generator

N Baud Divisor 1 2
16 -1

^HD Baud Output Positive Edge Delay 100 pF Load 175 ns

Note 1 : Applicable only when ADS is tied low.
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AC Characteristics (Continued)

Symbol Parameter Conditions Min. Max. Unit

^LD Baud Output Negative Edge Delay 100 pF Load 175 ns

XH\N Baud Output Up Time fx
= 8.0MHz + 2,100pF Load 75 ns

lLW Baud Output Down Time f
x
= 8.0MHz -5-2,100pF Load 100 ns

Receiver

tRINT

Delay from DISTR/DISTR
(RDRBR/RDLSR)
to Reset Interrupt

100 pF Load 1 MS

tsCD Delay from RCLK to Sample Time 2 Ms

^INT Delay from Stop to Set Interrupt (Note 2) 1 1

RCLK
Cycles

Transmitter

tHR
Delay from DOSTR/DOSTR
(WR THR) to Reset Interrupt

100 pF Load 175 ns

t|R
Delay from DISTR/DISTR
(RD II R) to Reset Interrupt (THRE)

100 pF Load 250 ns

t IRS
Delay from Initial INTR Reset

to Transmit Start
8 24

RCLK
Cycles

*SI
Delay from Initial Write to Interrupt (Note 4) 16 32

RCLK
Cycles

Vn Delay from Stop to Interrupt (THRE) (Note 4) 8 8
RCLK
Cycles

*SXA Delay from Start to TXRDY active 100 pF Load 8
RCLK
Cycles

%XI Delay from Write to TXRDY inactive 100 pF Load 195 ns

Modem Control

^DO
Delay from DOSTR/DOSTR
(WR MCR) to Output

100 pF Load 200 ns

tRIM
Delay to Reset Interrupt from DISTR /

DISTR (RDMSR) 100 pF Load 250 ns

%IM
Delay to Set Interrupt from

MODEM Input
100 pF Load 250 ns

Note 2: In the FIFO mode (FCR0 = 1 ) the trigger level and timeout interrupts, the receiver data available indication, the
active RXRDY indication and the overrun error indication will be delayed 9 RCLKs. Status indicators (PE, FE, Bl) will

be delayed 9 RCLKs after the first byte has been received. For subsequently received bytes these indicators will be updated
immediately after RDRBR goes inactive.

Notes 3: Charge and discharge time is determined by VOL , VOH and the external loading.

Note 4: This delay will be lengthened by 1 character time, minus the last stop bit time if the transmitter interrupt delay

circuit is active. (See FIFO Interrupt Mode Operation).
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Timing Waveforms

EXTERNAL CLOCK INPUT (8.0 MHz MAX.)

h

—

H txh

XTAL1

[> -jtXL

AC TEST POINTS

BAUDOUT TIMING

XTAL1

BAUD OUT
l-rll

jTnjixiJiJTnji,AiT-n_rL
tBHD-H h*~

tBLD Hl^ -H h~ lHW

TJTJTrLrUT
-HI*- tBHD -H h- *lw

tBLD h~HJHW

BAUD OUT
<-^3)

BAUD OUT
K-N,N>3>

tBLD ,,
(—

H

l LW
-H (*- -*\ k-tBHD tHW [« »l « <LW ~H
-\ ru_n n.
-*| |*- -»\ \m- tBHD H—

t

LW—^-

-l_i 1 r~
-*^tHW = IN -2) XTAL1 CYCLES

tLW = 2 XTAL1 CYCLES

WRITE CYCLE

ADS

U—

t

AW —

J

H-tAS -»^ h-tAH

A 2 . A,, A X VALIDT)(

CS2. CSj, CSo

I

^CS >| L_tCH

IXEiiDGEE

-tcsw*

tDDA*

v_/
-X

tWA*

-X

|-« H twcs*

tpow—»h twc -

DISTR/DISTR x actve y
DOSTR/DOSTR

DATA
D D 7

lDS H H lDH

^VALID PATA^

* Applicable Only When ADS is Tied Low.

OR

ACTIVE
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Timing Waveforms (Continued)

READ CYCLE

|^— tAW _j

I h^S-H U-tcH

CS2.CS,.CS lX VALIDX
tRA*

|

\— XCSC* —

H

I h lCSR* —
r *AR* —

5C
tRCS*

toiw-

DISTR/DISTR
"x

actve y
tRC -I

(I

DOSTR/DOSTR

DDIS

*DDD
DATA
D D 7

'

^ !_y

—

- »| -A \*— lHZ

* Applicable Only When ADS is Tied Low.

RECEIVER TIMING

OR

_TL

SAMPLE CLK

Jl
8 CLKS

n_
1 r*- tsc

JL

SI

(RECEIVER
INPUT
DATA)

R \ START /
T X *

INTERRUPT
(DATA READY OR

RCVR ERR)

DISTR/DISTR (2)
(READ REC

DATA BUFFER
OR RDLSR)

DATA BITS (5-8)

u

-i>

YparityY stop \ /

1?
VACTIVE A

V.
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Timing Waveforms (Continued)

TRANSMITTER TIMING

XsTART"/ DATA (5-8) yfrARITYY STOP (1-2) YTAR/

"*" t|BS
I t

DOSTR/DOSTR ©
(WR THR)s\

-»(«HR
!-• <SI

DISTR/DISTR ©
(RD MR)

|-*-<HR-«"j

v

-|"«r-

MODEM CONTROL TIMING

DOSTR/DOSTR ©
(WR MCRI

V.

J—

\

•-'MDO-M

/

CTS. DSR, DCD

INTERRUPT

DISTR/DISTR @
(RD MSR)

'\ .r,mP '\ .RimP '\

_/\ M_L
\ J

RCVR FIFO First Byte (This Sets RDR)

SAMPLE CLOCK

TRIGGER LEVEL
INTERRUPT

<FCR67 = 0,0)

LSI INTERRUPT

DISTR/DISTR
(RDLSR)

DISTR/DISTR
(RDRBR)

^ l5-81 >C£oW
I I

I I I, I I I 1 I II4 ?

)n

i
ts|NT + 8RCLK

dg
J

" "I lRINT

(FIFO ATOR
ABOVE TRIGGER LEVEL)

IFO BELOW
RIGGER LEVEL)

AACTIVE A _
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Timing Waveforms (Continued)

RCVR FIFO Bytes Other Than The First Byte (RDR is Already Set)

SIN

SAMPLE CLOCK

TIMEOUT OR
TRIGGER LEVEL

INTERRUPT

LSI INTERRUPT

DISTR/DISTR
(RDLSR)

DISTR/DISTR
(RDRBR)

^
— tS |NT + 8 RCLKS

\ / TOP BYTE OF FIFOX

_tsiNT y *
[

TRINV

ix^edc
PREVIOUS BYTE
READ FROM FIFO

XRINT

")
( ACTIVE Y

~~

Receiver Ready (Pin 29) FCRO = or FCRO = 1 and FCR3 = (Mode 0)

DISTR/DISTR

(RDRBR)

SIN —V> V

(FIRST BYTE) _/STOP \.

SAMPLE CLK

RXRDY

it-SINT
NOTE 2

3( ACTIVE XII
NOTE 1

/
CRINT

Note 1: This is the reading of the last byte in the FIFO.

Note 2: If FCRO = 1, tSINT = 8 RCLKs
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Timing Waveforms (Continued)

Receiver Ready (Pin 29) FCRO = 1 and FCR3 = 1 (Mode 1)

UM82C550

DISTR/DISTR
(RDRBR)

SIN

(FIRST BYTE THAT
REACHES THE

TRIGGER LEVEL)

SAMPLE CLK

-s s-

_/ STOP \_

J L

RXRDY
N^̂

SINT

NOTE 2

y active y
NOTE 1

/

Note 1 : This is the reading of the last byte in the FIFO.

Note 2: If FCRO = 1, tslNT =9 RCLKS

Transmitter Ready (Pin 24) FCRO = or FCRO = 1 and FCR3 = (Mode 0)

DOSTR/DOSTR
(WRTHR)

t <f

SOUT

TXRDY

DATA
| )( PARITY ~J STOP \ START f

J
XWXI K- lSXA

Transmitter Ready (Pin 24) FCRO = 1 and FCR3 = 1 (Mode 1)

DOSTR/DOSTR
(WRTHR)

SOUT

TXRDY

"
Kbytes X

"

X PARITY

—I
J

"* ?

y STOP

FIFO FULL

WXI

\ START /

\
F^SXA
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Application Circuit

SYSTEM BUS

C=^ Z^> LATCH ZZ[>

ADDRESS
DECODER

c=^ d7^>

v vl

csT

csi

cso

BAUDOUT

RCUK

SOUT

UM82C550 sin

RTS

37 OTR

DSR

DCD

CTS
DISTR

DOSTR

DISTR

DOSTR

ADS

Rl

INTRPT

TXRDY

DDIS

RXRDY

X

EIA

DRIVERS V—V> INTERFACE

Ordering Information

Part Number Package

UM82C550 40LDIP

UM82C550L 44 L PLCC
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Real-Time Clock(RTC)

Features

Microprocessor compatible (8-bit data bus)

Milliseconds through month counters

56 bits of RAM with comparator to compare the real

time counter to the RAM data

2 INTERRUPT OUTPUTS with 8 possible interrupt

signals

Single +5V power supply

POWER DOWN input that disables all inputs and out-

puts except for one of the interrupts

Status bit to indicate rollover during a read

32,768 Hz crystal oscillator

Four-year calendar (no leap year)

24-hour clock

24 pin dual-in-line package

General Description

The UM82C8167 is a Si-gate CMOS LSI used as a real

time clock in microprocessor systems. This product in-

cludes an addressable real time counter, 56 bits of static

RAM and two interrupt outputs. User can disable the

chip from the rest of the system for standby low power
operation by use of a POWER DOWN input. With an

on chip oscillator circuit, it can generate the 32,768 Hz
time base.

Pin Configuration Block Diagram

POWER DOWN _

Zl INTERRUPT OUTPUT

D BUFFERS
AND
LOGIC

E COUNTER -»-4—

7 BITS
I 1

^r

1

I

^> ! 1

*- INT. STATUS
REG & 8ITS

L

REG & BITS

i

8 BIT BI-DIRECTIONAL I

STANDBY
INTERRUPT

LOGIC
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Absolute Maximum Ratings*

Voltage at All Inputs and Outputs

VDD +0.3 to Vss -0.3

Operating Temperature -25°C to +85°C

Storage Temperature -65°C to +150°C

Vqd-Vss 6V

DC Electrical Characteristics

(TA = -25°C to +85°C, Vss = 0V)

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation, of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

Parameter Conditions Min. Typ. Max. Unit

Supply Voltage

Vdd
VDD (Note1)

Outputs Enabled
Power Down Mode

4.0

2.0

5.5

5.5

V
V

Supply Current

Iqd< Static

Idd. Dynamic

Iqd. Dynamic

Outputs TRI-STATE, f )N
= DC, VDd = 5.5V

Outputs TRI-STATE, f
,N = 32 KHz, VDD =

5.5V
V|H >VDD -0.3V, V| L <VSS + 0.3V
Outputs TRI-STATE, f,N = 32 KHz
VDD = 5.5V, V, H = 2.0V, V| L = 0.8V

10
20

5

juA

HA

mA

Input Voltage

V| L Logical Low
V|H Logical High

0.0

2.0

0.8

Vdd
V
V

l(_ Input Leakage Current Vss<v,N <vDD -1 1 MA

Output Voltage

Vql Logical Low
Vqh Logical High

TR I-STATE®

(I/O and Interrupt Output)
VDd = 4.75V, I l = 1-6mA
VDD = 4.75V, l 0H = -400juA,
l H = -10/iA
V UT = 0V,
VOUT ~ VDD

2.4

0.8 VDD

0.4

-1

1

V
V
V
MA
HA

Output Impedance
Logical Low, Sink

Logical High, Leakage

(Ready and Standby Interrupt Output)
VDd = 4.75V, |0L = 1.6mA
vOUT ^VDD

0.4

10
V
juA

Note 1
:
To insure that no illegal data is read from or written into the chip during power up, the power down input should
be enabled only after all other lines (Read, Write, Chip Select, and Data Bus) are valid.

AC Characteristics

interrupt Timing

(0°C <TA <70°C, 4.5V <VDD <5.5V, V^ = 0V)

Symbol Parameter Min. Max. Unit

tlNTON

tSBYON
t INTOFF

tSBYOFF

Status Register Clock to INTERRUPT OUTPUT (Pin 13) High (NoteD
Compare Valid to STANDBY INTERRUPT (Pin 14) Low (Note 1)

Trailing Edge of Status Register Read to INTERRUPT OUTPUT Low
Trailing Edge of Write Cycle 9d0 = 0; Address = 16 H) to STANDBY
INTERRUPT Off (high Impedance State)

5

5

5

5

jus

(IS

MS

MS

Note 1: The status register clocks are: The corresponding counter's rollover to its reset state or the compare becoming
valid. The compare becomes valid 61 us after the 1/10,000 of a second counter is clocked, if the real time counter
data matches the RAM data.
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Read Cycle Timing
(0°C<TA <70°C,4.5V<VDD <5.5V, Vss

= OV)

Symbol Parameter Min. Max. Unit

*AR Address Bus Valid to Read Strobe 100 ns

tcSR Chip Select to Read Strobe ns

tRRY Read Strobe to Ready Strobe 150 ns

tRYD Ready Strobe to Data Valid 800 ns

^AD Address Bus Valid to Data Valid 1050 ns

tRH Data Hold Time From Trailing Edge of Read Strobe ns

^Z Trailing Edge of Read Strobe to TRI-STATE Mode 250 ns

tRYH Read Hold Time after Ready Strobe ns

tRA Address Bus Hold Time from Trailing Edge of Read Strobe 50 ns

tRYDV Rising Edge of Ready to Data Valid 100 ns

Note 2: If t^R = and Chip Select, Address Valid or Read are coincident then they must exist for 1050 ns.

Write Cycle Timing

(0°C <TA <70°C 4.5V <Vnn <5.5V, VSS 0V)

Symbol Parameter Min. Max. Unit

tAW Address Valid to Write Strobe 100 ns

tCSW Chip Select to Write Strobe ns

*DW Data Valid before Write Strobe 100 ns

%RY Write Strobe to Ready Strobe 150 ns

tRY Ready 1 Strobe Width 800 ns

tRYH Write Hold Time after Ready Strobe ns

*WD Data Hold Time after Write Strobe 50 ns

%A Address Hold Time after Write Strobe 50 ns

Note 3: If data changes while CS and WR are low, then it must remain coincident within 1050 ns after the data change to

ensure a valid writing.

Data bus loading is 100 pF.

Ready output loading is 50 pF and 3 k£2 pull-up.

Input and output AC timing levels:

Logical one= 2.0V

Logical zero = 0.8V

Timing Waveforms

READ CYCLE TIMING

A0-A4 X ADDRESS VALID x~~
t

" TAR

\_ _r~
k

/

*" tRA -*
CCSR

~*

*RRY

\
tRYH

I\
- „

l RH* tRYU

< >
,AD
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WRITE CYCLE TIMING

A0-A4 ADDRESS VALID X
cs

WR

RDY

D0-D7

lAW

\

*DW

^
l RYH

J

tWA
—
H/

l \ND

r
DATA VALID >

Functional Description

Real Time Counter

The real time counter is divided into 4-bit digits with 2

digits being accessed during any read or write cycle. Each

digit represents a BCD number and is defined in Table 1.

Any unused bits are held at a logical zero and ignored

during a write. An unused bit is any bit not necessary to

provide a full BDC number. For example, tens of hours can

not legally exceed the number 2, thus only 2 bits are

necessary to define the tens of hours. The other 2 bits

in the tens of hours digit are unused,

are designated in Table 1 as dashes.

The unused bits

The addressable portion of the counter is from milliseconds

to months. The counter itself is a ripple counter. The
ripple delay is less than 60jus above 4.0V and 300/as at

2.0V.

Table 1. Real Time Counter Format

Counter Addressed
DO

Units

D1 D2 D3

Max.

BCD
Code

D4
Tens

D5 D6 D7

Max.

BCD
Code

1 /1 0,000 of Seconds (00H )
_ _ _ _ D4 D5 D6 D7 9

Hundredths and Tenths Sec (01 h ) DO D1 D2 D3 9 D4 D5 D6 D7 9
Seconds (02H ) DO D1 D2 D3 9 D4 D5 D6 — 5
Minutes (03H ) DO D1 D2 D3 9 D4 D5 D6 — 5
Hours (04H ) DO D1 D2 D3 9 D4 D5 - _ 2

Day of the Week (05H ) DO D1 D2 — 7 _ _ _ _
Day of the Month (06H ) DO D1 D2 D3 9 D4 D5 - _ 3
Month (07 H ) DO D1 D2 D3 9 D4 - - -

1

(— ) Indicates unused bits

RAM
56 bits of RAM are contained on-chip. These can be used

for any necessary power down storage or as an alarm latch

for comparison to the real time counter. The data in the

RAM can be compared to the real time counter on a digit

basis. The only digits that are not compared are the unit,

ten thousandths of seconds and days of the week (these

are unused in the real time counter). If the two most

significant bits of any RAM digit are ones then this RAM
location will always compare.

The RAM is formatted the same as the real time counter,

4 bits per digits, 14 digits, however there are no unused bits.

The unused bits in the real time counter will compare
only to zeros in the RAM.
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Interrupts and Comparator

There are two interrupt outputs. The first and most

flexible is the INTERRUPT OUTPUT (a true high signal).

This output can be programmed to provide 8 different

output signals. They are: 10 Hz, 1 Hz, once per minute,

once per hour, once a day, once a week, once a month,

and when a RAM/real time counter comparison occurs.

To enable the output a one is written into the interrupt

control register at the bit location corresponding to the

desired output frequency (Figure 1). Once one or more

bits have been set in the interrupt control register, the

corresponding counter's rollover to reset state will clock

the interrupt status register and cause the interrupt output

to go high. To reset the interrupt and to identify which

frequency caused the interrupt, the interrupt status register

is read. Reading this register places the contents of the

status register on the data bus. The interrupt frequency

will be identified by a one in the respective bit position.

Removing the read will reset the interrupt.

The second interrupt is the STANDBY INTERRUPT
(open drain output, active low). This interrupt occurs

when enabled and when a RAM/ real time counter com-

parison occurs. The STANDBY INTERRUPT is enabled

by writing a one on the DO line at address 16H or disabled

by writing a zero on the DO line. This interrupt is not

triggered by the edge of the compare signal, but rather

by the level. Thus if the compare is enabled when the

STANDBY INTERRUPT is enabled, the interrupt will

turn on immediately.

The comparator is a cascaded exclusive NOR. Its output

is latched 61 jus after the rising edge of the 1KHz clock

signal (input to the ten thousandth of seconds counter).

This allows the counter to ripple through before looking

at the comparator. For operation at less than 4.0V, the

thousandth of seconds counters should not be included in

a comparison because of the possibility of having a ripple

delay greater than 61jus. (For output timing see interrupt

timing.)

Tables 2 and 3 are referred for the address input codes and

functions and for the counter and latch reset format.

Power Down Mode

The POWER DOWN input is essentially a second chip

select. It disables all inputs and outputs except for the

STANDBY INTERRUPT. When this input is at a logical

zero, the device will not respond to any external signals.

It will, however, maintain time keeping and turn on the

STANDBY INTERRUPT if programmed to do so. (The

programming must be down before the POWER DOWN
input goes to a logical zero.) When switching VDD to the

standby or power down mode, the POWER DOWN input

should go to a logical zero at least 1 jus before VDD is

switched. When switching VDD all other inputs must

remain between VSS -0.3V and VDD +0.3V. When

restoring VDD to the normal operating mode, it is necessary

to insure that all other inputs are at valid levels before

switching the POWER DOWN input back to a logical one.

These precautions are necessary to insure that no data

DO

WRITE
ONLY

l/MIN

I /SEC

IO/SEC

COMPARE

READ
ONLY

1
C D

Q

D3

I

D4

_L
D5 D6

C D

Q

C D

Q

C D

Q

C D

Q

C D

Q

C D

Q

C D

Q

INTERRUPT
CONTROL
REGISTER
ADDRESS-11 N

l/HOUR

l/DAY

l/WEEK

l/MONTH

INTERRUPT
STATUS
REGISTER
ADDRESS-10N

INTERRUPT
LOGIC

INTERRUPT
-^ OUTPUT

(ACTIVE
LOGIC HIGH)

Figure 1. Interrupt Register Format
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Table 2. Address Codes and Functions

A4 A3 A2 A1 AO Function

Counter — Thousandths of Seconds

1 Counter - Hundredths and Tenths of Seconds

1 Counter — Seconds

1 1 Counter — Minutes

1 Counter — Hours

1 1 Counter -Day of the Week
1 1 Counter — !Day of the Month
1 1 1 Counter — Months

Latches — Thousandths of Seconds

p 1 Latches - Hundredths and Tenths of Seconds

1 Latches — Seconds

1 1 Latches — Minutes

1 Latches — Hours

1 1 Latches — , Day of the Week
1 1 Latches — Day of the Month

1 1 1 Latches — Months

Interrupt Status Register

1 Interrupt Control Register

1 Counter Reset

1 1 Latch Reset

1 Status Bit

1 1 'GO" Command
1 1 Standby Interrupt

1 1 1 1 Test Mode

All others jnused.

Table 3. Counter and Latch Reset Format

DO D1 D2 D3 D4 D5 D6 D7 Counter or Latch Reset

1 Thousandths of Seconds

1 Hundredths and Tenths of Seconds

1 Seconds

1 Minutes

1 Hours

1 Day of the Week

1 Day of the Month

1 Months

For Counter Reset A4-A0 Must be 10010
For Latch Reset A4-A0 Must be 1001

1

iltered when changing to or from the power downis lost or a

mode

Counter and RAM Resets; GO Command

The counters and RAM can be reset by writing all 1's

(FF) at address 12H or 13H respectively.

The data on the data bus is ignored during the writing. If

the seconds counter is at a value greater than 39 when the

GO is issued, the minute counter will increment; otherwise

the minute counter is unaffected. This command is not

necessary to start the clock, but merely a convenient way
to start precisely at a given minute.

A write pulse at address 15H will reset the thousandths,
Status Bit

hundredths, tenths, units, and tens of seconds counters. The status bit is provided to inform the user that the clock

This GO command is used for precise starting of the clock. is in the process of rolling over when a counter is read. The
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status bit is set if this 1 KHz clock occurs during or after

any counter read. This tells the user that the clock is

rippling through the real time counter. Because the clock is

rippling, invalid data may be read from the counter. If the

status bit is set following a counter read, the counter should

be reread.

this case the output should be left floating and the input

level should be within 0.3V of the supplies.

A ground line or ground plane between pins 9 and 10 may
be necessary to prevent interference of the oscillator by the

A4 address.

The status bit appears on DO when address 14H is read. All

the other data lines will be zero. The bit is set when a

logical one appears. This bit should be read every time a

counter read or after a series of counter reads are done.

The trailing edge of the read at address 14H will reset the

status bit.

Oscillator

The oscillator is the standard parallel resonant oscillator.

Externally, 2 capacitors, a 20M Ohm resistor and the

crystal are required. The 20M Ohm resistor is connected

between OSC IN and OSC OUT to bias the internal inverter

in the linear region. For micropower crystals a resistor in

series with the oscillator output may be necessary to

insure the crystal is not overdriven. This resistor should

be approximately 200K Ohms. The capacitor values

should be typically 20 pF - 25 pF. The crystal frequency

is 32,768 Hz.

The oscillator input can be externally driven, if desired. In

Typical Application

ADDRESS BUS

RD

WR

RDY
A0

#

32 KHz
XTAL

—IQh
3pF
to 30 pF

CS

RD

WR

RDY

AO

A1

A4

VDD
PWER DOWN

D7

D6

D5

UM82C8167 D4

D3

OSC IN

OSC OUT

VSS

STD8Y INT

INT

Control Lines

The READ, WRITE, CHIP SELECT signals are active low

inputs. The R EADY signal is an open drain output. At the

start of each read or write cycle the READY line (open

drain) will pull low and remain low until valid data from a

chip read appears on the bus or data on the bus is latched in

during a writing. READ and WRITE must be accompanied

by a CHIP SELECT (see Timing waveforms for read and

write cycle).

During a read or write, address bits must not change while

chip select and control strobes are low.

Test Mode

The test mode is merely a mode for production testing. It

allows the counters to count at a higher than normal rate.

In this mode the 32 KHz oscillator input is connected

directly to the ten thousandths of seconds counter. The

chip select and write lines must be low and the address

must be held at 1 FH.

DATA BUS

"1

I

STANDBY
BATTERY
3V

0.01 pF

Xf

MANUAL
POWER UP

SWITCH

SYSTEM
*
VDD

•R is required for microwatt crystals R =200K

Figure 2. Standby Interrupt is Enable (ON) for Normal Operation and Disabled for Standby Operation
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Si it^UMG UM82C852

Multi I/O For XT

Features

Supports game port

Supports 2nd serial port

Centronics printer interface

Independent control of transmit, receive, line status

and data set interrupts

Individual modem control signals

Programmable serial interface characteristics:

— 5, 6, 7 , or 8 bit characters

— Even, odd or no-parity bit generation and detection

— 1, IVi, or 2 stop bit generation

Milliseconds through month counters for real time clock

56 bits of RAM with comparator for comparing the real

time counter to the RAM data

POWER DOWN input that disables all inputs and outputs

Disables the chip from the reset of the system for

standby low power operation by use of a POWER
DOWN input

32,768 Hz crystal for real time clock

Four-year calendar (no leap year)

24-hour clock

General Description

The Multi-I/O chip, UM82C852 is an integrated chip

of UM82C450, UM82C11, UM82C8167. This chip is a

Multi-I/O for PC/XT and PS2 model 30.

The 82C1 1 parallel port provides the user with a bidirec-

tional parallel data port that fully supports the parallel

Centronics type printer.

The 82C450 asynchronous communications element

(ACE) performs serial-to-parallel conversion on data char-

acters received from peripheral devices or modems, and

parallel-to-serial conversion of data characters transmitted

by the CPU. The complete status of the ACE can be read at

any time during functional operation by CPU. The informa-

tion obtained includes the type and condition of the

transfer operations being performed and error conditions.

Pin Configuration

O Q G C Q

DB1 Q
DBC 2
s,n £

3C0 r-

dsr 2
C'S Q
DTR £
vcc L

L K IX 12

sts r
C

COWIRC
3JS^

mnnnnnnnnnnnnnnn
9 8 7 6 b 4 3 2 1 68 67 66 66 64 63 62 61

UM82C852

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

60 3 'OR

59 21 i°W

58 2\ AEN
57 21 AO
56 2} A1

55 2i A2

54 ~J A3

53 J A4

52 J VCC
51 2 A5

50 ^| A6
49 21 A7

48 2 A8
47 2] A9

GAMEWR

2 COM2CS

The 82C8167 real time clock includes an addressable

real time counter, 56 bits of static RAM with an on

chip oscillation circuit which can generate the 32,768 Hz

time base.

The 82C852 is packaged in a 68-pin plastic leaded chip

carrier.

Block Diagram

Rl

PCD
DSR
CTS
DTR

CLKIN
RTS

SOUT
COMIRQ

DB0~DB7
A0-A9
PWDN-

RTCCSOO)-
LPTCSOID-

COMCS-
IOR-
IOW-
AEN-

O O Q O O INTERNAL BUS -

-PD0~PD7
-BUSY
-ACK
-PE
- SLCTIN
- ERROR
- LPTOE
- LPTIRQ
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Pin Description

Pin No. Symbol I/O Description

2 PWDN 1 POWER DOWN - This input disables ail inputs and outputs.

3 RTCIRQ RTC INTERRUPT REQUEST - This is a RTC interrupt request when a

RAM/real time counter comparison occurs.

4~11 DB0~
DB7

I/O DATA BUS — This data bus provides I/O lines for the transfer of data be-

tween CPU and the chip.

12 SIN SERIAL INPUT — This line is used to receive serial data from the com-

munication line.

13 Rl RING INDICATOR — When low, indicates that a telephone ringing signal

has been received by the MODEM or data set.

14 DCD DATA CARRIER DETECT - When low, indicates that the data carrier

has been detected by the MODEM or data set.

15 DSR DATA SET READY - When low, indicates that the MODEM or data set

is ready to establish the communication.

16 CTS CLEAR TO SEND - When low, indicates that the MODEM or data set is

ready to receive data.

17 DTR DATA TERMINAL READY - When low, informs the MODEM or data

set that the ACE is ready to communicate.

19 CLKIN 1 CLOCK INPUT - The external clock for 82C450.

20 RTS REQUEST TO SEND - When low, informs the MODEM or data set that

the ACE is ready to transmit data.

21 SOUT SERIAL OUTPUT — Composite serial data output to the communications

link.

22 COMIRQ COM INTERRUPT REQUEST -ACE interrupt request.

23 BUSY 1 BUSY STATE —When high, printer can't receive data.

24 ACK 1 ACKNOWLEDGE — When low, indicates that the data has been received

and the printer is ready to accept other data.

25 PE 1 PAPER END -When high, indicates that the printer is out of paper.

26 SLCTIN 1 SELECT IN — This is always high unless the printer is down.

27 ERROR 1 ERROR —When low, the printer has encountered an error condition.

28~34,
36

PD0~
PD7

I/O PARALLEL DATA BUS - This bus provides a byte-wide bi-direction data

port to the system.

37 LPTOE 1 LINE PRINTER OUTPUT ENABLE - When low, the printer data output

(PDO ~ PD7) enables.

38 RESET 1 When high, forces the 82C450 and 82C1 1 to an idle state.

39 STROBE I/O DATA STROBE — When low, the printer reads in the data on printer data

bus PDO ~ PD7, open collector output.

40 AUTOFD I/O AUTO FEED — When low, the printer adds line-feed after a line is printed,

open collector output.

41 INIT I/O INITIAL —When low, the printer buffer is cleared, open collector output.
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Pin Description (Continued)

UM82C852

Pin No.

42

43

44

45

46

47-51
53-57

58

59

60

61

62

63-64

65-66

67-68

18,52

1,35

Symbol

SLCT

LPTIRQ

COM2CS

GAMERD

I/O

I/O

GAMEWR

A0-A9

AEN

I0W

IOR

DOE

COMCS

LPTCSO -
LPTCS1

RTCCSO'
RTCCS1

X1,X2

VCC

GND

Description

PRINTER SELECT
output.

When low, the printer is selected, open collector

PRINTER INTERRUPT REQUEST - Printer interrupt request.

COM2 CHIP SELECT -When low, COM2 is selected.

GAME READ -When low, game port read enables.

GAME WRITE —When low, game port write enables.

ADDRESS BUS — These address lines are used to select chip and internal

register during CPU cycle.

DMA ADDRESS ENABLE -When high, DMA cycle. When low, CPU cycle.

I/O WRITE -When low, CPU write data to data bus.

I/O READ -When low, CPU read data from data bus.

DATA OUTPUT ENABLE - When low, CPU read/write data to this chip.

COM SELECT - COM address select.

PRINTER SELECT - Printer address select.

RTC SELECT - RTC address select.

32.768 KHz real time clock crystal input.

Power supply.

Ground.

Function Description:

(a) I/O Port Address:

(i) Parallel port:

LPTCS1 LPTCSO Address Comment

3BC-3BE LPT1

1 378 ~ 37A LPT2

1 278 - 27A LPT3

1 1 - Disable

(ii) Asynchronous communication port:

COMCS COM1 Address COM2 Address

3F8-3FF 2F8-2FF

1 2F8-2FF 3F8-3FF

(iii) Real time clock:

RTCCS1 RTCCSO Address Comment

240 - 25F RTC1

1 340 - 35 F RTC2

1 0E0-0EF

0B0-0BF
RTC3

1 1 - Disable

(iv) Game port:

Address

201
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(b) Serial Channel Registers

Three types of internal registers are used in the serial

channel of the UM82C852. They are used in the opera-

tion of the device and are the control status and data

registers. The control registers are the Bit Rate Select

Register DLL (Divisor Latch LSB) and DLM (Divisor

Latch MSB). Line Control Register Interrupt Enable

Register and the Modem Control registers while the status

registers are the Line Status Registers and the Modem
Status Register. The data registers are the Receiver Buffer

Register and the Transmitter Holding Register. The Address

Read and Write inputs are used in conjunction with the

Divisor Latch Access Bit in the Line Control Register

[LCR (7)] to select the register to be written or read

(see Table 1). Individual bits within these registers are

referred to by the register mnemonic and the bit number

in parenthesis. An example LCR (7) refers to Line Control

Register Bit 7.

The Transmitter Buffer Register and Receiver Buffer

Register are data registers holding from five to eight bits

of data. If less than eight data bits are transmitted data

is right justified to the LSB. Bit of a data word is always

the first serial data bit received and transmitted. The

UM82C852 data registers are double-buffered so that

read and write operations can be performed at the same

time the UART is performing the parallel-to-serial and

serial-to-parallel conversion.

The format of the data character is controlled by the

Line Control Register. The contents of the LCR may

be read, eliminating the need for separate storage of the

line characteristics in system memory. The contents of

the LCR are described as follows:

LCR (0) Word Length Select Bit (WLSO)

LCR (1) Word Length Select Bit 1 (WLS1)

LCR (2) Stop Bit Select (STB)

LCR (3) Parity Enable (PEN)

LCR (4) Even Parity Select (EPS)

LCR (5) Stick Parity

LCR (6) Set Break

LCR (7) Divisor Latch Access Bit (DLAB)

LCR (0) and LCR (1 ) word length select bit 1 : The number

of bits in each serial character is programmed as shown

in the following chart:

LCR (1) LCR (0) Word Length

5 Bits

1 6 Bits

1

1 1

7 Bits

8 Bits

LCR (2) Stop Bit Select: LCR (2) specifies the number

of stop bits in each transmitted character. If LCR (2)

is a logic 0, one stop bit is generated in the transmitted

data. If LCR (2) is a logic 1 when a 5-bit word length

is selected, 1.5 stop bits are generated. If LCR (2) is a

logic 1 when either a 6-, 7-, or 8-bit word length is selected,

two stop bits are generated. The receiver checks for two

stop bits if programmed.

LCR (3) Parity Enable: When LCR (3) is high, a parity

bit between the last data word bit and stop bit is generated

and checked.

Table 1 . Serial Channel Internal Registers

DLAB A2 A1 AO Mnemonic Register

RBR Receiver Buffer Register (read only)

THR Transmitter Holding Register (write only)

1 IER Interrupt Enable Register

X 1 MR Interrupt Identification Register (read only)

X 1 1 LCR Line Control Register

X 1 MCR Modem Control Register

X 1 1 LSR Line Status Register

X 1 1 MSR Modem Status Register

X 1 1 1 SCR Scratch Register

1 DLL Divisor Latch (LSB)

1 1 DLM Divisor Latch (MSB)

X = "Don't Care" = Logic Low 1 = Logic High
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LCR (4) Even Parity Select: When parity is enabled (LCR

(3) = 1). LCR (4)-0 selects odd parity, and LCR (4) = 1

selects even parity.

LCR (5) Stick Parity: When parity is enabled (LCR (3) =

1), LCR (5) = 1 causes the transmission and reception

of a parity bit to be in the opposite state from that in-

dicated by LCR (4). This allows the user to force parity

to a known state and for the receiver to check the parity

bit in a known state.

LCR (6) Break Control: When LCR (6) is set to a logic

"1", the serial output (SOUT) is forced to the spacing

(logic 0) state. The break is disabled by setting LCR (6)

to a logic "0". The Break Control bit acts only on SOUT
and has no effect on the transmitter logic. Break Control

enables the CPU to alert a terminal in a computer com-

munications system. If the following sequence is used,

no erroneous or extraneous characters will be transmitted

because of the break.

1

.

Load an all "0" pad character in response to THRE.
2. Set break in response to the next THRE.
3. Wait for the transmitter to be idle (TEMT =

1

,

and clear break when normal transmission has to

be restored.

LCR (7) Divisor Latch Access Bit (DLAB): LCR (7) must

be set high (logic "1") to access the Divisor Latches DLL
and DLM of the Baud Rate Generator during a read or

write operation. LCR (7) must be input low to access

the Receiver Buffer the Transmitter Holding or the In-

terrupt Enable Registers.

The Line Status Register (LSR) is a single register that

provides status indications. The LSR is usually the first

register read by the CPU to determine the cause of an

interrupt or to poll the status of the serial channel of the

UM82C852.

Three error flags OE, FE, and PE provide the status of

any error conditions detected in the receiver circuitry.

During reception of the stop bits the error flags are set

high by an error condition. The error flags are not reset

by the absence of an error condition in the next received

character. The flags reflect the last character only if no

overrun occurs. The Overrun Error character in the

Receiver Buffer Register has been over-written by a char-

acter from the Receiver Shift Register before being read

by the CPU. The character is thereby lost. Framing Error

(FE) indicates that the last character received contained

incorrect (low) stop bits. This is caused by the absense

LCR
7

LCR
6

LCR
5

LCR
4

LCR
3

LCR
2

LCR
1

LCR

Word
Length

Select

Stop

Bit Select

Parity

Enable

Even
Parity

Select

Stick

Parity

Break

Control

Divisor

Latch

Access

Bit

0=5 Data Bits

1=6 Data Bits

10=7 Data Bits

11=8 Data Bits

= 1 Stop Bit

1 = 1.5 Stop Bits if 5 Data Bits Selected and 2 Stop
Bits if 6, 7, 8 Data Bits Selected

= Parity Disatled

1 = Parity Enabled

= Odd Parity

1 = Even Parity

= Stick Parity Disabled

1 = Stick Parity Enabled

= Break Disabled

1 = Break Enabled

= Access Receiver Buffer

1 = Access Divisor Latches

Figure 1. Line Control Register

5-169



UMC UM82C852

of the required stop bit or by a stop bit too short to be

detected. Parity Error (PE) indicates that the last character

received had a parity error based on the programmed and

calculated parity of the received character.

The Break Interrupt (Bl) status bit indicates that the

last character received was a break character. A break

character is an invalid data character. However, it is an

entire character including parity and stop bits.

The Transmitter Holding Register Empty (THRE) bit

indicates that the THR register is empty and may receive

another character. The Transmission Shift Register Empty

(TEMT) bit indicates that the Transmitter Shift Register

is empty and the serial channel has completed transmission

of the last character to be sent. If the interrupt is enabled

[IER (1)] an active THRE causes an interrupt (INTRPT).

The Data Ready (DR) bit indicates that the RBR has

been loaded with a received character (including Break)

and that the CPU may access this data.

Reading the LSR clears LSR (D-LSR (4). (OE, PE, FE,

and Bl).

The contents of the Line Status Register shown in Table

2 are described below:

LSR (0) Data Ready (DR): Data Ready is set high when

an incoming character has been received and transferred

into the Receiver Buffer Register. LSR (0) is reset low

by a CPU read of the data in the Receiver Buffer Register.

LSR (1) Overrun Error (OE): Overrun Error indicates

that data in the Receiver Buffer Register was not read

by the CPU before the next character was transferred

into the Receiver Buffer Register overwriting the previous

character. The OE indicator is reset whenever the CPU

reads the contents of the Line Status Register.

LSR (2) Parity Error (PE): Parity Error indicates that

the received data character does not have the correct

even or odd parity, as selected by the Even Parity Select

bit [LCR (4)]. The PE bit is set high upon detection

of a parity error, and is reset low when the CPU reads

the contents of the LSR.

LSR (3) Framing Error (FE): Framing Error indicates

that the received character did not have a valid stop bit.

LSR (3) is set high when the stop bit following the last

data bit or parity bit is detected as a zero bit (spacing

level). The FE indicator is reset low when the CPU reads

the contents of the LSR.

LSR (4) Break Interrupt (Bl): Break Interrupt is set high

when the received data input is held in the spacing (logic

0) state for longer than a full word transmission time

(start bit + data bits + parity -r stop bits). The Bl indicator

is reset when the CPU reads the contents of the Line

Status Register.

LSR (D-LSR (4) are the error conditions that produce

a Receiver Line Status interrupt (priority 1 interrupt

in the Interrupt Identification Register (II R)) when any

of the conditions are detected. This interrupt is enabled

by setting IER(2) = 1 in the Interrupt Enable Register.

LSR (5) Transmitter Holding Register Empty (THRE)

THRE: indicates that the UM82C852 is ready to accept

a new character for transmission. The THRE bit is set

high when a character is transferred from the Transmitter

Holding Register into the Transmitter Shift Register LSR

(5) is reset low by the loading of the Transmitter Hold-

ing Register by the CPU. LSR (5) is not reset by a CPU

read of the LSR.

When the THRE interrupt is enabled (IER (1) = 1). THRE
causes a priority 3 interrupt in the IIR. If THRE is the

interrupt source indicated in IIR, INTRPT is cleared

by a read of the IIR.

LSR (6) Transmitter Empty (TEMT): TEMT is set high

when the Transmitter Holding Register (THR) and the

Table 2. Line Status Register Bits

LSR Bits

LSR (0) Data Ready (DR)

LSR (1) Overrun Error (OE)

LSR (2) Parity Error (PE)

LSR (3) Framing Error (FE)

LSR (4) Break Interrupt (B I)

LSR (5) Transmitter Holding Register Empty (THRE)

LSR (6) Transmitter Empty (TEMT)

LSR (7) Not Used

Logic 1

Ready

Error

Error

Error

Break

Empty

Empty

Logic

Not Ready

No Error

No Error

No Error

No Break

Not Empty

Not Empty
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Transmitter Shift Register (TSR) are both empty. LSR

(6) is reset low when a character is loaded into the THR
and remains low until the character is transferred out

of SOUT. TEMT is not reset low by a CPU read of the

LSR.

LSR (7): This bit is always 0.

The Modem Control Register (MCR) controls the inter-

face with the modem or data set as described in Table

3. MCR can be written and read. The RTS and DTR
outputs are directly controlled by their control bits in

this register. A high input asserts a low (true) at the out-

put pins. MCR Bits 0, 1 , 3, and 4 are shown below:

MCR (0): When MCR (0) is set high the DTR output

is forced low. When MCR (0) is reset low, the DTR
output is forced high. The DTR output of the serial

channel may be input into an inverting line driver in order

to obtain the proper polarity input at the modem or

data set.

MCR (1): When MCR (1) is set high, the RTS output

is forced low. When MCR (1) is reset low, the RTS out-

put is forced high. The RTS output of the serial channel

may be input into an inverting line driver in order to

obtain the proper polarity input at the modem or data

set.

MCR (3): When MCR (3) is set high, the INT output

is enabled.

MCR (4): MCR (4) provides a local loopback feature

for diagnostic testing of the channel. When MCR (4) is

set high. Serial Output (SOUT) is set to the marking (logic

"1") state, and the receiver data input Serial Input (SIN)

is disconnected. The output of the Transmitter Shift

Register is looped back into the Receiver Shift Register

input. The three modem control inputs (CTS, DSR,

and RTj are disconnected. The modem control outputs

(DTR and RTS) are internally connected to the four

modem control inputs. The modem control output pins

are forced to their inactive state (high).

In the diagnostic mode, data transmitted is immediately

received. This allows the processor to verify the transmit

and receive data paths of the selected serial channel. Bits

MCR (5)-MCR (7) are permanently set to logic 0.

The MSR provides the CPU with status of the modem
input lines from the modem or peripheral devices. The
MSR allows the CPU to read the serial channel modem
signal inputs by accessing the data bus interface of the

UM82C852. In addition to the current status informa-

tion, four bits of the MSR indicate whether the modem
inputs have changed since the last reading of the MSR.
The delta status bits are set high when a control input

from the modem changes state, and reset low when the

CPU reads the MSR.

The modem input lines for each channel are CTS, DSR,
Rl and DCD, MSR (4) - MSR (7) are status indica-

tions of these lines. The status indications follow the

status of the input lines. If the modem status interrupt

in the Interrupt Enable Register is enabled [IER (3)],

a change of state in a modem input signal will be reflect-

ed by the modem status bits in the 1 1 R register, and an

interrupt (INTRPT) is generated. The MSR is a priority

4 interrupt. The contents of the Modem Status Register

are described in Table 4. Note that the State (high or

low) of the status bits are inverted versions of the actual

input pins.

MSR (0) Delta Clear to Send (DCTS): DCTS indicates

that the CTS input to the serial channel has changed

state since the last time it was read by the CPU.

Table 3. Modem Control Register Bits

MCR Bits Logic 1 Logic

MCR (0)

MCR (1)

MCR (2)

Data Terminal Ready (DTR)

Request to Send (RTS)

DTR Output Low

RTS Output Low

DTR Output High

RTS Output High

MCR (3) Interrupt (INT) Enable INT Enabled INT Disabled

MCR (4)

MCR (5)

Loop Loop Enabled Loop Disabled

MCR (6)

MCR (7)
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Modem Control Register (MCR)

MCR
7

MCR
6

MCR
5

MCR
4

MCR
3

MCR
2

MCR
1

MCR

Data
Terminal

Ready

Request

To Send

NC

INT

LOOP

= -DTR Output High (Inactive)

1 = -DTR Output Low (Active)

= -RTS Output High (Inactive)

1 = -RTS Output Low (Active)

Not Connected

0= INT Disabled

1
= INT Enabled

= LOOP Disabled

1 = LOOP Enabled

These Bits are Permanently Set to Logic "0'

Figure 2. Modem Control Register

Table 4. Modem Status Register Bits

MSR Bit Mnemonic Description

MSR (1) DDSR Delta Data Set Ready

MSR (2) TERI Trailing Edge of Ring Indicator

MSR (0) DCTS Delta Clear to Send

MSR (3) DDCD Delta Data Carrier Detect

MSR (4) CTS Clear To Send

MSR (5) DSR Data Set Ready

MSR (6) Rl Ring Indicator

MSR (7) DCD Data Carrier Detect

MSR (1) Delta Data Set Ready (DDSR): DDSR indicates

that the DSR input to the serial channel has changed

state since the last time it was read by the CPU.

MSR (2) Trailing Edge of Ring Indicator (TERI): TERI
indicates that the HT input to the serial channel has

changed state from high to low since the last time it was

read by the CPU. Low to high transitions on RT do not

activate TERI.

MSR (3) Delta Data Carrier Detect (DDCD): DDCD in-

dicates that the DCD input to the serial channel has

changed state since the last time it was read by the CPU.

MSR (4) Clear to Send (CTS): Clear to Send (CTS) is

the status of the CTS input from the modem indicating

to the serial channel that the modem is ready to receive

data from the serial channel's transmitter, output (SOUT).

If the serial channel is in loop mode [MSR (4) = 1] . MSR
(4) is equivalent to RTS in the MCR.

MSR (5) Data Set Ready (DSR): Data Set Ready (DSR)

is a status of the DSR input from the modem to the

serial channel which indicates that the modem is ready to

provide received data to the serial channel receiver cir-

cuitry. If the channel is in the loop mode [MCR (4) = 1]

,

MSR (5) is equivalent to DTR in the MCR.

MSR (6) Ring Indicator: Indicates the status to the Rl

input (pin 39). If the channel is in the loop mode [MCR

(4) = 1 ] , MSR (6) is not connected in the MCR.

MSR (7) Data Carrier Detect: Data Carrier Detect in-

dicates the status of the Data Carrier Detect (DCD) input.

If the channel is in the loop mode [MCR (4) = 1] , MSR

(4) is equivalent to OUT2 of the MCR.

The modem status inputs (Rl, DCD, DSR, and CTS)

reflect the modem input lines with any change of status.

Reading the MSR register will clear the delta modem

status indications but has no effect on the status bits.

The status bits reflect the state of the input pins regardless

of the mask control signals. If a DCTS, DDSR, TERI,

or DDCD are true, and a state change occurs during a

read operation (TOR), the state change is not indicat-

ed in the MSR. If DCTS, DDSR, TERI, or DDCD are

false, and a state change occurs during a read operation, the

state change is indicated after the read operation.

For LSR and MSR, the setting of status bits (IOR) is

inhibited during status register read operations. If a statu s

condition is generated during a read operation. (IOR),

the status bit is not set until the trailing edge of the read

(TOR).
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If a status bit is set during a read I OR operation, and

the same status condition occurs, that status bit will be

cleared at the trailing edge of the read FOR instead of

being set again.

The UM82C852 serial channel contains a programmable
Baud Rate Generator (BRG) that divides the clock (DC
to 3.1 MHz) by any divisor from 1 to 2 16 -1 (see also

BRG description). The output frequency of the Baud

Generator is 16X the data rate [divisor #= clock + (baud

rate x 16)]. Two 8-bit divisor latch registers store the

divisor in a 16-bit binary format. These Divisor Latch

registers must be loaded during initialization. Upon load-

ing either of the Divisor latches, a 16-bit baud counter

is immediately loaded. This prevents long counts on initial

load.

The receiver circuitry in each serial channel of the

UM82C852 is programmable for 5, 6, 7, or 8 data bits

per character. For words of less than 8 bits, the data is

right justified to the least significant bit LSB = Data Bit

[RBR (0)]. Data Bit of a data word [RBR (0)] is

the first data bit received. The unused bits in a character

less than 8 bits are output low to the parallel output by
the serial channel.

Received data at the SIN input pin is shifted into the

Receiver Shift Register by the 16X clock provided at the

CLKIN input. This clock is synchronized to the incomplete
data based on the position of the start bit. When a complete

character is shifted into the Receiver Shift Register, the

assembled data bits are parallel loaded into the Receiver

Buffer Register. The DR flag in the LSR register is set.

Double buffering of the received data permits continuous

reception of data without losing received data. While the

Receiver Shift Register is shifting a new character into

the serial channel, the Receiver Buffer Register is holding

a previously received character for the CPU to read. Failure

to read the data in the RBR before complete reception

of the next character results in the loss of the data in the

Receiver Register. The OE flag in the LSR register indicates

the overrun condition.

RBR Bits thru 7:

RBR (0)

RBR (1)

RBR (2)

RBR (3)

RBR (4)

RBR (5)

RBR (6)

RBR (7)

Data Bit

Data Bit 1

Data Bit 2

Data Bit 3

Data Bit 4

Data Bit 5

Data Bit 6

Data Bit 7

The Transmitter Holding Register (THR) holds parallel

data from the data bus (D0-D7) until the Transmitter

Shift Register is empty and ready to accept a new character

for transmission. The transmitter and receiver word length

and number of stop bits are the same. If the character

is less than eight bits, unused bits at the microprocessor

data bus are ignored by the transmitter.

Data Bit [THR (0)] is the first serial data bit transmitted.

The THRE flag [LSR (5)] reflects the status of the THR.
The TEMT flag [LSR (5)] indicates if both the THR
and TSR are empty.

THR Bits thru 7

THR (0)

THR (1)

THR (2)

THR (3)

THR (4)

THR (5)

THR (6)

THR (7)

Data Bit

Data Bit 1

Data Bit 2

Data Bit 3

Data Bit 4

Data Bit 5

Data Bit 6

Data Bit 7

The Scratchpad Register is an 8-bit Read/Write register that

has no effect on either channel in the UM82C852 It is

intended to be used by the programmer to hold data

temporarily.

SCR Bits thru 7

SCR (0) Data Bit

SCR (1) Data Bit 1

SCR (2) Data Bit 2
SCR (3) Data Bit 3
SCR (4) Data Bit 4

SCR (5) Data Bit 5

SCR (6) Data Bit 6
SCR (7) Data Bit 7

Interrupts

The Interrupt Identification Register (MR) in the serial

channel of the UM82C852 has interrupt capability for

interfacing to current microprocessors. In order to min-

imize software overhead during data character transfers,

the serial channel prioritizes interrupts into four levels.

The four levels of interrupt conditions are as follows:

1

.

Receiver Line Status (priority 1

)

2. Received Data Ready (priority 2)

3. Transmitter Holding Register Empty (priority 3)

4. Modem Status (priority 4)

Information indicating that a prioritized interrupt is pend-
ing and the type of interrupt is stored in the interrupt

Identification Register (IIR). When addressed during
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chip select time, the IIR indicates the highest priority

interrupt pending. No other interrupts are acknowledged

until the interrupt is serviced by the CPU. The logic equiv-

alent of the interrupt control circuit is shown in Figure 3.

The contents of the IIR are indicated in Table 5 and

are described below.

IIR (0) : IIR (0) can be used in either a hard-wired prioritiz-

ed or polled environment to indicate whether an interrupt

is pending. When IIR (0) is low, an interrupt is pending,

and IIR contents may be used as a pointer to the appro-

priate interrupt service routine. When IIR (0) is high,

no interrupt is pending.

IIR (1) and IIR (2) are used to identify the highest priority

interrupt pending as indicated in Table 5.

IIR (3)-IIR (7): These five bits of the IIR are logic 0.

The Interrupt Enable Register (IER) is a Write register

used to independently enable the four serial channel

interupts which activate the interrupt (INTRPT) output.

All interrupts are disabled by resetting IER (O)-IER (3)

of the Interrupt Enable Register. Interrupts are enabled

by setting the appropriate bits of the IER high. Disabling

the interrupt system inhibits the Interrupt Identification

Register and the active (high) INTRPT output. All other

system functions operate in their normal manner, including

the setting of the Line Status and Modem Status Registers.

The content of the Interrupt Enable Register is described

in Table 6 and below.

IER (0): When programmed high [IER (0) = Logic 1] ,

IER (0) enables Received Data Available Interrupt.

IER (1): When programmed high [IER (1) = Logic 1] ,

IER (1) enables the Transmitter Holding Register Empty

interrupt.

IER (2): When programmed high [IER (2) = Logic 1],

IER (2) enables the Receiver Line Status interrupt.

IER (3): When programmed high [IER (3) = Logic 1],

IER (3) enables the Modem Status Interrupt.

IER (4)-IER (7): These four bits of the IER are logic

0.

Transmitter

The serial transmitter section consists of a Transmitter

Holding Register (THR), Transmitter Shift Register (TSR),

and associated control logic. The Transmitter Holding

Register Empty (THRE) and Transmitter Shift Register

Empty (TEMT) are two bits in the Line Status Register

which indicate the status of THR and TSR. To transmit

a 5 to 8-bit word, the word is written through DB0-DB7

to the THR. The microprocessor should perform a write

operation only if THRE is high. The THRE is set high

when the word is automatically transferred from the

THR to the TSR during the transmission of the start

bit.

When the transmitter is idle, THRE and TEMT are high.

The last word written causes THRE to be reset to 0.

After the transfer, THRE returns high. TEMT remains

low for at least the duration of the transmission of the

data word. If a second character is transmitted to the

THR, the THRE is reset low. Since the data word cannot

be transferred from the THR to the TSR until the TSR

is empty, THRE remains low until the TSR has com-

pleted sending the word. When the last word has been

transmitted out of the TSR, TEMT is set high. THRE
is set high one THR to TSE transfer time later.

Receiver

Serial asynchronous data is input into the SIN pin. The

idle state of the line providing the input into SIN is high.

A start bit detect circuit continually searches for a high

to low transition from the idle state. When the transition

is detected, a counter is reset, and counts the 16X clock

to 71/2, which is the center of the start bit. The start

bit is valid if the SIN is still low at the mid-bit sample of

the start bit. Verifying the start bit. prevents the receiver

from assembling a false data character due to a low going

noise spike on the SIN input.

The Line Control Register determines the number of

data bits in a character (LCR (0), LCR (1)), number of

stop bits LCR (2), if parity is used LCR (3), and the

polarity of parity LCR (4). If Status for the receiver is

provided in the Line Status Register to the Receiver

Buffer Register when the Data Received indication in LSR

(0) is set high, the CPU reads the Receiver Buffer Re-

gister through D0-D7. This read resets LSR (0). If D0-

D7 are not read prior to a new character transfer from

the RSR to the RBR, the overrun error status indica-

tion is set in LSR (1). The parity check tests for even

or odd parity on the parity bit, which precedes the first

stop bit. If there is a parity error, the parity error is set

in LSR (2). There is circuitry which tests whether the

stop bit is high. If it is not, a framing error indication

is generated in LSR (3).

The center of the start bit is defined as clock count 7

1/2. If the data into SIN is a symmetrical square wave, the

center of the data cells will occur within ±3.125% of

the actual center, providing an error margin of 46.875%.

The start bit can begin as much as one 16X clock cycle

prior to being detected.

Baud Rate Generator (BRG)

The BRG generates the clocking for the UART function,
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providing standard ANSI/CCITT bit rates. The clock

driving the BRG is provided by the CLKIN input.

The data rate is determined by the Divisor Latch registers

DLL and DLM and the external frequency. The bit rate

is selected by programming the two divisor latches, Divisor

Latch Most Significant • Byte and Divisor Latch Least

Significant Byte. Setting DLL = 1 and DLM = selects

the divisor to divide by 1 (divide by 1 gives the maximum
baud rate for a given input frequency at the CLKIN input.

The BRG can use any of three different popular frequencies

to provide standard baud rates. These frequencies are

1.8432 MHz, 2.4576 MHz, and 3.072 MHz. With these

frequencies, standard bit rates from 50 to 38.5 kbps are

available. Tables 7, 8, and 9 illustrate the divisors needed to

obtain standard rates using these three crystal frequencies.

Reset

After power up, the UM82C852 RESET input should

be held high for 500 ns to reset the UM82C852 circuits

to an idle mode until initialization. A high on RESET
causes the following:

1. Initializes the transmitter and receiver internal clock

counters.

2. Clears the Line Status Register (LSR), except for Trans-

mitter Shift Register Empty (TEMT) and Transmit

Holding Register Empty (THRE), which are set. The
Modem Control Register (MCR) is also cleared. All

of the discrete lines, memory elements and miscellane-

ous logic associated with these register bits are also

cleared or turned off. The Line Control Register (LCR),

Divisor Latches, Receiver Buffer Register, Transmitter

Buffer Register are not affected.

Following removal of the reset condition (Reset high),

the UM82C852 remains in the idle mode until programmed.

A hardware reset of the UM82C852 sets the THRE and
TEMT status bit in the LSR. When interrupts are sub-

sequently enabled, an interrupt occurs due to THRE.

A summary of the effect of a reset on the UM82C852
is given in Table 10.

Programming

Each serial channel of the UM82C852 is programmed
by the control registers LCR, IER, DLL and DLM, and
MCR. These control words define the character length,

number of stop bits, parity, baud rate, and modem in-

terface. While the control register can be written in any
order, the IER should be written to last because it controls

the interrupt enables. Once a serial channel is programmed
and operational, these registers can be updated any time

the UM82C852 serial channel is not transmitting or re-

ceiving data.

The control signals required to access each serial channel's

internal registers are shown below.

Software Reset

A software reset of the serial channel is a useful method

for returning to a completely known state without a

system reset. Such a reset consists of writing to the LCR,

Divisor Latches, and MCR registers. The LSR and RBR
registers should be read prior to enabling interrupts in

order to clear out any residual data or status bits which

may be invalid for subsequent operation.

Clock Input Operation

The maximum input frequency of the external clock

of theUM82C852 is 3.1 MHz.

(c) Parallel Port Registers

The UM82C852's parallel port interfaces the device to

a Centronics-style printer. When parallel port address

selected (IOR) and write (IOW) pin are as shown, the Read
Data Register allows the microprocessor to read the in-

formation on the parallel bus. The Read Status Register

allows the microprocessor to read the status of the printer

in the five most significant bits. The status bits are Printer

Busy (BUSY). Acknowledge (ACK) which is a hand-
shake function. Paper Empty (PE), Printer Selected

(SLCT), and Error. (ERROR). The Read Control Re-

gister allows the state of the control lines to be read.

The Write Control Register sets the state of the control

lines.

They are LPTIRQ Enable (IRQ ENB). Select In (SLIN).

Initialize the Printer (IN IT). Autofeed the Paper (AUTO-
FD). Strobe (STROBE), which informs the printer of

the presence of a valid byte on the parallel bus. The Write
Data Register allows the microprocessor to write a byte
to the parallel bus.

The parallel port is completely compatible with the par-

allel port implementation used in the IBM Serial/Parallel

Adaptor.
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Table 5. Interrupt Identification Register

Interrupt Identification Interrupt Set and Reset Functions

Bit 2 Bit1 BitO
Priority

Level

Interrupt

Flag

Interrupt

Source

Interrupt

Reset Control

X

1

1

X

1

1

1

First

Second

Third

Fourth

None

Receiver

Line Status

Received Data

Available

THRE

Modem Status

None

OE,PE

FE.orBI-

Received Data

Available

THRE

-CTS, -DSR
-Rl, -DCD)

LSR Read

RBR Read

IIR Read if THRE is the

Interrupt Source or THR Write

MSR Read

X = Not Defined.

DR (LSR BITO)

ERBFI (IERBITO)

THRE (LSR BIT 5)

ETBEI (IER BIT 1)

OE(LSRBITI)
PE (LSR BIT 2)

FE (LSR BIT 3)

Bl (LSR BIT 4)

ELSI (IER BIT 1)

DOTS (MSR BITO)

DDSR (MSR BIT 1)

TERI (MSR BIT 2)

DDCD (MSR BIT 3)

EDSSI (IER BIT 3)

INTERRUPT ENABLE (MCR BIT 3)

o
On

O^
HcH>

1N>fD-J

INTERRUPT
OUTPUT

Figure 3. Interrupt Control Logic
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Table 6. Serial Channel Accessible Registers

Register Bit Number
Register

Mnemonic Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 BK1 BitO

RBR Data Data Data Data Data Data Data Data
(Read Only) Bit?

(MSB)

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

(LSB)*

THR Data Data Data Data Data Data Data Data
(Write Only) Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

DLL Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

DLM Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

IER (EDSSI)

Enable

Modem
Status

Interrupt

(ELSI)

Enable

Receiver

Line

Status

Interrupt

(ETBEI)

Enable

Transmitter

Holding

Register

Empty

Interrupt

(ERBFI)

Enable

Received

Data

Available

I nterrupt

MR
I nterrupt Interrupt "0"1F

(Readonly) ID

Bit (1)

ID

Bit (0)

Interrupt

Pending

LCR (DLAB) Set Stick (EPS) (PEN) (STB) (WLSB1) (WLSBO)
Divisor Break Parity Even Parity Number Word Word
Latch Parity Enable of Stop Length Length
Access Select Bits Select Select

Bit
Bit 1 BitO

MCR Loop Out 2 Out 1 (RTS)

Request

To

Send

(DTR)

Data

Terminal

Ready

LSR (TEMT) (THRE) (Bl) (FE) (PE) (OE) (DR)
Transmitter Transmitter Break Framing Parity Overrun Data
Empty Holding

Register

Empty

Interrupt Error Error Error Ready

MSR (DCD) (Rl) (DSR) (CTS) (DDCD) (TERI) (DDSR) (DCTS)
Data Ring Data Clear Delta Trailing Delta Delta

Carrier Indicator Ready to Data Edge Data Clear
Detect Set Send Carrier

Detect

Ring

Indicator

Set

Ready

to

Send

SCR Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

h LSB Data Bit is the first bit transmitted or received.
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Table 7. Baud Rates (1.8432 MHz Clock)

Desired Divisor Used Percent Error

Baud Rate Difference Between

Desired and Actual

50 2304 —

75 1536 -

110 1047 0.026

134.5 857 0.058

150 768 -

300 384 -

600 192 -

1200 96 -

1800 64 -

2000 58 0.69

2400 48 -

3600 32 -

4800 24 -

7200 16 -

9600 12 -

19200 6 -

38400 3 -

56000 2 2.86

Table 8. Baud Rates (2.4576 MHz Clock)

Desired Divisor Used Percent Error

Baud Rate Difference Between

Desired and Actual

50 3072 -

75 2048 -

110 1396 0.026

134.5 1142 0.0007

150 1024 -

300 512 -

600 256 -

1200 128 -

1800 85 0.392

2000 77 0.260

2400 64 -

3600 43 0.775

4800 32 -

7200 21 1.587

9600 16 -

19200 8 -

38400 4 -

Table 9. Baud Rates (3.072 MHz Clock)

Desired Divisor Used Percent Error

Baud Rate Difference Between

Desired and Actual

50 3840 _

75 2560 -

110 1745 0.026

134.5 1428 0.034

150 1280 -

300 640 -

600 320 -

1200 160 -

1800 107 0.312

2000 96 -

2400 80 -

3600 53 0.628

4800 40 -

7200 27 1.23

9600 20 -

19200 10 -

38400 5 -

(d) Real Time Counter

The real time counter is divided into 4-bit digits with

2 digits being accessed during any read or write cycle.

Each digit represents a BCD number and is defined in

Table 13. Any unused bits are held at a logical zero and

ignored during a write. An unused bit is any bit not neces-

sary to provide a full BCD number. For example, tens

of hours can not legally exceed the number 2, thus only

2 bits are necessary to define the tens of hours. The other

2 bits in the tens of hours digit are unused. The unused

bits are designated in Table 1 as dashes.

The addressable portion of the counter is from milli-

seconds to months. The counter itself is a ripple counter.

The ripple delay is less than 60jus above 4.0V and 300jus

at 2.0V.

RAM

56 bits of RAM are contained on-chip. These can be used

for any necessary power down storage or as an alarm

latch for comparison to the real time counter. The data

in the RAM can be compared to the real time counter

on a digit basis. The only digits that are not compared

are the unit ten thousandths of seconds and tens of days

of the week (these are unused in the real time counter).

If the two most significant bits of any RAM digit are

ones then this RAM location will always compare.
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Table 10. Reset Control of Register and Pinout Signals

Register/Signal Reset Control Reset Status

Interrupt Enable Register Reset All Bits low

Interrupt Identification Register Reset Bit is high and Bits 1-7 are low

Line Control Register Reset All Bits low

Modem Control Register Reset All Bits low

Line Status Register Reset Bits 5, 6 are high, others are low

Modem Status Register Reset Bits 0-3 are low, Bits 4-7 are input signal

SOUT Reset High

RTS DTR Reset High

COMIRQ Reset High-Impedance

STB, AFD, SLIN Reset High

INIT Reset Low

Table 11. Parallel Port Registers

Register Register Bits

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BitO

Read Data PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

Read Status BUSY ACK PE SLCT ERROR 1 1 1

Read Control 1 1 1 LPTIRQENB SLIN INIT AUT.OFD STROBE

Write Data PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

Write Control 1 1 1 LPTIRQENB SLIN INIT AUTOFD STROBE

Table 12. Parallel Port Register Select

Control Pins Register Selected

TOR Tow A1 AO

1 Read Data

1 1 Read Status

1 1 Read Control

1 Write Data

1 1 Invalid

1 1 Write Control

The RAM is formatted the same as the reat time counter.

4 bits per digit, 14 digits, however there are no unused

bits. The unused bits in the real time counter will com-

pare only to zeros in the RAM.

Interrupts and Comparator

There is one interrupt output. The most flexible is the

RTCIRQ OUTPUT (a true high signal). This output can

be programmed to provide 8 different output signals.

They are: 10 Hz, 1 Hz, once per minute, once per hour,

once a day, once a week, once a month, and when a RAM/
real time counter comparison occurs. To enable the output

a one is written into the interrupt control register at the

bit location corresponding to the desired output frequency

Once one or more bits have been set in the interrupt
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Table 13. Real Time Counter Format

Max. Max.

Counter Addressed Units BCD Tens BCD
DO D1 D2 D3 Code D4 D5 D6 D7 Code

1/10,000 of Seconds (00H) _ _ — — D4 D5 D6 D7 9

Hundredths and Tenths Sec (01 H) DO D1 D2 D3 9 D4 D5 D6 D7 9

Seconds (02H) DO D1 D2 D3 9 D4 D5 D6 - 5

Minutes (03H) DO D1 D2 D3 9 D4 D5 D6 - 5

Hours (04H) DO D1 D2 D3 9 D4 D5 - - 2

Day of the Week (05H) DO D1 D2 - 7 - - - -

Day of the Month (06H) DO D1 D2 D3 9 D4 D5 - - 3

Month (07H) DO D1 D2 D3 9 D4 - - -
1

(— ) Indicates unused bits

control register, the corresponding counter's rollover

to reset state will clock the interrupt status register

and cause the interrupt output to go high. To reset

the interrupt and to identify which frequency caused

the interrupt, the interrupt status register is read. Reading

this register places the contents of the status register on

the data bus. The interrupt frequency will be identified

by a one in the respective bit position. Removing the

read will reset the interrupt.

The comparator is a cascaded exclusive NOR. Its output

is latched 61 /is after the rising edge of the 1KHz clock

signal (input to the ten thousandth of seconds counter).

This allows the counter to ripple through before looking

at the comparator.

DO D1 D3

WRITE

ONLY

1/MIN

l/SEC

IO/SEC

COMPARE

READ
ONLY

IN IN

C D

O

IN

C D

O

C D

O

D4
I

D5

IN

C D

O

C D

O

D6
I

IN

C D

O

C D

O

D7

C D

O

INTERRUPT
CONTROL
REGISTER
ADDRESS

l/HOUR

l/DAY

l/WEEK

l/MONTH

INTERRUPT
STATUS
REGISTER
ADDRESS

INTERRUPT

LOGIC

INTERRUPT
.OUTPUT
(ACTIVE)

LOGIC HIGH)

Figure 4. Interrupt Register Format
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Table 14. Address Codes and Functions

A4 A3 A2 A1 AO Function

Counter — Thousandths of Seconds

1 Counter — Hundredths and Tenths of Seconds

1 Counter — Seconds

1 1 Counter — Minutes

1 Counter — Hours

1 1 Counter — Day of the Week

1 1 Counter — Day of the Month

1 1 1 Counter — Months

Latches — Thousandths of Seconds

1 Latches — Hundredths and Tenths of Seconds

1 Latches — Seconds

1 1 Latches — Minutes

1 Latches — Hours

1 1 Latches — Day of the week

1 1 Latches — Day of the Month

1 1 1 Latches — Months

Interrupt Status Register

1 Interrupt Control Register

1 Counter Reset

1 1 Latch Reset

1 Status Bit

1 1 "GO" Command

1 1 Standby Interrupt

1 1 1 1 Test Mode

Table 1 5. Counter and Latch Reset Format

DO D1 D2 D3 D4 D5 D6 . D7 Counter or Latch Reset

1 Thousandths of Seconds

1 Hundredths and Tenths of Seconds

1 Seconds

1 Minutes

1 Hours

1 Day of the Week

1 Day of the Month

1 Months

For Counter Reset A4-A0 Must be 10010

For Latch Reset A4-A0 Must Be 1001

1
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For operation at less than' 4.0V, the thousandth of seconds

counters should not be included in a compare because

of the possibility of having a ripple delay greater than

61jus. (For output timing see interrupt timing).

Tables 14 and 15 are referred for the address input codes

and functions and for the counter and latch reset format.

Power Down Mode

The POWER DOWN input is essentially a second chip

select. It disables all inputs and outputs. When this input

is at a logic zero, the device will not respond to any

external signals. (The programming must be done before

the POWER DOWN input goes to a logic zero). When
switching VDD to the standby or power done mode,

the POWER DOWN input should go to a logic zero at

least 1ms before V0D is switched. When switching VDD
all other inputs must remain between Vss—0.3V and

VDD + 0.3V. When restoring VDD to the normal operat-

ing mode, it is necessary to insure that all other inputs

are at valid levels before switching the POWER DOWN
input back to a logic one. These precautions are neces-

sary to insure that no data is lost or altered when chang-

ing to or from the power down mode.

Counter and RAM Resets: Go Command

The counter's and RAM can be reset by writing all 1's

(FF) at addresses 12H or 13H respectively.

A write pulse at address 15H will reset the thousandths

hundredths, tenths, units and tens of seconds counters.

This GO command is used for precise starting of the clock,

the data- on the data bus is ignored during the writing.

If the seconds counter is at a value greater than 39. When
theGO is issued the minute counter will increment: other-

wise the minute counter is unaffected. This command
is not necessary to start the clock but merely a convenient

way to start precisely at a given minute.

<e) GAME PORT:
Game: 201

I/O Write:

Status Bit

The status bit is provided to inform the user the clock

is in the process of rolling over when a counter is read.

The status bit is set if this 1 KHz clock occurs during or

after any counter read. This tells the user that the clock

is rippling through the real time counter. Because the

clock is rippling, invalid data may be read from the counter.

If the status bit is set following a counter read, the counter

should be read.

The status bit appears on DO when address 14H is read.

All the other data lines will be zero. The bit is set when
a logical one appears. This bit should be read every time

a counter read or after a series of counter reads are done.

The trailing edge of the read at address 14H will reset

the status bit.

Oscillator

The oscillator is the standard parallel resonant oscillator.

Externally, 2 capacitors, a 20M Ohm resistor and the

crystal are required. The 20M Ohm resistor is connected
between X1 and X2 to bias the internal inverter in the

linear region. For micropower crystals a resistor in series

with the oscillator output may be necessary to insure

the crystal is not overdriven. This resistor should be app-

roximately 200K Ohms. The capacitor values should

be typically 300pF. The crystal frequency is 32,768 Hz.

The oscillator input can be externally driven, if desired.

In this case the output should be left floating and the

input level should be within 0.3V of the supplies.

Test Mode

The test mode is merely a mode for production testing.

It allows the counters to count at a higher than normal

rate. In this mode the 32 KHz oscillator input is connect-

ed directly to the ten thousandths of seconds counter.

The chip select and write lines must be low and the address

must beheld at 1 FH.

I/O Read:

7 6 5 4 3 2 1 Function

X A Paddle Coordinate

X B Paddle Coordinate

X C Paddle Coordinate

X D Paddle Coordinate

X Status of A Paddle Button

X Status of B Paddle Button

X Status of C Paddle Button

X \Status of D Paddle Button

7 6 5 4 3 2 1 Function

X A Joystick X Coordinate

X A Joystick Y Coordinate

X B Joystick X Coordinate

X B Joystick Y Coordinate

X Status of A Joystick Button 1

X Status of A Joystick Button 2

X Status of B Joystick Button 1

X Status of B Joystick Button 2
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Absolute Maximum Ratings *

Operating Temperature 0°C to 70°C

Storage Temperature —55°C to 150°C

All Output Voltages -0.5V to +7V

All Input Voltages -0.5V to +7V

Supply Voltage Vcc 5V ± 10%

Power Dissipation 0.5W

DC Electrical Characteristics (TA = 0°C to 70° C)

*Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

Symbol Parameter Min. Typ. Max. Unit Conditions

Vcc Supply Voltage 4.5 5.5 V Output Enable

VCC Supply Voltage 2.0 5.5 V Power Down

V|L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2.0 Vcc V

Vol Output Low Voltage 0.45 V
l

|_
= 6 mA

l0L = 12 mA, (PD0-PD7;

Vqh Output High Voltage 2.4 V
l0H =2mA

l H =4mA, (PD0-PD7)

V|HR
~

v ILR Schmitt Trigger Hysteresis 0.25 V
RESET, CLKIN

RTCCS0(1),COMCS
LPTCSOd)

'cc Power Supply Current
20 MA Power Down

50 mA Output Enable

AC Characteristics (TA = o°C to 70°C, Vcc = 5V ± 10%)

Input Requirement

No. Symbol Parameter Min. Typ. Max. Unit

1 XA\N IOW Delay Time from Address 50 ns

2 *WA Address Hold Time from IOW 20 ns

3 tDS Data Setup Time to IOW 40 ns

4 *DH Data Hold Time from IOW 40 ns

5 *AR I OR Delay Time from Address 50 ns

6 *RA Address Hold Time from IOR 20 ns

Output Response

7 tRD Data Delay Time from IOR 125 ns

8 *HZ Data Floating Time from IOR 100 ns
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AC Characteristics (Continued)

UM82C852

No. Symbol Parameter Min. Typ. Max. Unit

9 ^INT Set Interrupt Delay Time from Stop Bit 1 1

CLK
cycle

10 ifilNT

Reset Interrupt Delay Time from RD
RBR/LSR

1 Ms

12 tIRS Transmit Start Delay Time from Initial INTR 8 24
CLK
cycle

CLK
cycle

13 tsi Set Interrupt Delay Time from Initial write 16 32

14 tST\ Set Interrupt Delay Time from Stop Bit 8 8
CLK
cycle

15 t|R Reset Interrupt Delay from RD MR 250 ns

16 tMDO MODEM Output Delay Time from WR MCR 200 ns

17 %IM
Set Interrupt Delay Time from MODEM
Input

200 ns

18 ^IM Reset Interrupt Delay Time from RD MSR 250 ns

19 tppw
Parallel Port Delay Time from

WR PDRorPCR
300 ns

20 tsiAK Set Interrupt Delay Time from ACK 200 ns

21 tGMRW
Game Command Delay Time from RD/WR
Game Port

150 ns

Timing Waveforms

Write Cycle Timing

A0~A9 X
XAW

IOW

\
XDS

%A

X

/
TDH

DB0~DB7 - •

Read Cycle Timing

A0~A9

Tor" -

DB0~DB7 -

< >

X
*AR ""- *RA

X

\ /
TRD

rt
*HZ

< >"
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Timing Waveforms (Continued)

UM82C8S2

SIN
(RECEIVER

INPUT
DATA)

SAMPLE
CLK

COMIRQ
(DATA

READY OR
RCVRERR)

IOR

(READ REC
DATA

BUFFER OR
READ LSR)

\aTART /

K
DATA BITS (5-8) Y PARITYVsTOP \ /

J L_L_U J L

ISINT

/
"\ /

tRINT-

V

Transmitter Timing

SERIAL
OUT (SOUT)

COMIRQ
(THRE)

IOW
(WRTHR)

Tor
(RD MR)

Modem Timing

Tow
(WR MCR)

s, y

^df

START^
DATA(5.8) ^ y^ST0P(1-2) ^

TAR
/

PARITY

\ f
-

tsi

ST I

\J

~\ / ^ /
RTS, DTR

CTS, DSR.DCD

COMIRQ
IOR

(RD MSR)

\
tMDO tMDO

/

J
/

XSIM TRIM

\_/

t r \ y

v/
\ /

TSIM

V
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Timing Waveforms (Continued)

PARALLEL PORT TIMING

"\y
tppw

PD0~PD7
STB , AFP
SLIN, INIT

ACK

LPTIRQ

X

\J
* tppw *-(

X X
klilf *SIAK'

\ _/
** Outputs of STB, AFD, SLIN and INIT are pulled up by 1K ohms resisters.

Game Port Timing

IOW/IOR

GAMERD,
GAMEWR

\ /
* k^MRW *

X
^MRW^

/
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Application Circuit
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UiVf UM82450
Asynchronous Communication

Element (ACE)

Features

Adds or deletes standard asynchronous communication

bits (start, stop, and parity) to or from a serial data

stream

Full double buffering eliminates the need for precise

synchronization

Independently controlled transmit, receive, line status,

and data set interrupts

Programmable baud rate generator allows division of

any input clock by 1 to 2
16 -1 and generates the

internal 16x clock

Independent receiver clock input

Modem control functions (CTS, RTS, DSR, DTR,
Rl, andDCD)

Single +5 volt power supply

TRI-STATE TTL Drive capabilities for bidirectional

data bus and control bus.

Fully programmable serial-interface characteristics

- 5-, 6-, 7-, or 8-bit characters

- Even, odd, or no-parity bit generation and detection

- 1 -, 1 V2-, or 2-stop bit generation

- Baud rate generation (DC to 56k baud)

False start bit detection

Complete status reporting capabilities

Easily interfaces to most popular microprocessors

Line break generation and detection

Internal! diagnostic capabilities

- Loopback controls for communications link fault

isolation

- Break, parity, overrun, framing error simulation

Fully prioritized interrupt system controls

General Description

UM82450 is a programmable Asynchronous Communica-
tion Element (ACE) chip fabricated using the Si-Gate

NMOS process. The UM82450 is an improved version

of the UM8250. It performs serial-to-parallel conversion

on data characters received from a peripheral device or

a modem, and parallel-to-serial conversion on data

characters received from the CPU. The CPU can read

the complete status of the ACE at any time during

functional operation. It also includes a programmable

baud rate generator that is capable of dividing the timing

reference clock input by divisors of 1 to 2 16 - 1 , and

producing a 16x clock for driving the internal transmitter

logic.

Pin Configurations

BAUDOUT L7.

XTAL1

XTAL2 C
DOSTR d
DOSTR C

vssC

Q Q Q Q Q Z > |tr |o |o |o

nnnnnnnnnnn

°*\Z
DtC

RCLK f"

SIN f"

N.C. C
SOUT fl

CSO \2

CS1 lT

CS2 Q
SAUDOUT [^

6 5 4 3 2 1 44 43 42 41

UM82450

18 19 20 21 22 23 24 25 26 27 28

uuuuuuuuuuu
-J _l

< <
IOC CC </3 I- W

^J MR

~J OUT 1

~J DTR~

~J "RTS

~J OUT 2

7J N.C.

I] INTRPT

I] N. C.

3 A
<>

I] A,

I)A2
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Block Diagram

D7-D0 <^>

INTERNAL
DATA BUS

A

Ai

A2

CSO

CS1

CS2

ADS
MR

DISTR

DISTR

DOSTR

DOSTR
DDIS

CSOUT
XTAL1
XTAL2

SELECT
&

CONTROL
LOGIC

^>

b

RECEIVER
BUFFER
REGISTER c

LINE
CONTROL
REGISTER

RECEIVER
SHIFT

REGISTER

DIVISOR
LATCH (LS)

DIVISOR
LATCH (MS)

BAUD
GENERATOR

LINE
STATUS
REGISTER

SIN

RECEIVER
TIMING

&
CONTROL

RCLK

BAUDOUT

TRANSMITTER
TIMING

&
CONTROL

J

TRANSMITTER
HOLDING
REGISTER V

TRANSMITTER
SHIFT

REGISTER
SOUT

b MODEM
CONTROL
REGISTER

A
V

b MODEM
STATUS
REGISTER V

^ INTERRUPT
ENABLE
REGISTER

INTERRUPT
CONTROL
LOGIC

INTERRUPT
ID

REGISTER

AV

MODEM
CONTROL
LOGIC

— RTS
— CTS
-^DTR
— DSR
— DCD
— RT

-*- OUT1

OUT2
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Absolute Maximum Ratings*

Temperature Under Bias 0°C to +70°C
Storage Temperature -65°C to +150°C
All Input or Output Voltages with

Respect to Vss -0.5V to +7.0V
Power Dissipation 700 mW

"Comments

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device

reliability.

DC Electrical Characteristics

TA = 0°C to +70°C, VDD = +5V ± 5%, Vss = V, Unless otherwise specified.

Symbol Parameter Conditions Min. Max. Unit

VlLX Clock Input Low Voltage -0.5 0.8 V

V IHX Clock Input High Voltage 2.0 Vcc V

V| L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2.0 Vcc V

Vol Output Low Voltage 'ol
= 1.6 mA on all* 0.4 V

Voh Output High Voltage Iol = -1.0 mA* 2.4 V

ice (AV) Avg Power Supply Current (Vcc ) Vcc = 5.25 V, TA = 25°C
No Loads on output

SIN, DSR, RLSD,
CTS, Rl =2.0V
All other inputs = 0.8V

120 mA

IlL Input Leakage Vcc = 5.25V, Vss = 0V
All other pins floating.

V|N = 0V, 5.25V

±10 juA

iCL Clock Leakage ±10 MA

'oz TR I -STATE Leakage Vcc = 5.25V, Vss = 0V
VO UT = 0V, 5.25V
1) Chip deselected

2) WRITE Mode, chip

selected

±20 MA

VILMR MR Schmitt V, L 0.8 V

VIHMR MR Schmitt V )H 2.0 V

* Does not apply to XTAL2

Capacitance

TA = 25°C, Vcc = Vss = 0V

Symbol Parameter Conditions Min. Typ. Max. Unit

CXTAL2 Clock Input Capacitance
f
c
- 1 MHz

Unmeasured pins

returned to Vss

15 20 PF

CXTAU Clock Output Capacitance 20 30 pF

C IN Input Capacitance 6 10 PF

COUT Output Capacitance 10 20 pF
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AC Characteristics

TA = 0°C to b 70°C, VDD = +5V ± 5%

Symbol Parameter Conditions Min. Max. . Units

tAW Address Strobe Width 60 — ns

tAS Address Setup Time 60 ns

*AH Address Hold Time ns

tcs Chip Select Setup Time 60 ns

tCH Chip Select Hold Time ns

tDIW DISTR/DISTR Strobe Width 125 ns

tRC Read Cycle Delay 175 ns

RC Read Cycle = tAR* + tDIW + tRC 360 ns

tDD DISTR/DISTR to Driver Disable Delay @ 100 pF loading*** 60 ns

tDDD Delay from DISTR/DISTR to Data @ 100 pF loading 125 ns

tHZ DISTR/DISTR to Floating Data Delay @ 100 pF loading*** 100 ns

tDOW DOSTR/DOSTR Strobe Width 100 ns

twc Write Cycle Delay 200 ns

WC Write Cycle = tAW + tDOW + twc 360 ns

tDS Data Setup Time 40 ns

tDH Data Hold Time 40 ns

tcsc* Chip Select Output Delay from Select @100pF loading 100 ns

tRA* Address Hold Time from DISTR/DISTR 20 ns

tRCS* Chip Select Hold Time from DISTR/DISTR 20 ns

tAR* DISTR/DISTR Delay from Address 60 ns

tCSR* DISTR/DISTR Delay from Chip Select 50 ns

tWA* Address Hold Time from DOSTR/DOSTR 20 ns

twcs* Chip Select Hold Time from DOSTR/DOSTR 20 ns

tAW* DOSTR/DOSTR Delay from Address 60 ns

*CSW* DOSTR/DOSTR Delay from Select 50 ns

tMRW Master Reset Pulse Width 5 ns

tXH Duration of Clock High Pulse External Clock (3.1 MHz Max.) 140 Ms

tXL Duration of Clock Low Pulse External Clock (3.1 MHx Max.) 140 ns

Baud Generator

N Baud Divisor
1 216-1

tBLD Baud Output Negative Edge Delay 100 pF Load 125 ns

tBHD Baud Output Positive Edge Delay 100 pF Load 125 ns

tLW Baud Output Down Time fx = 2MHz,-^2, 100 pF Load 425 ns

tHW Baud Output Up Time fx = 3MHz,^-3, 100 pF Load 330 ns

Receiver

tSCD Delay from RCLK to Sample Time 2 Ms

tSINT Delay from Stop to Set Interrupt 1 1

RCLK**
Cycles

tRINT Delay from DISTR/DISTR
(RD RBR/RDLSR) to Reset Interrupt 100 pF Load 1 MS

'Applicable only when ADS is tied low.

**RCLK is equal to tXH and tXL
***Charge and discharge time is determined by V0L , Vqh and the external loading.
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AC Characteristics (Continued)

Symbol Parameter Conditions Min. Max. Unit

Transmitter

tHR 100 pF Load 175 ns
Delay from DOSTR/DOSTR (WR THR)

to Reset Interrupt

t|RS
Delay from Initial INTR Reset to

Transmit Start
8 24

RCLK
Cycles

tsi Delay from Initial Write to Interrupt 16 32
RCLK
Cycles

*STI Delay from Stop to Interrupt (THRE) 8 8
RCLK
Cycles

t|R 100 pF Load 250 ns
Delay from DISTR/DISTR (RD MR)

to Reset Interrupt (THRE)

Modem Control

tMDO 100 pF Load 200 ns
Delay from DOSTR/DOSTR (WR MCR)

to Output

tSIM Delay to Set Interrupt from MODEM Input 100 pF Load ns

tRIM 100 pF Load 250 ns
Delay to Reset Interrupt from DISTR/

DISTR (RD MSR)

Timing Waveforms

EXTERNAL CLOCK INPUT (3.1 MHz MAX.)

h

—

**\ XXH

XTAL1
2.0V

0.8V

AC TEST POINTS

tXL

BAUDOUT TIMING

XTAL1

BAUD OUT
ItI)

JTJTJTJTnJTJTJT,rUTTT_n_
tBHD-H H-

lBLD -H h- -H h-tHw

TJlJTJTJTrL
-HI—tBHD "H h" lLW

-Hh-tBLD J—HJhw

BAUD OUT
(t3)

BAUD OUT
|tN,N>3)

tBLD f-—"-pLW
-Hk- -H l-«-tBHD THW I* - I

* X L\N ~»
\

~l n n TL
tBLD

-*\\*- -*\ |*-tBHD h—tLW—4*

J 1 l~~

_»JtHW =
< N - 2 > XTAL1 CYCLES

tLW = 2 XTAL1 CYCLES
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Timing Waveforms (Continued)

WRITE CYCLE

ADS

k— ^AW—*-|

A2.Ai,A X VAL 'D7\
I h^S-H |— *ch

c§2, csi.cso |XvAUDX
I I-— *csc* —

^

CSOUT
|

X

tyVA*

?X

-•-I *WCS*

-tcsw*
-tAW*

DOSTR/DOSTR

-tDOW »
|

« twc +\

\/—- U
ACTIVE A „

ACTIVE

DISTR/DISTR

DATA
D D 7

OR

ACTIVE

tDS *\ ^H

-^/ALID DATa}

"Applicable Only When ADS is Tied Low.

READ CYCLE

[•— lAW —-\

[

^-tAS-H
[

—-*AH
A2 ,

A,, A X VALID
I X^

v_y

|
|

^ tCS
>|

|
*-tcH

cs2. csi
,
cso IXvalidX

3CZ
h—

H

tRA *

tcsc

CSOUT i3c
hRCS*

tCSR'
" tAR« -RC

-tD |W - tRC

DISTR/DISTR XiEDC Yactive

4H
«
d

DOSTR/DOSTR

DDIS

l^-HtDS
f*-»|

tDD

"A r
tDDD

H>-
ACTIVE

DATA
D -D 7

'

H -I k- *HZ

'Applicable Only When ADS is Tied Low.
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Timing Waveforms (Continued)

RECEIVER TIMING

_TL

SAMPLE CLK

n n_
*\ [*- 'SCD

_n_

(RECEIVE
INPUT
DATA)

INTERRUPT
(DATA READY OR

RCVR ERR)

DISTR/DISTR @
(READ REC

DATA BUFFER
OR RDLSR)

r \ START /
IT > I

DATA BITS (5-21

II

I I J I L^ -N

—

XEEX

V

TRANSMITTER TIMING

YTART/

Y-J
DOSTR/DOSTtr© /~\

RTHRI / \

DISTR/DISTR (2)

(RD iiri

)6>ARITYy STOP (1-21 YTAR y

U-'HR-^j

v r
-jt 1H (*_

MODEM CONTROL TIMING

DOSTR/DOSTR ©
(WR MCR

—M<MDoU

V.

J—

\

"I

r

CTS. DSR. DCD

DISTR/DISTR @
(RD MSR)

Note: 1. See Write Cycle Timing

2. See Read Cycle Timing

'\ -rimP '\ «R)mP
'\

_/i M
\ j

5-194



UMC UM824S0

Pin Description

Input Signals

Chip Select (CSO, CS1, CS2), Pins 12-14: When CSO and

CS1 are high and CS2 is low, the chip is selected. Chip

selection is complete when the decoded chip select signal

is latched with an active (low) Address Strobe (ADS) input.

This enables communication between the ACE and the

CPU.

Data Input Strobe (DISTR, DISTR), Pins 22 and 21 : When

DISTR is high or DISTR is low while the chip is selected, it

allows the CPU to read status information or data from a

selected register of the ACE. Only an active DISTR or

DISTR input is required to transfer data from the ACE
during a read operation. Therefore, tie either the DISTR

input permanently low or the DISTR Input permanently

high, if not used.

Data Output Strobe (DOSTR, DOSTR), Pins 19 and 18:

The DOSTR is high or DOSTR is low while the chip is

selected, which allows the CPU to write data or control

words into a selected register of the ACE. Only an active

DOSTR or DOSTR input is required to transfer data to

the ACE during a write operation. Therefore, tie either

the DOSTR input permanently low or the DOSTR input

permanently high, if not used.

|
Address Strobe (ADS), Pin 25: When this is low,it provides

latching for the Register Select (A , Ai, A2 ) and Chip

Select (CSO, CS1 , CS2) signals. An active ADS input is re-

quired when the Register Select (A , Aj, A2 ) signals are

not stable for the duration of a read or write operation. If

not required, tie the ADS input permanently low.

Register Select (A2 , A lr A ), Pins 26-28: These three

inputs are used during a read or write operation to select

an ACE register to read from or write to as indicated

i

in Table 1. The DLAB must be set high by the system

software to access the Baud Generator Divisor Latches.

Master Reset (MR), Pin 35: This input is buffered with

a TTL- compatible Schmitt Trigger with 0.5V typical

hysteresis. When high, it clears all the registers (except

the Receiver Buffer, Transmitter Holding, and Divisor

Latches), and the control logic of the ACE. Also, the state

of various output signals (SOUT, INTRPT, OUT 1, OUT 2,

RTS, DTR) are affected by an active MR input. (Refer

to Table 2)

Receiver Clock (RCLK), Pin 9: This input is the 16 x

baud rate clock for the receiver section of the chip.

Serial Input (SIN), Pin 10: Serial data input from the com-

munications link (peripheral device, MODEM, or data set).

Clear to Send (CTS), Pin 36: The CTS signal is a MODEM
control function input whose conditions can be tested

by the CPU by reading bit 4 (CTS) of the MODEM Status

Register. Bit (DCTS) of the MODEM Status Register

indicates whether the CTS input has changed state since

the previous reading of the MODEM Status Register. CTS

has no effect on the Transmitter. Whenever the CTS bit

of the MODEM Status Register changes state, an interrupt

is generated if the MODEM Status Interrupt is enabled.

DLAB A2 A! A Register

Receiver Buffer (read), Transmitter
u (J

Holding Register (write)

1 Interrupt Enable

X 1 Interrupt Identification (read only)

X 1 1 Line Control

X 1 MODEM Control

X 1 1 Line Status

X 1 1 MODEM Status

X 1 1 1 Scratch

1 Divisor Latch (least significant byte)

1 1 Divisor Latch (most significant byte)

Table 1. Register address

Data Set Ready (DSR), Pin 37: When low, this indicates

that the MODEM or data set is ready to establish the com-

munications link and transfer data with the ACE. The DSR
signal is a MODEM-control function input whose condition

can be tested by the CPU by reading bit 5 (DSR) of the

MODEM Status Register. Bit 1 (DDSR) of the MODEM
Status Register indicates whether the DSR input has

changed state since the previous reading of the MODEM
Status Register. Whenever the DSR bit of the MODEM
Status Register changes state, an interrupt is generated if

the MODEM Status Interrupt is enabled.

Data Carrier Detect (DCD), Pin 38: When low, this in-

dicates that the data carrier has been detected by the MO-
DEM or data set. The DCD signal is a MODE-control func-

tion input whose condition can be tested by the CPU by

reading bit 7 (DCD) of the MODEM Status Register. Bit

3 (DDCD) of the MODEM Status Register indicates whe-

ther the DCD input has changed state since the previous

reading of the MODEM Status Register. DCD has no

effect on the receiver. Whenever the DCD bit of the MO-
DEM Status Register changes state, an interrupt is generat-

ed if the MODEM Status Interrupt is enabled.

Ring Indicator (Rl), Pin 39: When low, it indicates that a

telephone ringing signal has been received by the MODEM
or data set. The Rl signal is a MODEM-control function

input whose condition can be tested by the CPU by reading

bit 6 (Rl) of the MODEM Status Register. Bit 2 (TERI)
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of the MODEM Status Register indicates whether the RT
input has changed from a low to a high state since the

previous reading of the MODEM Status Register. Whenever

the Rl bit of the MODEM Status Register changes from a

high to a low state, an interrupt is generated if the MODEM
Status Register is enabled.

VDD , Pin 40: +5V supply.

Vss , Pin 20: Ground (OV) reference.

Output Signals

Data Terminal Ready (DTR), Pin 33: When low, this in-

forms the MODEM or data set that the ACE is ready to

communicate. The DTR output signal can be set to an ac-

tive low by programming bit (DTR) of the MODEM Con-

trol Register to a high level. The DTR signal is set high

upon a Master Reset operation. The DTR signal is forced to

its inactive state (high) during loop mode operation.

Request to Send (RTS), Pin 32: When low, this informs the

MODEM or data set that the ACE is ready to transmit

data. The RTS output signal can be set to an active low

by programming bit 1 (RTS) of the MODEM Control

Register. The RTS signal is set high upon a Master Reset

operation. The RTS signal is forced to its inactive state

(high) during loop mode operation.

Output 1 (OUT 1 ), Pin 34: This is a User-designated output

that can be set to an active low by programming bit 2 (OUT
1) of the MODEM Control Register to a high level. The

OUT 1 signal is set high upon a Master Reset Operation.

The OUT 1 signal is forced to its inactive state (high) during

loop mode operation.

Output 2 (OUT 2), Pin 31 : This is a User-designated output

that can be set to an active low by programming bit 3 (OUT

2) of the MODEM Control Register to a high level. The

OUT 2 signal is set high upon a Master Reset Operation.

The OUT 2 signal is forced to its inactive state (high) during

loop mode operation.

Chip Select Out (CSOUT), Pin 24: When high, indicates

that the chip has been selected by active, CSO, CS1, and

CS2 inputs. No data transfer can be initiated until the

CSOUT signal is a logic 1. CSOUT goes low when the

chip is deselected.

Driver Disable (DDIS), Pin 23: This goes low whenever the

CPU is reading data from the ACE. A high-level DDIS
output can be used to disable an external transceiver (if

used between the CPU and ACE on the D 7-D Data Bus)

at all times, except when the CPU is reading data.

The BAUDOUT may also be used for the receiver section

by tying this output to the RCLK input of the chip.

Interrupt (INTRPT), Pin 30: Goes high whenever anyone
of the following interrupt types has an active high condi-

tion and is enabled via the IER: Receiver Error Flag;

Received Data Available; Transmitter Holding Register

Empty and MODEM Status. The INTRPT signal is reset

low upon the appropriate interrupt service or a Master

Reset operation.

Serial Output (SOUT), Pin 11: Composite serial data

output to the communications link (peripheral, MODEM
or data set). The SOUT signal is set to the Marking (logic

1) state upon a Master Reset operation.

Input/Output Signals

Data (D7—

D

) Bus, Pins 1-8: This bus comprises eight

TR I -STATE input/output lines. The bus provides bidirec-

tional communications between the ACE and the CPU.

Data, control words and status information are transferred

via the D 7
—D Data Bus.

External Clock Input/Output (XTAL 1, XTAL 2), Pins 16

and 17: These two pins connect the main timing reference

(crystal or signal clock) to the ACE.

Programmable Registers

The system programmer may access or control any of

the ACE registers summarized in Table 3 via the CPU.

These registers are used to control ACE operations and to

transmit and receive data.

Line Control Register

The system programmer specifies the format of the asyn-

chronous data communications exchange via the Line

Control Register. In addition to controlling the format,

the programmer may retrieve the contents of the Line

Control Register for inspection. This feature simplifies

system programming and eliminates the need for separate

storage in system memory of the line characteristics.

The contents of the Line Control Register are indicated

in Table 3 and are described below.

Bits and 1: These two bits specify the number of bits

in each transmitted or received serial character. The

encoding of bits and 1 is as follows:

Baud Out (BAUDOUT), Pin 15: This is a 16x clock signal

for the transmitter section of the ACE. The clock rate is

equal to the main reference oscillator frequency divided by

the specified divisor in the Baud Generator Divisor Latches.

Bit 1 BitO Word Length

1

1

1

1

5 Bits

6 Bits

7 Bits

8 Bits
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Bit 2: This bit specifies the number of Stop bits in each

transmitted character. If bit 2 is a logic 0, one Stop bit

is generated in the transmitted data. If bit 2 is a logic 1

when a 5-bit word length is selected via bits and 1, one

and a half Stop bits are generated. If bit 2 is a logic 1 when
either a 6-, 7-, or 8*-bit word length is selected, two Stop

bits are generated. The Receiver checks the first Stop-bit

only, regardless of the number of Stop bits selected.

Bit 3: This bit is the Parity Enable bit. When bit 3 is a

logic 1 , a Parity bit is generated (transmit data) or checked

(receive data) between the last data word bit and Stop bit

of the serial data. (The Parity bit is used to produce

an even or odd number of 1s when the data word bits and

the Parity bit are summed.)

Bit 4: This bit is the Even Parity Select bit. When bit 3 is a

logic 1 and bit 4 is a logic 0, an odd number of logic 1s

is transmitted or checked in the data word bits and Parity

bit. When bit 3 is a logic 1 and bit 4 is a logic 1, an even

number of logic 1 s is transmitted or checked.

Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and
5 are logic 1s the Parity bit is transmitted and checked by

the receiver as a logic 0. If bits 3 and 5 are 1s and bit 4
is a logic then the Parity bit is transmitted as a 0.

Bit 6: This bit is the Break Control bit. When it is set to

a logic 1, the serial output (SOUT) is forced to the Spacing

(logic 0) state. The break is disabled by setting bit 6 to

a logic 0. The Break Control bit acts only on SOUT and

has no effect on the transmitter logic.

Note: This feature enables the CPU to alert a terminal in

a computer communications system. If the following

sequence is followed, no erroneous or extraneous characters

will be transmitted because of the break.

1

.

Load an all 0s, pad character, in response to THRE.
2. Set break after the next THRE.
3. Wait for the transmitter to be idle, (TEMT = 1), and

clear the break when normal transmission has beer

restored.

During the break, the Transmitter can be used as a charac-

ter timer to accurately establish the break duration.

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It

must be set high (logic 1) to access the Divisor Latches of

the Baud Generator during a Read or Write operation. It

must be set low (logic 0) to access the Receiver Buffer,

the Transmitter Holding Register, or the Interrupt Enable

Register.

Table 2. ACE Reset Functions

Register/Signal Reset Control Reset State

Interrupt Enable Register Master Reset
All Bits Low

(0 - 3 forced and 4 - 7 permanent)

Interrupt Identification Register Master' Reset
Bit is High, Bits 1 and 2 Low
Bits 3 - 7 are Permanently Low

Line Control Register Master Reset All Bits Low

MODEM Control Register Master Reset All Bits Low

Line Status Register Master Reset
All Bits Low,

Except Bits 5 & 6 are High

MODEM Status Register Master Reset
Bits - 3 Low

Bits 4- 7 - Input Signal

SOUT Master Reset High

INTRPT (RCVR Errs) Read LSR/MR Low

INTRPT (RCVR Data Ready) Read RBR/MR Low

INTRPT (THRE) Read IIR/Write THR/MR Low

INTRPT (Modem Status Changes) Read MSR/MR Low

OUT 2 Master Reset High

rTs Master Reset High

"dtr Master Reset High

OUT 1 Master Reset High

5-197



UMC
UM82450

Table 3. Summary of Accessible Registers

Bit No.

Register Address

DLAB=0 DLAB=0 1 DLAB=0 2 3 4 5 6 7 DLAB=1 1 DLAB=1

Receiver

Buffer

Register

(Read

Only)

Transmitter

Holding

Register

(Write

Only)

Interrupt

Enable

Register

Interrupt

Ident.

Register

(Read

Only)

Line

Control

Register

MODEM
Control

Register

Line

Status

Register

MODEM
Status

Register

Scratch

Reg-

ister

Divisor

Latch

(LS)

Divisor

Latch

(MS)

RBR THR IER IIR LCR MCR LSR MSR SCR DLL DLM

Data Bit 0* Data Bit

Enable

Received

Data

Available

Interrupt

(ERBFI)

"0" if

Interrupt

Pending

Word
Length

Select

BitO

(WLSO)

Data

Terminal

Ready

(DTR)

Data

Ready

(DR)

Delta

Clear

to Send

(DCTS)

BitO BitO Bit 8

1 Data Bit 1 Data Bit 1

Enable

Transmitter

Holding

Register

Empty

Interrupt

(ETBEI)

Interrupt

ID

Bit (0)

(WL
Word
Length

Select

Bit 1

(WLS1)

Request

to Send

(RTS)

Overrun

Error

(OR)

Delta

Data

Set

Ready

(DDSR)

Bit 1 Bit 1 Bit 9

2 Data Bit 2 Data Bit 2

Enable

Receiver

Line

Status

Interrupt

(ELSI)

Interrupt

ID

Bit (1)

Number
of Stop

Bits

(STB)

Out 1

Parity

Error

(PE)

Trailing

Edge

Ring

Indicator

(TERI)

Bit 2 Bit 2 Bit 10

3 Data Bit 3 Data Bit 3

Enable

MODEM
Status

Interrupt

(EDSSI)

Parity

Enable

(PEN)

Out 2

Framing

Error

(FE)

Delta

Data

Carrier

Detect

(DDCD)

Bit 3 Bit 3 Bit 11

4 Data Bit 4 Data Bit 4

Even

Parity

Select

(EPS)

Loop

Break

Interrupt

(Bl)

Clear to

Send

(CTS)

Bit 4 Bit 4 Bit 12

5 Data Bit 5 Data Bit 5
Stick

Parity

Transmitter

Holding

Register

(THRE)

Data

Set

Ready

(DSR)

Bit 5 Bit 5 Bit 13

6 Data Bit 6 Data Bit 6
Set

Break

Transmitter

Empty

(TEMT)

Ring

Indicator

(Rl)

Bit 6 Bit 6 Bit 14

7 Data Bit 7 Data Bit 7

Divisor

Latch

Access

Bit

(DLAB)

Data

Carrier

Detect

(DCD)

Bit 7 Bit 7 Bit 15

* Bit is the least significant bit. It is the first bit serially transmitted or received.
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Programmable Baud Generator

The ACE contains a programmable Baud Generator that is

capable of taking any clock input (DC to 3.1 MHz) and
dividing it by any divisor from 1 to 2 16 -1. The output

frequency of the Baud Generator is 16 x the Baud [divisor

# = (frequency input) -f (baud rate x 16)]. Two 8-bit

latches store the divisor in a 16-bit binary format. These

Divisor Latches must be loaded during initialization in

order to ensure desired operation of the Baud Generator.

Upon loading either of the Divisor Latches, a 16-bit Baud
counter is immediately loaded. This prevents long counts

on initial load.

Tables 4 and 5 illustrate the use of the Baud Generator

with crystal frequencies of 1.8432 MHz and 3.072 MHz
respectively. For baud rates of 38400 and below, the error

obtained is minimal. The accuracy of the desired baud
rate is dependent on the crystal frequency chosen. The
maximum operating frequency of the Baud Generator is

3.1 MHz. However, when using divisors of 3 and below,

the maximum frequency is equal to the divisor in MHz.
For example, if the divisor is 1, then the maximum
frequency is 1 MHz. In no case should the data rate be
greater than 56k Baud.

Line Status Register

This 8-bit register provides status information to the CPU
concerning the data transfer. The contents of the Line

Status Register are indicated in Table 3 and are described

below.

Bit 0: This bit is the receiver Data Ready (DR) indicator.

Bit is set to a logic 1 whenever a complete incoming

character has been received and transferred into the Re-

ceiver Buffer Register. Bit is reset to a logic by reading

the data in the Receiver Buffer Register.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1

indicates that data in the Receiver Buffer Register was not

read by the CPU before the next character was transferred
1 into the Receiver Buffer Register, thereby destroying

the previous character. The OE indicator is reset whenever
the CPU reads the contents of the Line Status Register.

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2

indicates that the received data character does not have

the correct even or odd parity, as selected by the even-

parity-select bit. The PE bit is set to a logic 1 upon detec-

tion of a parity error and is reset to a logic whenever
the CPU reads the contents of the Line Status Register.

Bit 3: This bit is the Framing Error (FE) indicator. Bit 3
indicates that the received character did not have a valid

Stop bit. Bit 3 is set to a logic 1 whenever the Stop bit

following the last data bit or parity bit is detected as a

zero bit (Spacing level). The FE indicator is reset whenever
the CPU reads the contents of the Line Status indicator.

Table 4. Baud Rates Using a 1.8432 MHz Crystal

Desired

Baud Rate

Divisor Used

to Generate

16 x Clock

Percent Error

Difference Between
Desired and Actual

50 2304

75 1536 —
110

134.5

150

1047

857

768

0.026

0.058

300 384 ._

600

1200

192

96

-

1800 64 _
2000

2400

58

48
0.69

3600

4800

32

24

-

7200

9600

16

12

-

19200 6 _
38400 3 _
56000 2 2.86

Typical Oscillator Application

EXTERNAL
CLOCK

DRIVER

-t>°- XTAL1

UM82450

XTAL2

1—

^

CRYS-
TAL

I
I

Rx2

XTAL1

UM82450

XTAL2

C2

Typical Crystal Oscillator Network

Crystal Rp Rx2 c, C2

3.1 MHz 1 MJ2 1.5K 10-30 pF 40-60 pF

1.8 MHz 1 MO, 1.5K 10-30 pF 40-60 pF
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Table 5. Baud Rates Using 3.072 MHz Crystal

Desired

Baud Rate

Divisor Used

to Generate

16 x Clock

Percent Error

Difference Between

Desired and Actual

50 3840 _

75 2560 -

110 1745 0.026

134.5 1428 0.034

150 1280 -

300 640 -

600 320 -

1200 160 -

1800 107 0.312

2000 96 -

2400 80 -

3600 53 0.628

4800 40 -

7200 27 1.23

9600 20 -

19200 10 -

38400 5 -

Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit 4

is set to a logic 1 whenever the received data input is held

in the Spacing (logic 0) state for longer than a full word

transmission time (that is, the total time of Start bit +

data bits + Parity + Stop bits). The Bl indicator is reset

whenever the CPU reads the contents of the Line Status

indicator. Bits 1 through 4 are the error conditions that

produce a Receiver Line Status interrupt whenever any

of the corresponding conditions are detected.

Bit 5: This bit is the Transmitter Holding Register Empty
(THRE) indicator. Bit 5 indicates that the ACE is ready

to accept a new character for transmission. In addition,

this bit causes the ACE to issue an interrupt to the CPU
when the Transmit Holding Register Empty Interrupt

enable is set high. The THRE bit is set to a logic 1 when

a character is transferred from the Transmitter Holding

Register into the Transmitter Shift Register. The bit

is reset to logic concurrently with the loading of the

Transmitter Holding Register by the CPU.

Bit 6: This bit is the Transmitter Empty (TEMT) indicator.

Bit 6 is set to a logic 1 whenever the Transmitter Holding

Register (THR) and the Transmitter Shift Register (TSR)

are both empty. It is reset to a logic whenever either

the THR or TSR contains a data character.

Table 6. Interrupt Control Functions

Interrupt Identification

Register
Interrupt Set and Reset Functions

Bit 2 Bitl BitO
Priority

Level

Interrupt

Type
Interrupt

Source

Interrupt

Reset Control

1
- None None -

1 1 Highest
Receiver

Line Status

Overrun Error

or

Parity Error

or

Framing Error

or

Break Interrupt

Reading the

Line Status Register

1 Second
Receive

Data Available

Receiver

Data Available

Reading the

Receiver Buffer Register

1 Third

Transmitter

Holding Register

Empty

Transmitter

Holding Register

Empty

Reading the

MR Register

(if source of interrupt)

or

Writing into the

Transmitter Holding

Register

Fourth
MODEM
Status

Clear to Send
or

Data Set Ready
or

Ring Indicator

or

Data Carrier

Detect

Reading the

MODEM Status

Register
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Bit 7: This bit is permanently set to logic 0. The Line

Status Register is intended for read operations only.

Writing to this register is not recommended as this opera-

tion is used for factory testing.

Interrupt Identification Register

The ACE has an on-chip interrupt capability that allows for

flexibility in interfacing popular microprocessors presently

available. In order to provide minimum isoftware overhead

during data character transfers, the ACE prioritizes inter-

rupts into four levels. The four levels of interrupt condi-

tions are as follows: Receiver Line Status (priority 1);

Received Data Ready (priority 2); Transmitter Holding

Register Empty (priority 3); and Modem Status (priority

4).

Information indicating that a prioritized interrupt is pend-

ing and the type of that interrupt are stored in the Inter-

rupt Identification Register (MR). When addressed during

chip-select time, the IIR freezes the highest priority inter-

rupt pending and no other interrupts are acknowledged

until the particular interrupt is serviced by the CPU. The
contents of the IIR are indicated in Table 3 and are de-

scribed below.

Bit 0: This bit can be used in either a hardwired prioritized

or polled environment to indicate whether an interrupt is

pending. When bit is a logic 0, an interrupt is pending

and the IIR contents may be used as a pointer to the ap-

propriate interrupt service routine. When bit is a logic 1

,

no interrupt is pending and polling (if used ) continues.

Bits 1 and 2: These two bits of the I |R are used to identify

the highest priority interrupt pending as indicated in Table

5.

Bits 3 through 7: These five bits of the IIR are always

logic 0.

Interrupt Enable Register

This 8-bit register enables the four types of interrupts of

the ACE to separately activate the chip interrupt (INTRPT)
output signal. It is possible to totally disable the interrupt

system by resetting bits through 3 of the Interrupt Enable

Register. Similarly, by setting the appropriate bits of

this register to a logic 1 , selected interrupts can be enabled.

Disabling the interrupt system inhibits the Interrupt

Identification Register and the active (high) INTRPT
output from the chip. All other system functions operate

in their normal manner, including the setting of the Line

Status and MODEM Status Registers. The contents of the

Interrupt Enable Register are indicated in Table 3 and are

described below.

Bit 0: This bit enables the Received Data Available Inter-

rupt when set to logic 1

.

UM824S0

Bit 1: This bit enables the Transmitter Holding Register

Empty Interrupt when set to logic 1

.

Bits 2: This bit enables the Receiver Line Status Interrupt

when set to logic 1

.

Bit 3: This bit enables the MODEM Status Interrupt when
set to logic 1.

Bits 4 through 7: These four bits are always logic 0.

MODEM Control Register

This 8-bit register controls the interface with the MODEM
or data set (or a peripheral device emulating a MODEM).
The contents of the MODEM Control Register are indicated

in Table 3 and are described below.

Bit 0: This bit controls the Data Terminal Ready (DTR)
output. When bit is set to logic 1, the DTR output is

forced to a logic 0. When bit is reset to a logic 0, the

DTR output is forced to a logic 1. The DTR output of

the ACE may be applied to an EIA inverting line driver

(such as the DS1488) to obtain the proper polarity input

at the succeeding MODEM or data set.

Bit 1
: This bit contro ls the Request to Send (RTS) output.

Bit 1 affects the RTS output in a manner identical to that

described above for bit 0.

Bit 2: This bit controls the Output 1 (OUT 1) signal, which
is an au xiliary user-designated output. Bit 2 affects the

OUT 1 output in a manner identical to that described

above for bit 0.

Bit 3: This bit controls the Output 2 (OUT 2) signal, which
is an au xiliary user-designated output. Bit 3 affects the

OUT 2 output in a manner identical to that described

above for bit 0.

Bit 4: This bit provides a local loopback feature for diagno-

tic testing of the ACE. When bit 4 is set to logic 1, the

following occurs, the transmitter Serial Output (SOUT) is*

set to the Marking (logic 1) state; the receiver Serial Input

(SIN) is disconnected; the output of the Transmitter Shift

Register is "looped back" into the Receiver Shift Register

input; the four MODEM Control inputs (CTS, DSR, DCD,
and Rl) are disconnected; and the four MODEM Control

outputs (DTR, RTS, OUT 1, and OUT 2) are internally

connected to the four MODEM Control inputs, and the

MODEM Control output pins are forced to their inactive

state (high). In the diagnostic mode, data that is transmit-

ted is immediately received. This feature allows the pro-

cessor to verify the transmit-and received-data paths of

the ACE.

In the diagnostic mode, the receiver and transmitter inter-

rupts are fully operational. The MODEM Control Inter-

rupts are also operational, but the interrupts' sources are
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now the lower four bits of the MODEM Control Register

instead of the four MODEM Control inputs. The interrupts

are still controlled by the Interrupt Enable Register.

Bit 5 through 7: These bits are permanently set to logic 0.

MODEM Status Register

This 8-bit register provides the current state of the control

lines from the MODEM (or peripheral device) to the CPU.

In addition to this current-state information, four bits

of the MODEM Status Register provide change information.

These bits are set to a logic 1 whenever a control input

from the MODEM changes state. They are reset to logic

whenever the CPU reads the MODEM Status Register.

Accessible Registers

The contents of the MODEM Status Register are indicated

in Table 3 and are described below.

Bit 0: This bit is the Delta Clear to Send (DCTS) indicator.

Bit indicates that the CTS input to the chip has changed

state since the last time it was read by the CPU.

Bit 1: This bit is the Delta Data Set Ready (DDSR) in-

dicator. Bit 1 indicates that the DSR input to the Chip

has changed state since the last time it was read by the

CPU.

Bit 2: This bit is the Trailing Edge of Ring Indicator

(TERI) detector. Bit 2 indicates that the Rl input to the

chip has changed from a low to a high state.

"Bit 3: This bit is the Delta Data Carrier Detect (DDCD)

indicator. Bit 3 indicates that the DCD input to the chip

has changed state. Whenever bits 0, 1 , 2, or 3 are set to

logic 1 , a MODEM Status Interrupt is generated.

Bit 4: This bit is the complement of the Clear to Send

(CTS) input. If bit 4 (loop) of the MCR is set to a 1, this

bit is equivalent to RTS in the MCR.

Bit 5: This bit is the complement of the Data~Set Ready

(DSR) input. If bit 4 of the MCR is set to a 1 , this bit is

equivalent to DTR in the MCR.

Bit 6: This bit is the complement of the Ring Indicator

(R7) input. If bit 4 of the MCR is set to a 1, this bit is

equivalent to OUT 1 in the MCR.

Bit 7: This bit is the complement of the Data Carrier

Detect (DCD) input. If bit 4 of the MCR is set to a 1 , this

bit is equivalent to OUT 2 of the MCR.

Scratchpad Register

This 8-bit Read/Write Register does not control the ACE

in any way. It is intended as a scratchpad register to be

used by the programmer to hold data temporarily.

Typical Application

SYSTEM BUS

EIA /l—iv RS-232

DRIVERSW INTERFACE
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Ordering Information

Part No. Package

UM82450 40LDIP

UM82450L 44LPLCC
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Asynchronous Communication

Eiement (ACE)

Features

Adds or deletes standard asynchronous communication

bits (start, stop, and parity) to or from a serial data

stream

Full double buffering eliminates the need for precise

synchronization

Independently controlled transmit, receive, line status,

and data set interrupts

Programmable baud rate generator allows division of

any input clock by 1 to 2
16 -1 and generates the

internal 16x clock

Independent receiver clock input

Modem control functions (CTS, RTS, DSR, DTR,
Rl, andDCD
Single +5 volt power supply

TRI-STATE TTL Drive capabilites for bidirectional

data bus and control bus.

Fully programmable serial-interface characteristics

— 5-, 6-, 7-, or 8-bit characters

- Even, odd, or no-parity bit generation and detection

— 1-, 1%-, or 2-stop bit generation

- Baud rate generation (DC to 56k baud)

False start bit detection

Complete status reporting capabilities

Easily interfaces to most popular microprocessors

Line break generation and detection

Internal diagnostic capabilities

- Loopback controls for communications link fault

isolation

— Break, parity, overrun, framing error simulation

Fully prioritized interrupt system controls

General Description

UM8250A is a programmable Asynchronous Communica-

tion Element (ACE) chip fabricated using the Si-Gate

NMOS process. It performs serial-to-parallel conversion on

data characters received from a peripheral device or a

modem, and parallel-to-serial conversion on data characters

received from the CPU. The CPU can read the complete

status of the ACE at any time during the functional opera-

tion. It also includes a programmable baud rate generator

that is capable of dividing the timing reference clock

input by divisors of 1 to 2
16

- 1 , and producing a 16x

clock for driving the internal transmitter logic.

Pin Configuration

DiC
D 2 C
DjC
04 C
DsC

07 IZ
RCLK Q

SINirZ

soutFZ
csolZ

CS1 \Z

CS2|Z

BAUDOUT
XTAL1

XTAL2 [Z

DOSTR

DOSTR \Z

VssC

. =1

39 Z
38 ZJ

37 Z)

36 Z)

35 Zl

34 Z
33 ZJ

32 Z
31 Z
30 Z
29 ZJ

28 Z]

27 Z
26 Z
25 Z
24 Z
23 Z
22 Z
21 Z

V_DD

Rl

DCD

DSR
CTS

MR
oUTT
DTR
RTS

OUT2
INTRPT

NC

A

Ai

As
ADS

CSOUT
DDIS

DISTR

DISTR
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Block Diagram

D7Do<W
INTERNAL
DATA BUS

A

Ai

A2

CSO

CS1

CS2

ADS
MR

DISTR

DISTR

DOSTR

DOSTR
DDIS

CSOUT
XTAL1
XTAL2

»~

»•

»
*

SELECT
&

CONTROL
LOGIC»

»"

-*

—

-*

— b

RECEIVER
BUFFER
REGISTER V

LINE
CONTROL
REGISTER

RECEIVER
SHIFT

REGISTER

DIVISOR
LATCH (LS)

DIVISOR
LATCH (MS)

BAUD
GENERATOR

LINE
STATUS
REGISTER

RECEIVER
TIMING

&
CONTROL

RCLK

BAUDOUT

TRANSMITTER
TIMING

&
CONTROL

TRANSMITTER
HOLDING
REGISTER

TRANSMITTER
SHIFT

REGISTER

b MODEM
CONTROL
REGISTER V

b MODEM
STATUS
REGISTER

A-V

X>
INTERRUPT
ENABLE
REGISTER

AV

INTERRUPT
ID

REGISTER

INTERRUPT
CONTROL
LOGIC

AV

MODEM
CONTROL
LOGIC

-*- SOUT

RTS

CTS
DTR

DSR
DCD
"Rl

OUT1

OUT2

-* INTRPT
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Absolute Maximum Ratings*

Temperature Under Bias 0°C to +70°C

Storage Temperature -65°C to +150°C

All Input or Output Voltages with

Respect to Vss : . . . . -0.5V to +7.0V

Power Dissipation 700 mW

"Comments .

Stresses above those listed under "Absolute Maximum
Ratings" may cause permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device

reliability.

DC Electrical Characteristics

TA = 0°C to +70°C, VDD = +5V ± 5%, VSS = V, unless otherwise specified.

Symbol Parameter Conditions Min. Max. Unit

VlLX Clock Input Low Voltage -0.5 .0-8 V

V IHX Clock Input High Voltage 2.0 Vcc V

V|L Input Low Voltage -0.5 0.8 V

V,H Input High Voltage 2.0 Vcc V

Vol Output Low Voltage 'OL
= 1-6mA on all* 0.4 V

Voh Output High Voltage Iql = -1.0 mA* 2.4 V

ice (AV) Avg Power Supply Current (Vcc) Vcc = 5.25 V, TA = 25°C
No Loads on output

SIN, DSR, RLSD,

CTS, R) = 2.0V

All other inputs = 0.8V

95 mA

IlL Input Leakage Vcc = 5.25V, Vss = 0V
All other pins floating.

V,N =0V, 5.25V

±10 ma

ICL Clock Leakage ±10 HA

•oz TR I -STATE Leakage VCC |= 5.25V, vss = ov
VOUT = 0V, 5.25V

1 ) Chip deselected

2) WRITE Mode, chip

selected

±20 MA

VILMR MR Schmitt V| L
0.8 V

VIHMR MR Schmitt V|H 2.0 V

* Does not apply to XTAL2

Capacitance

TA = 25°C, VCC = Vss = 0V

Symbol Parameter Conditions Min. Typ. Max. Unit

CXTAL2 Clock Input Capacitance
fc = 1 MHz

Unmeasured pins

returned to Vss

15 20 PF

CxTALI Clock Output Capacitance 20 30 pF

C IN Input Capacitance 6 10 PF

COUT Output Capacitance 10 20 pF

5-206



UMC
UM82S0A

AC Characteristics

TA = 0°C to b 70°C, VDD = +5V ± 5%

Symbol Parameter Conditions Min. Max. Unit

tAW Address Strobe Width 90 - ns

tAS Address Setup Time 90 ns

tAH Address Hold Time ns

tcs Chip Select Setup Time 90 ns

tCH Chip Select Hold Time ns

*DIW DISTR/DISTR Strobe Width 175 ns

tRC Read Cycle Delay 500 ns

RC Read Cycle = tAR* +tDIW+tRC 755 ns

tDD DISTR/DISTR to Driver Disable Delay @100pF loading*** 75 ns

tDDD Delay from DISTR/DISTR to Data . @100pF loading 175 ns

tHZ DISTR/DISTR to Floating Data Delay @100pF loading*** 30 150 ns

tDOW DOSTR/DOSTR Strobe Width 175 ns

twc Write Cycle Delay 500 ns

WC Write Cycle = tAW + tQOW + tWC 755 ns

tDS Data Setup Time 90 ns

tDH Data Hold Time 60 ns

tcsc* Chip Select Output Delay from Select @100pF loading 125 ns

tRA* Address Hold Time from DISTR/DISTR 20 ns

tRCS* Chip Select Hold Time from DISTR/DISTR 20 ns

tAR* DISTR/DISTR Delay from Address 80 ns

tCSR* DISTR/DISTR Delay from Chip Select 80 ns

tyvA* Address Hold Time from DOSTR/DOSTR 20 ns

twcs* Chip Select Hold Time from DOSTR/DOSTR 20 ns

I jS3

tAW* DOSTR/DOSTR Delay from Address 80 ns

tcsw* DOSTR/DOSTR Delay from Select 80 ns

tMRW Master Reset Pulse Width 10 ns

*XH Duration of Clock High Pulse External Clock (3.1 MHz Max.) 140 MS

tXL Duration of Clock Low Pulse External Clock (3.1 MHx Max.) 140 ns

Baud Generator

N Baud Divisor
1 216-1

tBLD Baud Output Negative Edge Delay 100 pF Load 250 ns

tBHD Baud Output Positive Edge Delay 100 pF Load 250 ns

tLW Baud Output Down Time fx = 2MHz,-^2, 100 pF Load 425 ns

tHW Baud Output Up Time fx = 3MHz,-^3, 100 pF Load 330 ns

Receiver

tSCD Delay from RCLK to Sample Time 2 MS

tSINT Delay from Stop to Set Interrupt 1 1
RCLK**
Cycles

tRINT Delay from DISTR/DISTR
(RD RBR/RDLSR) to Reset Interrupt 100 pF Load 890 ns

'Applicable only when ADS is tied low.

**RCLK is equal to tXH and tXL
***Charge and discharge time is determined by V i_. VOH and the external loading.
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AC Characteristics (Continued)

Symbol Parameter Conditions Min. Max. Units

Transmitter

tHR
Delay from DOSTR/DOSTR (WR THR)
to Reset Interrupt

100 pF Load 890 ns

t|RS
Delay from Initial INTR Reset to

Transmit Start
8 24

RCLK
Cycles

tsi Delay from Initial Write to Interrupt 16 32
RCLK
Cycles

tSTI Delay from Stop to Interrupt (THRE) 8 8
RCLK
Cycles

t|R 100 pF Load 890 ns
Delay from DISTR/DISTR (RD IIR)

to Reset Interrupt (THRE)

Modem Control

tMDO 100 pF Load 1000 ns
Delay from DOSTR/DOSTR (WR MCR)
to Output

tSIM Delay to Set Interrupt from MODEM Input 100 pF Load 1000 ns

tRIM 100 pF Load 1000 ns
Delay to Reset Interrupt from DISTR/

DISTR (RD MSR)

Timing Waveforms

EXTERNAL CLOCK INPUT (3.1 MHz MAX.)

h

—

H 1xh

XTAL1
2.0V

0.8 V

tXL

AC TEST POINTS

BAUDOUT TIMING

XTAL1

BAUD OUT
K-1)

JTJTOJTITJTJTJlJTJXn-rL
*BHD-H r*-

tBLD -H K- -H h- lHW

TJTJirLTLTL
-H I— tBHD -H t^-^W

-Hh-tBLD k—HJHW

tBLD \~—M *LW
-H K- -H K-tBHD tHw l

* H « t LW-*»l

I I II II >BAUD OUT
H" 3)

*BLD
-*)(-»- -H H-^hd h—

t

LW »
|

* _^tHW = (N-2) XTAL1 CYCLES

BAUD OUT
(4-IM, N>3)

tLW = 2 XTAL1 CYCLES
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Timing Waveforms (Continued)

WRITE CYCLE

h— *aw—A
ADS V^

j

—- tAS -—

f

f
«-tAH

A2.A,.A )( VALId7)(
'

I
I^CS^j L^tCH

cs^, cs,, cs Invalid )( —

-X
tWA«

-X

tcsc* |-« H twcs*

CSOUT X
h tcsw*

• tAW*

•*DOW- *wc-

DOSTR/DOSTR 3GEEX!

DISTR/DISTR

DATA
D -D 7

tDs (^ 4- ] tDH

(VALID DATA>

* Applicable Only When ADS is Tied Low.

READ CYCLE

\~— *AW —
*| ^^^^^

ADS^\__/
|

—^S-H |

—-*AH

a 2. Ai. a X vA *-'p"i"y
-

I |

- tCS
*

| [— tCH

cs2 , csl cs [)(valid)(

tRA*

CSOUT

|

\+— tcsc* —

^

2C
XT

f*
jtRCS

tCSR*

RC
-tD |W - *RC

DISTR/DISTR ^ ACTVE X
ih-

-*f-

DOSTR/DOSTR
Hlr

*DD

DDIS

DATA
Do-D?'

tDDD h H —
"I k- tHZ

Valid'
.DATA,

'Applicable Only When ADS is Tied Low.

"

Y ACTIVE

OR

ACTIVE

SI
ACTIVE

ACTIVE
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Timing Waveforms (Continued)

RECEIVER TIMING

_ri

SAMPLE CLK

Jl Jl_
-*-| [*- <scc

_n_

SIN
IRECEIVER

INPUT
DATA)

\ START /

INTERRUPT
(DATA READY OR

RCVR ERRI

DISTR/DISTR © <

(READ REC
DATA BUFFER

OR RDLSR)

DATA BITS (5-8)

II

I I I I I I I L

H -
J

XEEX

V

TRANSMITTER TIMING

^tart/

H
\—I

DOSTR/DOSTR © I \
IWR THRI / \

-*\ IHR

V» «SI

JPNftTiJ STOP (1-2) ^TARy

U-tHR-*j

v /

^ »1R (—

—

MODEM CONTROL TIMING

DOSTR/DOSTR ©
(WR MCRI

RTS.DTR
OUT1. OUT2

—""HMDoU

—

—V.

j—

V

~l

/

INTERRUPT

Note: 1. See Write Cycle Timing

2. See Read Cycle Timing

'\ tRIMp ^\ 'R.MP \'I 'rimI I I
'RIm|

I

3 3n r\

\ /
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Pin Description

Input Signals

Chip Select (CSO, CS1, CS2), Pins 12-14: When CSOand

CS1 are high and CS2 is low, the chip is selected. Chip

selection is complete when the decoded chip select signal

is latched with an active (low) Address Strobe (ADS) input.

This enables communication between the ACE and the

CPU.

Data Input Strobe (DISTR, DISTR), Pins 22 and 21 : When

DISTR is high or DISTR is low while the chip is selected, it

allows the CPU to read status information or data from a

selected register of the ACE. Only an active DISTR or

DISTR input is required to transfer data from the ACE
during a read operation. Therefore, tie either the DISTR

input permanently low or the DISTR Input permanently

high, if not used.

Data Output Strobe (DOSTR, DOSTR), Pins 19 and 18:

When DOSTR is high or DOSTR is low while the chip is

selected, allows the CPU to write data or control words

into a selected register of the ACE. Only an active DOSTR
or DOSTR input is required to transfer datg^to the ACE
during a write operation. Therefore, tie either the DOSTR
input permanently low or the DOSTR input permanently

high, if not used.

Address Strobe (ADS), Pin 25: When low, provides latch-

ing for the Register Select (A 2 ,Ai,A ) and Chip Select

(CSO, CS1, CS2) signals. An active ADS input is required

when the Register Select (A2 ,Aj,A ) signals are not

stable for the duration of a read or write operation. If

not required, tie the ADS input permanently low.

Register Select (A2 , A1# A ), Pins 26-28: These three

inputs are used during a read or write operation to select

an ACE register to read from or write into as indicated

in Table 1. The D LAB must be set high by the system

software to access the Baud Generator Divisor Latches.

Master Reset (MR), Pin 35: This input is buffered with

a TTL-compatible Schmitt Trigger with 0.5V typical

hysteresis. When high, it clears all the registers (except

the Receiver Buffer, Transmitter Holding, and Divisor

Latches), and the control logic of the ACE. Also, the state

of various output signals (SOUT, INTRPT, OUT 1.0UT2,
RTS, DTR) are affected by an active MR input. (Refer

to Table 1.)

Receiver Clock (RCLK), Pin 9: This input is the 16 x

baud rate clock for the receiver section of the chip.

Serial Input (SIN), Pin 10: Serial data input from the com-

munications link (peripheral device, MODEM, or data set).

Clear to Send (CTS), Pin 36: The CTS signal is a MODEM
control function input whose conditions can be tested

by the CPU by reading bit 4 (CTS) of the MODEM Status

Register. Bit (DCTS) of the MODEM Status Register

indicates whether the CTS input has changed state since

the previous reading of the MODEM Status Register. CTS

has no effect on the Transmitter. Whenever the CTS bit

of the MODEM Status Register changes state, an interrupt

is generated if the MODEM Status Interrupt is enabled.

DLAB A2 A! A Register

Receiver Buffer (read). Transmitter
u u u Holding Register (write)

1 Interrupt Enable

X 1 Interrupt Identification (read only)

X 1 1 Line Control

X 1 MODEM Control

X 1 1 Line Status

X 1 1 MODEM Status

X 1 1 1 Scratch

1 Divisor Latch (least significant byte)

1 1 Divisor Latch (most significant byte)

Table 1. Register Address

Data Set Ready (DSR), Pin 37: When low, this indicates

that the MODEM or data set is ready to establish the com-

munications link and transfer data with the ACE. The DSR
signal is a MODEM-control function input whose condition

can be tested by the CPU by reading bit 5 (DSR) of the

MODEM Status Register. Bit 1 (DDSR) of the MODEM
Status Register indicates whether the DSR input has

changed state since the previous reading of the MODEM
Status Register. Whenever the DSR bit of the MODEM
Status Register changes state, an interrupt is generated if

the MODEM Status Interrupt is enabled.

Data Carrier Detect (DCD), Pin 38: When low, indicates

that the data carrier has been detected by the MODEM or

data set. The DCD signal is a MODEM-control function

input whose condition can be tested by the CPU by reading

bit 7 (DCD) of the MODEM Status Register. Bit 3 (DDCD)

of the MODEM Status Register indicates whether the

DCD input has changed state since the previous reading

of the MODEM Status Register. DCD has no effect on the

receiver. Whenever the DCD bit of the MODEM Status

Register changes state, an interrupt is generated if the

MODEM Status Interrupt is enabled.

Ring Indicator (Rl), Pin 39: When low, indicates that a

telephone ringing signal has been received by the MODEM
or data set. The Rl signal is a MODEM-control function

input whose condition can be tested by the CPU by reading

bit 6 (Rl) of the MODEM Status Register. Bit 2 (TERI)
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of the MODEM Status Register 1 indicates whether the Rl
input has changed from a low to a high state since the

previous reading of the MODEM Status Register. Whenever
the Rl bit of the MODEM Status Register changes from a

high to a low state, an interrupt is generated if the MODEM
Status Register is enabled.

VD D- Pin 40: +5V supply.

Vss , Pin 20: Ground (OV) reference.

Output Signals

Data Terminal Ready (DTR), Pin 33: When low, informs

the MODEM or data set that the ACE is ready to communi-
cate. The DTR output signal can be set to an active low by

programming bit (DTR) of the MODEM Control Register

to a high level. The DTR signal is set high upon a Master

Reset operation. The DTR signal is forced to its inactive

state (high) during loop mode operation.

Request to Send (RTS), Pin 32: When low, informs the

MODEM or data set that the ACE is ready to transmit

data. The RTS output signal can be set to an active low

by programming bit 1 (RTS) of the MODEM Control

Register. The RTS signal is set high upon a Master Reset

operation. The RTS signal is forced to its inactive state

(high) during loop mode operation.

Output 1 (OUT 1). Pin 34: User -designated output that

can be set to an active low by programming bit 2 (OUT 1)

of the MODEM Control Register to a high level. The

OUT 1 signal is set high upon a Master Reset Operation.

The OUT 1 signal is forced to its inactive state (high) during

loop mode operation.

Output 2 (OUT 2), Pin 31: User -designated Output that

can be set to an active low by programming bit 3 (OUT 2)

of the MODEM Control Register to a high level. The

OUT 2 signal is set high upon a Master Reset Operation.

The OUT 2 signal is forced to its inactive state (high) during

loop mode operation.

Chip Select Out (CSOUT), Pin 24: When high, indicates

that the chip has been selected by active, CSO, CS1, and

CS2 inputs. No data transfer can be initiated until the

CSOUT signal is a logic 1. CSOUT goes low when chip

is deselected.

Driver Disable (DDIS), Pin 23: Goes low whenever the

CPU is reading data from the ACE. A high-level DDIS
output can be used to disable an external transceiver (if

used between the CPU and ACE on the D 7-D Data Bus)

at all times, except when the CPU is reading data.

The BAUDOUT may also be used for the receiver section

by tying this output to the RCLK input of the chip.

Interrupt (INTRPT), Pin 30: Goes high whenever any one
of the following, interrupt types has an active high condi-

tion and is enabled via the IER: Receiver Error Flag;

Received Data Available; Transmitter Holding Register

Empty; and MODEM Status. The INTRPT signal is reset

low upon the appropriate interrupt service or a Master

Reset operation.

Serial Output (SOUT), Pin 11: Composite serial data

output to the communications link (peripheral, MODEM
or data set). The SOUT signal is set to the Marking (logic

1) state upon a Master Reset operation.

Input/Output Signals

Data (D7-D ) Bus, Pins 1-8: This bus comprises eight

TRI-STATE input/output lines. The bus provides bidirec-

tional communications between the ACE and the CPU.

Data, control words, and status information are transferred

via the D 7—

D

Data Bus.

External Clock Inpuy/Output (XTAL 1, XTAL 2), Pins 16

and 17: These two pins connect the main timing reference

(crystal or signal clock) to the ACE.

Programmable Registers

The system programmer may access or control any of

the ACE registers summarized in Table 2 via the CPU.

These registers are used to control ACE operations and to

transmit and receive data.

Line Control Register

The system programmer specifies the format of the asyn-

chronous data communications exchange via the Line

Control Register. In addition to controlling the format,

the programmer may retrieve the contents of the Line

Control Register for inspection. This feature simplifies

system programming and eliminates the need for separate

storage in system memory of the line characteristics.

The contents of the Line Control Register are indicated

in Table 2 and are described below.

Bits and 1: These two bits specify the number of bits

in each transmitted or received serial character. The

encoding of bits and 1 is as follows:

Baud Out (BAUDOUT), Pin 15: 16 x clock signal for the

transmitter section of the ACE. The clock rate is equal

to the main reference oscillator frequency divided by the

specified divisor in the Baud Generator Divisor Latches.

Bit 1 BitO Word Length

1

1

1

1

5 Bits

6 Bits

7 Bits

8 Bits
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Bit 2:< This bit specifies the number of Stop bits in each

transmitted character. If bit 2 is a logic 0, one Stop bit

is generated in the transmitted data. If bit 2 is a logic 1

when a 5-bit word length Js selected via bits and 1, one

and a half Stop bits are generated. If bit 2 is a logic 1 when

either a 6-, 7-, or 8-bit word length is selected, two Stop

bits are generated. The Receiver checks the first Stop-bit

only, regardless of the number of Stop bits selected.

Bit 3: This bit is the Parity Enable bit. When bit 3 is a

logic 1, a Parity bit is generated (transmit data) or checked

(receive data) between the last data word bit and Stop bit

of the serial data. (The Parity bit is used to produce

an even or odd number of 1s when the data word bits and

the Parity bit are summed.)

Bit 4: This bit is the Even Parity Select bit. When bit 3 is a

logic 1 and bit 4 is a logic 0, an odd number of logic 1s

is transmitted or checked in the data word bits and Parity

bit. When bit 3 is a logic 1 and bit 4 is a logic 1 , an even

number of logic 1s is transmitted or checked.

Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and

5 are logic 1 the Parity bit is transmitted and checked by

the receiver as a logic 0. If bits 3 and 5 are 1 and bit 4

is a logic then the Parity bit is transmitted as a 0.

Bit 6: This bit is the Break Control bit. When it is set to

a logic 1 , the serial output (SOUT) is forced to the Spacing

(logic 0) state. The break is disabled by setting bit 6 to

a logic 0. The Break Control bit acts only on SOUT and

has no effect on the transmitter logic.

Note: This feature enables the CPU to alert a terminal in

a computer communications system. If the following

sequence is followed, no erroneous or extraneous characters

will be transmitted because of the break.

1

.

Load an all 0s, pad character, in response to THRE.

2. Set break after the next THRE.

3. Wait for the transmitter to be idle, (TEMT = 1), and

clear break when normal transmission has to be restored.

During the break, the Transmitter can be used as a charac-

ter timer to accurately establish the break duration.

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It

must be set high (logic 1) to access the Divisor Latches of

the Baud Generator during a Read or Write operation. It

must be set low (logic 0) to access the Receiver Buffer,

the Transmitter Holding Register, or the Interrupt Enable

Register.

Table 1. ACE Reset Functions

Register/Signal Reset Control Reset State

Interrupt Enable Register Master Reset
All Bits Low

(0 - 3 forced and 4 - 7 permanent)

Interrupt Identification Register Master Reset
Bit is High, Bits 1 and 2 Low
Bits 3 - 7 are Permanently Low

Line Control Register Master Reset All Bits Low

MODEM Control Register Master Reset All Bits Low

Line Status Register Master Reset
All Bits Low,

Except Bits 5 & 6 are High

MODEM Status Register Master Reset
Bits - 3 Low

Bits 4- 7 - Input Signal

SOUT Master Reset High

INTRPT (RCVR Errs) Read LSR/MR Low

INTRPT (RCVR Data Ready) Read RBR/MR Low

INTRPT (THRE) Read IIR/Write THR/MR Low

INTRPT (Modem Status Changes) Read MSR/MR Low

OUT 2 Master Reset High

RTS Master Reset High

TTTr Master Reset High

OUT 1 Master Reset High
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Table 2. Summary of Accessible Registers

Bit No.

Register Address

DLAB-0 DLAB-0 1 DLAB-0 2 3 4 5 6 7 DLAB-1 1 DLAB-1

Receiver

Buffer

Register

(Read

Only)

Transmitter

Holding

Register

(Write

Only)

Interrupt

Enable

Register

Interrupt

Idem.

Register

(Read

Only)

Line

Control

Register

MODEM
Control

Register

Line

Status

Register

MODEM
Status

Register

Scratch

Reg-

ister

Divisor

Latch

(LS)

Divisor

Latch

(MS)

RBR THR IER IIR LCR MCR LSR MSR SCR DLL DLM

Data Bit 0* Data Bit

Enable

Received

Data

Available

Interrupt

(ERBFI)

"0"
if

Interrupt

Pending

Word

Length

Select

BitO

(WLSO)

Data

Terminal

Ready

(DTR)

Data

Ready

(DR)

Delta

Clear

to Send

(DCTS)

BitO BitO Bit 8

1 Data Bit 1 Data Bit 1

Enable

Transmitter

Holding

Register

Empty

Interrupt

(ETBEI)

Interrupt

ID

Bit (0)

(WL
Word

Length

Select

Bit 1

(WLS1)

Request

to Send

(RTS)

Overrun

Error

(OR)

Delta

Data

Set

Ready

(DDSR)

Bit 1 Bit 1 Bit 9

2 Data Bit 2 Data Bit 2

Enable

Receiver

Line

Status

Interrupt

(ELSI)

Interrupt

ID

Bitd)

Number

of Stop

Bits

(STB)

Out 1

Parity

Error

(PE)

Trailing

Edge

Ring

Indicator

(TERI)

Bit 2 Bit 2 Bit 10

3 Data Bit 3 Data Bit 3

Enable

MODEM
Status

Interrupt

(DESSI)

Parity

Enable

(PEN)

Out 2

Framing

Error

(FE)

Delta

Data

Carrier

Detect

(DDCD)

Bit 3 Bit 3 Bit 11

4 Data Bit 4 Data B it 4

Even

Parity

Select

(EPS)

Loop

Break

Interrupt

(Bl)

Clear to

Send

(CTS)

Bit 4 Bit 4 Bit 12

5 Data Bit 5 Data Bit 5
Stick

Parity

Transmitter

Holding

Register

(THRE)

Data

Set

Ready

(DSR)

Bit 5 Bit 5 Bit 13

6 Data Bit 6 Data Bit 6
Set

Break

Transmitter

Empty
(TEMT)

Ring

Indicator

(Rl)

Bit 6 Bit 6 Bit 14

7 Data Bit 7 Data Bit 7

Divisor

Latch

Access

Bit

(DLAB)

Data

Carrier

Detect

(DCD)

Bit 7 Bit 7 Bit 15

* Bit is the least significant bit. It is the first bit serially transmitted or received.
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Programmable Baud Generator

The ACE contains a programmable Baud Generator that is

capable of taking any clock input (DC to 3.1 MHz) and

dividing it by any divisor from 1 to 2 16— 1). The output

frequency of the Baud Generator is 16 x the Baud [divisor

# = (frequency input) -5- (baud rate x 16)]. Two 8-bit

latches store the divisor in a 16-bit binary format. These

Divisor Latches must be loaded during initialization in

order to ensure desired operation of the Baud Generator.

Upon loading either of the Divisor Latches, a 16-bit Baud

counter is immediately loaded. This prevents long counts

on initial load.

Tables 3 and 4 illustrate the use of the Baud Generator

with crystal frequencies of 1.8432 MHz and 3.072 MHz
respectively. For baud rates of 38400 and below, the error

obtained is minimal. The accuracy of the desired baud

rate is dependent on the crystal frequency chosen. The
maximum operating frequency of the Baud Generator is

3.1 MHz. However, when using divisors of 3 and below,

the maximum frequency is equal to the divisor in MHz.
For example, if the divisor is 1, then the maximum
frequency is 1 MHz. In no case should the data rate be

greater than 56K Baud.

Line Status Register

This 8-bit register provides status information to the CPU
concerning the data transfer. The contents of the Line

Status Register are indicated in Table 2 and are described

below.

Bit 0: This bit is the receiver Data Ready (DR) indicator.

Bit is set to a logic 1 whenever a complete incoming

character has been received and transferred into the Re-

ceiver Buffer Register. Bit is reset to a logic by reading

the data in the Receiver Buffer Register.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1

indicates that data in the Receiver Buffer Register was not

read by the CPU before the next character was transferred

into the Receiver Buffer Register, thereby destroying

the previous character. The OE indicator is reset whenever

the CPU reads the contents of the Line Status Register.

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2

indicates that the received data character does not have

the correct even or odd parity, as selected by the even-

parity-select bit. The PE bit is set to a logic 1 upon detec-

tion of a parity error and is reset to a logic whenever

the CPU reads the contents of the Line Status Register.

Bit 3: This bit is the Framing Error (FE) indicator. Bit 3

indicates that the received character did not have a valid

Stop bit. Bit 3 is set to a logic 1 whenever the Stop bit

following the last data bit or parity bit is detected as a

zero bit (Spacing level). The FE indicator is reset whenever

the CPU reads the contents of the Line Status indicator.

Table 3. Baud Rates Using 1.8432 MHz Crystal

Desired

Baud Rate

Divisor Used

to Generate

16 x Clock

Percent Error

Difference Between

Desired and Actual

50 2304 _
75 1536 -
110 1047 0.026

134.5 857 0.058

150 768 —

300 384 —
600 192 —
1200 96 -

1800 64 -

2000 58 0.69

2400 48 —
3600 32 —
4800 24 _
7200 16 _
9600 12 —
19200 6 —
38400 3 —
56000 2 2.86

Typical Oscillator Application

EXTERNAL
CLOCK -P- XTAL1

UM8250A

XTAL2

CRYS-
TAL

tzzi

-t- C2

Rx2

XTAL1

UM8250A

XTAL2

I

Typical Crystal Oscillator Network

Crystal Rp "x2 C, C2

3.1 MHz 1 Mft 1.5K 10-30 pF 40-60 pF

1.8 MHz 1 MJ2 1.5K 10-30 pF 40-60 pF
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Table 4. Baud Rates Using 3.072 MHz Crystal

Desired

Baud Rate

Divisor Used

to Generate

16 x Clock

Percent Error

Difference Between

Desired and Actual

50 3840 _

75 2560 -

110 1745 0.026

134.5 1428 0.034

150 1280 —

300 640 -

600 320 -

1200 160 —

1800 107 0.312

2000 96 -

2400 80 -

3600 53 0.628

4800 40 -

7200 27 1.23

9600 20 -

19200 10 -

38400 5 -

Bit 4: This bit is the Break Interrupt (Bl) indicator. Bit 4

is set to a logic 1 whenever the received data input is held

in the Spacing (logic 0) state for longer than a full word

transmission time (that is, the total time of Start bit +

data bits + Parity + Stop bits). The Bl indicator is reset

whenever the CPU reads the contents of the Line Status

indicator. Bits 1 through 4 are the error conditions that

produce a Receiver Line Status interrupt whenever any

of the corresponding conditions are detected.

Bit 5: This bit is the Transmitter Holding Register Empty

(THRE) indicator. Bit 5 indicates that the ACE is ready

to accept a new character for transmission. In addition,

this bit causes the ACE to issue an interrupt to the CPU
when the Transmit Holding Register Empty Interrupt

enable is set high. The THRE bit is set to a logic 1 when

a character is transferred from the Transmitter Holding

Register into the Transmitter Shift Register. The bit

is reset to logic concurrently with the loading of the

Transmitter Holding Register by the CPU.

Bit 6: This bit is the Transmitter Empty (TEMT) indicator.

Bit 6 is set to a logic 1 whenever the Transmitter Holding

Register (THR) and the Transmitter Shift Register (TSR)

are both empty. It is reset to a logic whenever either

the THR or TSR contains a data character.

Table 5. Interrupt Control Functions

Interrupt Identification

Register
Interrupt Set and Reset Functions

Bit 2 Bit 1 BitO
Priority

Level

Interrupt

Type
Interrupt

Source

Interrupt

Reset Control

1 - None None -

1 1 Highest
Receiver

Line Status

Overrun Error

or

Parity Error

or

Framing Error

or

Break Interrupt

Reading the

Line Status Register

1 Second
Received

Data Available

Receiver

Data Available

Reading the

Receiver Buffer Register

1 Third

Transmitter

Holding Register

Empty

Transmitter

Holding Register

Empty

Reading the

1 1 R Register

(if source of interrupt)

or

Writing into the

Transmitter Holding

Register

Fourth
MODEM
Status

Clear to Send
or

Data Set Ready
or

Ring Indicator

or

Data Carrier

Detect

,

Reading the

MODEM Status

Register
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Bit 7: This bit is permanently set to logic 0. The Line

Status Register is intended for read operations only.

Writing to this register is not recommended as this opera-

tion is used for factory testing.

Interrupt Identification Register

The ACE has an on-chip interrupt capability that allows for

flexibility in interfacing popular microprocessors presently

available. In order to provide minimum software overhead

during data character transfers, the ACE prioritizes inter-

rupts into four levels. The four levels of interrupt condi-

tions are as follows: Receiver Line Status (priority 1);

Received Data Ready (priority 2); Transmitter Holding

Register Empty (priority 3); and Modem Status (priority

4).

Information indicating that a prioritized interrupt is pend-

ing and the type of that interrupt are stored in the Inter-

rupt Identification Register (MR). When addressed during

chip-select time, the 1 1 R freezes the highest priority inter-

rupt pending and no other interrupts are acknowledged

until the particular interrupt is serviced by the CPU. The
contents of the IIR are indicated in Table 2 and are de-

scribed below.

Bit 0: This bit can be used in either a hardwired prioritized

or polled environment to indicate whether an interrupt is

pending. When bit is a logic 0, an interrupt is pending

and the IIR contents may be used as a pointer to the ap-

propriate interrupt service routine. When bit is a logic 1,

no interrupt is pending and polling (if used ) continues.

Bits 1 and 2: These two bits of the IIR are used to identify

the highest priority interrupt pending as indicated in Table

5.

Bits 3 through 7: These five bits of the IIR are always

logic 0.

Interrupt Enable Register

This 8-bit register enables the four types of interrupts of

the ACE to separately activate the chip interrupt (INTRPT)

output signal. It is possible to totally disable the interrupt

system by resetting bits through 3 of the Interrupt Enable

Register. Similarly, by setting the appropriate bits of

this register to a logic 1 , selected interrupts can be enabled.

Disabling the interrupt system inhibits the Interrupt

Identification Register and the active (high) INTRPT
output from the chip. All other system functions operate

in their normal manner, including the setting of the Line

Status and MODEM Status Registers. The contents of the

Interrupt Enable Register are indicated in Table 2 and are

described below.

Bit 0: This bit enables the Received Data Available Inter-

rupt when set to logic 1

.

Bit 1: This bit enables the Transmitter Holding Register

Empty Interrupt when set to logic 1

.

Bits 2: This bit enables the Receiver Line Status Interrupt

when set to logic 1.

Bit 3: This bit enables the MODEM Status Interrupt when
set to logic 1.

Bits 4 through 7: These four bits are always logic 0.

MODEM Control Register

This 8-bit register controls the interface with the MODEM
or data set (or a peripheral device emulating a MODEM).
The contents of the MODEM Control Register are indicated

in Table 2 and are described below.

Bit 0: This bit controls the Data Terminal Ready (DTR)
output. When bit is set to logic 1, the DTR output is

forced to a logic 0. When bit is reset to a logic 0, the

DTR output is forced to a logic 1. The DTR output of

the ACE may be applied to an EIA inverting line driver

(such as the DS1488) to obtain the proper polarity input

at the succeeding MODEM or data set.

Bit 1
: This bit controls the Request to Send RTS) output.

Bit 1 affects the RTS output in a manner identical to that

described above for bit 0.

Bit 2: This bit controls the Output 1 (OUT 1) signal, which
is an au xiliary user-designated output. Bit 2 affects the

OUT 1 output in a manner identical to that described

above for bit 0.

Bit 3: This bit controls the Output 2 (OUT 2) signal, which
is an auxiliary user -designated output. Bit 3 affects the

OUT 2 output in a manner identical to that described avove

for bit 0.

Bit 4: This bit provides a local loopback feature for diagno-

tic testing of the ACE. When bit 4 is set to logic 1, the

following occur: the transmitter Serial Output (SOUT) is

set to the Marking (logic 1) state; the receiver Serial Input

(SIN) is disconnected; the output of the Transmitter Shift

Register is "looped back" into the Receiver Shift Register

input; the four MODEM Control inputs (CTS, DSR, DCD,
and Rl) are d isconnected; and the four MODEM Control

outputs (DTR, RTS, OUT 1, and OUT 2) are internally

connected to the four MODEM Control inputs, and the

MODEM Control output pins are forced to their inactive

state (high). In the diagnostic mode, data that is transmit-

ted is immediately received. This feature allows the pro-

cessor to verify the transmit-and received-data paths of

the ACE.

In the diagnostic mode, the receiver and transmitter inter-

rupts are fully operational. The MODEM Control Inter-

rupts are also operational, but the interrupts' sources are
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now the lower four bits of the MODEM Control Register

instead of the four MODEM Control inputs. The interrupts

are still controlled by the Interrupt Enable Register.

Bit 5 through 7: These bits are permanently set to logic 0.

MODEM Status Register

This 8-bit register provides the current state of the control

lines from the MODEM (or peripheral device) to the CPU.

In addition to this current-state information, four bits

of the MODEM Status Register provide change information.

These bits are set to a logic 1 whenever a control input

from the MODEM changes state. They are reset to logic

whenever the CPU reads the MODEM Status Register.

Accessible Registers

The contents of the MODEM Status Register are indicated

in Table 2 and are described below.

Bit 0: This bit is the Delta Clear to Send (DCTS) indicator.

Bit indicates that the CTS input to the chip has changed

state since the last time it was read by the CPU.

Bit 1 : • This bit is the Delta Data Set Ready (DDSR) in-

dicator. Bit 1 indicates that the DSR input to the Chip

has changed state since the last time it was read by the

CPU.

Bit 2: This bit is the Trailing Edge of Ring Indicator

(TERI) detector. Bit 2 indicates that the Rl input to the

chip has changed from a low to a high state.

Bit 3: This bit is the Delta Data Carrier Detect (DDCD)

indicator. Bit 3 indicates that the DCD input to the chip

has changed state. Whenever bits 0, 1 , 2, or 3 are set to

logic 1 ,a MODEM Status Interrupt is generated.

Bit 4: This bit is the complement of the Clear to Send

(CTS) input. If bit 4 (loop) of the MCR is set to a 1, this

bit is equivalent to RTS in the MCR.

Bit 5: This bit is the complement of the Data"Set Ready

(DSR) input. If' bit 4 of the MCR is set to a 1 , this bit is

equivalent to DTR in the MCR.

Bit 6: This bit is the complement of the Ring Indicator

(RT) input. If bit 4 of the MCR is set to a 1 , this bit is

equivalent to OUT 1 in the MCR.

Bit 7: This bit is the complement of the Data Carrier

Detect (DCD) input. If bit 4 of the MCR is set to a 1 , this

bit is equivalent to OUT 2 of the MCR.

Scratchpad Register

This 8-bit Read/Write Register does not control the ACE
in any way. It is intended as a scratchpad register to be

used by the programmer to hold data temporarily.

Typical Application

MICROPROCESSOR
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Asynchronous Communication
Element (ACE)

Features

Adds or deletes standard asynchronous communication

bits (start, stop, and parity) to or from a serial data

stream

Full double buffering eliminates the need for precise

synchronization

Independently controlled transmit, receive, line status,

and data set interrupts

Programmable baud rate generator allows division

of any input clock by 1 to (2
16— 1) and generates

the internal 16x clock

Independent receiver clock input

Modem control functions (CTS, RTS, DSR, DTR,

R
I

, and carrier detect)

Single +5 volt power supply

TRI-STATE TTL drive capabilities for bidirectional

data bus and control I bus.

Fully programmable serial-interface characteristics:

— 5-, 6-, 7-, or 8-bit characters

— Even, odd, or no-parity bit generation and detection

— 1 , IV2, or 2-stop bit generation

— Baud rate generation (DC to 56K baud)

False start bit detection

Complete status reporting capabilities

Easily interfaces to most popular microprocessors

Line break generation and detection

Internal diagnostic capabilities

— Loopback controls for communications link fault

isolation

— Break, parity, overrun, framing error simulation

Fully prioritized interrupt system controls

General Description

The UM8250B is a programmable Asynchronous Communi-

cation Element (ACE) chip fabricated using Si-Gate NMOS
process. This product performs serial-to-parallel conversion

on data characters received from a peripheral device or a

modem, and parallel-to-serial conversion on data characters

received from the CPU. The CPU can read the complete

Pin Configurations

D C 1

Did 2

D 2 C 3

D3C 4

D 4C 5

D 5 E 6

D 6 I= 7

D 7 C 8

rclkC 9

sinC 10

soutC 11

csoC 12

CS1 C 13

"CS2|Z 14

baudoutL- 15

XTAL1

C

16

XTAL2 C 17

DOSTR C 18

DOSTR C 19

VscC 20

40 ZI^DD
39 ZlRI

38 rjDCD
37 TJDSR
36 ZlCTS

35 ~J MR
34 ^OUTI
33 UDTR
32 U RTS_
31 Z)OUT2

30 Zl INTRPT

29 ZlNC
28 IJAo
27 TJAi

26 Z) A2

25 Zl ADS

24 TJCSOUT
23 I]DDIS

22 H DISTR

21 ZI D1STR

status of the ACE at any time during operation. It also

includes a programmable baud rate generator that is capable

of dividing the timing reference clock input by a divisor

of 1 to (2
16 — 1), and producing a 16X clock for driving

the internal transmitter logic.
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Block Diagram
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Absolute Maximum Ratings*

Temperature Under Bias 0°Cto +70°C

Storage Temperature -65°C to + 150°C

All input or Output Voltages with

Respect to Vss -0.5V to + 7.0V

Power Dissipation 700mW

*Comments

Stresses above those listed under "Absolute Maximum

Ratings" may cause; permanent damage to the device.

These are stress ratings only. Functional operation of

this device at these or any other conditions above those

indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating

conditions for extended periods may affect device re-

liability.

DC Electrical Characteristics

TA = 0°C to +70°C, Vcc = +5V ± 5%, Vss = OV, unless otherwise specified.

Symbol Parameter Conditions Min. Max. Unit

V|LX Clock Input Low Voltage -0.5 0.8 V

VIHX Clock Input High Voltage 2.0 VCC V

V| L Input Low Voltage -0.5 0.8 V

V|H Input High Voltage 2.0 vCc V

Vol Output Low Voltage l ot_
= 1.6 mA on all* 0.4 V

Vqh Output High Voltage l0L = -1.0 mA* 2.4 V

Ice <AV > Avg Power Supply Current (Vcc ) Vcc = 5.25V, TA = 25°C

No Loads on output

SIN,DSR,RLSD,
CTS, R I

= 2.0V
All other inputs = 0.8V

90 mA

•il
I nput Leakage Vcc = 5.25V, V^ = 0V

Allother pins floating.

V
|N

= 0V, 5.25V

±10 HA

'CL Clock Leakage ±10 juA

'oz TRI-STATE Leakage Vcc = 5.25V, V^ = OV
vOUT

= ov
<
5 -25V

1) Chip deselected

2) WRITE Mode, chip

selected

±20 MA

VILMR MRSchmitt V, L
0.8 V

VIHMR MR Schmitt V1H
2.0 V

* Does not apply to XTAL2

Capacitance

TA = 25°C, Vcc = Vgs = 0V

Symbol Parameter Conditions Min. Typ. Max. Unit

CXTAL2 Clock Input Capacitance 15 20 pF

CXTAL1 Clock Output Capacitance fc = 1 MHz 20 30 pF

C IN Input Capacitance Unmeasured pins

returned to Vss

6 10 pF

COLTT Output Capacitance 10 20 pF
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AC Characteristics

TA = 0°C to +70°C, Vcc = +5V ± 5%

Symbol Parameter Conditions Min. Max. Unit

*aw Address Strobe Width 90 - ns

*as Address Setup Time 90 ns

*AH Address Hold Time ns

tcs Chip Select Setup Time 90 ns

tfJH Chip Select Hold Time ns

1diw DISTR/DISTR Strobe Width 175 ns

*RC Read Cycle Delay 500 ns

RC Read Cycle =tAR *+tDlw +tRC 755 ns
j

lDD DISTR/DISTR to Driver Disable Delay @100pF loading*** 125 ns

tDDD Delay from DISTR/DISTR to Data @100pF loading 175 ns

thtZ DISTR/DISTR to Floating Data Delay @100pF loading*** 150 ns

trjOW DOSTR/DOSTR Strobe Width 175 ns

lWC Write Cycle Delay 500 ns

WC Write Cycle = tAW + tD0W + twc 755
1

ns

^S Data Setup Time 90 ns

XDH Data Hold Time 60 ns |

tcsc* Chip Select Output Delay from Select @100pF loading 125 ns
j

^A* Address Hold Time from DISTR/DISTR 50 ns !

tRCS* Chip Select Hold Time from DISTR/DISTR 20 ns 1

TAR DISTR/DISTR Delay from Address 80 ns !

tcSR* DISTR/DISTR Delay from Chip Select 80 ns 1

%A* Address Hold Time from DOSTR/DOSTR 50 ns

twCS* Chip Select Hold Time from DOSTR/DOSTR 20 ns

Uw* DOSTR/DOSTR Delay from Address 80 ns 1

tcsw* DOSTR/DOSTR Delay from Select 80 ns

tlVIRW Master Reset Pulse Width 10 jus
!

XXH Duration of Clock High Pulse External Clock (3.1 MHz Max.) 140 ns

XXL Duration of Clock Low Pulse External Clock (3.1 MHx Max.) 140
1

ns

Baud Generator

N Baud Divisor 1 2
16 -1

^LD Baud Output Negative Edge Delay 100 pF Load 250 ns

^HD Baud Output Positive Edge Delay 100 pF Load 250 ns

XLW Baud Output Down Time 100 pF Load 425 ns

tHW Baud Output Up Time 100 pF Load 330 ns

Receiver

tSCD Delay from RCLK to Sample Time 2 Ms

tsiNT Delay from Stop to Set Interrupt 1
RCLK**
Cycles

tRINT
Delay from D ISTR/DISTR
(RD RBR/RDLSR) to Reset Interruot

100 pF Load 700 ns
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AC Characteristics (Continued)

Symbol Parameter Conditions Min. Max. Unit

TRANSMITTER

lHR
Delay from DOSTR/DOSTR (WR THR) to Reset

Interrupt
100 pF Load 700 ns

tIRS Delay from initial INTR Reset to Transmit Start 16
RCLK
Cycles

*SI
Delay from Initial Write to Interrupt 24

RCLK
Cycles

tSS Delay from stop to Next start 100 pF Load 1 MS

Vn Delay from Stop to Interrupt (THRE) 8
RCLK
Cycles

t|R
Delay from DISTR/DISTR (RD IIR) to Reset

Interrupt (THRE)
100 pF Load 700 ns

MODEM CONTROL

t|v1D0 Delay from DOSTR/DOSTR (WR MCR) to Output 100 pF Load 700 ns

tsiM Delay to Set Interrupt from MODEM Input 100 pF Load 1000 ns

tRIM Delay to Reset Interrupt from DISTR/DISTR (RD MSR) 1 00 pF Load 700 ns

* Applicable only when ADS is tied low.

** RCLK is equal to tXH and tXL .

*** Charge and discharge time is determined by V0L , VQH and the external loading.

Note: Timings assume one level of multiplexers around the ACE to facilitate testing. Some variation in timings may result

from non-typical placement/routing.

Timing Waveforms

EXTERNAL CLOCK INPUT (3.1 MHz MAX.)

h

—

H 1xh

XTAL1

|*XL

AC TEST POINTS

BAUDOUT TIMING

XTAL1

BAUD OUT
l-rll

jinnjijijTrTj^TnjTji_n_
tBHD-HK-

tBLD -H h- -H h-tHw

TJlJlTLnJl
~H h-*BHD —H |-~ tLW

-H h- tBLD |- H tHW

tflLD |«—•nLW
-HI*- -H t*~tBHD 'Hwk-H*-tLW -H"i_n_nBAUD OUT

(
"=" 3) tBLD

-+\\~- -H K-tBHD

BAUD OUT
I I

(-i-N,N>3)

n.
t Lw—H* H,tHW = <N-2) XTAL1 CYCLES

tLW = 2 XTAL1 CYCLES
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Timing Waveforms (Continued)

WRITE CYCLE |^_tAW -~|

"A r \w
A2 , A,, A„ X VALIDf)(

| l-
^S -

l
|^_ tCH

csl, csi , cso Invalid^^^
- tcsc*

'WA*

I *wcs*

X
-tcsw*
-tAW* wc

tDOW—•+• lWC -

DOSTR/DOSTR

DISTR/DISTR

XZEEX ^ active

OR

ACTIVE

»ds I—
DATA
D0-D7

TDH

-(vALID DATA/

Applicable Only When ADS is Tied Low.

READ CYCLE

f»-
lAW —

»j

[
*-tAS--j \*~ lAH

L A X VALID Ia
I b^H |— tCH

V^

cs2, csi
,

cso 1)(UaTidY-

H—^tRA*

I

\->— tcsc* —

H

CSOUT
I | "^j£

lRCS*

tCSR*
" tAR"

-tD |W - *RC

DISTR/DISTR XiEDC
DOSTR/DOSTR

DDIS

l^-HtDS

OR

*

ACTIVE

ACTIVE

tDD

DATA
D -D 7

'

tDDD [• •»] -H |-*- tHZ
X vai in\
XDATA/

Applicable Only When ADS is Tied Low.
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Timing Waveforms (Continued)

RECEIVER TIMING

_TL Jl

SAMPLE CLK

-n r*- 'sco

_n_

(RECEIVE
INPUT
DATA!

INTERRUPT
(DATA READY OR

RCVR ERRI

DISTR/OISTR (2)

(READ REC
DATA BUFFER

OR RDLSRI

r \ START /
IT A I

111 I III u.
»\ h" 'SINT

r—r\_

XEEX
TRANSMITTER TIMING

YTART/ DATA (5-2) JfNVTlJ STOP 11-2) ^TART^

\v_y
DOSTR/DOSTR ©

(WR THR)-K
I

«HR

— <SI

U-«HR-»|

/

^ »H

MODEM CONTROL TIMING

DOSTR/DOSTR ©
(WR MCR)

RTS.DTR
OUT1.0UT2

—|tMDo[*—

V
J \

«-imoo-»H

/
CTS. DSR. BcB

INTERRUPT

DISTR/DISTR ©
(RD MSR)

'\
«h.mP

'\ «b.mP '\

\ /
1: See Write Cycle Timing

2: See Read Cycle Timing
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Typical Application

Pin Description

Input Signal

Chip Select (CSO, CS1, CS2), Pins 12-14: When CSO

and CS1 are high and CS2 is low, the chip is selected.

Chip selection is complete when the decoded chip select

signal is latched with an active (low) Address Strobe (ADS)

input.

Data Input Strobe (DISTR, DISTR), Pins 21 and 22: When

DISTR h high or when DISTR is low, the chip is selected;

it allows the CPU to read status information or data from

a selected register of the UM8250B.

Data Output Strobe (DOSTR, DOSTR), Pins 1 8 and 1 9:

The chip is selected when DOSTR is high or DOSTR is

low and allows the CPU to write data or control words

into a selected register of the UM8250B.

* Note that only one of these two inputs, DISTR and

DISTR (DOSTR and DOSTR) is needed to activate the

CPU read (Write). Tie either DISTR (DOSTR) low or

DISTR (DOSTR) high if not needed.

Address Strobe (ADS), Pin 25: When low, provides latch-

ing for the Register Select (A , A t , A2 ) and Chip Select

(CSO, CS1, CS2) signals. An active ADS input is required

when the Register Select (A , A 1( A2 ) signals are not

stable for the duration of a read or write operation. If

not required, tie the ADS input permanently low.

Register Select (A , A t , A2 ), Pins 26-28: These three

inputs are used during a read or write operation to select

a UM8250B register to read from or write into as indi-

cated in Table 1. Note that the state of the Divisor Latch

Access Bit (DLAB), which is the most significant bit

of the Line Control Register, affects the selection of

certain UM8250B registers. The DLAB must be set high

by the system software to access the Baud Generator

Divisor Latches.

Receiver Clock (RCLK), Pin 9: This input is the 16X

baud rate clock for the receiver section of the chip.

Serial Input (SIN), Pin 10: Serial data input from the com-

munications link (peripheral device, MODEM, or data

set).

Clear to Send (CTS), Pin 36: The CTS signal is a MODEM
control function input whose conditions can be tested

by the CPU by reading bit 4 (CTS) of the MODEM Status

Register. Bit (DCTS) of the MODEM Status Register

indicates whether the CTS input has changed state since

the previous reading of the MODEM Status Register.

CTS has no effect on the Transmitter. Whenever the CTS

bit of the MODEM Status Register changes state, an in-

terrupt is generated if the MODEM Status Interrupt is

enabled.

Data Set Ready (DSR), Pin 37: When low, this indicates

that the MODEM or data set is ready to establish the

communications link and transfer data with the ACE.

The DSR signal is a MODEM-control function input whose

condition can be tested by the CPU by reading bit 5 (DSR)

of the MODEM Status Register. Bit 1 (DDSR) of the

MODEM Status Register indicates whether the DSR input

has changed state since the previous reading of the MODEM
Status Register. Whenever the DSR bit of the MODEM
Status Register changes state, an interrupt is generated

if the MODEM Status Interrupt is enabled.

Data Carrier Detect (DCD) Pin 38: When low, indicates

that the data carrier has been detected by MODEM or data

set.

The DCD Signal is a MODEM Control function input

and can be tested by reading bit 7 (DCD) o f the MSR.

Bit 3 (DDCD) of MSR indicates whether the DCD input

has changed state since the previous reading of MSR.

Whenever the DCD bit of MSR changes state, an interrupt

is generated if the MODEM Status Interrupt is enabled.
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Table 1 . Register Address

DLAB A2 A, A Register

Receiver Buffer (read), Transmitter Holding Register (write).

1 Interrupt Enable.

X 1 Interrupt Identification (read only).

X 1 1 Line Control.

X 1 MODEM Control.

X 1 1 Line Status.

X 1 1 MODEM Status.

X 1 1 1 None.

1 Divisor Latch (least significant byte).

1 1 Divisor Latch (most significant byte).

Ring Indicator- (Rl), Pin 39: When low, indicates that a

telephone ringing signal has been received by the MODEM
or data set. The Rl signal is a MODEM-control function

input whose condition can be tested by the CPU by reading

bit 6 (Rl) of the MODEM Status Register. Bit 2 (TERI)

of the MODEM Status Register indicates whether the Rl

input has changed from a low to a high state since the

previous reading of the MODEM Status Register. Whenever

the Rl bit of the MODEM Status Register changes from a

high to a low state, an interrupt is generated if the MODEM

Status Register is enabled.

Master Reset (MR), Pin 35: This input is buffered with

a TTL-compatible Schmitt Trigger with 0.5V typical

hysteresis. When high, it clears all the registers (except

the Receiver Buffer, Transmitter Holding, and Divisor

Latches) and the control logic of the UM8250B. Also,

the state of various output signals (SOUT, INTRPT, OUT 1,

OUT 2, RTS, DTR) are affected by an active MR input.

(Refer to Table 2).

Table 2. Reset Function

Register/Signal Reset Control Reset State

^E9

Interrupt Enable Register Master Reset
All bits Low
(0—3 forced and 4—7 permanent).

Interrupt Identification Register Master Reset
Bit is High, Bits 1 and 2 Low,
Bits 3—7 are Permanently Low.

Line Control Register Master Reset All Bits Low.

MODEM Control Register Master Reset All Bits Low.

Line Status Register Master Reset
All Bits Low, Except Bits 5 and 6
which are High.

MODEM Status Register Master Reset
Bits 0-3 Low,
Bits 4— 7 - Input Signal.

SOUT Master Reset High

INTRPT (RCVR Errs) Read LSR/MR Low

INTRPT (RCVR Data Ready) Read RBR/MR Low

INTRPT (THRE) Read IIR/Write THR/MR Low

INTRPT (Modem Status Changes) Read MSR/MR Low

OUT 2 Master Reset High

RTS Master Reset High

DTR Master Reset High

OUT1 Master Reset High
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Request to Send (RTS),Pin 32: When low, it informs the

MODEM or data set that the UM8250B is ready to transmit

data. The RTS output signal can be set to an active low

by programming bit 1 (RTS) of the MODEM Control

Register. The RTS signal is set high in a Master Reset

operation.

of the following interrupt types has an active high con-

dition and is enabled via the IER: Receiver Error Flag;

Received Data Available; Transmitter Holding Register

Empty and MODEM Status. The INTRPT signal is reset

to low at the appropriate interrupt service or in a Master

Reset operation.

Data Terminal Ready (DTR), Pin 33: When low, it informs

the MODEM or data set that the UM8250B is ready to

communicate. The DTR output signal can be set to an

active low by programming bit (DTR) of the MODEM
Control Register to a high level. The DTR signal is set

high in a Master Reset operation.

Output 1 (OUT 1), Pin 34: User-designated output can

be set to an active low by programming bit 2 (OUT 1)

of the MODEM- Control Register to a high level. The

OUT 1 signal is set high in a Master Reset Operation.

Output 2 (OUT 2), Pin 31: User-designated output can

be set to an active low by programming bit 3 (OUT 2)

of the MODEM Control Register to a high level. The

OUT 2 signal is set high in a Master Reset Operation.

Note that the RTS, DTR, OUT 1 and OUT 2 are

forced to inactive state (high) during loop mode opera-

tion.

Serial Output (SOUT), Pin 11: Composite serial data

output to the communications link (peripheral, MODEM
or data set). The SOUT signal is set to the Marking (logic

1 ) state in a Master Reset operation.

Input/Output Signals

Data (D 7—

D

) Bus, Pins 1—8: This bus comprises eight

TRI-STATE input/output lines. The bus provides bidirec-

tional communications between the UM8250B and the

CPU. Data, control words, and status information are

transferred via the D 7—

D

Data Bus.

External Clock lnput/Output(XTAL 1, XTAL 2), Pins 16

and 17: These two pins connect the main timing reference

(crystal or clock signal) to the UM8250B.

Accessible Registers

Chip Select Out (CSOUT), Pin 24: When high, it indicates

that the chip has been selected by active, CSO, CS1, and

CS2 inputs. No data transfer can be initiated until the

CSOUT signal is a logic 1. When chip is not selected,

CSOUT remains low.

There are 10 registers, as shown in Table 3, which may

be accessed or controlled by the programmer via the CPU.

These registers are used to control operations and to

transmit and receive data.

Driver Disable (DDIS), Pin 23: This pin remains low

whenever the CPU is reading data from UM8250B. A high-

level output can be used to disable an external transceiver

if the CPU is not reading.

Baud Out (BAUDOUT), Pin 15: 16X clock signal for

the transmitter section of the UM8250B. The clock rate

is equal to the main reference oscillator frequency divided

by the specified divisor in the Baud Generator Divisor

Latches.

The BAUDOUT may also be used for the receiver section

by tying this output to the RCLK input of the chip.

Interrupt (INTRPT), Pin 30: Goes high whenever any

Line Control Register

The system programmer specifies the format of the

asynchronous data communications exchange via the

Line Control Register. In addition to controlling the

format, the programmer may retrieve the contents of

the Line Control Register for inspection. This feature

simplifies system programming and eliminates the need

for separate storage in system memory of the line charac-

teristics. The contents of the Line Control Register are

indicated in Table 3 and are described below:

Bits and 1: These two bits specify the number of bits

in each transmitted or received serial character. The

encoding of bits and 1 is as follows:
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Table 3 Summary of UM8250B Programmable Registers

Bit

No.

Register Address

ODLAB=0 ODLAB=0 1 DLAB=0 2 3 4 5 6 0DLAB=1 1DLAB=1

Receiver

Buffer

Register

(Read

Only)

Transmitter

Holding

Register

(Write

Only)

Interrupt

Enable

Register

Interrupt

Ident.

Register

(Read

Only)

Line

Control

Register

MODEM
Control

Register

Line

Status

Register

MODEM
Status

Register

Divisor

Latch

(LS)

Divisor

Latch

(MS)

RBR THR IER MR LCR MCR LSR MSR DLL DLM

Data

BitO*

Data

BitO

Enable

Received

Data

Available

Interrupt

(ERBFI)

"0" if

Interrupt

Pending

Word
Length

Select

BitO
(WLSO)

Data

Terminal

Ready
(DTR)

Data

Ready
(DR)

Delta

Clear

to Send
(DCTS)

BitO Bit 8

1
Data

Bit 1

Data

Bit 1

Transmitter

Holding

Register

Empty
Interrupt

(ETBEI)

I nterrupt

ID

Bit (0)

Word
Length

Select

Bit 1

(WLS1)

Request

to

Send
(RTS)

Overrun
Error

(OR)

Delta

Data

Set

Ready
(DDSR)

Bit 1 Bit 9

2
Data

Bit 2
Data

Bit 2

Enable

Receiver

Line

Status

Interrupt

(ELSI)

Interrupt

ID

BitO)

Number
of Stop

Bits

(STB)

Out 1

Parity

Error

(PE)

Trailing

Edge
Ring

Indicator

(TERI)

Bit 2 Bit 10

3
Data

Bit 3
Data

Bit 3

Enable

MODEM
Status

Interrupt

(EDSSI)

Parity

Enable

(PEN)
Out 2

Framing
Error

(FE)

Delta

Data

Carrier

Detect

(DDCD)

Bit 3 Bit 11

4
Data

Bit 4
Data

Bit 4

Even
Parity

Select

(EPS)

Loop
Break

Interrupt

(Bl)

Clear

to

Send
(CTS)

Bit 4 Bit 12

5
Data

Bit 5
Data

Bit 5
Stick

Parity

Transmitter

Holding

Register

Empty
(THRE)

Data

Set

Ready
(DSR)

Bit 5 Bit 13

6
Data
Bit 6

Data

Bit 6
Set

Break

Transmitter

Shift

Register

Empty
(TSRE)

Ring

Indicator

(Rl)

Bit 6 Bit 14

7
Data

Bit 7

Data

Bit 7

Divisor

Latch

Access

Bit

(DLAB)

Data

Carrier

Detect

(DCD)

Bit 7 Bit 15

'Bit is the least significant bit. It is the first bit serially transmitted or received.
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Bit 1 BitO Word Length

1

1

1

1

5 Bits

6 Bits

7 Bits

8 Bits

Encoding of bit and bit 1.

Bit 2: This bit specifies the number of Stop bits in each

transmitted or received serial character. If bit 2 is a logic 0,

1 Stop bit is generated or checked in the transmit or

receive data, respectively. If bit 2 is a logic 1 and a 5-bit

word length is selected via bits and 1, Vh Stop bits are

generated or checked. If bit 2 is a logic 1 and a 6-, 7-,

or 8-bit word length is selected, 2 Stop bits are generated

or checked.

Bit 3: This bit is the Parity Enable bit. When bit 3 is a

logic 1, a Parity bit is generated (transmit data) or checked

(receive data) between the last data word bit and Stop

bit of the serial data. (The Parity bit is used to produce

an even or odd number of 1s when the data word bits

and the Parity bit are added.)

Bit 4: This bit is the Even Parity Select bit. When bit 3

is a logic 1 and bit 4 is a logic 0, an odd number of logic

1s is transmitted or checked in the data word bits and

Parity bit. When bit 3 is a logic 1 and bit 4 is a logic 1,

an even number of logic 1s are transmitted or checked.

Bit 5: This bit is the Stick Parity bit. When bit 3 is a logic

1 and bit 5 is a logic 1, the Parity bit is transmitted and

then detected by the receiver as a logic if bit 4 is a logic

1 or a logic 1, and if bit 4 is a logic 0.

Bit 6: This bit is the Break Control bit. When bit 6 is

a logic 1 , the serial output (SOUT) is forced to the Spacing

(logic 0) state and remains there regardless of other trans-

mitter activities. The set break is disabled by setting bit

6 to a logic 0. This feature enables the CPU to alert a

terminal in a computer communications system.

Bit 7: This bit is the Divisor Latch Access Bit (DLAB).

It must be set high (logic 1) to access the Divisor Latches

of the Baud Generator during a Read or Write operation.

It must be set low (logic 0) to access the Receiver Buffer,

the Transmitter Holding Register, or the Interrupt Enable

Register.

Programmable Baud Rate Generator

The UM8250B contains a programmable Baud Rate

Generator that is capable of taking any clock input (DC

to 3.1 MHz) and dividing it by any divisor from 1 to

(2
16— 1). The output frequency of the Baud Generator

is 16X the Baud rate [divisor #= (frequency input) -f-

(baud rate x 16)]. Two 8-bit latches store the divisor in

a 16-bit binary format.. These Divisor Latches must be

loaded during initialization in order to ensure desired

operation of the Baud Rate Generator. Upon loading

either of the Divisor Latches, a 16-bit Baud counter is

immediately loaded. This prevents long counts on initial

load.

Tables 4 and 5 illustrate the use of the Baud Generator

with crystal frequencies of 1.8432 MHz and 3.072 MHz
respectively. For baud rates of 38400 and below, the

error obtained is minimal. The accuracy of the desired

baud rate is dependent on the crystal frequency chosen.

The maximum operating frequency of the Baud Generator

is 3.1 MHz. However, when using divisors of 3 and below,

the maximum frequency is equal to the divisor in MHz.

For example, if the divisor is 1, then the maximum
frequency is 1 MHz. In no case should the data rate be

greater than 56K Baud.

Table 4. Baud Rates Using 1.8432 MHz Crystal

Divisor Used Percent Error

Baud Rate
to Generate

16 x Clock

Difference Between

Desired and Actual

50 2304

70 1536

110 1047 0.026
133.5 857 0.0258
150 768 _
300 384

600 192

1200 96 _
1800 64
2000 58 0.69

2400 48 _
3600 32

4800 24
7200 16

9600 12

19200 6

38400 3

56000 2 2.86

Note: 1 .8432 MHz is the standard 8080 frequency divided

by 10.
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Table 5. Baud Rates Using 3.072 MHz Crystal

Desired

Baud Rate

Divisor Used Percent Error

to Generate Difference Between

16 x Clock Desired and Actual

50 3840 _

75 2560 -

110 1745 0.026

134.5 1428 0.034

150 1280 -

300 640 -

600 320 -

1200 160 -

1800 107 0.312

2000 96 -

2400 80 -

3600 53 0.628

4800 40 -

7200 27 1.23

9600 20 -

19200 10 -

38400 5 -

Fig. 1 and 2 show the typical application circuits of the

UM8250's clock generation.

EXTERNAL hs.
CLOCK L^°

CLOCK ^xl
OUTPUT °^J

XTAL1

UM8250B

XTAL2

Figure 1. Clock Circuit with External Clock Signal

I
I Rl

-OUT

Component Values:

r
i

T
CD

RX
* s/WV—

XTAL1

UM8250B

XTAL2

Ffciure 2. Clock Circuit with Crystal Oscillator
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Line Status Register

This 8-bit register provides status information to the

CPU concerning the data transfer. The contents of the

Line Status Register are indicated in Table 3 and are

described below.

Bit 0: This bit is the receiver Data Ready (DR) indicator.

Bit is set to a logic 1 whenever a complete incoming

character has been received and transferred into the

Receiver Buffer Register. Bit may be reset to a logic

either by the CPU reading the data in the Receiver Buffer

Register or by writing a logic into it from the CPU.

Bit 1: This bit is the Overrun Error (OE) indicator. Bit 1

indicates that data in the Receiver Buffer Register was

not read by the CPU before the next character was

transferred into the Receiver Buffer Register, thereby

destroying the previous character. The OE indicator is

reset whenever the CPU reads the contents of the Line

Status Register.

Bit 2: This bit is the Parity Error (PE) indicator. Bit 2

indicates that the received data character does not have

the correct even or odd parity, as selected by the even-

parity-select bit. The PE bit is set to a logic 1 upon

detection of a parity error and is reset to a logic

whenever the CPU reads the contents of the Line Status

Register.

Bit 3: This bit is the Framing Error (FE) indicator. Bit 3

indicates that the received character did not have a valid

Stop bit. Bit 3 is set to a logic 1 whenever the Stop bit

following the last data bit or parity bit is detected as a

zero bit (Spacing level).

Bit 4: This bit is the Break Interrupt (Bl) indicator.

Bit 4 is set to a logic 1 whenever the received data input

is held in the Spacing (logic 0) state for longer than a

full word transmission time (that is, the total time of

Start bit + data bits + Parity + Stop bits).

*Note: Bl and FE are reset whenever the CPU reads the

contents of the Line status indicator.

*Note: Bits 1 through 4 are the error conditions that

produce a Receiver Line Status interrupt whenever any

of the corresponding conditions are detected.

ready to accept a new character for transmission. In

addition, this bit causes the UM8250B to issue an interrupt

to the CPU when the Transmit Holding Register Empty

Interrupt enable is set high. The THRE bit is set to a

logic 1 when a character is transferred from the Trans-

mitter Holding Register into the Transmitter Shift Register.

The bit is concurrently reset to logic with the loading

of the Transmitter Holding Register by the CPU.

Bit 6: This bit is the Transmitter Shift Register Empty

(TSRE) indicator. Bit 6 is set to a logic 1 whenever the

Transmitter Shift Register is idle. It is reset to logic upon

transfer of data from the Transmitter Holding Register

to the Transmitter Shift Register. Bit 6 is a read-only bit.

Bit 7: This bit is permanently set to logic 0.

Interrupt Identification Register

The UM8250B has an on-chip interrupt capability that

allows flexibility in interfacing popular microprocessors

presently available. In order to provide minimum soft-

ware overhead during data character transfers, the UM8250B

prioritizes interrupts into four levels. The four levels of

interrupt conditions are as follows: Receiver Line Status

(priority 1); Received Data Ready (priority 2); Trans-

mitter Holding Register Empty (priority 3) and Modem

Status (priority 4).

Information indicating that a prioritized interrupt is

pending and the type of that interrupt is stored in the

Interrupt Identification Register (refer to Table 6). The

Interrupt Identification Register (IIR), when addressed

during chip-select time, freezes the highest priority inter-

rupt pending and no other interrupts are acknowledged

until the particular interrupt is serviced by the CPU. The

contents of the IIR are indicated in Table 3 and are

described below.

Bit 0: This bit can be used in either a hardwired prioritized

or polled environment to indicate whether an interrupt

is pending. When bit is a logic 0, an interrupt is

pending and the IIR contents may be used as a pointer

to the appropriate interrupt service routine. When bit

is a logic 1, no interrupt is pending and polling (if used)

continues.

Bit 5: This bit is the Transmitter Holding Register Empty

(THRE) indicator. Bit 5 indicates that the UM8250B is

Bits 1 and 2: These two bits of the 1 1 R are used to identify

the highest priority interrupt pending as indicated in

Table 6.
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Table 6 Interrupt Control Functions

Interrupt Identification

Register
Interrupt Set and Reset Functions

Bit 2 Bit 1 BitO
Priority

Level
Interrupt Type Interrupt Source Interrupt Reset Control

1 - None None -

1 1 Highest
Receiver

Line Status

Overrun Error or
Parity Error or

Framing Error or

Break Interrupt

Reading the

Line Status Register

1 Second
Received

Data Available

Receiver

Data Available

Reading the

Receiver Buffer Register

1 Third
Transmitter

Holding Register

Empty

Transmitter

Holding Register

Empty

Reading the

IIR Register

(if source of interrupt)

or Writing into the

Transmitter Holding

Register

Fourth
MODEM
Status

Clear to Send or

Data Set Ready or

Ring -Indicator or

Received Line

Signal Detect

Read ing the

MODEM Status

Register

Bits 3 through 7: These five bits of the IIR are always

set at logic 0.

Interrupt Enable Register

This 8-bit register enables the four types of interrupts

of the UM8250B to separately activate the chip interrupt

(INTRPT) output signal. It is possible to totally disable

the interrupt system by resetting bits through 3 of the

interrupt Enable Register. Similarly, by setting the appro-

priate bits of this register to a logic 1 , selected interrupts

can be enabled. Disabling the interrupt system inhibits

the Interrupt Identification Register and the active (high)

INTRPT output from the chip. All other system functions

operate in their normal manner, including the setting

of the Line Status and MODEM Status Registers. The
contents of the Interrupt Enable Register are indicated

in Table 3 and are described below.

Bit 0: This bit enables the Received Data Available Inter-

rupt when set to logic 1.

Bit 1: This bit enables the Transmitter Holding Register

Empty Interrupt when set to logic 1.

Bit 2: This bit enables the Receiver Line Status Interrupt

when set to logic 1

.

Btt 3: This bit enables the MODEM Status Interrupt when
set to logic 1.

Bits 4 through 7: These four bits are always set at logic

0.

MODEM Control Register

This 8-bit register controls the interface with the MODEM
or data set (or a peripheral device emulating a MODEM).
The contents of the MODEM Control Register are indicated

in Table 3 and are described below.

Bit 0: This bit controls the Data Terminal Ready (DTR)

output. When bit is set to logic 1 , the DTR output

5-233



UMC UM8250B

is forced to a logic 0. When bit is reset to a logic 0,

the DTR output is forced to a logic 1. The DTR output

of the UM8250B may be applied to an EIA inverting line

driver (such as the DS1488) to obtain the proper polarity

input at the succeeding MODEM or data set.

Bits 5 through 7: These bits are permanently set to logic 0.

MODEM Status Register

Bit 1: This bit controls the Request to Send RTS) output.

Bit 1 affects the RTS output in a manner identical to

that described for bit 0.

Bit 2: This bit controls the Output 1 (OUT1) signal,

which is an auxiliary user-designated output. Bit 2 affects

the OUT 1 output in a manner identical to that described

for bit 0.

Bit 3: This bit controls the Output 2 (OUT 2) signal,

which is an auxiliary user-designated output. Bit 3 affects

the OUT 2 output in a manner identical to that described

for bit 0.

Bit 4: This bit provides a local loopback feature for

diagnostic testing of the UM8250B. When bit 4 is set to

logic 1, the following occurs: the transmitter Serial Output

(SOUT) is set to the Marking (logic 1) state, the receiver

Serial Input (SIN) is disconnected, the output of the

Transmitter Shift Register is "looped back" into the

Receiver Shift Register input, the four MODEM Control

inputs (CTS, DSR, DCD, and TTf) are disconnected, and

the four MODEM Control outputs (DTR, RTS, OUT 1,

and OUT2) are internally connected to the four MODEM
Control inputs, and the MODEM Control output pins are

forced to their inactive state (high). In the diagnostic

mode, data that is transmitted is immediately received.

This feature allows the processor to verify the transmit-

and received-data paths of the UM8250B.

In the diagnostic mode, the receiver and transmitter inter-

rupts are fully operational. The MODEM Control Inter-

rupts are also operational, but the interrupts' sources are

now the lower four bits of the MODEM Control Register

instead of the four MODEM Control inputs. The interrupts

are still controlled by the Interrupt Enable Register.

The UM8250B interrupt system can be tested by writing

into the lower six bits of the Line Status Register and

the lower four bits of the MODEM Status Register. Setting

any of these bits to a logic 1 generates the appropriate

interrupt (if enabled). The resetting of these interrupts

is the same as in normal UM8250B operation. To return

to normal operation, the registers must be reprogrammed

for normal operation and then bit 4 of the MODEM
control Register must be reset to logic 0.

This 8-bit register provides the current state of the control

lines from the MODEM (or peripheral device) to the CPU.

In addition to this current-state information, four bits

of the MODEM Status Register provide change information.

These bits are set to a logic 1 whenever a control input

from the MODEM changes state. They are reset to logic

whenever the CPU reads the MODEM Status Register.

The contents of the MODEM Status Register are indicated

in Table 3 and are described below.

Bit 0: This bit is the Delta Clear to Send (DCTS) indicator.

Bit indicates that the CTS input to the chip has changed

state since the last time it was read by the CPU.

Bit 1: This bit is the Delta Data Set Ready (DDSR)

indicator. Bit 1 indicates that the DSR input to the Chip

has changed states since the last time it was read by the

CPU.

Bit 2: This bit is the Trailing Edge of Ring Indicator

(TERI) detector. Bit 2 indicates that the Rl input to the

chip has changed from a low state to a high state.

Bit 3: This bit is the Delta Data Carrier Detector (DDCD)

indicator. Bit 3 indicates the DCD input to the chip has

changed states.

*Note that whenever bit 0, 1, 2 or 3 is set at logic 1, a

MODEM Status interrupt is generated.

Bit 4: This bit is the complement of the Clear to Send

(CTS) input. If bit 4 (loop) of the MCR is set to a 1,

this bit is equivalent to RTS in the MCR.

Bit 5: This bit is the complement of the Data Set Ready

(DSR) input. If bit 4 of the MCR is set to a 1, this bit

is equivalent to DTR in the MCR.

Bit 6: This bit is the complement of the Ring Indicator

(Rl) input. If bit 4 of the MCR is set to a 1, this bit is

equivalent to OUT 1 in the MCR.

Bit 7: This bit is the complement of the Data Carrier

Detect (DCD) input. If bit 4 of the MCR is set to a 1.

This bit is equivalent to OUT 2 of the MCR.
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Ordering Information

Part No. Package

UM8250B 40LDIP

UM8250BL 44LPLCC
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PC Mainboard II

Part No. Description Page

UM82C206

UMS2C210 Series

UM82C211

UIW882C212

UM82C215

UM82C230 Series

UM82C23T

UM82C232

UM82C380 Series

UM82C38J

UM82C382

UM82C383

UM82C384

UM82C388

UM82C389

Integrated Peripheral Controller 6-3

386SX-286 AT Chip Set 6-67

System Controller 6-69

Memory Controller 6-74

Data/Address Buffer 6-85

286 PC/AT Chip Set..... 6-87

System/Memory Controller 6-90

Data Buffer..... 6-J 16

386 PC/AT Chip Set „. 6-130

System Controller. 6-136

Address Buffer „„ 6-146

Data Buffer... 6-149

Memory Controller 6-154

INTEL Cache Interface 6-165

AUSTEK Cache Interface 6-177
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PRELIMINARY

UM82C206
INTEGRATED PERIPHERAL CONTROLLER

FEATURES

I Fully compatible with PC/AT architecture

| Fully compatible with 8237 DMA controller,

8259 interrupt controller, 8254

timer/counter, and 146818 real time clock

I Provides 7 DMA channels, 13 interrupt

request channels, 2 timer/counter channels,

and a real time clock

Built in 74LS612 memory mapper for DMA
page address

I Provides 114 bytes of CMOS RAM memory

| 8 MHz DMA clock with programmable

internal divider for 4 MHz operation

1 16M byte DMA address space

| Programmable wait states for the DMA
cycle

| Reduced recovery time (120ns) between I/O

operations

GENERAL DESCRIPTION

The UM82C206 Integrated Peripheral

Controller includes two 8237 DMA controllers,

two 8259 interrupt controllers, one 8254

timer/counter, one MCI46818 compatible real

time clock.an additional 64 bytes CMOS RAM,

one 74LS612 memory mapper, and some top

level decoder/configuration logic circuits. It is

a single chip integration of all main

peripheral parts attached to the X bus of

PC/AT architecture. While providing full

compatibility with PC/AT architecture, the

UM82C206 also offers some enhanced features

and improved speed performance. These

include an additional 64 bytes of user

definable CMOS RAM in real time clock and

drastically reduced recovery time for the 8237,

8259 and 8254. Programmable wait state option

is provided for the DMA cycles and CPU I/O

cycles accessing this chip. This chip also

provides programmable 8 or 4 MHz DMA
clock selection. The UM82C206 is implemented

using advanced 1.5u CMOS design technology

and is packaged in an 84-pin PLCC.
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PIN CONFIGURATION
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Figure 1. Pin flss i gnment
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PIN DESCRIPTION

Pin No. Symbol I/O Description

Clock and Control

21 SYSCLK I CLOCK INPUT is used to generate the timing signals for

DMA operation. This pin can be driven to 10 MHz frequency.

The internal clock used for DMA operation is either

SYSCLK or SYSCLK/2 which is a programmable option.

72 OSCI I OSCILLATOR INPUT is used to generate the time base for

the time function of real time clock. External square waves

of 32.768 KHz may be connected to this pin.

18 RESET I RESET is an active high input which affects the following

registers:

DMA controller: Clears the command, status, request,

temporary registers, byte pointer flip flop. Sets the mask

register. Following reset, DMA controller is in the idle state.

INTERRUPT controller: Clears the edge sense circuit, mask

registers, all ICW4 functions. IRQO is assigned the highest

priority. Slave address is set to 7. Special mask mode is dis-

able and status read is set to IRR.

68 IOCHRDY I/O I/O CHANNEL READY is a bidirectional pin.

In the input mode, it is used to extend the memory read or

write pulses for the DMA controller to access slow memories

or I/O devices. It must satisfy setup and hold times with

respect to the DMA internal clock in order to work reliably.

A low on IOCHRDY causes the internal DMA ready signal

to go low asynchronously. When IOCHRDY goes high, one

DMA clock cycle will elapse before internal DMA ready

signal goes high.

In the output mode, it is an open drain output and provides

an active low output whenever a UM82C206 internal

register is accessed. It will remain low for a

pre-programmed number of DMA internal clock cycles (as

controlled by bits 7 and 6 of UM82C206 configuration

register) and then goes high. In this way, IOCHRDY can

insert wait states (as counted by DMA internal clock cycles)

when CPU accesses the UM82C206 internal registers. This

pin must be pulled up by an external resistor. In a PC/AT
architecture based design this pin should be wire-ORed to

the PC/AT's IOCHRDY signal.
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Pin No. Symbol I/O Description

24-31 XD7-XD0 I/O X DATA BUS are 3-state bidirectional pins which are

connected to the XD bus in PC/AT architecture design.

During CPU I/O read cycles, these they are output pins to

read out the contents of UM82C206 internal registers.

During CPU I/O write cycles, these are input pins to let

CPU program the contents of UM82C206 internal registers.

During DMA cycles, the most significant 8 bits of the

address are ouput onto these pins to be strobed into an

external latch by ADSTB8 or ADSTB16. During DMA
memory-to-memory transfers, data from the memory comes

into the DMA controller via these pins and stores in the

internal temporary register during read from the memory

partial cycle. In the write to memory partial cycle, the data

stored in the temporary register will output via these pins

again and write into the new memory location.

During the interrupt acknowledge cycle, the interrupt

controllers output the interrupt vector byte via these pins.

These pins are also used as the multiplexed address/data

bus for the real time clock and the CMOS RAM accesses.

35-43

34

XA8-XA0

XA9
I/O

I

X ADDRESS BUS are connected to the XA bus in PC/AT
architecture design. XA8-XA0 pins are bidirectional pins.

XA9 is an input only pin.

During CPU I/O accesses to the UM82C206, XA9-XA0 are

used to address configuration register and the internal

registers of 8237s, 8259s, 8254, MC146818, CMOS RAM,

74LS612.

During a CPU cycle, XA3-XA0 pins are used by the CPU to

address the registers of the DMA control ler corresponding

to DMA channels 0-3. XA4-XA1 pins are used by the CPU to

address the registers of the DMA controller corresponding

to DMA channels 5-7.

During a DMA cycle, XA7-XA0 pins are outputs and carry

address information for DMA channels 0-3. XA8-XA1 pins

are outputs and carry address information for DMA
channels 5-7.

I
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Pin No. Symbol I/O Description

54 XIOR* I/O X I/O READ is a bidirectional active low 3-state pin. In a non

DMA or non interrupt cycle, it is an input control signal

used by the CPU to read the UM82C206 internal registers. In

an active DMA cycle, it is an output control signal used by

the DMA controller to access data from a peripheral during

a DMA write memory transfer.

52 XIOW* I/O X I/O WRITE is a bidirectional active low 3 state pin. In a

non DMA or non interrupt cycle, it is an input control signal

used by the CPU to write the UM82C206 internal registers.

In an active DMA cycle, it is an output control signal used

by the DMA controller to write data to a peripheral during a

DMA read memory transfer.

61 DMAMEMR* DMA MEMORY READ is an active low 3-state output pin

used to access data from the selected memory location

during DMA read memory or memory-to- memory transfer.

62 DMAMEMW* DMA MEMORY WRITE is an active low 3-state output pin

used to write data to the selected memory location during

DMA write memory or memory-to- memory transfer.

73 HLDA1 I HOLD ACKNOWLEDGE 1 is an active high signal from the

UM82C211C to indicate that the CPU has relinquished

control of the system busses.

69 HRQ HOLD REQUEST is an active high output to the

UM82C211C to request control of the system bus. When a

DREQ occurs and the corresponding mask bit is clear, or a

software DMA request is made, the DMA controller issues

HRQ to the UM82C211C. After CPU releases the system bus,

the UM82C211C then issues a HLDA1 back to the UM82C206
if DMA has been permitted to control the system bus.

44-47

60-58

DREQ0-
DREQ3

DREQ5-
DREQ7

I DMA REQUEST is an asynchronous DMA channel request

input for each DMA channel. In fixed priority, DREQO has

the highest priority and DREQ7 has the lowest priority. A
periphal device will activate a DREQ line if it needs a DMA
service. DACK will acknowledge the recognition of DREQ
request. DREQ must be maintained until the corresponding

DACK goes active DREQ will not be recognized while the

DMA clock is stopped. Unused DREQ inputs should be kept

inactive and the corresponding mask bit should be set to

avoid an undesired DMA function. Polarity of DREQ is

programmable. Reset initializes these lines to active high.

DREQ0-DREQ3 support 8-bit transfers between 8- bit I/O

device and 8 or 16-bit system memory. DREQ5-DREQ7
support 16-bit transfers between 16-bit I/O device and 16-bit

system memory. DREQ4 is not externally available and is

used to cascade DREQ0-DREQ3.
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Pin No. Symbol I/O Description

67 TC TERMINAL COUNT is an active high signal. It indicates

the completion of DMA services. A pulse is generated by the

DMA controller when terminal count for any channel is

reached except for channel in memory-to-memory transfer

mode. During memory-to-memory transfer terminal count

will be generated when the terminal count for channel 1

occurs. When a TC pulse occurs, the DMA controller will

terminate the service, and if auto-initialize is enabled, the

base registers will be written to the current registers of

that channel. The mask bit and TC bit in the status register

will be set for the currently active channel unless the

channel is programmed for auto-initialization. In that case,

the mask bit remains clear.

48-51

57-55

DACKO-
DACK3

DACK5-

DACK7

DMA ACKNOWLEDGE is used to notify the individual

peripherals when one has been granted a DMA cycle.

Because these signals are used internally for cascading the

DMA channels and for DMA page register selection, they

must be programmed to active low and cannot be changed.

Reset initializes them to active low.

66 ADSTB8 ADDRESS STROBE 8 is an active high output. It is used to

latch the upper address byte XA8-XA15 for 8-bit peripheral

devices. During DMA block transfers, ADSTB8 will only be

issued when the upper address byte must be updated, thus

speeding transfer through elimination of SI states of DMA
cycles. ADSTB8 is active for DMA channels 0-3.

65 ADSTB16 ADDRESS STROBE 16 is an active high output. It is used to

latch the upper address byte XA9-XA16 for 16-bit peripheral

devices. During DMA block transfers, ADSTB16 will only be

issued when the upper address byte must be updated, thus

speeding transfer through elimination of SI states of DMA
cycles. ADSTB16 is active for DMA channels 5-7.

63 AEN8* ADDRESS ENABLE 8 is an active low output. It is used to

enable the latch of the upper address byte XA8-XA15 for

8-bit peripheral devices. It is inactive when external bus

master controls the system bus. AEN8* is active for DMA
channels 0-3.

64 AEN16* o ADDRESS ENABLE 16 is an active low output. It is used to

enable the latch of the upper address byte XA9-XA16 for

16-bit peripheral devices. It is inactive when external bus

master controls the system bus. AEN16* is active for DMA
channels 5-7.

I
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Pin No.

33

Symbol

ACK*
(MSE)

I/O Description

MODULE SELECT ENABLE is a two purpose input. When
high, it enables the chip select function on one of the modules

of UM82C206 for the CPU programming functions. When low,

the UM82C206 is essentially disconnected from the system bus

and is capable of performing an active DMA or an interrupt

cycle. In a PC/AT architecture design, it is tied to ACK*
signal of main board.

11-5

13

A23-A17

XA16
A23-A17 and XA16 are 3-state output pins. A23- A17 are the

upper 7 bits of the DMA page register. XA16 is the least

significant bit of the DMA page register and is used for DMA
transfers for 8-bit peripheral devices only. XA16 is not used

for 16-bit DMA transfers as XA16-XA9 being provided by

demultiplexing the data bus.

76-

82

83

84

1-

3

4

16

IRQ15-

IRQ9

IRQ7

IRQ6

IRQ5-

IRQ3

IRQ1

INTERRUPT REQUESTS are asynchronous inputs. When
8259 is operating in edge triggered mode, an interrupt request

is executed by raising an IRQ input low to high and holding it

high until it is acknowledged by CPU.

When 8259 is operating in level triggered mode, an interrupt

request is executed by raising an IRQ input high and holding

it high until it is ack nowledged by CPU.

INTA* INTERRUPT ACKNOWLEDGE is an active low input. It is

used to enable the interrupt controllers to output the vector

data on to the data bus by an interrupt acknowledge sequence

from the CPU.

70 INTR INTERRUPT REQUEST is an active high output pin. It is

connected to the CPU's interrupt pin and is used to interrupt

the CPU when an interrupt request occurs.

23 TMRCLK TIMER CLOCK is an input clock for 8254 counter 0, counter 1

and counter 2. In PC/AT architecture design, it is

approximately 1.19 MHz.

22 GATE2 GATE 2 is a gate input for 8254 counter 2. In PC/AT
architecture design, the counter 2 is used for tone generation

for speaker. It is driven by bit of I/O port 61h.

20 OUT1 OUT 1 is an output of 8254 counter 1. In PC/AT architecture

design, the counter 1 is programmed as a rate generator to

produce a 15 usee period signal for DRAM refresh.

19 OUT2 OUT 2 is an output of 8254 counter 2. In PC/AT architecture

design, counter 2 is used for tone generation for speaker.
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Pin No. Symbol I/O Description

71 AS I ADDRESS STROBE is an active high input. It is pulsed by

UM82C211C when CPU accesses the real time clock or

CMOS RAM of the UM82C206. The falling edge of this pulse

latches the address from the XD bus.

15 PSRSTB* I POWER SUPPLY STROBE is an active low input. It is used

to establish the condition of the control registers of real

time clock when power is applied to the device. In PC/AT
architecture design, it should be tied to the battery back-up

circuit. When PSRSTB* and TEST are both low, the follow-

ing occurs:

(a) Periodic Interrupt Enable (PIE) bit is cleared to zero.

(b) Alarm Interrupt Enable (AIE) bit is cleared to zero.

(c) Update ended Interrupt Enable (UIE) bit is cleared to

zero.

(d) Update ended Interrupt Flag (UF) bit is cleared to zero.

(e) Interrupt Request status Flag (IRQF) is cleared to zero.

(f) Periodic Interrupt Flag (PF) bit is cleared to zero.

(g) The part is not accessible.

(h) Alarm interrupt Flag (AF) bit is cleared to zero,

(i) Square Wave output enable bit is cleared to zero.

14 PWRG I POWER GOOD is an active high input and is connected to

the power good of the power supply in PC/AT architecture

design. It must be high for bus cycles in which the CPU
accesses the real time clock. When it is low, all address, data,

data strobe and R/W pins are disconnected from the

processor.

17 TEST I TEST is an active high input to enable the chip testing for

production. It should be tied low for normal operation.

32,75 VDD POWER SUPPLY

12,53,

74

VSS GROUND
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FUNCTIONAL/REGISTER DESCRIPTION

TOP LEVEL DECODER AND CONFIGURATION REGISTER

The UM82C206 top level decoder provides 8

separate enables to various subsystems of the

device. Table 1. contains a truth table for the top

level decoder. The enabling of the UM82C206

XD0-XD7 output buffers is also controlled by

this section. The output buffers are enabled

whenever an enable is generated to an internal

subsystem and the XIOR* signal is also asserted.

The decoder is enabled by signals ACK*, XA9,

XA8. To enable any internal subsystem ACK*
must be T and both XA9 and XA8 must be '0'.

Table 1. UM82C206 Internal Decode

ACK* XA9 XA8 XA7 XA6 XA5 XA4 XA3 XA2 XA1 XAO ADDRESS

RANGE (HEX)

SELECTED

DEVICE

X X X X 000-00F DMA8

1 X 020-021 INTC1

1 1 X 022-023 CONFIG

1 X X 040-043 CTC

1 1 1 1 071 RTC

1 X X X X 080-08F DMAPAGE

1 1 X 0A0-0A1 INTC2

1 1 X X X X X 0C0-0DF DMA16

X X X X X X X X X X DISABLED

X 1 X X X X X X X X X DISABLED

X X 1 X X X X X X X X DISABLED
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Configuration Register

Index register port : 22H

Data register port : 23H

Index :01H

Bits

7-6

54

3-2

Function

These bits contain the information of wait states inserted when the CPU accesses the

registers of UM82C206. Wait states are counted as SYSCLK clock cycles and are not affected

by the DMA clock selection.

7 6 Register I/O R/W wait states

1

1

I 1

1

2

3

4 (default)
I

These bits contain the information of wait states inserted in 16 bit DMA cycles. Further

control of the DMA cycle length is available through the use of the IOCHRDY pin of the

UM82C206. During DMA cycle this pin is used as an input to the wait state generation logic

to extend the cycle if necessary.

5 4 16 bit DMA wait states

1 (default)

1 2

1 3

1 1 4

These bits contain the information of wait states inserted in 8 bit DMA cycles. Further

control of the DMA cycle length is available through the use of the IOCHRDY pin of the

UM82C206. During DMA cycle this pin is used as an input to the wait state generation logic

to extend the cycle if necessary.

3 2 8 bit DMA wait states

1 (default)

1 2

1 3

1 1 4

EMR bit enables the early DMAMEMR* function. In IBM PC/AT design DMAMEMR* is

delayed one clock cycle later than XMEMR*. If set to 1, it will start DMAMEMR* at the same

time as XMEMR*. If set to 0, it will start DMAMEMR* as an IBM PC/AT design (default).

CLK bit selects the DMA clock. If this bit set to 0, the SYSCLK input is divided by two and is

used to drive both the 8-bit and 16-bit DMA subsystems (default). If this bit is set to 1, the

SYSCLK will directly drive the DMA subsystems. Whenever the state of this bit is changed,

an internal synchronizer controls the actual switching of the clock to prevent a short clock

pulse from causing a DMA malfunction

6-13



UMi UM82C206

DMA SUBSYSTEM

The UM82C206 contains two 8237 DMA
controllers. Each controller is a four channel

DMA device which will generate the memory

addresses and control signals necessary to

transfer data between a peripheral device and

memory directly. The two DMA controllers are

internally cascaded to provide four DMA
channels for transfers to 8-bit peripherals

(DMA8), and three channels for transfers to

16-bit peripherals (DMA16). The channel of

DMA16 provides the cascade interconnection of

the two DMA devices, thereby maintaining PC/

AT compatibility. Hereinafter, the description

of the DMA subsystem pertains to both DMA8

and DMA16 unless otherwise noted.

DMA I/O Address Map

The I/O address map of the DMA subsystem of

UM82C206 is listed in Table 2. The mapping is

fully compatible with PC/AT architecture.

Table 2. DMA Subsystem I/O Address Map

ADDRESS
DMA8DMA16

000H OCOH

001H 0C2H

002H 0C4H

OPERATION

XIOR*XIOW*

003H 0C6H

004H 0C8H

1

1

1

1

1

1

1

1

1

1

1

1

BYTE

POINTER

1

1

1

1

1

1

1

1

REGISTER

FUNCTION

Read channel current address low byte

Read channel current address high byte

Write channel base and current address low byte

Write channel base and current address high byte

Read channel current word count low byte

Read channel current word count high byte

Write channel base and current word count low byte

Write channel base and current word count high byte

Read channel 1 current address low byte

Read channel 1 current address high byte

Write channel 1 base and current address low byte

Write channel 1 base and current address high byte

Read channel 1 current word count low byte

Read channel 1 current word count high byte

Write channel 1 base and current word count low byte

Write channel 1 base and current word count high byte

Read channel 2 current address low byte

Read channel 2 current address high byte

Write channel 2 base and current address low byte

Write channel 2 base and current address high byte

005H OCAH

006H OCCH

1

1

1

1

1

1

1

1

Read channel 2 current word count low byte

Read channel 2 current word count high byte

Write channel 2 base and current word count low byte

Write channel 2 base and current word count high byte

Read channel 3 current address low byte

Read channel 3 current address high byte

Write channel 3 base and current address low byte

Write channel 3 base and current address high byte

6-14



Ufvij UM82C206

DMA8DMA16 XIOR*XIOW» POINTER FUNCTION

007H OCEH 1

1

1

1

1

1

Read channel 3 current word count low byte

Read channel 3 current word count high byte

Write channel 3 base and current word count low byte

Write channel 3 base and current word count high byte

008H ODOH 1

1

X
X

Read status register

Write command register

009H 0D2H 1

1

X
X

Read DMA request register

Write DMA request register

OOAH 0D4H 1

1

X
X

Read command register

Write single bit DMA request mask register

OOBH 0D6H 1

1

X
X

Read mode register

Write mode register

OOCH 0D8H 1

1

X
X

Set byte pointer flip/flop

Clear byte pointer flip/flop

OODH ODAH 1

1

X
X

Read temporary register

Master clear

OOEH ODCH 1

1

X
X

Clear mode register counter

Clear all DMA request mask register bits

OOFH ODEH 1

1

X
X

Read all DMA request mask register bits

Write all DMA request mask register bits

I
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DMA Operation

During normal operation of the UM82C206, the

DMA subsystem will be in either the idle

condition, the program condition or the active

condition. When DMA controller is in the idle

condition, it only executes the SI idle state

cycles. The DMA controller will remain in the

idle condition unless it has been initialized to

work and one of the DMA request pins has been

asserted. In that case, the DMA controller will

exit the idle condition and enter the active

condition. The DMA controller will also exit the

idle condition and enter the program condition

when CPU attempts to access its internal regis-

ters.

Idle Condition

When no peripherals request service, the DMA
subsystem will enter the idle condition and

perform only the SI idle states. During this time

the UM 82C206 will sample the DREQ input pins

every clock cycle to determine if any peripheral

is requesting a DMA service. The internal select

from the top level decoder and HLDA1 input pin

will also sample at the same time to determine if

the CPU is attempting to access the internal

registers. With either of the above two
conditions satisfied, the DMA subsystem will

exit the idle condition and enter the program

condition or the active condition. Note that the

program condition has priority over the active

condition since a CPU cycle has already started

before DMA has been granted use of the bus.

Program Condition

The DMA subsystem will enter the program
condition whenever HLDA1 input pin is inactive

and an internal select from top level decoder is

active. During this time, the address lines

XA0-XA3 become inputs if DMA8 is selected, or

XA1-XA4 become inputs if DMA16 is selected.

These address inputs are used to decode the

DMA controller registers which are to be

accessed. The XIOR* and XIOW* are used to

select and time the CPU reads or writes. When
DMA16 is selected, the XAO is not used to decode

and is ignored. Due to the large number and size

of the internal registers of the DMA subsystem,

an internal byte pointer flip/flop is used to

supplement the addressing of the 16-bit word
count and address registers. This byte pointer is

used to determine the upper or lower byte of the

word count and address registers. This byte

pointer flip/flop is cleared by hardware RESET
or a master clear command. It may also be set or

cleared by the CPU's 'set byte pointer flip/flop'

or clear byte pointer flip/flop' commands. There

are special commands supported by the DMA
subsystem in the program condition. These

commands do not use the data bus but are

derived from a set of addresses, the internal

select and XIOR* or XIOW*. These commands
are listed at the end of table 2. Erratic operation

of the UM82C206 can occur if a request for

service occurs on an unmasked DMA channel

which is being programmed. The channel

should be masked or the DMA should be

disabled to prevent the UM82C206 from

attempting to service a peripheral with a

channel which is only partially programmed.

Active Condition

The DMA subsystem will enter the active

condition whenever a software request occurs

or a DMA request occurrs on an unmasked

channel which has already been programmed.

When a DREQ occurs and the corresponding

mask bit is clear, or a software DMA request is

made, the DMA subsystem issues HRQ to the

UM82C211C. After CPU releases the system bus,

the UM82C211C then issues a HLDA1 back to

the UM82C206 if DMA has been permitted to

control the system bus. After being granted

control of the bus, the DMA subsystem will then

begin a DMA transfer cycle. Take DMA read

cycle as an example. After receiving a DREQ,
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the UM82C206 will issue a HRQ to the

UM82C211C. Until a HLDA1 is returned, the

DMA subsystem will remain in an idle condi-

tion. On the next clock cycle the DMA will exit

idle and enter SO state. During SO the DMA will

resolve priority and issue DACK on the highest

priority channel which is requesting service.

The DMA will then enter SI state where the

multiplexed addresses are output and latched.

The DMA will then enter S2 State where the

UM82C206 asserts DMAMEMR* command. The

DMA will then enter S3 state where the

UM82C206 asserts XIOW* command. The DMA
will then remain in S3 until the wait state

counter has expired and IOCHRDY is high. Note

that at least one additional S3 will occur unless

compressed timing is programmed. Once a

ready condition is detected, the DMA will enter

S4 where DMAMEMR* and XIOW* are

deasserted. In compressed mode and demand

mode, subsequent transfers will begin in S2

unless the intermediate addresses require

updating. In these subsequent transfers the

lower addresses are changed in S2.

Transfer Modes

There are four transfer modes supported by the

DMA. They are single transfer mode, block

transfer mode, demand transfer mode and

cascade mode. The DMA can be programmed on

a channel by channel basis to operate in one of

these four modes.

Single Transfer Mode - In this mode the DMA
will execute only one cycle at a time. DREQ
must be held active until DACK becomes active

in order to be recognized. If DREQ is held active

throughout the single transfer, the UM82C206

will deassert HRQ and release the bus to the

system once the transfer is complete. After

HLDA1 has gone inactive the UM82C206 will

again assert HRQ and execute another transfer

on the same channel unless a request from a

higher priority channel has been received. In

single transfer mode the CPU is ensured of at

least one full machine cycle execution between

DMA transfers. Following each transfer the

word count register is decreased and the

address register is increased or decrased

depending on the DEC bit of mode register.

When the word count decrements from 0000H to

FFFFH the terminal count bit in the status

register is set and a pulse is output to TC pin. If

the autoinitialization is selected, the channel

will reinitialize itself for the next service.

Otherwise, the DMA will set the cor_

responding DMA request bit mask and suspend

transferring on that channel.

Block Transfer Mode - In this mode the DMA
will begin transfers in response to either a

DREQ or a software request. If DREQ starts the

transfers, it need only be held active until

DACK becomes active. The transfers will con-

tinue until the word count decrements from

0000H to FFFFH, at which time TC pin is pulsed

and the terminal count bit of status register is

set. Again, an autoinitialization will occur at the

end of the last service if the channel has been

programmed to do so.

Demand Transfer Mode - In this mode the DMA
will begin transfers in response to the assertion

of DREQ and will continue until either terminal

count is reached or DREQ becomes inactive.

This mode is normally used for peripherals

which have limited buffering capacity. The

peripheral can initiate a transfer and continue

until its buffer capacity is exhausted. The

peripheral may then re-establish service by

again asserting DREQ. During idle periods

between transfers the CPU is released to

operate and can monitor the operation by

reading intermediate values from the address

and word count register. Once DREQ has been

deasserted, higher priority channels are allowed

to intervene. Reaching terminal count will

result in the generation of a pulse on TC pin, the

setting of the terminal count bit in the status

register and autoinitialization if programmed to

do so.

Cascade Mode - This mode is used to

interconnect more than one DMA controller, to

extend the number of DMA channels while
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preserving the priority chain. In cascade mode
the master DMA controller does not generate

address or control signals. The DREQ and

DACK signals of the master are used to in-

terface the HRQ and HLDA1 signals of the slave

DMA devices. Once the master has received a

HLDA1 from the CPU in response to a DREQ
caused by the HRQ from a slave DMA controller,

the master DMA controller will ignore all in-

puts except HLDA1 from the CPU and DREQ on

active channel. This prevents conflicts between

the DMA devices.

Figure 3. shows the cascade interconnection for

two levels of DMA devices. Note that channel

of DMA16 is internally connected for cascade

mode to DMA8. Additional devices can be

cascaded to the available channels in either

DMA8 or DMA16 since cascade is not limited to

two levels of DMA controllers.

When programming cascaded controllers, begin

with the device which is actually generating

HRQ to the system (first level device) and then

proceed to the second level devices. RESET
causes the DACK* outputs to become active low

and are placed in the inactive state. To allow the

internal cascade between DMA8 and DMA16 to

function correctly, the active low state of

DACK* should not be modified. The first level

device's DMA request mask bits will prevent

second level cascaded devices from generating

unwanted hold requests during the initialization

process.

DMA16

HRO

HLDfl

DREOO

DBCKO

DREOi

DACKi

HRO

HLDfi

H>
HRO

HLOfi

<M»st«r>

$
OPTIONAL
8237ft
DMA

igure Cascade Mode Interconnect
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Transfer Types

Single transfer mode, block transfer mode and

demand transfer mode can perform any of the

three transfer types. These three transfer types

are read .write and verify transfers.

Read Transfers - These transfers move data

from memory to an I/O peripheral by

generating the memory address and asserting

DMAMEMR* and XIOW* during the same

transfer cycle.

Write Transfers - These transfers move data

from an I/O peripheral to memory by

generating the memory address and asserting

DMAMEMW* and XIOR* during the same

transfer cycle

Verify Transfers - The verify transfers are

pseudo transfers. In this type of transfer the

DMA will operate as in read or write transfers

by generat ing HRQ, DACK, memory addresses

and respond to the terminal count. But it does

not activate the memory and I/O command
signals. Since no transfer actually takes place

IOCHRDY is also ignored during verify

transfers.

Memory-to-Memory Transfers - In addition to

the above three transfer types, there is also a

memory-to-memory transfer which can only be

used on DMA channel and channel 1. The
memory-to-memory transfer is used to move a

block of memory from one location in memory
to another. DMA channels and 1 may be

programmed to operate as memory-to-memory

channels by setting a bit in the DMA command
register. Once programmed to do so the transfer

can be started by generating either a software

or an external request to channel 0. During the

transfer, channel provides the address for the

source block during the memory read portion of

the transfer, channel 1 generates the address for

the destination block during the memory write

portion of the same transfer. During the read

portion transfer, a byte of data is latched in the

internal temporary register of DMA. The
contents of this register are then output on the

XD0-XD7 output pins during the write portion

of the transfer and subsequently written to

memory location. Channel may be pro-

grammed to maintain the same source address

on every transfer. This allows the CPU to

initialize large blocks of memory with the same

value. The DMA subsystem will continue

performing transfers until channel 1 reaches

the terminal count.

Autoinitialization

The mode register of each DMA channel

contains a bit which will cause the channel to

reinitialize after reaching terminal count.

During autoinitialization , the base address

and base word count registers, which were

originally programmed by the CPU, are

reloaded into the current address and current

word count registers. The base registers remain

unchanged during DMA active cycles and can

only be changed by the CPU. If the channel has

been programmed to autoinitialize, the request

mask bit will remain cleared upon reaching

terminal count. This allows the DMA to

continue operation without CPU intervention. In

memory-to-memory transfers the word count

registers of both channel and channel 1 must

be programmed with the same starting value

for full autoinitialization.

DREQ Priority

The UM82C206 supports two types of priority

schemes which are software programmable

They are fixed priority and rotating priority.

Fixed priority assigns priority based on channel

position. In this method channel is assigned

the highest priority and channel 3 is the lowest

priority. After the recognition of any one

channel for service, the other channels are

prevented from interfering with that service

until it is completed. In rotating priority, the

ordering of priority from channel to channel 3

is maintained but the actual assignment of
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priority changes. The channel most recently

serviced will be assigned the lowest priority and

since the order of priority assignment remains

fixed, the remaining three channels rotate

accordingly. The rotating priority assignment is

illustrated in Figure 4. In instances where

multiple requests occur at the same time, the

UM82C206 will issue a HRQ but will not freeze

the priority logic until HLDA1 is returned.

Once HLDA1 becomes active the priority logic is

frozen and DACK is asserted on the highest

requesting channel. Priority will not be reevalu-

ated until HLDA1 has been deactivated.

Priority
First

ftrbitrati on Arbitration
Third

ftrbitrati on

Hi she St channel
|
channel 2 |<

Cade
Grant channel t \*— Cacle

3 1*^ Grant

channel

channel

channel

i

2

!
'

est

|
channel , !<: Cycle

1 1^^ Grant |
channel 3

|

\ Low

channel

channel

2

3

channel

channel 1

j
channel X |

= Requested Channel

Figure 4. Rotating Priority Scheme

Address Generation

Eight intermediate bits of the address are

multiplexed onto the data lines during active

cycles of the DMA. This reduces the number of

pins required by the DMA subsystem. During SI

state, the intermediate addresses are out- put on

data lines XD0-XD7. These addresses should be

externally latched and used to drive the system

address bus. Since DMA8 is used for 8-bit

transfers and DMA16 is used for 16-bit transfers,

a 1-bit skew occurs in the intermediate

address fields. DMA8 will therefore output

addresses A8-A15 on the data bus at this time

whereas DMA16 will output A9-A16. A separate

set of latch and enable signals are provided for

both DMA8 and DMA16 to accommodate the

address skew.

During 8-bit DMA transfers, in which DAM8 is

active, the UM82C206 will out- put the lower

8-bits of address on XA0-XA7. The intermediate

8-bits of add- ress will be output on XD0-XD7

and ADSTB8 will be asserted for one DMA
clock cycle. The falling edge of ADSTB8 is used

to latch the intermediate address- es A8-A15. An
enable signal, AEN8, issused to control the

output drivers of the external latch. A16-A23 are

also generated at this time from a DMA page

register in the UM82C206. Note that A16 is

output on the XA16 pin of the device.

During 16-bit DMA transfers, in which DAM16
is active, the UM82C206 will output the lower

8-bits of address on XA1-XA8. The intermediate

8-bits of address A9-A16 will be output on

XD0-XD7 and ADSTB16 will be asserted for one

DMA clock cycle. The falling edge of ADSTB16
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is used to latch the in- termediate addresses

A9-A16. An enable signal, AEN16, issued to

control the output drivers of the external latch.

A17-A23 are also generated at this time from a

DMA page register in the UM82C206. Note that

XAO and XA16 remain 3-state during 16-bit

DMA transfers.

The DMA page registers are a set of 16 8-bit

registers in the UM82C206 which are used to

generate the high order addresses during DMA
cycles. Only 8 of the registers are actually used

but all 16 were included to maintaim PC/AT
compatibility. Each DMA channel has a page

register associated with it with the exception of

channel of DMA16 which is used for internal

cascading to DMA8. Assignment of each of

these registers is shown in Table 3. along with

its CPU I/O read/write address.

During demand and block transfers, the

UM82C206 generates multiple sequen- tial

transfers. For most of these transfers the

information in the external address latches will

remain the same, eliminating the need to be

relatched. Since the need to update the latches

occurs only when a carry or borrow from the

lower 8-bits of the address counter exists, the

UM82C206 will only update the latch contents

when necessary. The UM82C206 will therefore

only execute SI state when necessary and

improve the overall system throughput.

Table 3. DMA Page Register I/O Address Map

I/O ADDRESS TYPE REGISTER FUNCTION

080H R/W Unused

081H R/W DMA8 channel 2 (DACK2)

082H R/W DMA8 channel 3 (DACK3)

083H R/W DMA8 channel 1 (DACK1)

084H R/W Unused

085H R/W Unused

086H R/W Unused

087H R/W DMA8 channel (DACKO)

088H R/W Unused

089H R/W DMA16 channel 2 (DACK6)

08AH R/W DMA16 channel 3 (DACK7)

08BH R/W DMA16 channel 1 (DACK5)

08CH R/W Unused

08DH R/W Unused

08EH R/W Unused

08FH R/W DRAM refresh cycle
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Compressed Timing

The DMA subsystem in the UM82C206 can be

programmed to transfer a word in as few as 2

DMA clock cycles. Normal transfers require 4

DMA clock cycles since S3 is executed twice due

to the one wait state insertion. In systems

capable of supporting higher throughput, the

UM82C206 can be programmed to omit one S3

and assert both commands in S2. S2 begins the

cycle by generat- ing the address and asserting

both commands. One S3 cycle is executed and

the cycle terminates in S4. If compressed timing

is selected, TC will be output in S2 and SI cycles

will be executed as necessary to update the

address latch. Note that compressed timing is

not allowed for memory-to- memory transfers.

Register Description

Current Address Register

Each DMA channel has a 16-bit current address

register which holds the address used during

transfers. Each channel can be programmed to

increment or decrement this register whenever

a transfer is completed. This register can be

read or written by the CPU in consecutive 8-bit

bytes. If autoinitialization is selected, this

register will be reloaded from the base address

register upon reaching terminal count in the

current word count register. Channel can be

prevented from incrementing or decrementing

by setting the address hold bit in the command

register.

Current Word Count Register

Each channel has a current word count register

which determines the number of transfers. The

actual number of transfers performed will be

one greater than the value programmed into the

register. The register is decremented after each

transfer until it goes from zero to FFFFH. When

this roll-over occurs the UM82C206 will generate

TC and either suspend operation on that

channel and set the appropriate request mask

bit or autoinitialize and continue.

Base Address Register

Associated with each Current Address Register

is a Base Address Register. This is a write only

register which is loaded by the CPU when

writing to the Current Address Register. The

purpose of this register is to store the initial

value of the Current Address Register for

autoinitialization. The contents of this register

are loaded into the Current Address Register

whenever terminal count is reached and the

Autoinitialize Bit is set.

Base Word Count Register

This register preserves the initial value of the

Current Word Count Register. It is also a write

only register which is loaded by writing to the

|
Current Word Count Register. This register is

loaded into the Current Word Count Register

during autoinitialization.

Command Register

This register controls the overall operation of a

DMA subsystem. The register can be read or

written by the CPU and is cleared by either

RESET or a Master Clear command.
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Command Register Format ( Read/Write )

Bits Function

7 DAK - Writing a "0" to this bit makes DACK an active low out- pin. Writing a "1" to this

bit makes DACK an active high output pin.

6 DRQ - Writing a "0" to this bit makes DREQ an active high input pin. Writing a 1" to

this bit makes DREQ an active low input pin.

5 EW - Writing a '1" to this bit enables Extended Write feature. It causes the write

command to be asserted one DMA cycle earlier during a transfer. Thus read and write

commands both begin in state S2 when enabled.

4 RP - Writing a T to this bit selects a Rotating Priority scheme for honoring DMA
requests. The default condition is fixed priority.

3 CT - Writing a 1" to this bit enables the Compressed Timing. The default condition

causes the DMA to operate with normal timing.

2 CD - Controller Disable Writing a 1" to this bit disables the DMA subsystem (DMA8 or

DMA16). This function is normally used whenever the CPU needs to reprogram one of

the channels to prevent DMA cycles from occuring.

1 AH - Writing a '1" to these bit enables the address hold feature in Channel when

performing memory-to-memory transfer.

M-M - Writing a 1" to this bit enables Channel and Channel 1 to be used for memory-to

memory transfers.

Mode Register

Each DMA channel has a Mode Register

associated with it. All four Mode Registers

reside at the same I/O address. Bits and 1 of

the Write Mode Register command determine

which channel Mode Register gets written.

The remaining six bits control the mode of the

selected channel. Each channel Mode Register

can be read by sequentially reading the Mode

Register location. A Clear Mode register Counter

command is provided to allow the CPU to

restart the mode read process at a known point.

During mode read operations, bit and 1 will

both be 1.
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Mode Register Format ( Read/Write

)

Bits Function

7-6 These bits contain the information of mode selection for each channel

:

Function

Mode Select

Demand Mode

Single Cycle Mode

Block Mode

Cascade Mode

DEC - Writing aT to this bit DECrements the address after each transfer.

AI • Writing a "1" to this bit enable Auto_Initialization function.

3-2 These bits control the type of transfer which is to be performed.

Function

Transfer Type Select

Verify Transfer

Write Transfer

Read Transfer

Illegal

1-0 These bits determine which channel's Mode Register will be written. Read back of a mode

register will cause these bits to both be "1".

1 Function

CS1 CSO Channel Selection

1

1

1

1

select Channel

select Channel 1

select Channel 2

select Channel 3
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Request Register

This is a four bit register used to generate

software requests (DMA service can be

requested either externally or under software

control). Request Register bits can be set or

reset independently by the CPU. The Register

Mask has no effect on software generated

requests. All four bits are read in one operation,

and appear in the lower four bits of the byte.

Bits 4 through 7 are read as ones . All four

request bits are cleared to zero by RESET.

Request Register Write Format

Bits Function

7-3 Dont care.

2 RB - Writing a "1" to this bit sets the Request Bit.

1-0 RS1-RS0 - Channel Request Select. These bits determine which channel's Request bit will be

set.

1 Function

RSI RSO Channel Selection

1

1

1 1

select Channel

select Channel 1

select Channel 2

select Channel 3

Request Register Read Format

Bits Function

7-4 Always reads 1".

3-0 RC3-RC0 - These bits contain the state of the request bit associated with each Request

Channel. The bit position corresponds to the channel number.
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Request Mask Register

The Request mask register is a set of four bits

which are used to inhibit external DMA
requests from generating transfer cycles. This

register can be programmed in two ways. Each

channel can be independently masked by

writing to the Write Single Mask Bit location.

The data format for this operation is shown

below.

Request Mask Register Set/Reset Format

Bits Function

7-3 Dont care.

2 MB - Writing a 1" to this bit set the request Mask Bit and inhibits external requests.

1-0 MS1-MS0 - Channel request Mask Select. These bits determine which channel's Request

Mask bit will be set.

1 Function

MSI MSO Channel Selection

1

1

1 1

select Channel

select Channel 1

select Channel 2

select Channel 3

Alternatively all four mask bits can be

programmed in one operation by writing to the

Write All Mask Bits address. Data format for

this and the Read All Mask Bits function is

shown below.

Request Mask Register Read/Write Format

Bits Function

7-4 Always reads "1".

3-0 MB3-MB0 - These bits contain the state of the request Mask Bit associated with each

request channel. The bit position corresponds to the channel number.
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Status Register

All four mask bits are set following a RESET or

a Master Clear command. Individual channel

mask bits will be set as a result of terminal

count being reached, if autoinitialize is disabled.

The entire register can be cleared, enabling all

four channels by performing a Clear Mask

Register operation.

The status of all four channels can be

determined by reading the Status Register.

Information is available to determine if a

channel has reached Terminal Count and

whether an external service request is pending.

Bits

7-4

3-0

Status Register Format ( Read )

Function

DRQ3-DRQ0 - These bits show the status of each channel request, and are not affected by

the state of the Mask Register bits. Reading '1" means "request" occurs, and bits 7,6,5,4

represent channels 3,2,1,0 respectively.These bits can be cleared by RESETS Master Clear or

the pending request being deasserted.

TC3-TC0 - These bits indicate which channel has reached Terminal Count reading "1".

These bits can be cleared by RESET, Master Clear or each time a Status Read takes place.

The channel number corresponds to the bit position.

Temporary Register

The Temporary Register is used as a temporary

holding register for data during memory-to-

memory transfers. The register is loaded during

the first cycle of a memory-to-memory transfer

from XD0-XD7. During the second cycle of the

transfer, the data in the Temporary Register is

output on the XD0- XD7 pins. Data from the last

memory-to-memory transfer will remain in the

register.

Special Commands

Five Special Commands are provided to make
the task of programming the device easier.

These commands are activated as a result of a

specific address and assertion of either a XIOR*

or XIOW*. For these special commands, the data

bus is ignored by the 82C206 whenever an

XIOW* activated command is issued. Data

returned on XIOR* activated commands is

undefined.

1. Clear Byte Pointer Flip-Flop - This command

is normally executed prior to reading or

writing to the address or word count

registers. This initializes the flip-flop to point

to the low byte of the register and allows the

CPU to read or write the register bytes in

correct sequence.

2. Set Byte Pointer Flip-Flop - Setting the Byte

Pointer Flip-Flop allows the CPU to adjust

the pointer to the high byte of an address or

word count register.
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3. Master Clear - This command has the same

effect as a hardware RESET. The Command
Register, Status Register, Request Register,

Temporary Register, Mode Register counter

and Byte pointer Flip-Flop are cleared and

Request Mask Register is set. Immediately

following Master Clear or RESET, the DMA
will be in the Idle Condition.

4. Clear Request Mask Register - This

command enables all four DMA channels to

accept requests by clearing the mask bits in

the register.

5. Clear Mode Register Counter - In order to

allow access to four Mode Registers while

only using one address, an internal counter is

used. After clearing the counter all four

Mode Registers may be read by successive

reads to the Mode Register. The order in

which the registers will be read is Channel

first, Channel 3 last.

INTERRUPT SUBSYSTEM

INTERRUPT CONTROLLLER FUNCTIONAL DESCRIPTION

The programmable interrupt controllers in the

UM82C206 function as a system wide interrupt

manager in an iPAX86 system. They accept

requests from peripherals, resolve priority on

pending interrupts and interrupts in service,

issue an interrupt request to the CPU, and

provide a vector which is used as an index by

the CPU to determine which interrupt service

routine to execute.

A variety of priority assignment modes are

provided, which can be recofigured at any time

during system operation, allowing the complete

interrupt subsystem to be restructured, based on

the system environment.

Overview

Two interrupt controllers, INTC1 and INTC2,

are included in the UM82C206. Each of the

interrupt controllers is equivalent to an 8259A

device operating in iPAX86 Mode. The two

devices are interconnected and must be

programmed to operate in Cascade Mode (see

Figure 5) for proper operation of all 16 interrupt

channels. INTC1 is located at addresses

020H-021H and is configured for Master

operation (defined below) in Cascade

Mode. INTC2 is a Slave device (defined below)

and is located at 0A0H-0A1H. The Interrupt

Request output signal from INTC2 (INT) is

internally connected to the interrupt request

input Channel 2 (IR2) of INTC1. The address

decoding and Cascade interconnection matches

that of the IBM PC/AT.

Two additional interconnections are made to

the interrupt request inputs of the interrupt

controllers. The output of Timer in the

Counter/Timer subsystem is connected to

Channel (IRO) of INTC1. Interrupt request

from the Real Time Clock is connected to

Channel (IRO) of INTC2. Table 4 lists the 16

interrupt channels and their interrupt request

source.

Description of the Interrupt Subsystem will

pertain to both INTC1 and INTC2 unless

otherwise noted. Wherever register addresses

are used, the address for the INTC1 register will

be listed first and the address for the INTC2

register will follow in parenthesis. Example 02H

(OAOH).
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INTfl* INT

CflS2

CflSl

CflSO

INTC2

CflSO

INTfl« CflSl

CflS2

Figure 5. Interna) Cascade Interconnect
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Table 4. Interrupt Request Source

Controller Number Channel Name Interrupt Request Source

INTC1 IRO Counter/Timer OutO

INTC1 IR1 IRQ1 Input Pin

INTC1 IR2 INTC2 Cascade Interrupt

INTC1 IR3 IRQ3 Input Pin

INTC1 IR4 IRQ4 Input Pin

INTC1 IR5 IRQ5 Input Pin

INTC1 IR6 IRQ6 Input Pin

INTC1 IR7 IRQ7 Input Pin

INTC2 IRO Real Time Clock IRQ

INTC2 IR1 IRQ9 Input Pin

INTC2 IR2 IRQ10 Input Pin

INTC2 IR3 IRQ11 Input Pin

INTC2 IR4 IRQ12 Input Pin

INTC2 IR5 IRQ13 Input Pin

INTC2 IR6 IRQ14 Input Pin

INTC2 IR7 IRQ15 Input Pin
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Controller Operation

Figure 6 is a block diagram of the major

elements in the controller. The Interrupt

Request Register (IRR) is used to store requests

from all of the channels which are requesting

service. Interrupt Request Register bits are

labeled using the Channel Name IR7-IR0. The

In-Service Register (ISR) contains all the

channels which are currently being serviced

(more than one channel can be in service at a

time). In-Service Register bits are labeled IS7-IS0

and correspond to IR7-IR0. The Interrupt Mask

Request (IMR)allows the CPU to disable any or

all of the interrupt channels. The Priority

Resolver evaluates inputs from the above three

registers, issues an interrupt request, and

latches the corresponding bit into the In-Service

Register. During interrupt acknowledge cycles,

a master controller outputs a code to the slave

device which is compared in the Cascade

Buffer/ Comparator with a three bit ID code

previously written, if a match occurs in the

slave controller, it will generate an interrupt

vector. The contents of the Vector Register are

used to provide the CPU with an interrupt

vector during Interrupt Acknowledge (INTA)

cycles.

IN-SERVICE

REGISTER

' '

INTERRUPT

REQUEST

REGISTER

mo in.
'

PRIORITY

RESOLVER

INTERRUPT

MASK

REGISTER

'1

CASCADE

COMPARATOR

VECTOR

REGISTER
DATA BUS

Figure 6. Interrupt Controller Block Diagram
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Interrupt Sequence

The UM82C206 allows the CPU to perform an

indirect jump to a service routine in response to

a request for service from a peripheral device.

The indirect jump is based on a vector which is

provided by the UM82C206 on the second of two

CPU generated INTA cycles (the first INTA
cycle is used for resolving priority and the

second cycle is for transferring the vector to the

CPU , see Figure 7). The events which occur

during an interrupt sequence are as follows:

1 - One or more of the interrupt requests

(IR7-IR0) becomes active, setting the

corresponding IRR bit(s).

2 - The interrupt controller resolves priority

based on the state of the IRR, IMR and ISR

and asserts the INTR output if appropriate.

3 - The CPU accepts the interrupt and responds

with an INTA cycle.

4 - During the first INTA cycle, the highest

priority ISR bit is set and the corresponding

IRR bit is reset. The internal Cascade address

is generated.

5 - The CPU will execute a second INTA cycle,

during which the UM82C206 will drive an

8-bit vector onto the data pins XD7-XD0,

which is read by the CPU. The format of this

vector is shown in Table 5. Note that V7-V3 in

Table 5 are programmable by writing to

Initialization Control Word 2 (see Initial-

ization Command Words section below).

6 - At the end of the second INTA cycle, the ISR

bit will be cleared if the Automatic End Of

Interrupt mode is selected (see End Of

Interrupt section below). Otherwise, the ISR

bit must be cleared by an End Of Interrupt

(EOI) command from the CPU at the end of

the interrupt service routine to allows further

interrupts. If no interrupt request is present

at the beginning of the first INTA cycle (i.e. a

spurious interrupt), INTC1 will issue an

interrupt level 7 vector during the second

INTA cycle.

y^
s

CASCADE PRIORITY RESOLVEDx^
/

Figure 7. Interrupt Sequence
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End Of Interrupt

EOI is defined as the condition which causes an

ISR bit to be reset. Determination of which ISR

bit is to be reset can be done by a CPU command
(specific EOI) or, the Priority Resolver can be

instructed to clear the highest priority ISR bit

(non-specific EOI). The UM82C206 can determine

the correct ISR bit to reset when operated in

modes which do not alter the fully nested

structure, since the current highest priority ISR

bit is necessarily the last level acknowledged

and serviced. In conditions where the fully

nested structure is not preserved, a specific EOI

must be generated at the end of the interrupt

service routine. An ISR bit that is masked, in

Special Mask Mode by an IMR bit, will not be

cleared by a non- specific EOI command. The

interrupt controller can optionally generate an

Automatic End Of Interrupt (AEOI) on the

trailing edge of the second INTA cycle.

Priority Assignment

interrupt is acknowledged, priority is resolved,

the highest priority request's vector is placed on

the bus and the ISR bit for that channel is set.

This bit remains set until an EOI (automatic or

CPU generated) is issued to that channel. While

the ISR bit is set, all interrupts of equal or lower

priority are inhibited. Note that a higher

priority service routine will only be

acknowledged if the CPU has internally

r

re-enabled interrupts.

Specific Rotation Mode - Specific Rotatior

allows the system software to re-assign priority

levels by issuing a command which redefines

the highest priority channel. I
Before Rotation

Lowest

Priority Status 7 6

Highest

5 4 3 2 10

Assignment of priority is based on an interrupt

channel's position relative to the other channels

in the interrupt controller. After the

initialization sequence, IRO has the highest

priority, IR7 the lowest, and priority assignment

is fixed (Fixed Priority Mode). Priority

assignment can be rotated either manually

(Specific Rotation Mode) or automatically

(Automatic Rotation Mode) by programming

Operational Command Word 2 (OCW2).

Fixed Priority Mode - This is the default

condition which exists unless rotation (either

manual or automatic) is enabled, or the

controller is programmed for Polled Mode. In

Fixed Priority Mode, interrupts are fully nested

with priority assigned as shown:

Lowest Highest

Priority Status 7 6543210

(SPEcific Rotation command issued with

Channel 5 specificed)

After Rotation

Lowest Highest

Priority Status 54321076
Automatic Rotation Mode - In applications

where a number of equal priority peripherals

are requesting interrupts, Automatic Rotation

may be used to equalize the priority assignment.

In this mode a peripheral, after being serviced,

is assigned the lowest priority. All peripherals

connected to the controller will be serviced at

least once in 8 interrupt requests to the CPU
from the controller. Automatic rotation will

occur, if enabled, due to the occurrance of EOI

(automatic or CPU generated).

Nesting allows interrupts of a higher priority to

generate interrupt requests prior to the

completion of the interrupt in service. When an

Before Rotation (IR3 is highest priority request

being serviced)
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ISR Status Bit
, IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO

110 10
Lowest Highest

Priority Status 7654321
(SPEcific Rotation command issued with

Channel 4 specificed)

After Rotation

ISR Status Bit IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO

110
Lowest Highest

Priority Status 32107654

Programming The Interrupt Controller

Two type of commands are used to control the

UM82C206 interrupt controllers, Initialization

Command Words (ICWs) and Operational

Command Words (OCWs).

Initialization Command Words

The initialization process consists of writing a

sequence"of 4 bytes to each interrupt controller.

The initialization sequence is started by writing

the first Initialization Command Word (ICW1) to

address 020H (0A0H) with a 1 on bit 4 of the data

byte. The interrupt controller interprets this as

the start of an initialization sequence and does

the following:

1 - The Initialization Command Word Counter is

reset to zero.

2 - ICW1 is latched into the device.

3 - Fixed Priority Mode is selected.

4 - IR0 is assigned the highest priority.

5 - The Interrupt Mask Register is cleared.

6 - The Slave Mode Address is set to 7.

7 - Special Mask Mode is disabled.

8 -The IRR is selected for Status Read

operations.

The next three I/O writes to address 021H

(0A1H) will load ICW2-ICW4. See Figure 8 for a

flow chart of the initialization sequence. The

initialization sequence can be terminated at

any point (all 4 bytes must be written for the

controller to be properly initialized) by writing

to address 02H( 0A0H) with a in data bit 4. Note,

this will cause OCW2 or OCW3 to be written.

Table 5. Interrupt Vector Byte

D7 D6 D5 D4 D3 D2 Dl DO

IR7 V7 V6 V5 V4 V3 1 1 1

IR6 V7- V6 V5 V4 V3 1 1

IR5 V7 V6 V5 V4 V3 1 1

IR4 V7 V6 V5 V4 V3 1

IR3 ' V7 V6 V5 V4 V3 1 1

IR2 V7 V6 V5 V4 V3 1

IR1 V7 V6 V5 V4 V3 1

IRQ V7 V6 V5 V4 V3
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ICW1 - Address 020H (OAOH)

- Write Only

UM82C206

Bits

7-5

Function

Don't care.

Must set 1" for ICW1, Since ICW1, OCW2 and OCW3 share the same address,(020H, OAOH).

LTM - Bit 3 selects Level Triggered Mode or Edge triggered Mode input to the IR. If a 1"

is written to LTM, a high level on the IR input will generate an interrupt request and the

IR must be removed prior to EOI to prevent another interrupt. In Edge Triggered Mode, a

low to high transition will generate an interrupt request. In either mode, IR must be held

high until the first INTA cycle is started in order to generate the proper vector. IR7

vector will be generated if the IR input is deasserted early.

Don't care.

SM - This bit selects between Single Mode and Cascade Mode. Single Mode is used

whenever only one interrupt controller (INTC1) is used and is not recommended for this

device. Cascade Mode allows the two interrupt controllers to be connected through IR2 of

INTC1. INTC1 will allow INTC2 to generate its own interrupt vectors if Cascade Mode is

selected and the highest priority IR pending is from an INTC2 input. INTC1 and INTC2

must be programmed for Cascade Mode for both devices to operate.

Don't care.

ICW2 - Address 021H (0A1H)

- Write Only

Bits

7-3

2-0

Function

V7-V3 - These bits are the upper 5 bits of the interrupt vector and are programmable by

the CPU. INTC1 and INTC2 need not be programmed with the same value in ICW2, usually

INTC1 is programmed with a value of 08H .and INTC2 is programmed with a value of 70H.

The lower three bits of the vector are generated by the Priority Resolver during INTA

(ses Table 5).
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ICW3 • Format for INTC1 - Address 021H

- Write Only

Bits

7-0

Function

S7-S0 - Selects which IR inputs have Slave Mode controllers connected. ICW3 in INTC1

must be written with a 04H(IRQ2) for 1NTC2 to function correctly.

ICW3-Format for INTCl-Address 0A1H

-Write Only

Bits

7-3

2-0

Function

Don't care.

ID2-ID0 • Determines the Slave Mode address the controller will respond to during the

cascade INTA sequence. ICW3 in INTC2 should be written with a 02H(IRQ2 of INTC1) for

Cascade Mode operation.

ICW4 - Address 021H (0A1H)

- Write Only

Bits Function

7-5 Don't care.

4 EMI - this bit will Enable Multiple Interrupts from the same channel in Fixed Priority

Mode. This allows INTC2 to fully nest interrupts, when Cascade Mode with Fixed Priority

Mode are both selected, without being blocked by INTC1. Correct handling of this mode

requires the CPU to issue a non-specific EOI command to zero, when exiting an interrupt

service routine. If zero, a non-specific EOI command should be sent to INTC1. If non-zero,

no command is issued.

3-2 Don't care.

1 AEOI - Auto End Of Interrupt is enabled when ICW4 is written with a one in bit 1. The

interrupt controller will perform a non-specific EOI on the trailing edge of the second

INTA cycle. Note, this function should not be used in a device with fully nested interrupts

unless the device is a cascade Master.

Dont care.
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Operational Command Words

Operational Command Words (OCWs) allow the

UM82C206 interrupt controllers to be controlled

or reconfigured at any time while operating.

Each interrupt has 3 OCWs which can be

programmed to affect the proper operating

configuration and a Status Register to monitor

controller operation.

Operational Command Word 1 (OCW1) is located

OCW1 - Address 021H (0A1H)

- Read/Write

at address 021H (0A1H) and may be written any

time the controller is not in Initialization Mode.

Operational Command Words 2 and 3 (OCW2,

OCW3) are located at address 020H (OAOH).

Writing to address 020H (OAOH) with a in bit 4

will place the controller in operational mode and

load OCW2 (if data bit 3 = 0) or OCW3 (if data bit

3 = IX

OCW2 - Address 020H (OAOH)

- Write Only

Bits Function

7-5 R.SL.EOI - These bits selects operational function. Writing a "1" in bit 7 causes one of the

rotate functions to be selected.

Writing a "1" in bit 6 causes a specific or immediate function to occur. All specific

commands require L2-L0 to be valid except no operation.

Writing a "1" in bit 5 causes a function related to EOI to occur.

7 6 5 Function

R SL EOI operational function

Clear rotate in auto EOI mode

1 Non-specific EOI Command

1 No operation

1 1 Specific EOI Command *

1 Set rotate in auto EOI mode

1 1 Rotate on non-specific EOI Command

1 1 Set priority Command *

1 1 1 Rotate on specific EOI Command *

* L2-L0 are used by these commands.

4-3 These bits must be set "0" to indicate that OCW2 is selected, because ICW1, OCW2 and

OCW3 share the same address, (020H, OAOH).

2-0 L2-L0 - These three bits are internally decoded to select which interrupt channel is to be

affected by the Specific command. L2-L0 must be valid during three of the four specific

cycles.
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0CW3 - Address 020H (OAOH)

- Write Only

Bits

6-5

4-3

1-0

Function

This bit must be set "0".

ESMM - Writing a 1 in this bit position Enables the set/reset Special Mask Mode Function

controlled by bit 5 (SMM). ESMM allows the other functions in OCW3 to be accessed and

manipulated without affecting the Special Mask Mode state.

SMM - During Special Mask Mode, writing a 1 to any bit position of OCW1 inhibits

interrupts and a enables interrupts on the associated channel by causing the Priority

Resolver to ignore the condition of the ISR.

6 5 Function

ESMM SMM Mask mode enable/select

X No operation

1 Reset special mask mode to normal mask mode

1 1 Set special mask mode

These bits must be set "0" to indicate that OCW3 is selected, because ICW1, OCW2 and

OCW3 share the same address, (020H, OAOH).

PM - Writing a "1" to this bit of OCW3 enables Polled Mode. Writing OCW3 with poll mode

acts like the first INTA cycle, freezing all interrupt request lines and resolving priority.

The next read operation- to the controller acts like a second INTA cycle and polled vector

is output to data bus. The format of polled vector is described later (see Poll Mode Read).

RR - Writing a "1" to this bit enable the contents of IRR or ISR (determined by RIS) to be

placed on XD7-XD0 when reading the Status Port at address 020H (OAOH). Asserting PM
forces RR reset.

1 Function

RR RIS select next read register

X No operation

1 Read IRR on next read

1 1 Read ISR on next read
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IRR, ISR and Poll Vector

IRR, ISR and Poll Vector share the same address

(020H, OAOH). The selection of the registers

depends on the programming of ITC. If the

latest OCW3 issued poll command, (PM=1), the

poll vector is selected for the next read. Before

another poll command is issued, subsequent read

UM82C206

to the address will select IRR or ISR depending
on the latest OCW3, if RR=1 and RIS=0, ISR is

selected. Note that poll command is cleared after

the first read to the ITC. After initialization

(ICW1 or RESET), IRR is selected.

IRR-Address 020H(0A0H)

Bits

7-0

Function

IR7-IR0 - These bits corresponds to the interrupt request bit of Interrupt Request Register.

A "1" on these bits indicate that an interrupt request is pending on the corresponding line.

ISR-Address 020H(0A0H)

Bits

7-0

Function

IS7-IS0 - These bits correspond to the interrupt service bit of Interrupt Service Register. A
"1" on these bits indicate that an interrupt is being serviced on the corresponding line. EOI
will clear corresponding IS bit of ISR.

Poll Vector-Address 020H(OAOH)

Bits

6-3

2-0

Function

INT - A "1" in these bits indicates that a pending interrupt is polled. If there is no pending
interrupt request or the request is removed before the poll command, this bit is 0.

Don't care.

V2-V0 - These bits are the binary encoding of the highest priority level pending interrupt

request being polled. If no pending interrupt has been polled, all three bits are equal to 1.

Many registers share the same I/O address of

INTC. The following table summarizes the address of each register.

WRITE

AO XD4 XD3 Register Selected

OCW2

1 OCW3

1 X ICW1

1 X X
ICW2,ICW3,ICW4 during initialization sequence

OCW1 (Mask Register) after initialization sequence
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READ

AO Register Selected

IRR, ISR or Poll Vector

OCW1 (Mask Register)

COUNTER/TIMER SUBSYSTEM

COUNTER/TIMER

FUNCTIONAL DESCRIPTION

The UM82C206 contains a 8254 compatible

counter/timer(CTC). The counter/ timer can be

used to generate accurate time delays under

software control. It contains 3 16-bit counters

(counters 0-2) which can be programmed to

count in binary or binary-coded decimal (BCD).

Each counter operates inde- pendently of the

other and can be programmed for operation as a

timer or a counter.

All counters in this subsystem are controlled by

a common control logic as shown in Figure 9.

The control logic decodes and generates the

necessary commands to load, read, configure

and control each counter. Counter and counter

1 can be programmed for all six modes, but

mode 1 and mode 5 have limited usefulness

because their gate is hardwired to VCC

internally. Counter 2 can be programmed to

operate in any of the six modes as listed below:

COUNTER O

CLK GATE *

OUT -

COUNTER 1

CONTROL

LOGIC

CLK SATE

OUTcs.

HR

COUNTER 2

CLK GATE

OUT

CONNECTION!

u

GATE2

• 0UT2

Figure 9. Counter/Timer Block Diagram
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Mode Interrupt on terminal count

Mode 1 Hardware retriggerable one-shot

Mode 2 Rate generator

Mode 3 Square wave generator

Mode 4 Software triggered strobe

Mode 5 Hardware retriggerable strobe

All three counters in this subsystem are driven

from a common clock input pin (TMRCLK)
which is different from other clock inputs to the

UM82C206. Counter O's output (OUTO) is

internally connected to IRO of INTC1 and may
be used as an interrupt to the system for time

keeping and task switching. Counter 1 may be

programmed to generate pulses or square waves
for external devices. Counter 2 is a full function

counter/timer. It can be used as an interval

timer, a counter, or as a gated rate/pulse

generator. In PC/AT compatible design, counter

is used as a system timer, counter 1 is used as a

DRAM refresh rate generator, and counter 2 is

used for speaker sound generation.

Counter Description

Each counter in this subsystem contains a

control register, a status register, a 16-bit

counting element, a pair of 8-bit counter input

latchs, and a pair of 8-bit counter output latches.

Each counter shares the same clock input

(TMRCLK). GATE0.GATE1 and OUTO are not

externally accessible. This is fully compatible

with PC/AT. Output of OUTO is dependent on

the counter mode, (see Mode Definitions)

The control register stores the mode and
command information used to control the

counter. It may be loaded by writing a byte to

the write control word at port 043H. The status

register allows the software to monitor counter

condition and read back the contents of the

control register.

The 16-bit counting element is a loadable

synchronous down counter. It is loaded or

decremented on the falling edge of TMRCLK.
The counting element contains a maximum
count when a is loaded, which is equivalent to

65536 in binary operation or 10000 in BCD. The

counting element does not stop when it reaches

0. In modes 2 and 3 the counting element will be

reloaded and in all other modes it will wrap

around to 0FFFFH in binary operation or 9999

in BCD.

The counting element is indirectly loaded by

writing one or two bytes (optional) to the

counter input latches, which are in turn loaded

into the counting element. Thus the counting

element can be loaded or reloaded in one

TMRCLK cycle. The counting element is also

read indirectly by reading the contents of the

counter output latches. The counter output

latches are transparent latches which can be

read while transparent or latched (see latch

counter command).

Programming The Counter/Timer

After system reset the contents of control

registers, counter registers, counting elements,

and the output of all counters are undefined.

Each counter must be programmed before it can

be used. Each counter is programmed by

writing its control register with a control word

and then giving an initial count to its counting

element. Table 6 lists the I/O address map used

by the counter/timer subsystem.
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Table 6. Counter/Timer I/O Address Map

Address

040H

041H

042H

043H

Function

Counter Read/Write

Counter 1 Read/Write

Counter 2 Read/Write

Control Register Write Only

Read/Write Counter Command

Each counter has a write only control register. word to the I/O address 043H. The control word
This control register is written with a control format is described here.

Control Word Format (Write Only)

Bits

7-6

5-4

Function

SC1-SC0 - Select which counter this control word is written to.

SCI SCO Function

select counter

select counter 1

select counter 2

reserved for read-back command

RW1-RW0 - Determine the counter read/write word size.

5 4

RW1 RWO Function

reserved for counter latch command

1 read/write LSB only

1 read/write MSB only

1 1 read/write LSB first, then MSB

MSB = most significant byte

LSB = least significant byte
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Bits

3-1

Function

M2-M0 - Select the counter operating mode.

3 2 1

M2 Ml MO Function

select mode

1 select mode 1

X 1 select mode 2

X 1 1 select mode 3

1 select mode 4

1 1 select mode 5

BCD - During read/write counter commands control word writing, a "1" selects binary

coded decimal counting format. A "0" selects binary counting format. During read-back

command word writing, this bit must be 0.

When programming to a counter, the below

sequences must be followed: First, each counter's

control register must be written with a control

word before the initial count is written. Second,

writing the initial count must follow the format

specified in the control word (least significant

byte only, most significant byte only, or least

significant byte and then most significant byte).

A new initial count can be written into the

counter at any time after programming without

rewriting the control word.

Counter Latch Command

When a counter latch command is issued, the

counter's output latches latch the current state

of the counting element. The counter's output

latches remain latched until read by the CPU or

the counter is reprogrammed. After that the

output latches then return to a "transparent"

condition. Counter latch commands may be

issued to more than one counter before reading

the first counter to which this commannd was

issued. Also, multiple counter latch commands

issued to the same counter without reading the

counter will cause all but the first command to

be ignored. Below describes the counter latch

command format.
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Counter Latch Command Format (Write Only)

Bits

7-6

5-4

3-0

Function

SC1-SC0 - Select which counter is being latched.

7 6

SCI SCO Function

select counter

1 select counter 1

1 select counter 2 '

1 1 reserved for read-back command I
These two bits must be zero for the counter latch command.

These four bits are dont care bits.

Read-Back Command

The read-back command allows the user to counter(s). The format of the read-back

check the count value, mode, and state of the command is described below.

OUT signal and null count flag of the selected

Read-Back Command Format (Write Only)

Bits Function

7-6 These two bits must be 1" for the read-back command.

5 LCOUNT - A '0" in this bit will latch the count of the counting element of the selected

counter(s).

4 LSTATUS - A V in this bit will latch the status information of the selected counter(s).

3-1 C2-0 - These three bits select which counter(s) the read-back command is applied to.

3 2 1

C2 CI CO Function

X X select counter 2

X X select counter 1

X X select counter
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Each counter's latches remain latched until

either the latch is read or the counter is

reprogrammed. If both LSTATUS and LCOUNT

are "0", status will be returned on the next read

from the counter. The next one or two reads (de-

pending on whether the counter is programmed

to transfer one or two bytes) from the counter

result in the count being returned. Multiple

read-back commands issued to the same counter

without reading the counter will cause all but

the first command to be ignored. The status

read from each counter is described below.

Bits

Status Format

Function

OUT - This contains the state of the OUT signal of the counter.

NC - This contains the condition of the null count flag. This flag is used to indicate that

the contents of the counting element are valid. It will be set to a "1" during a write to the

control register or the counter. It is cleared to a "0" whenever the counter is loaded from

the counter input register.

5-4 RW1-0 - These two bits indicate the counter read/write word size. This information is

useful in determining where the high byte, the low byte or both must be transferred

during counter read/write operations.

3-1 M2-0 - These bits reflect the operating mode of the counter and are interpreted in the same

manner as in the write control word format.

BCD - This bit indicates the counting element is operating in binary format or BCD format.

Counter Operation

Because counter and counter 1 have

limitations in some of their operating modes, we

will use counter 2 to describe the various

counter operating modes. But the description of

modes 0, 2, 3 and 4 is suitable for all counters.

The following terms are defined for describing

counter/timer operation.

TMRCLK pulse - A rising edge followed by a

falling edge of the UM82C206 TMRCLK input.

trigger - The rising edge of the GATE2 input.

counter load - The transfer of the 16-bit value in

counter input latches to to the counting element.

initialized - A control word written and the

counter input latches loaded.

Counter 2 can operate in one of the following

modes:

Mode - Interrupt on terminal count

Mode 1 - Hardware retriggerable one-shot

Mode 2 - Rate generator

Mode 3 - Square wave generator

Mode 4 - Software triggered, strobe

Mode 5 - Hardware triggered strobe
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Mode - Interrupt on terminal count

Mode is usually used for event counting. After

the counter being written with the control word,

OUT2 of the counter goes low and remains low

until the counting element reaches at which

time it goes back high and remains high until a

new count or control word is written. Counting

is enabled when GATE2 = 1 and disabled when

GATE2 = 0. GATE2 has no effect on OUT2.

The counting element is loaded at the first

TMRCLK pulse after the control word and

initial count are loaded. When both initial count

bytes are required, the counting element is

loaded after the high byte is written. This

TMRCLK pulse does not decrement the count,

so for an initial count of N, OUT2 does not go

high until N+l TMRCLK pulses after

initialization. Writing a new initial count to the

counter reloads the counting element on the

next TMRCLK pulse and counting continues

from the new count. If an initial count is written

with GATE2 = 0, it will still be loaded on the

next TMRCLK pulse. But counting does not

progress until GATE2 = 1. When GATE2 goes

high, OUT2 will go high after N TMRCLK
pulses later.

Mode 1 - Hardware retriggerable one-shot

counting element is loaded with the new count

and the one-shot pulse continues until the new

count expires.

Mode 2 - Rate generator

This mode functions as a divide-by-N counter.

After writing the control word during

initialization the counter's OUT2 is set to high.

When the initial count is decremented to 1,

OUT2 goes low on the next TMRCLK pulse. The

following TMRCLK pulse returns OUT2 high,

reloads the CE and the process is repeated. In

Mode 2 the counter continues counting (if

GATE2 = 1) and vail generate an OUT2 pulse

every N TMRCLK cycles. Note that a count of 1

is illegal in Mode 2.

GATE2 = disables counting and forces OUT2
high immediately. A trigger reloads the CE on

the next TMRCLK pulse. Thus GATE2 can be

used to synchronize the counter to external

events.

Writing a new count while counting does not

affect current operation unless a trigger is

received. Otherwise, the new count will be

loaded at the end of the current counting cycle.

Writing the control word causes OUT2 to go

high initially. Once initialized the counter is

armed and a trigger causes OUT2 to go low on

the next TMRCLK pulse. OUT2 then remains

low until the counter reaches 0. An initial count

of N results in a one-shot pulse N TMRCLK
cycles long. Any subsequent triggers while

OUT2 is low cause the counting element to be

reloaded, extending the length of the pulse.

Writing a new count to counter input latches

will not affect the current one-shot pulse unless

the counter is retriggered. In the latter case, the

Mode 3 - Square wave generator

Mode 3 is similar to Mode 2 in every respect

except for the duty cycle of OUT2. OUT2 is set

high initially and remains high for the first half

of the count. When the first half of the initial

count expires, OUT2 goes low for the remainder

of the count.

If the counter is loaded with an even count, the

duty cycle of OUT2 will be 50% (high = low =

N/2). For odd count values, OUT2 is high one

TMRCLK cycle longer than it is low. Therefore,

high = (N+l)/2 and low = (N-l)/2.
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Mode 4 - Software triggered strobe Mode 5 - Hardware triggered strobe

Writing the Control Word causes OUT2 to go

high initially. Expiration of the initial count

causes OUT2 to go low for one TMRCLK cycle.

GATE2 = disables counting but has no effect

on OUT2. Also, a trigger will not reload the CE.

The counting sequence is started by writing the

initial count. The CE is loaded on the TMRCLK
pulse after initialization. The CE begins

decrementing one TMRCLK pulse later OUT2
will golow for one TMRCLK cycle, (N+l) cycles

after the initial count is written.

If a new initial count is written during a

counting sequence, it is loaded into the CE on

the next TMRCLK pulse and the sequence

continues from the new count. This allows the

sequence to be "retriggerable" by software.

Writing the Control Word causes OUT2 to go

high initially. Counting is started by trigger.

The expiration of the initial count causes OUT2
to go low for one TMRCLK cycle. GATE2 =

disables counting.

The CE is loaded on the TMRCLK pulse after a

trigger. Since loading the CE inhibits

decrementing, OUT2 will go low for one

TMRCLK cycle, (N+l) TMRCLK cycles after the

trigger.

If a new count is loaded during counting, the

current counting sequence will not be affected

unless a trigger occurs. A trigger causes the

counter to be reloaded from CIL and CIH,

making the counter "retriggerable".

Table 7. Gate Pin Function

Mode

Gate

Low Rising High

Disables Counting ... Enables Counting

... a) Initiates Counting ...

- b) Resets Out Pin ...

2

a) Disables Counting

Initiates Counting Enables Counting

b) Forces Out Pin High

3

a) Disables Counting

Initiates Counting Enables Counting

b) Forces Out Pin High

4 Disables Counting ... Enables Counting

5 ... Initiates Counting ...
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GATE2

In Modes 0,2,3 and 4 GATE2 is level sensitive

and is sampled on the rising edge of TMRCLK.

In Modes 1, 2, 3 and 5 the GATE2 input is

rising-edge sensitive. This rising edge sets an

internal flip-flop whose output is sampled on the

next rising edge of TMRCLK. The flip-flop

resets immediately after being sampled. Note

that in Modes 2 and 3 the GATE2 input is both

edge and level sensitive.

REAL TIME CLOCK SUBSYSTEM

REAL TIME CLOCK

FUNCTIONAL DESCRIPTION

This subsystem of the UM82C206 integrates a

complete time-of-day real time clock with alarm,

one hundred year calendar, a programmable

periodic interrupt, and 114 bytes of CMOS

static RAM. The UM82C206 is designed to

operate in a low power (battery powered) mode

and protects the contents of both the CMOS

static RAM and clock from change during

system power up and down.

Power-Up /Down

Most applications will require the real time

clock to remain active whenever the system

power is turned off. To accomplish this the user

must provide an alternate source of power to the

UM82C206. This alternate source of power is

normally provided by connecting a battery to

the Vcc pin to switch from the system power

supply to the battery. A circuit implementing

such a function is shown in Figure 10. It is used

to eliminate power drain on the battery when

the entire UM82C206 is active. It will also make

a clean and reliable transition between system

and battery power without drawing too much

battery power.

The PWRGD pin is provided on the device to

protect the contents of RAM and the real time

clock. It is also used to reduce power

consumption whenever the system is powered

down. This pin should be low whenever the

system power supply is not within specifications

for proper operation of the system. This pin may

be driven by circuitry in either the power

supply or on the system board. When the

PWRGD input is low, it will disable all un-

necessary inputs and outputs. In this way it will

prevent noise on the inactive pins and reduce

leakage current when the system is powered

down. This pin must therefore be at high level

for the remainder of the device to operate

properly when system power is applied.

The PSRSTB* pin is provided to initialize the

device whenever power is applied to the

UM82C206. This pin will not alter the RAM or

real time clock contents but it will initialize the

necessary control register bits. A low on

PSRSTB* pin disables the generation of

interrupts and sets a flag indicating that the

contents of the device may not be valid. A

recommended circuit for controlling the

PSRSTB* input is shown in Figure 10.
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Figure 10. Power Conversion and Reset Circuit ry

Register Access

Reading and writing to the 128 locations in this

subsystem is accomplished by first placing the

index address of the location you wish to access
on the data input pins XD0-XD6 and then

strobing the AS input pin. The address will then

be latched into the index address register on the

falling edge of AS. The index address register is

then used as a pointer to the specific byte in this

subsystem, which may be read or written by
asserting XIOR* or XIOW* with an address of

071H on the XA9-XA0 input pins.

In PC/AT compatible design, the AS is

generated by an I/O write operation to port
070H. To avoid the unintentional change of the
contents of real time clock and CMOS RAM, it is

recommended that an address of 070H be ap-

plied to the XA9-XA0 inputs of UM82C206
during the AS asserted time.

Address Map

Table 8 illustrates the internal register/RAM
organization of the real time clock subsystem of

the UM82C206. The 128 addressable locations in

this subsystem are divided into 10 bytes which
normally contain the time, calendar, alarm
setting and four control and status bytes and
114 general purpose CMOS RAM bytes. All 128

bytes are readable by the CPU. The CPU may
also write to all locations except registers OCH,
ODH, bit 7 of register OAH and bit 7 of the

register 00H which is always 0.
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Table 8. Address Map for Real Time Clock Subsystem

Index Function

00H SECONDS

01H SECONDS ALARM

02H MINUTES

03H MINUTES ALARM

04H HOURS

05H HOURS ALARM

06H DAY OF WEEK

07H DAY OF MONTH

08H MONTH

09H YEAR

OAH REGISTER A

OBH REGISTER B

OCH REGISTER C

ODH REGISTER D

OEH USER RAM

OFH USER RAM

7EH USER RAM

7FH USER RAM

I
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Time/Calender and Alarm Bytes

The CPU can obtain the time and calendar

information by reading the appropriate

locations in the real time clock. Initialization of

the time, calendar and alarm information is-

accomplished by writing to these bytes. Data

stored in these locations are in binary-coded

decimal (BCD) format.

Before initialization of the internal registers of

the real time clock, the SET bit in register OBH
should be set to a "1" to prevent real time clock

from updating. The CPU then initializes the

first 10 locations in BCD format. The SET bit

should then be cleared to allow updating. After

initialized and enabled, the real time clock will

perform clock/calendar updates at a 1.024 KHz
rate in PC/AT compatible design.

Table 9. Time, Calendar, Alarm Data Format

Index Register

Address

Function BCD Range

00H Seconds 00-59

01H Seconds of Alarm 00-59

02H Minutes 00-59

03H Minutes of Alarm 00-59

04H

Hours

(12 hour mode)

Hours

(24 hour mode)

01-12 (AM)

81-92 (PM)

00-23

05H

Hours of Alarm

(12 hour mode)

Hours of Alarm

(24 hour mode)

01-12 (AM)

81-92 (PM)

00-23

06H Day of Week 01-07

07H Day of Month 01-31

08H Month 01-12

09H Year 00-99
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The alarm bytes can be programmed to

generate an interrupt at a specific time or they

can be programmed to generate a periodic

interrupt. To generate an interrupt at a specific

time, the user need only program the time that

the interrupt is to occur into the 3 alarm bytes.

Alternately, a periodic interrupt can be

generated by setting the high order two bits in

an alarm register to a '1", which turns that byte

into a "don't care". For instance, an interrupt can

be generated once a second by programming the

same value into all three alarm registers.

Table 9 shows the format for the ten clock,

calendar and alarm registers. The 24/12 bit in

Register OBH determines whether the hour

locations will be updated using a 1-12 or 0-23

format. After initialization the 24/12 bit cannot

be changed without reinitializing the hour

locations. In 12 hour format the bit 7 of the

hours byte in both the time and alarm bytes will

indicate PM when it is a '1".

Update Cycle

During normal operation the real time clock

will perform an update cycle, assuming one of

the proper time bases is chosen, the divider bits

DV2-DV0 isn't reset and the SET bit in register

OBH is cleared. The function of the update cycle

is to increment the clock/calendar registers and

compare them to the alarm registers. If a match

or don't care condition occurs between the two

sets of registers, an alarm is issued and an

interrupt control bits are enabled.

During an update cycle, the lower 10 registers

are not accessible by the CPU. By this way it

can prevent the possible corruption of data in

the real time clock registers or the reading of

incorrect data. To avoid contention between the

I

UIP BIT
(REGISTER AU

UPDATE CYCLE
ACTIVE PERIOD

UF BIT
CREGISTER C>

NOTE:
1. REGI

THIS

2. UF B

Fi gu

I J

2f"s s— SEE NOTE 1

—H h— /
1 1

1 I SEE NOTE 2
U x 2ms •>! y

1 1

STER 0-9 ARE UNAVAILABLE FOR READ OR WRITE
TIME.

IT CLEARED BY READING REGISTER C.

re 11. Update Cycle
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real time clock and the CPU, a flag is provided

in register OAH to alert the user of an update in

progress cycle. This update in progress bit (UIP)

is asserted 244us before the actual start of the

cycle and is maintained until the cycle is

complete. Once the cycle is complete the UIP bit

will be cleared and the update flag (UF) in

register OCH will be set. Figure 11 illustrates the

update cycle. CPU access is always allowed to

registers OAH through ODH during update

cycles.

completion of the last read or write operation to

the clock calendar registers.

The second method of accessing the lower 10

registers is to read register OCH once and

disregard the contents. Then subsequently

continue reading this register until the UF bit is

a "1". This bit will become true immediately

after an update cycle has been completed. The
user then has to complete a read or write

operation before the next update cycle.

Two recommended methods can be used for

reading and writing to the real time clock in a

PC/AT compatible design. Both of them will

allow the user to avoid contention between the

CPU and the real time clock for access to the

time and date data.

The first method is to read register OAH,

determine the state of the UIP bit and if it is "0",

perform the read or write operation. For this

method to work successfully the entire read or

write operation (including any interrupt service

routines which might occur) must not require

longer than 244us to complete from the

beginning of the read of register OAH to the

Control and Status Registers

The UM82C206 contains four registers used to

control the operation and monitor the status of

the real time clock. The CPU can access these

registers at any time with index address at

0AH-0DH.

REGISTER OAH

Index register port : 70H

Data register port : 71H

Index
: OAH (Read/Write register except UIP)

REGISTER OAH

Bits Function

UIP - Update in progress flag is a status bit used to indicate when an update cycle is about

to take place. A "1" indicates that an update cycle is taking place or is imminent. UIP will

go active (HIGH) 244us prior to the start of an update cycle and will remain active for an
additional 2ms while the update is occurring. The UIP bit is read only and is not affected

by reset. Writing a "1" to the SET bit in register OBH will clear the UIP status bit.

6-4 DV2-DV0 - These three bits are used to control the Divider/Prescaler on the real time

clock. While the UM82C206 can operate at frequencies higher than 32.768 KHz, this is not

recommended for battery powered operation due to the increased power consumption at

these higher frequencies.
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Bits

3-0

Function

6 5 4 Divider Options

DV2 DV1 DVO OSCI Freq. Mode

4.194304MHz Operate

1 1.048576MHz Operate

1 32.768KHz Operate

1 1 X Reset Divider

RS3-RS0 - These four bits control the periodic interrupt rate. The periodic interrupt is

derived from the divider/prescaler in the real time clock and is separated from the alarm

interrupt. Both the alarm and periodic interrupts do, however, use the same interrupt

channel in the interrupt controller. Use of the periodic interrupt allows the generation of

interrupts at rates higher than once per second. Below are the interrupt rates for which

the real time clock can be programmed.

1
1

RS3 RS2 RSI RSO

1

10
11

10 1

110

Periodic Interrupt Rate

4.194304MHz time base

1.048576MHz time base

None

30.517 us

61.035 us

122.070 us

244.141 us

488.281 us

976.562 us

111

1

1

1 1

1 1

1.953125 ms

3.90625 ms

7.8125 ms

15.625 ms

31.25 ms

62.5 ms

125 ms

250 ms

500 ms

32.768KHz time base

None

3.90625 ms

7.8125 ms

122.070 us

244.141 us

488281 us

976.562 us

1.953125 ms

3.90625 ms

7.8125 ms

15.625 ms

31.25 ms

62.5 ms

125 ms

250 ms

500 ms
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REGISTER OBH

Index register port : 70H

Data register port : 71H

Index : OBH (Read/Write register)

Bits Function

SET - Writing a "0" to this bit enables the Update Cycle and allows the Real Time Clock to

function normally. When set to a "1" the Update Cycle is inhibited and any cycle in

progress is aborted. The SET bit is not affected by the RESET input pin.

PIE - The Periodic Interrupt Enable Bit controls the generation of interrupts based on the

value programmed into the RS3-RS0 bits of Register OAH. This allows the user to disable

this function without affecting the programmed rate. Writing a "1" to this bit enables the

generation of periodic interrupts. This bit is cleared to "0" by Reset.

AIE - The generation of alarm interrupts is enabled by setting this bit to a "1". Once this

bit is enabled the Real Time Clock will generate an alarm whenever a match occurs

between the programmed alarm and clock information. If the don't care condition is pro-

grammed into one or more of the Alarm Registers, this will enable the generation of

periodic interrupts at rates of one second or greater. This bit is cleared by Reset.

UIE - The update ended interrupt enable bit is used to enable the update end flag (UF) bit

in register OCH to generate an interrupt. A "1" in this bit enables the interrupt generating.

A "0" disables it. This bit is cleared by reset. It is also cleared when the SET bit goes high.

SQWE - The square wave enable bit is always fixed to 0. It will disable the square wave
generation.

DM - The data mode bit is always fixed to 0. It will always select the BCD format for real

time clock.

24/12 - The 24/12 control bit is used to establish the format of both the Hour and Hour
Alarm bytes. If this bit is a "1", the Real Time Clock will interpret and update the

information in these two bytes using the 24 hour mode. This bit can be read or written by
the CPU and is not affected by Reset.

DSE - The Real Time Clock can be instructed to handle daylight savings time changes by
setting this bit to a "1". This enables two execeptions to the normal time keeping sequence
to occur. On the first Sunday in April the time increments from 1:59:59 AM to 3:00:00 AM.
On the last Sunday in October when the time first reaches 1:59:59 AM it changes to 1:00:00

AM. Setting this bit to a "0" disables the execution of these two exceptions. RESET has no
effet on this bit.
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REGISTER OCH

Index register port : 70H

Data register port : 71H

Bits

3-0

Function

IRQF - The interrupt request flag bit is set to a 1" when any of the conditions which can

cause an interrupt is true and the interrupt enable for that condition is true. The condition

which causes this bit to be set, also generates an interrupt. The logic expression for this

flag is

:

IRQF = PF & PIE + AF & AIE + UF & UIE

This bit and all other active bits in this register are cleared by reading the register or by

activating the PSRSTB* input pin. Writing to this register has no effect on the contents.

PF - The periodic interrupt flag is set to a "1" when a transition, which is selected by

RS3-RS0, occurs in the divider chain. This bit will become active, independent of the

condition of the PIE control bit. The PF bit will then generate an interrupt and set IRQF if

PIE is a 1".

AF - A 1" appears in the AF bit whenever a match has occured between the time registers

and alarm registers during an update cycle. This flag is also independent of it's enable

(AIE) and will generate an interrupt if AIE is true.

UF - A "1" appears in the UF bit whenever an update cycle is ended. This flag is also

independent of it's enable (UIE) and will generate an interrupt if UIE is true.

Not used - All unused bits will be "0" when read and are not writeable.

REGISTER ODH

Index register port : 70H

Data register port : 71

H

Index : ODH (Read Only register)

Bits

6-0

Function

VRT - The valid CMOS RAM and time bit indicates the condition of the contents of the

RAM and real time clock. This bit is cleared to a "0" whenever the PSRSTB* input pin is

low. This is normally derived from the power supply which supplies Vcc to the device and

will allow the user to determine whether the registers have been initialized since power

was applied to the device. Reset has no effect on this bit and it can only be set by reading

register ODH.

Not used - All unused bits will be "0" when read and are not writeable.
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CMOS Static RAM

The 114 bytes of RAM from index address OEH Typical applications will use these as
to 7FH are not affected by the real time clock. nonvolatile storage for system configuration
They are accessible during the update cycle and parameters. They are normally battery powered
may be used for whatever the designer wishes. when the system is turned off.

ABSOLUTE MAXIMUM RATINGS*

Parameter
Symbol Min.

Supply Voltage VCC

Input Voltage
Vi

Output Voltage

Storage Temperature

Vo

Operating Temperature ™

Tstg

-0.3

-0.3

-0.3

-20

-55

Max.

+6.7

+6.7

+125

Unit

Vcc+0.3 V

+70

•Comments

Stresses above those listed under "Absolute these or any other conditions above those
Maximum Ratings" may cause permanent indicated in the operational sections of this

damage to the device. These are a stress ratings specification is not implied,

only and functional operation of the device at

DC ELECTRICAL CHARACTERISTICS
(Vcc = 4.75 to 5.25V, Ta = -20 to +70 C)

Symbol Parameter Min. Max. Unit Test

Condition

Note

ViL Input Low Voltage -0.3 +0.8 V

ViH Input High Voltage +2.2 Vcc+0.3 V

VoL Output Low Voltage (Iol=8mA) - 0.5 V

VoH Output High Voltage (Ioh=-2mA) 3.5 V

IiL Input Leakage Current - 1 uA

Iozi Output High-Z Leakage Current 1 uA

Iccsb Standby Power Supply Current 10 uA
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AC ELECTRICAL CHARACTERISTICS (8 MHz)

(Vcc = 4.75 to 525V, Ta = -20 to +70 C)

Symbol Description Min. Typ. Max. Unit Test

Condition

Note

tl Address setup to command active 25 ns

t2 Command active period 200 ns

t3 Address hold time from command
inactive

ns

t4 Data valid delay 160 ns

t5 Data hold time from XIOR* inactive 10 ns

t6 XD0-XD7 active from XIOR* 5 40 ns

t7 Data setup to XIOW* inactive 160 ns

t8 Data hold time from XIOW* inactive ns

t9 Command recovery time 120 ns

tio Interrupt request low width 100 ns

til Interrupt request high width 200 ns

tl2 INTR output delay 300 ns

t20 Real time clock cycle time 500 ns

t21 AS pulse width 160 ns

t22 Data valid setup to AS inactive 160 ns

t23 Data hold time from AS inactive ns

t24 OSCI period 500 ns

t25 OSCI high time 200 ns

t26 OSCI low time 200 ns

t27 PSRSTB high delay from VCC 5 us

t28 PSRSTB low pulse width 5 us

t29 VRT bit valid delay 2 ns

t40 TMRCLK period 125 ns
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Symbol Description Min. Typ. Max. Unit Test

Condition

Note

t41 TMRCLK low time 50 ns

t42 TMRCLK high time 50 ns

143 GATE2 setup to TMRCLK 50 ns

144 GATE2 hold time from TMRCLK 50 ns

t45 GATE2 low time 50 ns

t46 GATE2 high time 50 ns

147 0UT2 delay from TMRCLK 120 ns

t48 0UT2 delay from GATE2 120 ns

t50 SYSCLK period (DMA clock =

SYSCLK)

125 ns

t50a SYSCLK period (DMA clock =

SYSCLK/2)

62 ns

t51 SYSCLK low time (DMA clock =

SYSCLK)

43 ns

t51a SYSCLK low time (DMA clock =

SYSCLK/2)

22 ns

t52 SYSCLK high time (DMA clock =

SYSCLK)

55 ns

152a SYSCLK high time (DMA clock =

SYSCLK/2)

27 ns

t53 DREQi setup to SYSCLK ns

t54 HRQ valid from SYSCLK 75
ns

t55 HLDA1 setup to SYSCLK 45 ns

t56 AENi valid delay from SYSCLK
105

ns
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Symbol Description Min. Typ. Max. Unit Test

Condition

Note

t57 AENi invalid delay from SYSCLK 80 ns

t58 ADSTBi valid delay from SYSCLK 50 ns

t59 ADSTBi invalid delay from SYSCLK 120 ns

t60 XD0-XD7 active delay from SYSCLK 60 ns

t61 XD0-XD7 valid setup to ADSTBi low 65 ns

t62 XD0-XD7 hold time from ADSTBi low 25 ns

t63 XD0-XD7 tristate delay from SYSCLK 135 ns

t64 Address valid delay from SYSCLK 60 ns

t65 Address hold time from DMAMEMR
high

50 ns

t66 Address tristate delay from SYSCLK 55 ns

t67 DACKi delay from SYSCLK 105 ns

t68 Command enable delay from SYSCLK 90 ns

t69 Command active delay from SYSCLK 120 ns

t70 Write command inactive delay from

SYSCLK
80 ns

t71 Address hold time from write

command high
75 ns

t72 Command tristate delay from

SYSCLK
75 ns

t73 Read command inactive delay from

SYSCLK TC delay from SYSCLK
115 ns

t74 TC delay from SYSCLK 60 ns

t75 XD0-XD7 setup to read command
inactive

90 ns
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Symbol Description Min. Type Max. Unit Test

Condition

Note

t76 XD0-XD7 hold time from read

command inactive

ns

t77 XD0-XD7 valid delay from SYSCLK 120 ns

t78 XD0-XD7 hold from write command

inactive

15 ns

t79 10CHRDY input setup to SYSCLK 35 ns

t80 IOCHRDY input hold time from

SYSCLK
20 ns
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SCLK
ft*e not* 1

X«0-XA8
XA16

fll7-«23

S2 | S4 |
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r

*
>| «74

Compressed Transfer

NOTES

:

1. All timings referenced to SCLK are

independent of the state of the clock select

bit in the configuration register. SCLK shown

in this diagram is the undivided clock

directly from the input.

2. Extended Write mode selected.

3. Extended Read mode selected.

4. IOCHRDY Input Timing.

5. DMA wait states are added between S3,S4 in

normal timing; between S2.S4 in compressed

timing; between S13, S14 and S23, S24 in

memory-to-memory timing.
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UM82C210 Series

386SX/286 AT Chip Set

Features

* 100% PC/AT compatible enhanced chip set for 12 Mhz, 16 Mhz and 20 Mhz
systems.

* Supports Page Interleaved Mode & Single Bank Page Mode for memory access.

* Supports 16 Mhz 80286/80386SX systems with 100 ns DRAMs and 20 Mhz
systems with 80 ns DRAMs.

* Separated CPU and AT Bus clocks.

* Supports LIM EMS 4.0.

* Programmable memory configuration , Command Delays , and Wait States.

* Supports Shadow RAM for Video ROM and BIOS.

* Optimized for OS/2 operation.

General Description

The UM82C210 is an enhanced PC/AT compatible chip set which is a highly

integrated VLSI implementation of the control logic used in the IBM AT. Due to

its flexible architecture, the UM82C210 can be used, in any 80286 based systems.

The UM82C210 chip set consists of three chips which are: UM82C211 (System
Controller), UM82C212 ( Memory Controller ) , and UM82C215 (Data /Address

Buffer).

The UM82C211 , System controller, provides all control signals for AT bus
including bus synchronization. In order to meet timing requirements for different

peripheral boards, the UM82C211 provides programmable command delays and
wait states.

The UM82C212 , Memory Controller, provides both conventional memory access

and Page Interleaved memory access. The UM82C212 also has LIM EMS features

that support up to 8 MB of on-board DRAMs. In addition, the Shadow RAM
feature of the UM82C212 allows faster execution BIOS codes.

The UM82C215, Data/Address Buffer, provides buffering and latching functions

between address buses and data buses. It also generates the parity bit and detects

parity errors.
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386SX/286 AT Chip Set
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System Controller

1. UM82C211 SYSTEM CONTROLLER

The UM82C211 highly integrates CPU interface and bus control logic. Most of the

system functions, except memory access, are taken care of by the UM82C211. The
main functions of the UM82C211 are reset and shutdown, clock generation, clock

speed selection, CPU state machine, AT bus state machine, bus arbitration
,

action code generation, Port B and NMI generation, DMA, refresh, numeric
coprocessor interface, etc.

JJUJUJ

12 MEMCS16
13 RESET

1

14 A9
15 A8
16 A7
17 Vss
18 A6
19 AS
20 A4
21 A3
22 Vss
23 A0
24 Al
25

26
A2
HRQ

27 AEN1
2K AEN2
29 XAO
30 lOCHCK
31 IOCHRDY
32 ERROR

UM82C211

System Controller

PLCC

iSiszisS. ><<<|< §|g
fc

'IS

1

c

!

NP UUSY 74

EALE
M7I5"

73

READY 71

XIOR 70

OWS 69

XD3 68

XD2 67

XU1 66

XDO 65
Vss 64
VDD 63

XD4 62

XD5 61

XD6 60
XD7 59
R£P 58

XBHB 57

XIOW 56
HOLD 55

WA 54
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1.1 Operation Modes of the UM82C211

There are 4 operation modes provided by the UM82C211 for different CPU and

AT bus clock selections. These 4 modes are Normal, Quick, Delayed, and External

Modes.

1.1.1 Normal Mode

The clock selections in Normal Mode are:

PROCCLK = CLK2IN and
SYSCLK = CLK2IN/

4

Because the PROCCLK and SYSCLK are both derived from the CLK2IN, the

Normal Mode is asynchronous mode . In the Normal Mode, the ALE and

commands ( XMEMR, XMEMW, XIOR, XIOW) are issued for AT bus cycle only,

and have nothing to do with the local cycles.

1.15 Quick Mode

The clock selections in Quick Mode are:

PROCCLK = CLK2IN and

SYSCLK = CLK2IN / 2

Since the PROCCLK and SYSCLK are both derived from the CLK2IN, the Quick

Mode is a synchronous mode also. One of the differences between the Normal

Mode and the Quick Mode is that the ALE signal is generated on the AT bus for

both AT bus cycle and local bus cycle in the Quick Mode while the ALE is

generated for only AT bus cycle in the Normal Mode. However, the commands
(XMEMR, XMEMW, XIOR, XIOW) are still not issued for local bus cycles in the

Quick Mode.

1.1.3 Delayed Mode

The clock selections in Delayed Mode are

:

PROCCLK = CLK2IN and

SYSCLK = CLK2IN/

2

This mode is a synchronous mode also. The clock selections for the Delayed Mode
are the same as the selections for the Quick Mode. However, this mode is enabled

when the Quick Mode is disabled. In the Delayed Mode, the ALE and commands
are generated for AT bus cycle only, and not generated for any local bus cycle.
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1.1.4 External Mode

The clock selections in External Mode are

:

PROCCLK = CLK2IN and

SYSCLK = ATCLK / 2

Since the ATCLK is running asynchronously to CLK2IN and the SYSCLK is

derived from ATCLK, the External Mode is an asynchronous mode.

L2 Configuration Registers

There are three 8-bit registers provided in the UM82C211 for configuration

purposes. In order to reduce the number of I/O ports required to access all the

registers used in the UM82C210 chip set, the index access is used. To access a

particular register, the index address is placed at address port and data is located

at data port.

The first register, Rll, is used for PROCCLK selections, time out enable, NMI
enable, and CPU software reset. The second register, R12, is used for command

delay selections , hold time delay, and Quick Mode enable. The third register ,R13,

is used for SYSCLK selections, wait state selections.

Rll : (Iridex Address 60H)

Bits Function

7,6 UM82C211 revision number.

5 CPU reset.

4 Processor clock selection.

3 Reserved.

2 READY timeout NMI enable.

1 Reserved.

READY timeout.
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R12 : (Index Address 61H)

Bits Function

7 Address hold time delay.

6 Quick Mode enable.

5,4 AT Bus 16 bit memory command delay.

3,2 AT Bus 8 bit memory command delay.

1,0 AT Bus I/O cycle command delay.

R13 : (Index Address 62H)

Bits Function

7,6 Reserved.

5,4 Wait state selection for 16 bit AT cycle.

3,2 Wait state selection for 8 bit AT cycle.

1,0 Bus clock selection.

1.3 Action Codes

In order to convert 16-bit operations to 8-bit operations for CPU to access 8-bit AT
bus devices, the UM82C211 generates Action Code Enable and action codes to

control the buffers in the UM82C215 for the bus conversion. Table 1.1 defines the

Action Code Enable and Action Codes.
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Operation

DMA/MASTER

ACEN

CPU(AT BUS)

AC1 ACO

CPU(local) X X

Function

16 & 8-bit R/W operations

Reserved

Write, MDO-7 to MD8-15

Read, MD8-15 to MDO-7

16 & 8-bit W/O operations

16 & 8-bit R/O operations

8-bit write (high byte)

8-bit read (high byte)

No conversion

Table 1.1 Functions of Action Codes.

1.4 Numeric Coprocessor Interface

The UM82C211 provides necessary interface circuitry between 80286 and its

coprocessor 80287. The major functions of the interface circuitry are as follows

:

1) Numeric Coprocessor chip selection decoding.

2) Resetting Numeric Coprocessor.

3) Handling NPBUSY and ERROR signals from 80287 to the CPU.

4) Generating interrupt signals for error conditions.
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2. UM82C212 MEMORY CONTROLLER

The UM82C212 performs the memory control functions in the UM82C210 system.

Several distinguished features are integrated in the UM82C212 that makes the

UM82C210 system become one of the most advanced 80286 AT compatible

systems available. First of all, the UM82C212 provides Page Mode to access the

memory with interleaved memory banks. By using this Page-Interleaved scheme,

the UM82C212 provides higher performance over conventional DRAM accessing

schemes. As a result, the UM82C212 can support a 16 Mhz system with 100 ns

DRAM by the use of the Page-Interleaved mode.

The UM82C212 also supports up to 8 Mbytes of on board memory. Also, the

UM82C212 will automatically re-map the RAM resident in 640 Kbytes to 1 Mbytes

area to the top of the 1 Mbyte address space. In order to access the memory

resident beyond the 1 Mbyte address space, the UM82C212 provides address

translation logic to support the LIM-EMS 4.0. The shadow RAM feature is also

integrated into the UM82C212 for efficient and fast BIOS execution. The

UM82C212 also provides OS/2 optimization that allows faster switching between

the real mode and protected mode. A staggered DRAM refresh scheme is also

included to reduce power supply noise.

12 RESHT4
13 ROMCS
14 XIOW
15 XIOR
16 XMKMW
17 XMEMR
18 OSC
19 I1LDA1
20 REP
21 OSC712
22 Vss

23 XI
24 X2
25 I.MKOCS
26

27
XDbN
"XTJIR"

28 MWE
29 READY
30 GATEA20
31 GA 20

32 VDD
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21 Memory Array Configuration

The memory configuration required by the 80286 PC/AT systems is organized as banks

with widths of 18 bits. Sixteen bits are used as data words split into high and low order

bytes. The other 2 bits are used as parity bits, one for each byte. Since the UM82C212 also

provides conventional memory accessing, the minimum memory configuration can be a single

bank for non-interleaved mode and page mode. However, at least two identical memory

banks are required for the operation of the Interleaved mode. Table 2.1 shows the

commonly used memory configurations.

DRAM Type
Total Memory EMS Range

BankO Bankl Bank2 Bank3

1 256K 512Kb

2 1M 2Mb 1Mb to 2Mb

3 256K 256K 1Mb 1Mb to 1.384Mb

4 1M 1M 4Mb 1Mb to 4Mb,

5 256K 256K 256K 256K 2Mb 1Mb to 2Mb

6 256K 256K 1M 1M 5Mb 1Mb to 5Mb

7 1M 1M 1M 1M 8Mb 1Mb to 8Mb

I

Table 2.1 Commonly Used Memory Configurations

As mentioned above, the possible memory configurations for Page-Interleaved mode are No.

3, 4, 5, 6, and 7 in Table 2.1. Others for Single Bank Page Mode.
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2.2 Page/Interleaved Operation

Besides conventional memory accessing, there are several different accessing

modes available that make the memory access time much shorter than the access

time of the conventional mode. Three most commonly used modes are Interleaved

Mode, Page Mode, and Page-Interleaved Mode.

Basically, the Page-Interleaved Mode takes the advantages of combining the

operations of Interleaved Mode and Page Mode. It allows the memory to be

interleaved at page boundary instead of 2 bytes boundary. Figure 2.1 shows the

sequence diagram of the Page-Interleaved operation.

CI.K21N

DATA

\*— READ CYCLE

Ts Tc

READ CYCLE

Ts Tc

—*|t- READ CYCLE —
>)

Figure 2.1 Page Mode Operation (Read Cycle)

CLK2IN

RASO

CASO

DATA

RAS1

CASl

|«— READ CYCLE -Hf- READ CYCLE -»4- READ CYCLE ->)

Ts Tc Ts Tc Ts Tc

Figure 2.2 Page-Interleaved Mode Operation (Read Cycle)
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2.3 Enhanced Functions

Besides the standard PC/AT functions, several new functions have been included in the

UM82C210 chip set. These enhanced functions are OS/2 operation optimization, memory

relocation, shadow RAM, EMS, etc.

2.3.1 OS/2 Operation Optimization

In order to switch CPU into protected mode for standard PC/AT architectures, the CPU

has to issue two commands to the keyboard controller to reset the CPU and to activate

GATEA20. The UM82C210 provides another method to handle the mode switching for

OS/2 optimization. UM82C210 uses two I/O write operations; the CPU will be reset and

GATEA20 will be enabled. Since this method involves two I/O writes only, it makes mode

switching much faster.

2.3.2 Memory Relocation

Normally, the memory space from address 640K to 1M is reserved for EPROM use. How-

ever, if the system is equipped with 1 Mbyte DRAM, the memory with the addresses higher

than 640K has to be relocated in order not to conflict with the EPROM addresses. The

UM82C212 provides this kind of mapping. DRAM addresses from 640K to 1M will be

translated to new addresses from 1M to 1 .384M.

2.3.3 Shadow RAM

For the purpose of efficiency, it is preferable to execute BIOS codes through the DRAM
accesses rather than through slower EPROM accesses. The UM82C212 provides the shadow

RAM feature that allows the system to copy the BIOS codes from the EPROMs to the

DRAMs with the same physical addresses and disable the EPROMs. This feature improves

the performance of BIOS call intensive application programs significantly.

2.3.4 Expanded Memory System (EMS)

Due to the limitation of the DOS, the memory space with addresses higher than 1M can

not be accessed in the real mode of the 80286 CPU. However, the EMS is a memory mapping
scheme that provides a method for the system to access the memory beyond 1 Mbytes
address. The EMS is used to map a 64 Kbyte block of memory within the area C0000H-
EFFFFH to anywhere in the 1 Mbyte to 8 Mbyte area. This 64 Kbyte block is divided into

four 16 Kbyte pages. Each 16 Kbyte segment can be mapped to anywhere independently

through the translation table. The UM82C21 2 provides all the necessary logic with the trans-

lation table for the EMS operation.

In the case of using EMS mapper chip, the EMS is used to map a 64K byte block of memory
within the area 40000H-7FFFFH & C0000H-EFFFFH to anywhere in the 1M byte to 8M
byte area.
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2.4 Configuration Registers

There are twelve 8-bit registers, R21-R2C provided in the UM82C212 for

configuration purposes. In order to reduce the number of I/O ports required to

access all the registers used in the UM82C210 chip set, the index access scheme is

used. To access a particular register, the index address is placed at address port

and the data is located at data port.

R21 : (Index address 64H)

Bits

0-4

5,6

Function

Reserved.

Revision number.

Chip identifier.

R22 : (Index address 65H)

Bits Function

ROM disabled at F0000H-FFFFFH.

ROM disabled at E0000H-EFFFFH.

ROM disabled at D0000H-DFFFFH.

ROM disabled at C0000H-CFFFFH.

Write protection. Shadow RAM at F0000H-FFFFFH.

Write protection. Shadow RAM at E0000H-EFFFFH.

Write protection. Shadow RAM at D0000H-DFFFFH.

Write protection. Shadow RAM at C0000H-CFFFFH.
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R23 : (Index address 66H)

Bits

0-4

Function

Reserved.

Reflects the 0-256K memory status for supporting EMS 4.0

Reflects the 256K-5 12K memory status for supporting EMS 4.0

Enable RAM on system board at 80000H-9FFFFH.

R24 : (Index address 67H)

Bits Function

Enable Shadow RAM at B0000H-B3FFFH.

Enable Shadow RAM at B4000H-B7FFFH.

Enable Shadow RAM at B8000H-BBFFFH.

Enable Shadow RAM at BC000H-BFFFFH.

Enable Shadow RAM at A0000H-A3FFFH.

Enable Shadow RAM at A4000H-A7FFFH.

Enable Shadow RAM at A8000H-ABFFFH.

Enable Shadow RAM at ACOOOH-AFFFFH.
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R25 : (Index address 68H)

Bits Function

Enable Shadow RAM at C0000H-C3FFFH.

1 Enable Shadow RAM at C4000H-C7FFFH.

2 Enable Shadow RAM at C8000H-CBFFFH.

3 Enable Shadow RAM at CCOOOH-CFFFFH.

4 Enable Shadow RAM at D0000H-D3FFFH.

5 Enable Shadow RAM at D4000H-D7FFFH.

6 Enable Shadow RAM at D8000H-DBFFFH.

7 Enable Shadow RAM at DCOOOH-DFFFFH.

R26 : (Index address 69H)

Bits Function

Enable Shadow RAM at E0000H-E3FFFH.

1 Enable Shadow RAM at E4000H-E7FFFH.

2 Enable Shadow RAM at E8000H-EBFFFH.

3 Enable Shadow RAM at ECOOOH-EFFFFH.

4 Enable Shadow RAM at F0000H-F3FFFH.

5 Enable Shadow RAM at F4000H-F7FFFH.

6 Enable Shadow RAM at F8000H-FBFFFH.

7 Enable Shadow RAM at FCOOOH-FFFFFH.
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R27 : (Index address 6AH)

Bits

0-4

6,7

Function

Reserved.

Enable two banks of memory.

Type of DRAM :

00: Disabled

1 : 256K and 64K bit DRAMs used.

1 : 256K bit DRAMs used.

1 1 : 1M bit DRAMs used

R28 : (Index address 6BH)

Bits Function

0,1 ROM access wait state.

2,3 EMS memory access wait states.

4 EMS enable.

5 RAM access wait states.

6 RAM relocation (640K-1M).

7 Page-Interleaved mode enable.
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R29 : (Index address 6CH)

Bits

0-3

6,7

Function

Reserved.

2-way/4-way page interleaved selection.

Number of local RAM banks used.

Local DRAM type

:

: none.

1 : Reserved.

1 : 256 Kbit.

11:1 Mbit.

R2A : (Index address 6DH)

Bits Function

0-3 EMS page register I/O base address.

0: 208H/209H
10 0: 218H/219H
10 10: 258H/259H
110: 268H/269H
10 1: 2A8H/2A9H

110 1: 2B8H/2B9H
111: 2E8H/2E9H

.4-7 Expanded memory base address.

0: C0000H,C4000H,C8000H,CC000
10 0: C4000H,C8000H,CC000H,D0000

10 0: C8000H,CC000H,D0000H,D4000
110 0: CC000H,D0000H,D4000H,D8000
10 0: D0000H,D40OOH,D80O0H,DCO0O

10 10: D4000H,D8000H,DCOOOH,EOOOO
110: D8000H,DC000H,E0O00H,E4OO0

11 1 : DC000H,E0000H,E4000H,E8000

1: EO000H,E40OOH,E8OO0H,EC000
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R2B : (Index address 6EH)

Bits

0,1

2,3

4,5

6,7

Function

EMS block for page 3 :

Bitl BitO EMS memory block

(A22 A21)

: 0-2 Mbyte

1 : 2 - 4 Mbyte

1 : 4-6Mbyte
1 1 : 6- 8 Mbyte

EMS block for page 2 :

Bit3 Bit2 EMS memory block

(A22 A21)
- 2 Mbyte

2 - 4 Mbyte

4 - 6 Mbyte

6 - 8 Mbyte

1

EMS block for page 1

:

Bit5 Bit4 EMS memory block

(A22A21)
- 2 Mbyte

2 - 4 Mbyte

4 - 6 Mbyte

6 - 8 Mbyte

EMS block for page :

Bit7 Bit6 EMS memory block

(A22 A21)
- 2 Mbyte

2 - 4 Mbyte

4 - 6 Mbyte

6 - 8 Mbyte
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R2C : (Index address 6FH)

Bits Function

Reserved.

1 CPUA20 enable.

2 RAS time-out enable.

3 Reserved.

4 EMS mapper enable

5-7 Size of EMS memory :

0: < 1Mbyte

10 0:1 Mbyte

1 0:2Mbytes
1 1 0:3 Mbytes

1:4 Mbytes

10 1:5 Mbytes

11:6 Mbytes

111:7 Mbytes
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3. UM82C215 Data / Address Buffer

The UM82C215 Data/Address buffer, basically, provides the functions of

buffering and latching among several buses. The 16 bit to 8 bit bus conversion is

also performed by the UM82C215 when the conversion is needed. The parity

checking will be performed when the UM82C215 receives data and the parity bit

will be generated when the UM82C215 sends data out. The major functions of the

UM82C215 are address buffering and latching, data buffering and latching, bus

conversion, parity checking and parity bit generation.
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31 Address Buffers and Latches

The address buffering between the CPU address lines A16-A1 and the X bus

address lines XA16-XA1 is provided by the UM82C215. The IALE is used to latch

the CPU address lines.

3.2 Data Buffers and Latches

The UM82C215 provides the buffering between the CPU data bus D15-D0 and the

memory data bus MD15-MD0. The memory data bus can be latched. However, the

latch enable is controlled by the DRD, ACEN, and action codes.

3.3 Bus Conversion

When the 16 bit CPU accesses data from/to 8 bit devices, the function of bus

conversion is needed. The UM82C215 provides the bus conversion for the CPU
80286 to read/write data from/to 8 bit devices. The bus conversion for DMA
cycles is also provided. All of these conversions are controlled by the action codes.

Table 3 . 1 Bus Conversion

AC1 ACO Cycle Operation

CPU Write - 16 Bits

1 CPU Read - 16 Bits

CPU Write - 8 Bits (low byte)

1 CPU Read - 8 Bits (low byte)

1 CPU Write - 8 Bits (high byte)

1 1 CPU Read - 8 Bits (high byte)

1 DMA/MASTER Write - 8 Bits (high byte)

1 1 DMA/MASTER Read - 8 Bits (high byte)

3.4 Parity Checking and Generation

The UM82C215 checks the parity for each data byte read from local memory. If

any parity error is detected, the UM82C215 then activates PARERR. In addition,

the UM82C215 generates a parity bit for each data byte which is going to be

written to local memory.
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1. General Description

The UMC's MORTAR (286AT) Chip Set UM82C230 series provides an

economic alternative for building a reliable IBM PC/AT compatible system.

A commercial 12MHZ/0 wait state, 4MByte main memory system and

math-coprocessor can be easily built by using 3 VLSIs, 8 logic components

plus memory and processor.

2. Features

• Fully PC/AT-Compatible for 10MHz and 12MHz systems.

• Guaranteed zero wait state for 80ns DRAMs at 12MHz and one wait state

for 120ns DRAMs at 12.5MHz.

• Supports up to 4MB local memory on board.

• Remaps 384KB of top of system local memory space.

• Supports 1M/256K SIM module.

• Supports 12MHz operation with one wait state for 200ns EPROM.

• Commercially available BIOS (Phoenix/Award/AMI) applicable.

• Easy design system board, three VLSI chips and eight TTLs configure

all the logic.

• Landmark speed=15.9MHz operating at 12MHz, 16.5MHz operating at

12.5MHz.
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The UM82C230 MORTAR chipset consists of the UM82C231
System/Memory Controller, the UM82C232 Data/Address Buffer and the

UM82C206 Integrated Peripherals Controller (IPC).

As shown in the System Block Diagram, there are three data buses: local

data bus, AT data bus and peripheral data (XD) bus. The local DRAM,
EPROM and Numerical Processor are located on the local data bus. The
UM82C206 and 8042 Keyboard Controller sit on the XD bus. The AT data

bus was driven by the UM82C232 directly which conveys the data to/from

the AT Channel Adaptors.

The address bus architecture is also very simple; local CPU address bus,

local DRAM address bus (MA), peripheral address bus (XA) and AT address

bus. The local address bus is shared between CPU, UM82C231 and
UM82C206. The MA bus is used by the local DRAM only. Most of the system

board devices are attached to the XA bus, like UM82C232, UM82C206, ROMs
and 8042. Some AT address lines are driven by the UM82C231 or UM82C232
directly; the others are buffered.

The UM82C231 provides synchronization and control signals for all buses.

The UM82C231 also distinguishes if the current cycle is local memory cycle.

Upon detecting that it is a local DRAM cycle, no AT control signals are sent

out to the AT channel. The UM82C231 is based on the memory
configurations to complete the current cycle with fastest response. If the

cycle is AT cycle, the UM82C231 sends out the control signals sequentially

which are then used by the adaptors or system board devices to receive the

write data or to send the fetched data. Then, depending on the status

signals sent back by the adaptors or system board devices, the UM82C231
determines which kind of AT cycles to perform: 8-bit, 16-bit, bus

conversion, wait state insert, or wait state cycle.

The UM82C232 Data/Address buffer provides the buffering and latching

between the CPU local data bus, AT bus and XD bus. The parity bit

generation and parity bit checking logic resides in the UM82C232 also.

During DMA cycles, the UM82C232 latches the address from XD, which is

sent by the UM82C206, and transfers to XA bus.
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MORTAR Chip Set System Diagram
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Required IC List

80286 X 1 74E74 X 1

UM82C231 X 1 74LS08 X 1

UM82C232 X 1 7407 X 1

UM82C206 X 1 14069 X 1

27256 X 2 74ALS04 X 1

8042 X 1 74ALS245 X 3
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1. General Decription

The UM82C231 is a system/memory controller. It performs the CPU
interface, AT system bus interface and memory interface functions.

2. Features

• CPU interface and bus control.

• PC/AT expansion bus interface.

• Clock generation.

• Numericl processor 80287 interface.

• Peripheral chip interface.

• Refresh and DMA logic.

• Reset and shut down logic.

• Supports 64K - 256K and 1M DRAM

• Supports up to 4M Bytes on board memory.

• Advanced 1.2 /* m CMOS technology.

• TTL compatible inputs.

• 136 pin flat package.
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3. UM82C231 Block Diagram
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4.UM82C231 Pin Configuration
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INTA-
XA15
GND
GND
LA17
XA2
XA18
XA3
XA19
XA4
XA17

SMWR*
CASO-

SMRD*
CAS1"
HOLD
RASO*
ASpTC
RAS1*

r VCC
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1
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101

100
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5. 82C231 Pin Description

Pin Name. Pin Type Pin No. Description

A(23:0) I 11,9,8, 7,6,

5,4, 3,133,

129,131,

127,

123,

119,

115,

111,

125,

121,

117,

113,

109,

Local address lines from CPU; A(23:17)

also connected to 82C206 to represent

the DMA page address during DMA
cycles.

107, 100,98,

LA(23:17) B 105,134, 16, AT bus unlatched address bus Bit 23 -

19,37,66,84 Bit 17; These pins are outputs during
CPU or DMA cycles and become inputs

during REFRESH or MASTER cycles.

They have 24 ma current sinking
cabability.

XA(19:17) TO 80,82,78 AT bus latched address bus Bit 19 - Bit

17. They are activated during CPU and
DMA cycles; tri-stated otherwise.

XA(16:1) B 94,87,101, AT bus latched address bus Bit 16; It is

65, 62, 60, an output pin for CPU or REFRESH
58, 56, 54, cycles and becomes input during DMA
52,48,41, or MASTER cycles. XA15 and XA14
79,81,83, 89 have 24 ma current, sinking capability.

XA0 B 90 AT bus latched address bus Bit 0; It is an
output pin for CPU, REFRESH or 16-bit

DMA cycles and becomes input during
8-bit DMA or MASTER cycles.

GTA20 13 AT bus unlatched address bit 20 enable
control; the logic low of this signal will

force LA20 stay low during CPU cycles.
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Pin Name. Pin Type Pin No. Description

M-I/O

BHE"

SBHE*

CLK4IN

CLK2

ATCLK

SO*

SI"

INTA*

READY*

HLDA

B

O

51

49

96

50

64

55

-53

39

59

Memory or I/O cycle status signal from
CPU.

Byte high enable signal from CPU to
indicate that high byte accessing is

required for the current cycle.

System Byte high enable to AT bus
through buffer; it is output normally
and becomes input when MASTER has
the AT bus.

OSC. input; divided by two to derive
CPU CLK2. This signal is also used to
control DRAM access timing.

OSC. output; used as the CPU CLK2
source.

AT system clock connected to AT bus
through buffer. This clock output
synchronized with CLK2 and generated
from CLK4IN/6.

CPU status line 0; normally it indicates
that the current cycle is write cycle.

CPU status line 1; normally it indicates
that the current cycle is read cycle.

Interrupt acknowledge cycle indication;
when SO*, SI* and M-I/O are monitored
low, this signal will be activated.

CPU ready signal; CPU samples this
signal at the end of every Tc state. The
current cycle will be terminated if

sampled low.

Hold acknowledge input from CPU;
CPU will relinquish the local buses
when this signal is active.
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Pin Name. Pin Type Pin No. Description

HRQ I 15 DMA or MASTER cycle request from
82C206.

RFSHRQ* I 61 Refresh request signal from 82C206's timer 1

output, normally this signal is activated

around 15.6 micro second.

HOLD O 73 Hold request to CPU; either HRQ or

RFSHRQ* is arbitrated. Hold will be

generated to ask for the buses.

HLDAO O 44 DMA or MASTER cycle acknowledge signal

to 82C206; if HRQ is arbitrated and CPU
relinquishes the buses, HLDAO is activated

to notice that the DMA controller or

MASTER can issue the control signals to

perfrom the transactions.

RFSH* B 124 Refresh cycle indication; it is an output pin

normally and become input pin during
MASTER cycles.

PWRGD I 63 Power good or bad indication; if this signal

is low, the system will stay at the reset

condition.

KBDRST* I 40 CPU reset request from keyboard controller;

when detect a low pulse of this signal,

82C231 will reset CPU.

CPURST 46 CPU reset; for both PWRGD and KBDRST*
are low, CPURST will be activated.

SYSRST 42 System reset; for PWRGD is low Sysrst will

be activated.

CPBUSY* I 28 Co-processor busy signal; which indicates

co-processor is accessed.
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Pin Name. Pin Type Pin No. Description

CPERR* I 26 Co-processor error signal; indicates

co-processor's accessing has error.

BUSY* O 97 Busy signal to CPU; which indicates
that co-processor is busy or has error.

CPINT O 99 Co-processor interrupt; which indicates
that the co-processor has error and the
system software has to do somthing.

CPRST 95 Co-processor reset; a system reset or a
write to 10 address Fl hex will trigger
this signal active.

CPCLK O 93 CLK4IN/3 clock output has 33% duty
cycle.

DMA8* I 30 8-bit DMA cycle indication.

DMA16* I 32 16-bit DMA cycle indication.

CHRDY* 57 Channel ready signal from AT bus;

82C231 monitors this signal to

determine that if the accessed device
requires more wait states to complete
the transaction.

NOWS* I 47 No wait state signal from AT bus;

82C231 monitors this signal to

terminate the current AT cycle
immediately.

M16* I 45 Memory data size 16-bit signal from AT
bus; 82C231 monitors this signal to

determine the memory slave's data size.

1016* I 43 10 data size 16-bit signal from AT bus;

82C231 monitors this signal to determine
the 10 slave's data size.

ALE 38 AT bus address latch enable; 82C231
issues this signal to start the AT cycle.

6-96



UMG UM82C231
System /Memory Controller

Pin Name. Pin Type Pin No. Description

RAS*(1:0) O 70,72 Row address strobes for the local

memory; used as bank select.

CAS*(1:0) 74,76 Column address strobe for the local

memory; used as byte enable.

DWE* O 118 DRAM write or read control signal.

ROMCS*

RD*

DMDL

O 106

O 112

O 110

BIOS ROM output enable; this signal is

activated when the BIOS area either

from 0EOOOO-OFFFFF or FE0000-
FFFFFF address range is accessed.

Read cycle status signal for CPU, DMA
or MASTER cycle; either 10 or memory
read in CPU or MASTER cycle, and the

the memory read in DMA cycle this

signal is activated.

Local DRAM read data latch enable;

this signal is used to latch the data and
parity bits read from local DRAM by
the 82C232.

HPCK* O 116 High byte parity checking enable;

82C231 issues this signal if to check high
byte read data is required.

LPCK* 114 Low byte parity checking enable;

82C231 issues this signal if to check low
byte read data is required.

LDM* 108 Local DRAM accessed indication; when
local DRAM is accessed by the bus
controllers, 82C231 enables this signal.

ASRTC 71 Read Time clock address strobe.

WS* I 91 Local DRAM wait state control; a low
input, 82C231 will insert one wait state.
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Pin Name. Pin Type Pin No. Description

ATMW* B 130 AT bus memory write command signal;

it is an output pin during CPU cycle and
becomes input during DMA and
MASTER cycles.

ATMR* B 132 AT bus memory read command signal;

it is an output pin during CPU and
REFRESH cycle and becomes input
during DMA and MASTER cycles.

SMWR* O 77 AT bus memory write command signal

when the memory access address is

below one mega byte.

SMRD* O 75 AT bus memory read command signal

when the memory access address is

below one mega byte.

IOWR* B 126 AT bus 10 write command signal; it is

an output pin during CPU cycle and
becomes input during DMA and
MASTER cycles.

IORD* B 128 AT bus IO read command signal; it is an
output pin during CPU cycle and
becomes input during DMA and
MASTER cycles.

SWAP O 92 High byte data and low byte data
swapping control signal; the 82C231
monitors the transaction data size and
the slave device's data width, then
enable this signal if required.

CMD* O 122 Command signal; for every AT cycle's

read or write cycle this signal will be
active and has the same timing as read
or write command.

IOCMD* O 120 10 command signal; for every AT IO
cycle's read or write cycle this signal

will be active.

MA(9: 0) O 33, 31, 29,

27, 25, 23,

21,14,12, 10

Multiplexed DRAM row and column
address for the local memory
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Pin Name. Pin Type Pin No. Description

MS(2:0) I 24,22,20 Local DRAM memory configuration

select.

VCC 1,34,69 102

GND 17,18,35 36,

67,6885,86,

103, 104,

135136

Total Pin 136 I
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6. Functional Description

The UM82C231 Bus & Memory Controller consists of the following

functional sub-modules:

* Reset and Shut Down Logic.

* Clock Generation.

* CPU State Machine, AT Bus State Machine and Memory Control State

Machine.

* Bus Abitration Logic, DMA/Master and Refresh Logic.

* Numeric Processor Interface.

* System Control Logic.

* Address Decoding Logic.

* DRAM & EPROM Control Logic.

Overview

The UM82C231 performs the CPU interface, AT system bus interface and

the memory control functions. The various functional modules are

discussed in this section.

6.1 Reset and Shut Down Logic

Two reset inputs PWRGD and KBDRST# are provided on the UM82C231
chip. PWRGD is the Power Good signal from the power supply. When
PWRGD is low, the UM82C231 asserts CPURST for CPU reset and SYSRST
for system reset. KBDRST# is generated from the 8042 keyboard controller

when a CPU reset is required. CPURST is also activated by the UM82C231
when a shut down condition is detected from CPU status. Both CPURST
and SYSRST are asserted for at least 16 CLK2 cycles and are synchronized

with respect to CLK2 to meet the setup and hold time requirements of the

80286 CPU.
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62 Clock Generation

The UM82C231 provides two synchronous clocks CLK2 and ATCLK for the
system. There is only one input clock CLK4IN, driven from a TTL crystal

oscillator, running at twice of the CPU clock frequency. ATCLK is also

derived from CLK4IN at 1/3 of the CPU clock frequency.

6.3 CPU, AT Bus and Memory Control State Machine.

In order to achieve maximum performance of the 80286 CPU and maintain
100% IBM PC/AT compatibity, it is desirable to run the local memory at the
rated maximum CPU frequency and the AT bus at a slower clock
frequency. The two state machines still maintain a synchronous protocol.

6.31 CPU State Machine

Interface to the 80286 requires interpretation of the status lines S0#, Sl# and
M-I/O from CPU during phase 1 of TS and generation of READY* during
TC to the CPU upon completion of the cycle. A(23:0) will be latched during
phase 2 of TS for internal use. Address Decoding Logic then activates
Memory Control State Machine for a local memory cycle or AT State
Machine for AT cycle. Either State Machine terminates itself and CPU
State machine upon completion of its function. READY# will be sent out to

the 80286 CPU to finish the cycle.

6.32 AT Bus State Machine

The At Bus State Machine gains control when Address Decoding Logic
decodes a non-local memory cycle. It uses BCLK which is twice the
frequency of AT system clock ATCLK, it also performs the necessary
synchronization of control and status signals between the AT bus and the
processor. The UM82C231 supports 8 and 16 bit memory or I/O devices
located on the AT bus.

AT bus cycle is initiated by asserting ALE in AT-TS 1 state. On the trailing

edge of ALE, M16# is sampled for a memory cycle to determine the bus size.
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It then enters AT-TC state and provides the command signal. For an I/O

cycle, 1016* is sampled after the trailing edge of ALE till the end of the

command. Typically, the wait state for an AT 8/16 bit transaction is 5/3

respectively. The command cycle is extended when CHRDY is detected

inactive, or is terminated when zero wait state request signal NOW# from

AT bus is active. Upon expiration of the wait states, AT State Machine

terminates itself and passes internal READY to CPU State Machine for

outputting synchronous READY* to the 80286.

6.3.3 Memory Control State Machine

Address Decoding Logic activates Memory Control State Machine when

local memory is to be accessed. Memory Control State Machine initiates

memory interfacing signals by adapting the configuration strap pin MS(2:0)

and information from Address Decoding Logic. The definitions of MS(2:0)

are given in the following table.

MS2 MS2 MSO BankO Bankl Total Memory

256k . 512k

1 256k 64k 640k

1 256k 256k lMeg

.1 1 1M - 2Meg

1 1 1 1M 1M 4Meg

1 X Not Valid

1 1 Not Valid

6.4 Bus Arbitration Logic, DMA/Master and Refresh Logic

The UM82C231 provides arbitration between the CPU, DRAM refresh logic

and DMA/Master devices. It handles HRQ and RESHRQ by generating

HOLD request to the CPU. CPU will respond to an active HOLD signal by

asserting HLDA and placing most of its output and I/O pins in a high

impedance state after completing its current bus cycle. After the CPU
relinquishes the bus, the UM82C231 responds by issuing RFSH# or HLDAO
depending on the requesting device.
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The arbitration between Refresh and DMA/Master is based on FIFO or

first come first serve. However, RFSHRQ will be internally latched and

served immediately after DMA/Master finishes its request if RFSHRQ is

queued behind HRQ. HRQ has to remain active to be served if RFSHRQ
comes first.

During a refresh cycle, refresh address is put out on XA0-XA9 and

MA0-MA9 address lines, RFSH# and LDM# are asserted, SMRD# is active 2

SYSCLK after RFSH# is active and RAS#(1: 0) are asserted to refresh

DRAMS accordingly.

DMA and Bus Master share the same request pin HRQ. After the UM82C231

receives HRQ it asserts HOLD request to the CPU. Upon finishing the

current cycle, the CPU relinquishes the bus by asserting HLDA. The

UM82C231 issues HLDAO to the requesting device to start gaining control

of the bus. During an active HLDAO period the only way to distinguish

between DMA and Bus Master request is to monitor the DMA8# and

DMA16# signals. DMA8#/DMA16# active indicates an 8-bit/16bit DMA
transfer, while both inactive means a Master cycle.

6.5 Numeric Processor Interface

Incorporated in the UM82C231 is the circuitry to interface an 80287

Numeric Coprocessor to 80286. The circuitry handles the decoding required

for selecting and resetting the Numeric Coprocessor, handling CPBUSY#
and CPERR# signals from the 80287 to the CPU, and generating interrupt

signals for error handling.

While executing a task, the 80287 issues a CPBUSY# signal to the UM82C231

and is passed to the CPU as BUSY#. If during this busy period, a numeric

coprocessor error CPERR# occurs it results in an internal latching of the

BUSY# output and assertion of IRQ13 for a NP exception request. Latched

BUSY# stays active until cleared by an I/O write cycle to address 0F0H or

0F1H. IRQ13 is cleared only when CPERR# from 80287. The 80287 is reset

through the CPRST output, which can be activated by a system reset or by

performing a write operation to I/O port 0F1H.

6-103



UM82C231
System /Memory Controller

The 80287 can operate either directly from the CPU clock or with a 33%
duty cycle 1/3 the frequency of the CPU clock. The UM82C231 provides
both clock, CLK2 and CPCLK, to the 80287.

6.6 System Control Logic

The UM82C231 activates bus swapping control signal SWAP to the
UM82C232 to guide the data bus flow during AT bus accessing and high
low data byte swapping is required. Other control signals ALE, ATMW#,
ATMW#, ATMR#, SMWR#, SMRD#, IOWR#, IORD# , CMD#, IOCMD# and
RD# are provided for AT bus interfacing and controlling.

6.7 DRAM & EPROM Control Logic

The DRAM and EPROM control logic in the UM82C231 is responsible for

the generation of the RAS#, CAS# and DWE# signals for DRAM accessed
and ROMCS# for EPROM accesses. This sub-module also generates
READY# to the CPU upon completion of the desired local memory
operation. The appropriate number of wait states are inserted, as
programmed by strap pins externally.
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7. Electrical Characteristics (Vcc=4.75~5.25V, TA=0°C-7(TC)

7.1 DC Characteristics

Parameters Symbol Min. Max. Units

Input Low Voltage Vil - 0.8 V

Input High Voltage Vih 2.0 - V

Output Low Voltage Vol - 0.45 V

Output High Voltage Voh 2.4V - V

Input Current Iil - +-10 ua

Power Supply Current Ice - 100- ma

Output High-Z Current Ioz - +-10 ua

Standby Power Supply Current Iccsb - 1 ma
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7.2 AC Characteristics

Symbol Description

tl

t2

t3

t4

t5

t6

t7

t8

t9

tl8

RAS active from CLK2 1

RAS inactive from CLK2 I

Column address valid from CLK2 T

Column address invalid from CLK2 t

CAS active from CLK2 i

CAS inactive from CLK2 j

RDY active from CLK2i

RDY inactive from CLK2 i

WE active from CLK2

1

tlO WE inactive from CLK2

1

til ROMCS active from CLK2 j

tl2 ROMCS inactive from CLK2 i

tl3 RAS active from ATMR I

tl4 RAS inactive from ATMR t

tl5 ROW address hold time from RAS i

tl6 Column address hold time from ATMR t

tl7 Column address setup time from CAS I

CAS inactive from ATMR t

MIN

10

10

11

13

0.5

TYP MAX

14

19

15

18

14

19

20

22

15

16

15

16

10

12

10

10

19

25

20

24

19

25

30

32

20

21

20

21

17

19

17

17

UNIT

CLK2

CLK2
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Symbol Description MIN TYP MAX UNIT

tl9 ALE active delay from ATCLK

I

4 8 ns

t20 ALE inactive delay from ATCLK 4 4 8 ns

t21 COMMAND active delay from ATCLK 4 4 8 ns

t22 COMMAND inactive delay from ATCLK 4 4 8 ns

t23 M16 set-up time to ATCLK t 10 ns

t24 M16 hold time to ATCLK t 4 ns

t25 1016 set-up time to ATCLK 4 10 ns

t26 1016 hold time to ATCLK 4 8 ns

8t27 NOWS set-yp time to ATCLK t ns

10t28 NOWS hold time to ATCLK T ns

t29 IOCHROY set-yp time to ATCLK t 10 ns

t30 IOCHROY hold time to ATCLK t 4 6 12 ns

t31 CPURST active delay from CLK20 4 2 6 16 ns

t32 CPURST inactive delay from CLK20

1

2 6 12 ns

t33 SYSRST active delay from CLK20

4

2 6 16 ns

t34 SYSRST inactive delay from CLK20

1

2 ns

12t35 READY input set up from CLK20 I ns

8t36 READY input hold from CLK20

1

ns

t37 HOLD active delay from ATCLK T 2 4 8 ns
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Symbol Description MIN TYP MAX UNIT

t38 HOLD inactive delay from ATCLK I 2 4 8 ns

3 7 14t39 RFSH delay from HLDAI ns

2 4 8t40 RFSH inactive delsy from ATCLK t ns

1 5 9t41 ATMR active delay from ATCLK T ns

2 4 6t42 ATMR inactive delay from ATCLK i ns

t43 HRQ set-yp time to ATCLK t 10 ns

t44 HRQ hold time to ATCLK t 4 ns

t45 HLDAO active delay from HLDAI 5 9 18 ns

t46 HLDAO inactive delay from HLDAI 5 10 20 ns

8t47 overlap of CPBUSY & CPERR ns

12t48 CPBUSY active pulse ns

7 12 16t49 IRQ13 active delay from CPBUSY, CPERR ns

3 7 11t50 IRQ13 inactive delay from CPERR ns

4 8 16t51 BUSY active delay from CPBUSY I ns

4 8 16tS2 BUSY inactive delay from CPBUSY t ns

2 5 10t53 CPRST active delay from ATIOW i ns

2 5 10t54 CPRST inactive delay from ATIOW t ns

t55 REFRESH address valid from REF i 7 10 15 ns
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Ts Tc

CLK2

Sl,S$

ADDR

RAS
ti —3 If-

MA^-9
////////fi(

R°w Address
) [

CAS

DWE

READY

^_r~^^

(-.13

-* (-12

-5

Column Address

If- t5

L_r~L_r

YMW/mmmm
e-tG

I
OW.S.Read

CLK2

si,s?

ADDR

RAS

Ts

CAS

DWE

RDY

<- 19

Tc

«-

-> <J- t3

SC

—» fe- t2

—5 e- is—

<

-) «-uo

-W/77777m,
p.

e'»«

W.S. Write
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Ts or Ti

Read after Write W.S.

Ts or Ti

1 W.S. Read/Write
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CLK2

ADDR

ROMCS

RDY

Tc

e-m

Tw

-? e t7

ROM Cycle

Ts or Ti

-* *-tl2

«-t8

CLK2

REF

ATMR

RASftl

REF ADDR

(r- t55

-> eti3 ->

-)
j

r

£_ tl4

e- U6

Refresh Cycle
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CLK2

HODAO

ATMR/ATMW

RAS

MA

CAS
W/////AC Row Address

-H-

4L

4^-

^

Column Address

jr
*— tl8

W///////////////////A
^

DMA Cycle

ATCLK

ALE

COMMAND

M16

1016

NOWS

IOCHRDY

\ /
v
—

\

J(

:c

x
4- t25

r^

£— t26

r

/

AT BUS TIMING
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Ts

CLK2IN

CPURST

SYSRST

READY

^— T33

r^^r^^^

-i'r

£— T34

T35

K *

r\

RESET & READY TIMING

CPBUSY

CPERR

IRQ13

BUSY

ATIOW

CPRST

4r- T49

T49
-v

"~^

<r- T50

COPROCESSOR SIGNALS TIMING
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ATCLK

ARBITRATION SIGNALS' TIMING
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7.3 Testing Conditions

Load Circuit Measurement Conditions

Parameter Output Type Symbol CL(pF) Rt(Q) RL(Q) SW1 SW2

Propagation

Delay

Time

Totem pole

3-state

Bidirectional

** PW

*" P1L

50 — 1.0K OFF ON

Propagation

Delay Time
Open drain or

Open Collector

t
PLH

*• PIL

50 0.5K ON OFF

Disable

Time
3-state

Bidirectional

^ PLZ

** PIE

5 05K 1.0K ON
OFF ON

Enable

Time
3-state

Bidirectional

*• PLZ

*• PIE

50 — 1.0K ON
OFF

ON
ON

OUTPUT

(ENABLE/DISABLE)

•TPHZ-H

ss-90%

^1.3V

n 4t-— -f

-TF-
1.3v)r

A
X -ts-

\l.3V

-A

-ff-

-fi-

V
1K
=3V, V,

L
=0V, tr<10ns, tf>5ns

Vcc
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1. General Description:

The UM 82C232 is a data buffer. It is an interface between CPU data bus,

system data bus and peripheral data bus.

2. Features:

• 16-bit data bus buffer

• 16-bit or 8 bit data bus buffer for PC/AT bus

• 8-bit I/O port data bus buffer

• Word swap logic

• Advanced 1.2 n mCMOS Techonoloy

• 100 pin Flat Package
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3. UM82C232 Block Diagram

UM82C232
Data Buffer

CONTROL LOGIC

DECODER

INTERNAL CONTROL

INPUT SIGNALS OUTPUT SIGNALS

PARITY
GEN./CHCK

AND
PORTB

P(ifl)

D(15:8) s
>

<
>

SD(15:8)

A V

D(7:0)

>

FI

<
f>

<
>

SD(7fl)

XA(I6:8) XD(70)

ADSTB8
ADSTB16

LLI

a

NMITMR2G
SPKD
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4.UM82C232 Pin Configuration

4 3 2 1

SSSSSGSSSSG
DDDDDNDDDDN

GND
VCC
XDO
XD1
XD2
XD3
XD4
XD5
XD6
XD7
ADSTB8
ADSTB16
CPCS*
KBDCS*
CHCK*
NMI
TMR2G
SWAP
IOCMD*
CMD*
SPKD
OUT2
SYSRST
INIA'

RFSH-

XIN
XOUT
GND
OSC
VCC

5 1

2

4 1 D

1

S S S G S S

D D D N D D

1 2 9 D 1 8

UM82C232

Data Buffer

D

D M

S M A X XXX
CAlAXXXXXGXXXXXAAA
1861AAAAAHAAAAA111
2 ••601234D56789012

" GND
VCC
LDO
LD8
LD1
LD9
LD2
LD10
LD3
LD11
GND
LD4
LD12
LD5
LD13
LD6
LD14
LD7
LD15
GND
MPO
MP1
RD'

DMDL
LDM"
HPCK*
LPCK-
GND
VCC
XA15
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5. Functional Description

51 Data Buffers and Latches

The UM82C232 provides the buffering between the CPU data bus and the

AT data bus. The D(15:0) has 6ma driving capability. The SD(15:0) can drive

the AT data bus directly because of 24ma driving capability. The UM82C232

also latches the read data from the SD bus during CPU AT cycles. This

causes the bus conversion cycle and READ to command to terminate earlier

than the CPU sampling data.

The latch enable signals for read data from SD(15:0) are controlled by the

CMD* and SWAP signals.

The direction of the data buffers is determined by the RD*, LDM*, HLDA,
DMA8* and DMA16* signals. Also, the D(15:0) are forced to become input

when 80287 is accessed.

52 Bus Swapping Circuit

The UM82C232 supports data swapping when the 80286 reads from or

writes to 8-bit devices. It also supports the high byte and low byte transi-

tion between SD bus during 8-bit DMA cycles.

The following table describes the bus transitions:

SWAP LDM* CYCLES OPERATION

1 CPU D(15:0K-^SD(15:0)

1 1 CPU D(15:8)^-^SD(7:0)

X 16-bit DMA
or MASTER

D(15:0)<--^SD(15:0)

8-bit DMA D(15:0)^--+SD(15:0)

1 8-bit DMA D(15:8)^-^SD(7:0)

1 1 8-bit DMA D(15:8K-^SD(7:0)
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5.3 Parity Generation and Checking

The UM82C232 generates an even parity bit for each two bytes during local

DRAM write cycles.

During a local DRAM read cycle, the UM82C232 latches the read data and
performs parity checking. If a parity error is detected, parity checking
function is enabled and if NMI is not being masked, NMI will be activated.

5.4 Port B register

The UM82C232 contains a register as Port B designed for the PC/AT as

shown in the following table.

Bit R/W Description

7 R Local DRAM parity error status

6 R AT bus channel check active status

5 R Timer 2 out

4 R Refresh toggle bit

3 R/W Enable channel check function

2 R/W Enable Local DRAM parity checking

1 R/W Enable speaker

R/W Timer 2 gate
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5.5 NMI Generation

The NMI generation can be turned on or off through writing IOP 70 with

data bit 7 equal to or 1.

If NMI is not masked and parity checking and channel check function are

enabled, a parity error or activated CHCK* will initiate NMI.

5.6 DMA address latch

By using ADSTB8 or ADSTB16 to latch XD(7:0), the 8-bit DMAs XA(15:8) or

16-bit DMA's XA(16:9) are latched and driven by the 82C232. The XA14 and

XA15 have 24 ma driving capability.

5.7 Miscellaneous decode signals

The UM82C232 provides two decode signals,

• KBDCS* for keyboard controller

• CPCS* for co-processor

I
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6. Pins Description

Pin Name Pin Type Pin No. Description

XIN

XOUT

OSC

OSC/12

D(15:0)

O

o

o

B

26 14.3MHZ osc. input

27 14.3MHZ osc. output

30 14.3818MHZ clock output

31 1.19MHZ clock output

62, 64, 66,

68, 71, 73,

75, 77, 63,

65, 67, 69,

72,74,76, 78

Local data bus to/from CPU

SD(15:0) B 100,98, 96,

93,91, 88,

86,83, 99,

97,94, 92,

98,87, 84,82

AT data bus; these pins have 24 ma
current sinking capability which
attached to AT data bus directly.

XD(7:0) B 10,9,8, 7,6,

5,4,3

System board peripheral data bus.

INTA* B 24 Interrupt acknowledge signal from
82C231; which is used to direct the
interrupt vector data flow from 82C206
to CPU

MP(1:0) B 59,60 Local DRAM parity bits; they are
outputs for write cycle and become
inputs during read cycle.

LDM* I 56 Local memory accessed indication; used
by 82C232 to control the data buffers
enable.

HPCK* I 55 High byte parity checking enable; used
to determine if high byte parity
checking is requited.
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Pin Name Pin Type Pin No. Description

LPCK* I 54 Low byte parity checking enable; used
to determine if Low byte parity
checking is required.

DMDL I 57 Local DRAM read data latch enable;
used to latch the read data from DRAM
for parity checking.

RD* [ 58 Read cycle status from 82C231; used to

control the data flow direction.

SWAP [ 18 High byte data and low byte data
control from 82C231; used to control the
data flow direction.

CMD* ][ 20 Read or write command during CPU AT
cycle or MASTER cycle; used to enable
the data latches inside the BUFFER.

IOCMD* ][ 19 10 read or write command during CPU
AT cycle or MASTER cycle ; used with
RD* signal to access the 10 registers
inside the 82C232.

HLDA ][ 81 Hold acknowledge signal from CPU to
distiquish the CPU cycle and non-CPU
cycle.

RFSH* ] 25 Refresh cycle indication.

ADSTB8 1 11 8-bit DMA transfer address strobe; used
to latch the XD(7:0) and generate XA(15:
8) during 8-bit DMA cycle.

ADSTB16 I 12 16-bit DMA transfer address strobe;
used to latch the XD(7: 0) and generate
XA(16:9) during 16-bit DMA cycle.

DMA8* I 32 8-bit DMA cycle indication; used to

control the data flow directions.

DMA16* I 33 16-bit DMA cycle indication: used to-f - ~ 7

control the data flow directions.
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Pin Name Pin Type Pin No. Description

XA16

XA(7:0)

CHCK*

NMI

OUT2

TMR2G

SPKD

KBDCS*

SYSRST

CPCS*

VCC

GND

Total pins

TO 34

O

O

o

o

o

System board peripheral address bus bit

16; this signal is enabled only during
16-bit DMA cycle.

XA(15:8) B 51,50,49 48, System board peripheral address bus bit

47,46 45,44 15 - bit 8; normally they are inputs and
become outputs during DMA cycle.

43,42,41 39, System board peripheral address bus bit

38,37 36,35 7 - bit 0.

15 Channel check signal from AT bus; an
activated CHCK* monitored by 82C232,
NMI will be issued.

16 Non-maskable interrupt to CPU; parity
error for the data read from load
DRAM or CHCK* activated by the
channel adaptors will force 82C232 issue
NMI if is is programmed to do so.

22 Timer 2 output from 82C206; used to
generate speaker data update IOP 61
contents.

17 Timer 2 gate control.

21 Speaker data; to drive speaker.

14 Keyboard controller chip select; decode
through XA bus.

23 System reset from 82C231.

13 Co-processor chip select; decode through
XA bus.

2,29,52 79

1,28,40 43,

61,70 80,85,

90 95

100
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7. Electrical Characteristics (Vcc=4.75~5.25V, TA=0°C-70°C)

7.1 DC Characteristics

Parameters Symbol Min. Max. Units

Input Low Voltage Vil - 0.8 V

Input High Voltage Vih 2.0 - V

Output Low Voltage Vol - 0.45 V

Output High Voltage Voh 2.4V - V

Input Current Iil - +-10 ua

Power Supply Current Ice - 100- ma

Output High-Z Current Ioz - +-10 ua

Standby Power Supply Current Iccsb • 1 ma
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12 AC Characteristics
(Ta = to 70 degree c, Vcc = 5V +- 5%)

Symbol Parameter Min. Typ. Max. Unit Remark

tl D(15:0) to SD(15:0) valid delay 11 21 30 ns 150PF

t2 D(15:0) to XD(7:0) valid delay 10 20 29 ns 75PF

t3 D(15:0) to P(1:0) valid delay 13 22 31 ns 75PF

t4 SD(15:0) to D(15:0) valid delay 9 18 28 ns 75PF

t5 SD(15:0) to XD(7:0) valid delay 9 18 28 ns 75PF

t6 SD(15:0) to P(1:0) valid delay 13 22 31 ns 75PF

t7 D(15: 0) setup time related

DMDL
to 3 5 ns 75PF

t8 D(15: 0) hold time related

DMDL
to 1 2 ns 75PF

t9 SD(15: 0) setup time related

CMD*
to 4 5.5 ns 150PF

tio SD(15: 0) hold time related

CMD*
to 1 2 ns 150PF

til XD(7: 0) setup time related

CMD*
to 4 6 ns 75PF

tl2 XD(7: 0) hold time related

CMD*
to 1 2 ns 75PF

tl3 SD(7: 0) to SD(15: 8) delay after

SWAP active

8 15 25 ns 150PF

tl4 SD(7:0) to SD(15:8) invalid delay

after SWAP inactive

3 9 18 ns 150PF

tl5 P(l: 0) setup time related

DMDL
to 1 3 5 ns 75PF
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Symbol Parameter Min. Typ. Max. Unit Remark

tl6 P(1:0) hold time related to DMDL 1 2 ns 75PF

tl7 CHCK* active to NMI active

delay

3 10 18 ns 50PF

tl8 HPCK* or LPCK* active to NMI
active delay if parity error

8 15 23 ns 50PF

tl9 XA valid to DBDCS* valid delay 10 21 32 ns 50PF

t20 XA valid to CPCS* valid delay 9 20 30 ns 50PF

t21 ADSTB8 or ADSTB16 active to

XA valid during DMA cycle

10 18 28 ns 75PF

t22 SD, XD buses tri-stated after

RD* invalid

5 10 20 ns 75PF

t23 SD, XD buses driven after RD*
valid

6 11 15 ns 75PF

t24 D bus driven after RD* valid

LDM* invalid

7 11 15 ns 75PF

t25 D bus tri-stated after RD* invalid 7 11 15 ns 75PF

t26 SDQ5: 8) to SD(7: 0) delay after

SWAP active

7 15 20 na 150PF

t27 SD(15:8) to SD(7:0) invalid delay

after SWAP inactive

3 9 18 ns 150PF
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SD[15: 0]
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I General Description

The UMC's HEAT (High End AT) Chip Set UM82C380 is a highly integrated, flexible

solution for high performance 80386 PC/AT compatible systems. Fabricated using

advanced 1 .2u. CMOS VLSI technology, it provides high reliability, low power, low chip

count features for system implementation. A commercial 25MHz/0 wait state. 1 2MByte
main memory system with cache memory control and math-coprocessor features can
be easily built in a standard baby AT size mother board (12" x 8.6") with all necessary
components included.

II Features

Highly integrated 25 MHz/0 wait state 80386 PC/AT compatible

Supports UMC UM82152/INTEL 82385 Cache Controllers

Easy Page/Cache mode interchange on motherboard

32-bit memory bus interface

Slow DRAM 100/120 ns at 25/20 MHz wait state operation

Supports 1M/256K SIM module

On-board memory upto 1 2MBytes, extendable to 32MBytes using add-on card

Shadow RAM for system BIOS
8MHz I/O bus timing

Supports 80287/80387 /3167 Math-coprocessor

EMS 4.0 interface through software emulation

DOS/OS2/XENIX/UNIX operation

Commercially available BIOS (Phoenix/Award/AMI) applicable
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III System Description

The UM82C380 series consists of five chips, the UM82C381 System Controller,

UM82C382 Address Buffer, UM82C383 Data Buffer, UM82C384 Memory Controller

and UM82C388/389 Cache Interface. Combined with UMC's UM82C206 Integrated

Peripheral Controller, the chip set forms a highly integrated solution for 25MHz 80386

PC/AT systems with Page/Cache Mode options.

The UM82C380 series supports a local 32-bit CPU/MP bus, a 32-bit memory data

bus, a 1 6-bit AT channel bus, an 8 bit I/O channel peripheral data bus and 8MHz system

clock to provide the best compatibility with industry standards.

The UM82C381 is a System Controller. It provides all four bus control signals,

synchronized reset forCPU and peripherals, refresh control, math-coprocessor (80287/

80387) interface, address decoding logic, CLK2, BCLK and timer clock generation.

The UM82C382 is an Address Buffer. It provides address interface to processor

address, system address, DMA address XA and latched XD bus. A 10-bit refresh

counter is included for both 256K and 1 M DRAM refresh.

The UM82C383 is a Data Buffer. It provides bus interface forCPU local data bus,

system data bus and peripheral data bus. Word-swap logic is also built in to facilitate

the 80386 read or write 32-bit data through PC/AT 16-bit data bus.

The UM82C384 is a Memory Controller. It provides control for 32-bit memory

data bus, memory paging control for 256K and 1M DRAM, RAS and CAS control for

system memory.

The UM82C388 is a Cache interface. It provides a simple DRAM controller to

interface INTEL 82385 Cache controller with the system memory.

The UM82C389 is anotherCache Interface. It also provides a simple DRAM Con-

troller to interface UM82152 Cache Controller with the System Memory, it has been

highly integrated for easy application.
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IV System Configurations

Basically, three different 80386 PC/AT system configurations can be imple-
mented using UM82C380 series HEAT chip set. These are Page Mode, UM82152
Cache Control Mode, and INTEL 82385 Cache Control Mode. All three mode
implementations will require the four common core logic devices of HEAT chip set;

UM82C381
, UM82C382, UM82C383 and UM82C206. The UM82C384 will be needed

for Page Mode
,
while UM82C389 and UM82C388 are needed for UM821 52 and 82385

Cache Control Modes. The block diagrams and the required IC list for each system con-
figuration is illustrated in Figures 1 ,2, and 3 .

A software driver is required to initiate the UM821 52 when the system is working in

UM82152 Cache Control Mode. A PAL equation is needed to implement the HEAT chip
set working in INTEL 82385 Cache Control Mode. Either or both of these tools can be
requested from UMC's worldwide sales offices.

V Remarks

Throughout HEAT documents.a "*"
will be attached to specific pin name if it's active

low, CLK2* ,for example.
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Cache/Page

Control

UM82C381
System

Controller

50MHz
OSC

IPC

Control

ADR
Control

Data

Control

CPU
Interface

UM82C384
Page Interface

PROC ADR Q
rr

UM82C206
Peripheral

Controller

XA

UM82C382
Address
Buffer

PROC ADR

UM82C383
Data Buffer

74F657
Buffer

2966
Buffer

DRAM
Data

DRAM
ADR

32 BIT DRAM

IRQ/DRQ/DACK, ETC

ROM
Data

System Address

XD

27256/
27128
ROM

System Data

8742
Keyboard
Control

AT
I/O

Channel
16 BIT

Keyboard

PROC Data

80386
CPU 80287 80387

Figure 1. HEAT Chip Set System Diagram (Page Mode)

Required IC List:

80386 x1 80387 x1

UM82C206 x1 27256 x2

UM82C381 X1 AM2966 x4

UM82C382 x1 74F657 x4

UM82C383 x1 74F04 x1

UM82C384 x1 74C04 x1

8042 x1 7406 x1
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Cache/Page

UM82C381
System

Controller

50MHz
OSC

IPC

Control

ADR
Control

Data

Control

UM82152
Cache

Controller

Optional Cache Setup

Static RAM ADR

UM82C389
Austek Cache

Interlace

UM82C206
Peripheral

Controller

XA

UM82C382
Address

Buffer

UM82C383
Data Buffer

32 BIT Static RAM

PROC ADR
Static RAM Data

74F657
Buffer

DRAM
Data

2966

Buffer

32 BIT DRAM

IRQ/DRQ/DACK, ETC

System Address

27256/

27128
ROM

System Data

8742

Keyboard

Control

AT
I/O

Channel

16 BIT

Keyboard

80386

CPU

PROC Data ''

Required IC List:

Figure 2. HEAT Chip Set System Diagram

(Cache Mode with UM82152)

80386 x1 UM82152 x1 74F657

UM82C206 x1 8Kx8-25 x4 74F04 x1

UM82C381 x1 8042 x1 74C04 x1

UM82C382 x1 80387 x1 7406 x1

UM82C383 x1 27256 x2 *74F74 x1

UM82C389 x1 AM2966 x4 *74F258 x1

74F08 x1 74F74 x1

'needed only when using 27256
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Page
Control

UM82C388

UM82C381
System

Controller

IPC
Control

ADR,

UM82C206
Peripheral

Controller

Control

Data

Control

50MHz
OSC CPU

Interface

32-Bit

Static RAM

UM82C382
Address

Buffer

UM82C383
Data Buffer

Buffer

CTR

ADR
82385
Cache

Controller

Data

74F657
32 BIT DRAM

2966

IRQ/DRQ/DACK, ETC

System Address

ROM
Data

XD

System Data ^

27256/

27128

ROM

8742
Keyboard

Control

AT
I/O

Channel

16 BIT

Keyboard

PROC Data

1

Data 80287 80387

80386
CPU

Figure 3. HEAT Chip Set System Diagram

(Cache Mode with INTEL 82385)

Required IC List

80386 x1

UM82C206 x1

UM82C381 x1

UM82C382 x1

UM82C383 x1

UM82C388 x1

74F08 x1

82385

8042

27256

74F657

74F32

x1

4Kx4-25 x16

x1

x2

AM2966 x4

_x4_

x1

74F04

74C04
7406

74F74

74F646

74F573

18P8A

x1

x1

x1

x1

x4

x2

x1
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I General Description

The UM82C381 is a system controller. It provides bus control signals to PC/AT
and 32-bit memory expansion bus. It also provides synchronized reset for CPU and
peripherals, refresh control, math-coprocessor (80287/80387/31 67 ) interface, address
decoding logic CLK2, CLK* and timer clock generation.

II Features

CPU interface and bus control

PC/AT expansion bus interface

Clock generation

Numerical processor 80287/80387 interface

Peripheral chips interface

Refresh and DMA logic

Reset and shut down logic

Advanced 1 .2|llM CMOS technology

TTL compatible input

120 pin flat package
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III Block Diagram

Coprocessor Interface Signals

J>EP

Coprocessor

Interface

Logic

_JjOLD_

JAH

Bus
Arbitration

Logic

M/IO', D/C-.W/R-

JiE[0;3]-

Bus
Control

Logic

IQCHRDV

_fi&L£_

0WS6"

SAjO, 1 , 8, 9,1

M16-

Clock Signalsm rr

_ Clock Generator

DMA PEOUEST

DMA
Interface

Logic -4
;iowc-

Tjrdy

REFRESH
REQUEST

BEN[0..3r

BCK10..3]

XA[0, 3, 5, 6, 7]

Refresh

Control

Logic

Figure 1. Block Diagram
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IV Pin Configuration

Q a. o

GND

HOLD

SEL387*

CLK14.3M

PEREQ

PEREQ287

PEREQ387 -

ERROR287* -

ERROR387* -

READY*

PA31 -

CLK287 -

RES287 -

RESCPU -

W/R* -

M/IO* -

D/C -

ADS* -

CLK32M -

GND-

CLK50M -

BUSY* -

BUSY287* -

BUSY387' -

BE3* -

BE2* -

BE1" -

BEO-

CLK2 -

GND

O r„ o i 5
UJ W 5 5 5
EC W 111 Ui UJ
Q Q 5 S 2 *Q UJ £ H zCq (3 O m Q O

CJ 5 UJ g O CM *-

£ QO z it o n. < <

90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

UM82C381
System Controller

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

5 &
P 5

UJ < r- CM
d Q Z Z
2
S < <
cd a a

a a i

<uj^QQZI&_i- h 5 be £ < < <
— 5 uj cc fS ?=lxx

3 62 61

60 GND

59 BCK0

58

57

BCK1

BCK2

56 BCK3

55 BEN0*

54 BEN1*

53 BEN2*

52 BEN3*

51 GND

50 CLK*

49 HAKDMA

48 — MHLDA

47 RDETEC

46 — SDOE*

45 — SMEMR*

44 — SMEMW
43 DIR245

42 i GATE245

41 PPICS'

40 DRDY

39 — DMACMD
38 — TEST*

37 — RC

36 — SA9

35 SA8

34 — SA1

33 — SAO

32 SBHE*

31 — GND

Figure 2. Pin Configuration
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VI Functional Description

The function of UM82C381 can be divided into six sub-modules (see block

diagram of Figure 1

)

Clock generator

Bus control logic

DMA interface logic

Refresh logic

Bus arbitration logic

Numerical processor interface logic

6.1 Clock Generator

The clock generator may operate in both synchronous and asynchronous

modes. It has two clock inputs - CK50M and CK32M, both of which are driven from a

TTL crystal oscillator.

(1) When IOFULSPD is high, it operates in synchronous mode

CLK2 = CK50M
CLK* = CK50M/2
BLCK = CK50M/4

(2) When IOFULSPD is low, it operates in asynchronous mode

a. During CPU local memory cycle

CLK2 = CK50M
CLK* = CK50M/2

BCLK = CK50M/4

b. During CPU AT BUS cycle or DMA cycle

CLK2 = CK32M
CLK* = CK32M/2
BCLK = CK32M/4
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If the target of system clock is 1 6MHz, IOFULSPD can be pulled high and CK50M
is driven by 32MHz clock. In this case, CK32M does not matter for any operation. If the

target of system clock is more than 1 6 MHz, IOFULSPD must be pulled low, CK50M is

driven by double frequency of system clock and CK32M is driven by 32MHz clock in

order to provide 8 MHz AT bus timing during non-local bus operation.

6.2 Bus Control Logic

a. Reset operation

The UM82C381 provides two reset inputs, PWRGOOD and RC. PWRGOOD is

the power good signal from the power supply. When PWRGOOD is inactive (low),

UM82C381 asserts RESCPU and RESETDRV for a system reset. RC is generated from

the keyboard controller when a "warm reset" is required. The warm reset activates

RESCPU to reset the 80386 CPU. RESCPU is also activated by the UM82C381 after

a shutdown condition is detected, and held high for at least 16 CLK2 cycles and then

deasserted. RESCPU is synchronous with CLK2, ensuring proper CPU operation.

RESCP* is used to disable RTC during CPU reset period.

b. Bus status definitions

During CPU memory cycle (ADS* low and M/IO* high ), if M32* is sampled low,

it means current cycle is CPU localmemory cycle, otherwise, it is an AT bus cycle.

The bus control logic gains control when M32* is detected high or M/IO* is low

under ADS* active. It will perform the necessary synchronization of control and status

signals between the AT bus and the processor. The UM82C381 supports 8 and 16 bit

transfers between the processor and 8 or 1 6 bit memory or I/O devices located on the

AT bus.

The data conversion definitions between CPU status signals and AT 8- and 16-

bit bus are shown in Table 1

.
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1016*/

M16* BE3* BE2* BE1* BEO* SA1 SAO BHE* Cycle Type

X 1 1 1 1 Low byte on 8 or 16 bit bus

1 1 1 1 |
1 High byte on 8 bit bus

1 1 1 High byte on 1 6 bit bus

X 1 1 1 1 Low byte on 8 or 16 bit bus

1 1 1 1 1 High byte on 8 bit bus

Vo 1 1 1 1 Hiah byte on 1 6 bit bus

1 1 Word on 1 6 bit bus

1 1 1

1

Word on 8 bit bus

1 1
-

1

1

1

1

1

1

1

2 bytes split on 1 6 bit bus

1 1 2 bytes split on 8 bit bus

1 1 1 Word on 16 bit bus

1 1 1 1

1 1

Word on 8 bit bus

1

1 1

3 bytes on1 6-bit bus

1 1 o

1

1

1

3 bytes on 8 bit bus

1 o

1

1 3 bytes on 16 bit bus

1 1

1

1

1

1

3 bytes on 8 bit bus

1

4 bytes on 16 bit bus

1

1

1

1

1

o

4 bytes on 8 bit bus

Notes: 1 . 1/016* signal during I/O cycle

2. M16* signal during memory cycle

3. X means that the value of this signal doesn't matter for that cycle

Table 1. Data conversion definitions
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c.Bus timing

The UM82C381 provides control signals to emulate the 8MHz AT bus signals.

The number of AT bus cycles for CPU operation is shown in Table 2. For slow I/O

devices, IOCHRDY is used to extend command cycle.

Operation Bus Size

Number of Cycles Required

W.S. Normal W.S.

memory read 16 bit 4

6

6

memory read 8 bit 12

memory write 16 bit 4 6

memory write 8 bit 6 12

I/O read 16 bit 6 6

I/O read 8 bit 6 12

I/O write 16 bit 6 6

I/O write 8 bit 6 12

Note: A normal wait state occurs if the device being accessed does not specify the number of

wait states that should be generated by the system.

Table 2. Number of AT Bus Cycles

6.3 DMA Interface Logic

Essentially, DMA operation is controlled by UM82C206. During DMA cycle,

UM82C381 provides interface among UM82C206, local bus and AT bus. It provides

command signals to AT bus and generates bus cycle status signal to local bus for mem-

ory operation. The DMA operation is memory to I/O only and its bus size can be 8 or

16 bits.

The bus cycle status definitions for the non-CPU cycle are shown in Table 3:
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BHDLA M/IO D/C W/R Cycle Time

Invalid cycle time I

1 Non-CPU refresh read

1 Non-CPU memory write

1 1 Non-CPU memory read(*)

1 Invalid cycle type

1 1 Non-CPU refresh cycle

1 1 Non-CPU cycle (*)

1 1 1 Non-CPU, no cycle in progress

* This cycle can occur during the transition to and from memory write cycles.

Table 3. Non-CPU cycle status definitions

6.4 Refresh Logic

The refresh control logic is triggered by REFCK, witch generates the refresh

control signals to the AT bus cycle. MEMR* is asserted low during a refresh cycle and

the refresh address A0-A9 is provided by UM82C382 when REFEN* is active. It also

provides the bus cycle status to the local bus for memory refresh operation.

Its definitions during the refresh cycle are shown in Table 3.

6.5 Bus Arbitration Logic

The UM82C381 controls all bus activity and provides arbitration between the

CPU, DMA, DRAM refresh and Master device and SLOWH*. SLOWH* comes from

UM82C382 and is used to control the system speed. The UM82G381 generates HOLD
request to the CPU and arbitrates those requests in a non-preemptive manner. The

CPU relinquishes the bus by issuing HLDA. During a refresh cycle, the refresh logic has

control of the bus until REFRESH* goes inactive. During a DMA cycle, the DMA
controller has control of the bus until DREQ (HRQ of UM82C206) goes inactive.
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6.6 Numerical Processor Interface Logic

The UM82C381 provides signals to interface between CPU and coprocessor.

The coprocessor can be either UM80287 or UM80387. If NCPIN* is low, it means that

UM80287 or UM80387 is installed; otherwise, no coprocessor is present.

Since 80386 samples its ERROR* input during initialization to determine the type

of coprocessor present, SEL387* is low after RESCPU goes low and before execution

of the first instruction, this pin can be used to seperate 80387 or 80287 present.

If 80387 is present, 82C381 handles BUSY387*, PEREQ387* and ERROR387*
signals from the 80387 to the CPU and generates IRQ13 for error handling. During

executing a task, 80387 issues a BUSY387* signal to the 82C381. Under normal

operation, it is passed out to the CPU as BUSY*. If during this busy period, a coprocessor

error occurs, ERROR387* input to the 82C381 becomes active resulting in latching of

the BUSY* output and assertion of IRQ1 3, BUSY* stays active until cleared by I/O write

cycle to address 0F0(H).

If 80287 is present, 82C381 provides the decoding required for selecting and

resetting the 80287, handling BUSY287*, PEREQ287 and ERROR287* signals from

the 80287 to the CPU and generates IRQ1 3 for error handling. The 80287 chip select

LNCP* is active for I/O address OF8(H)-OFF(H) and PA31 is high. During execution

of a task, 80287 issues a BUSY287* signal to the 82C381 . Under normal operation , it

is passed out to the CPU as BUSY*. If during this busy period, a coprocessor error

occurs, ERROR287* input to the 82C381 becomes active, resulting in latching of the

BUSY* output and assertion of IRQ13. BUSY* stays active until cleared by I/O write

cycle to address 0F0(H) or 0F1 (H).

The clock signal to 80287 is also provided by 82C381 . If CKM is low, CLK287
is a 1 6 MHz clock signal with 50% duty cycle and 80287 is running at 5.4MHz. If CKM
is high, CLK287 is a 10.67MHz clock signal with 33% duty cycle and 80287 is running

at 10.67 MHz.
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I General Description

The UM82C382 Address Buffer is in UMC's 82C380 series High End AT (HEAT)

Chip Set. It provides address interface to processor address, system address, DMA
address XA and Latched Bus. A 1 0-bit refresh counter is built in for both 256K and 1

M

DRAM refresh. Two address decoders are included for ROM space and on-board I/O

port.

II Features

24 bit address line buffer

Supports 256Kx1 and 1 Mx1 DRAM refresh

Advanced 1 .2\x CMOS Technology

120 pin flat package
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III Block Diagram

PA2- ^
PA31

SA0-SA19

*- LA17-LA23

INTA*

PPICS*
RESCP*
XIOR*
XIOW*

REFRESH
DCLK
SLOWD

v BALE
3^ MEMR*

M32*

NMICS*
RTCAS

* PBRD*
PBWR*
CIORD*
KEYCS*

SLOWH*

MI6E*

ROM*
^ ROMEO*
ROMFO*
LOWEN*
ROMEN*

Figure 1. UM82C382 Block Diagram
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UM82C382
Address Buffer

1 2 3 4 5678 9101112131415161718192021222324252627282930

GND
XA5

XA6

XA7

XA8

PBRD*

PBWR*
ROMEO*

ROMF0*

GND
PPICS*

SAO

SA1

SA2

SA3

SA4

SA5

SA6

SA7

GND
SA8

SA9

SA10

SA11

SA12

SA13

SA14

SA15

SA16

GND

Figure 2. Pin Configuration
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VI Functional Description

The UM82C382 is an address interface between processor bus, system bus and
peripheral bus (X-bus).

During the CPU cycle, address PA2-PA1 9 from CPU bus will be linked to system
bus and X-bus, while PA1 7-PA23 will be linked to LA1 7-LA23 of the system bus. If the
ROM address space is selected during this period, the ROM control unit will generate
the signals to access the ROM address, the decoder will also generate signals to access
I/O port data.

During the DMA cycle, address LA1 7-LA23 from the system bus will be linked to

PA1 7-PA23 of CPU bus, and SA2-SA1 9 will be linked to PA2-PA1 9. During this cycle,

system address is generated from DMA controller or refresh counter. When REFEN*
is active, the refresh counter will issue refresh address to the system bus. The refresh

counter will be incremented by one automatically after the refresh cycle.

The DMA controller will dominate the system bus during the DMA cycle, both 8-

bit and 16-bit data transfer types can be generated as DMA transfer. For 8-bit data
transfer, with the negative transition of ADSTB8*, XA0-XA7 will be linked to SA0-SA7,
XD7-XD0 will be linked to SA1 5-SA8, while the contents of SA1 5-SA8 will be latched in

the latch buffer. For 16-bit data transfer, with the negative transition of ADSTB1 6*, XA8-
XAO will be linked to SA8-SA0, XD7-XD0 will be linked to SA1 6-SA9, while the contents

of SA16-SA9 will be latched in the latch buffer.

A timer is also designed in UM82C382 to provide the necessary clock timing to

be compatible with standard PC/AT 8-MHz bus. The user is able to slow down the

system speed by enabling SLOWD* to keep the system timing compatible

with PC/AT.
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I General Description

The UM82C383 Data Buffer is one of UMC's High End AT (HEAT) Chip Set, It

is an interface between 32-bit processor data bus, 16-bit system data bus and 8-bit

peripheral data bus.

II Features

32-bit data bus buffer

16-bit or 8-bit data-bus buffer for PC/AT bus

8-bit I/O port data bus buffer

Word swap logic

Advanced 1 .2jj. CMOS Technology

120 Pin Flat Package
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111 Block Diagram

SD0-SD15

GATE245
DIR245

PDO-
PD31
SDOE*
BCK0-BCK3
DIRRD* y-

BEN0-BEN3

DMA* \

CIORD*/ ~f

RD0 " \ _*
RD15 / r
ROMEN

HIT1M*
IOCHK*
PARITY*
NMICS*

PBWR*
PBRD*
RST*
RDETEC
OUT2

* XD7-XD0

TGATE2

SPKR

Figure 1. UM82C383 Block Diagram
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XD4 115 36 PD28
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Figure 2. Pin Configuration
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VI Functional Description

The UM82C383 Data Buffer contains a 32-bit 80386 data bus buffer, 16-bit PC/
AT slot data buffer, 8-bit I/O port data bus buffer, and one internal port 61 H. A word-swap
logic circuit is also built to facilitate 80386 read or write 32-bit data through PC/AT 16-

bit data bus.

During the CPU read cycle, the system bus data can be latched by controlling the

signals BCK0-BCK3 and SDOE*. During the CPU write cycle, the processor data can
be written to the system bus through data buffer by controlling the signals DIRRD*
,BEN0*-BEN3*. The GATE245 and DIR245 should be asserted to initiate the word wrap
circuit to transfer 32-bit data into 8-bit data.

During the DMA cycle, the data transfer between processor bus and system bus
is controlled by asserted DIRRD*, BEN0*-BEN3* signals. When the DIRRD* is low, the

system bus will be transferred to processor bus. When the DIRRD* is high, the

processor bus wiH be transferred to system bus. The signals GATE245, DIR245 should

be asserted to initiate the word wrap circuit if the data transfer is 8-bit only.

UM82C383 also generates NMI signals, which can be enabled by Port B Bit 7.

Whenever IOCHK* or PARITY* is low, an NMI error signal will be generated, and can

be checked by reading Port B, Bit 6. When a positive transition occurs in HITIM*, NMI
will be forced High, which can be checked by reading Port B,Bit 7.
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The register descriptions are illustrated as follows:

WRITE PORT B:

BIT 7 Not defined

BIT 6 Not defined

BIT 5 Not defined

BIT 4 Not defined

BIT 3 ~>1 Clear hit timer register

BIT 2 ~>1 Clear parity check error

BIT 1 ">1 Enable speaker output

BITO Trigger 8254 timer 2

READ PORT B:

BIT 7 . Hit timer register status

BIT 6 : Parity check status

BIT 5 : 8254 timer 2 output

BIT 4 : Read RDETEC input to check if refresh counter is active

BIT 3 : Read back written data

BIT 2 : Read back written data

BIT1 : Read back written data

BITO : Read back written data
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I General Description

The UM82C384 is one of UMC's High End AT (HEAT) Chip Set. It provides

memory control functions which facilitate wide ranges of DRAM and CPU speed

selections for 80386 AT system design.

II Features

Supports 16MHz, 20MHz and 25MHz Intel 80386

Supports DRAM speed range from 60ns up to 1 20ns

Supports 256K and 1 M DRAM
Supports up to 12M Bytes on board memory
Using page mode DRAM to reduce wait states for same page memory

access (hit)

Relocates BIOS to high speed DRAM for very fast BIOS function calls

1.2|i CMOS technology

6-154



UiViC

UM82C384
Memory Controller

III Block Diagram

PA31.23..17

EXTRA1 —

RXTRA2 —

SIMM1M -

Address

Decoder

CLK2
ADS -

M/IO*
MHLDA
CLK*
W/R"
D/C

Memory Page
State Machine

Address Latch

Internal

Control

-/*—

*

SIMM1M

PA11..2

Column Adr Latch

CLAT ,

raraH ,

CAS
Latch

D/c-

ADS-
MHLDA
CLK2

M/IO"

LOWA20-
_nam- _4 DMA and Refresh

Control
-/ *

PARWR-, RD
PERR3..0' »

Parity Latch

Register

> Comparator

MUX

*—*
Address

Decoder

PARWR-, rd-

Internal

Control

Figure 1. UM82C384 Block Diagram

CAS11 .0"

DRW

RASS..0-
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Figure 2. Pin Configuration
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VI Functional Description

(a) Memory Mapping:

The memory mapping of UMC 386PC/AT chip set is shown in Figures 3 and 4.

The 640 KB of base memory can execute existing MS-DOS applications developed for

80286-based product. On top of the base memory is 128KB video RAM, 64KB LIM
pages and 1 28KB system BIOS. The extended memory can be 1 M, 2M, 3M, 7M, and
1 1 M bytes. The size of the memory is determined by SIMM1 M, EXTRA1 , and EXTRA2
as listed in table 2.

SIMM1M EXTRA1 EXTRA2 System Memory DRAM Type

1M

1 2M 256K

1 1 3M

1 4M

1 1 8M 1M

1 1 1 12M

1 'Illegal

1 1
i

Table 2

6-157



9=^1 VI 1=5

UM82C384
Memory Controller

8XC0XXXX

FFFFFF
FAOOOO

2FFFFF
200000

1FFFFF
100000

OFFFFF
OEOOOO

09FFFF
000000

RAM Diagnostic &
Relocation

Register

Not

Used

Bank 1
Relocated

BIOS

Not
Used

Bank 3 2M-3M

Bank 2 1M-2M

Bankl
System
BIOS

128KB Video
RAM & 64KB
LIM Pages

DOS Base Memory

384K

1M

1M

128K

640K

Figure 3. Memory Mapping when using 256K DRAM. M32* is active in all

regions except in regions marked "not used" and video RAM and LIM pages.
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Bankl

Bank 3

Bank 2

Bank 1

8XCOXXXX
RAM Diagnostic &

Relocation

Register

Not

Used

FFFFFF
FAOOOO

Relocated

BIOS

Not

Used

8FFFFF
800000 8M-12M

7FFFFF
400000

4M-8M

3FFFFF
100000

1M-4M

OFFFFF
0E0000

System
BIOS

128KB Video

RAM & 64KB
LIM Paaes

09FFFF
000000

DOS Base
Memory

384K

4M

4M

3M

128K

640K

Figure 4. Memory Mapping when using 1M DRAM. M32* is active in all

regions except in regions marked "not used" and video RAM and LIM pages.
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(b) ROM Mapping:

Of the 384KB of memory addressed on top of the 1 6MB address space, the last
128KB has a special addressing feature. This 128-KB block, starting at address
FE0000, can be relocated (mapped) via special hardware map registers to the system
BIOS (0E0000 - OFFFFF). When mapped, the 128-KB RAM block normally located at
FE0000 can be addressed at either FE0000 or 0E0000. The ROM devices are not
accessible while the RAM is mapped to the address space normally occupied by the
ROMs.

In addition to this relocation capability, the 128KB block of RAM beginning at
address FE0000 can be write-protected by special hardware registers on the system
memory board. The relocation and write-protection capabilities allow the system ROM
to be replaced by high-speed RAM having the same contents (Shadow RAM).

(c) Memory Mapped Registers:

UM82C384 has two memory-mapped registers: one is used in RAM
relocation, the other is for RAM diagnostics

RAM relocation:

The address and contents of the special memory-mapped hardware register
used in the RAM relocation is shown in the following bit map. This register is a write-
only register:

RAM Relocation --> Memory-Mapped Address 80C00000 (write only)

7 6 5

Bit

4 3 2 1

1— = Relocate 128-KB block at FE0000 to address 0E0000.

1 = 128-KB is addressed only at FE0000.

= Write-protect RAM at FE0000.

1 = Do not write-protect the 128-KB RAM at FE0000.

Don't Care.
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RAM Diagnostics:

The RAM diagnostics register helps test the memory subsystems. This register
allows a diagnostics program to read the state of memory configuration jumpers on the
system memory board. The register also contains the status of the parity bits for each
of the four bytes of a 32-bit memory access. RAMs can be tested very quickly, because
they are performed by reading and writing 32-bit data patterns. When a parity error is

detected, a diagnostics program uses the RAM diagnostics register to determine which
byte in the 32-bit double-word caused the error. The address and contents of the
memory-mapped diagnostics register are shown in the following bit map. This register
is a read-only register. Writing to this register affects the contents of the RAM relocation
register since they share the same memory location.

RAM Relocation --> Memory-Mapped Address 80C00000 (write only)

Bit

7 6 5 4 3 2 10
= Parity error in byte 0.

= Parity error in byte 1

.

= Parity error in byte 2.

= Parity error in byte 3.

Always 1

.

1 = Memory 3rd bank is installed.

1 = Memory 3nd bank is installed.

Always 1

.
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(d) Bus Cycle Status Definitions

Table 3 gives the bus cycle status definition for the MHLDA, M/IO* D/C*, and

W/R* signals:

MHLDA M/IO* D/C* W/R* Cycle Type

o CPU Interrupt Acknowledge

1 Invalid Cycle Type

1 CPU I/O Read

1 1 CPU I/O Write

1 CPU Memory Instruction Prefetch Read

1 1 CPU Halt or Shutdown

1 1 CPU Memory Data Read

1 1 1 CPU Memory Data Write

Invalid Cycle type

1 DRAM Refresh - 3 (see note)

1 DMA Memory Write

1 1 DMA Memory Read

1 Invalid Cycle Type

1 1 DRAM Refresh - 2 (see note)

1 1 Non-CPU Cycle - Transition State

1 1 1 DRAM Refresh - 1 (see note)

Note: DRAM Refresh Cycles follow the following sequence:

1 -* 2 -» 3 -» 2 -» 1

Table 3
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(e) RAS, CAS signals and DRAM Module

In order to reduce loading for RAS and CAS signals, six RAS signals and twelve

CAS signals are generated to drive three banks of DRAMs. The following tables

illustrate the connection of RAS and CAS signals to different banks of DRAMs.

Bankl RASO*, RAS1*, CASO* - CAS3*

Bank 2

Bank 3

RAS2*, RAS3*, CAS4* - CAS7*

RAS4*, RAS5*, CAS8* - CAS11*

31 24 23 16 15 8 7

Bit#

Bankl CAS3* CAS2* CAS1* CASO*

Bank 2 CAS7* CAS6* CAS5* CAS4*

Bank 3 CAS11* CAS10* CAS9* CAS8*

Bankl RAS1* RASO*

Bank 2 RAS3* RAS2*

Bank 3 RA,35* RAS4r
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(f) DRAM Address corresponding to CPU Address

The following table illustrates the DRAM address corresponding to the CPU
address when using 256K or 1M DRAM.

DRAM Address

256K DRAM
Column Row

1MDRAM
Column Row

-DRAO PA2 PA12 PA2 PA12

- DRA1 PA3 PA13 PA3 PA13

-DRA2 PA4 PA14 PA4 PA14

-DRA3 PA5 PA15 PA5 PA15

-DRA4 PA6 PA16 PA6 PA16

-DRA5 PA7 PA17 PA7 PA17

- DRA6 PA8 PA18 PA8 PA18

-DRA7 PA9 PA19 PA9 PA19

DRA8 PA10 PA11 PA10 PA20

DRA9 PA11 PA21

Note: DRAO - DRA7 are in opposite phase with the real CPU address.
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I General Description

The UM82C388 is one of the UMC High End AT (HEAT) Chip Set. It provides

memory control functions which facilitate wide ranges of DRAM and CPU speed

selections for UM80386 AT system design.A summary of DRAM and CPU speed

options is listed in Table 1 for quick reference.

II Features

Supports 16MHz, 20MHz and 25MHz Intel 80386

Supports 25MHz 80386 with 82385 cache controller

Supports DRAM speed range from 60ns to 120ns

Supports 256K and 1 M DRAMs
1 .2n CMOS technology

120 pin flat package
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SIMM1M SW2 SW3 DRAM Type (MHz) WH RH WM RM

X 80ns, 256K, 1

M

100ns, 256K, 1M

25(1)

25(1)

3 3 3 3

1 60ns, 256K

80ns, 256K

100ns, 256K (2)

25

20

16

1 2 2

1 100ns, 256K

120ns, 256K

20

16

1 1 2 2

X 1 1 80ns, 256K (3)

80ns, 1M

100ns, 1M

120ns, 1M

25

25

20

16

2 3

1 1 60ns, 1M

80ns, 1M

25

20

2 2

Table 1 . DRAM and CPU speed options

Notes: 1 . For switch position = 001, CAS precharge time is 30ns at 1 6MHz.

Most 100ns, 256K DRAMs need 40ns CAS precharge time. At least, Hitachi, NMB,

Micron will meet this spec.

2. For switch position = x 1 1 (x=don't care), CAS pulse width is 20ns at 25MHz.

Almost all the 80ns, 1M DRAMs meet this spec. But for 80ns, 256K DRAM, only

the one with fast page mode can meet this spec. At least Hitachi and NMB have

80ns, 256K fast page mode DRAMs.

3. WH = Write Hit, RH = Read Hit, WM = Write Miss, RM = Read Miss
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III Block Diagram

Address
Decoder

Internal

Corttrol

Figure 1. UM82C388 Block Diagram
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IV Pin Configuration

GND — 91

CLK* — 92

SIMM1M — 93

EXTRA1 — 94

EXTRA2 —

'

95

A20GATE — 96

ADS* — 97

D/C 98

M/IO 99

W/R 100

MHLDA— 101

CLK2 — 102

GND — 103

PA2 — 104

PA3 — 105

PA4 — 106

PA5 — 107

PA6 — 108

PA7 — 109

PA8 — 110

PA9 — 111

PA10 — 112

PA11 — 113

PA12 — 114

PA13 — 115

PA14 — 116

PA15 — 117

PA16 — 118

PA17 — 119

GND — 120

. t . QtE C CC c •

CO CC £j < 1 CC CC re Q f- a a
O 8 llj 2i fij < £! LLjUJUjti3uJDCi/)ZZ<<<<<>mmcQcDQ.5trQ.CL Q.Q.5ir(>5u— — --

OT-c\ico^iOoT-wco^in«

cc OOOOOO>CC CC OC

90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 6867 66 65 64 63 62 61

UM82C388
Intel Cache
Interface

2 3456 7891011121314151617181920212223242526272829 30

60 GND
59 CAS6*

58 CAS7*

57 CAS8*

56 CAS9*

55 CAS10

54 — CAS 11

53 GND
52 MDO
51 MD1

50 MD2
49 MD3
48 MD4
47 MD5

46 MD6

45 MD7
44 GND
43 N.C.

42 N.C.

41 N.C.

40 N.C.

39 N.C.

38 N.C.

37 N.C.

36 N.C.

35 N.C.

34 N.C.

33 N.C.

32 N.C.

31 GND

Q 00 CO O Q Q id r» oo ai

???^S££££9fCDC3Cccccccccc5 5
0-CLQ.O.a.a.Q.QSQQQQ Q Q Q CI Q Z Z Z Z 2 Z

Figure 2. Pin Configuration
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VI Functional Description

(a) Memory Mapping:

The memory mapping of UMC 386PC/AT chip set is shown in Figures 3 and 4.

The 640 KB of base memory can execute existing MS-DOS applications developed for

80286-based product. On top of the base memory is 1 28KB video RAM, 64KB LIM

pages and 128KB system BIOS. The extended memory can be 1M, 2M, 3M, 7M, and

1 1 M bytes. The size of the memory is determined by SIMM1 M, EXTRA1 , and EXTRA2

as listed in table 2.

SIMM1M EXTRA1 EXTRA2 System Memory DRAM Type

1M

1 2M 256K

1 1 3M

1 4M

1 1 8M 1M

1 1 1 12M

1 Illegal

1 1

Table 2
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8XC0XXXX

FFFFFF
FAOOOO

2FFFFF
200000

1FFFFF
100000

OFFFFF
OEOOOO

09FFFF
000000

RAM Diagnostic &
Relocation

Register

Not

Used

Bank 1
Relocated

BIOS
384K

Not

Used

Bank 3 2M-3M 1M

Bank 2 1M-2M 1M

Bankl System
BIOS

128K

128KB Video

RAM & 64KB
LIM Pages

DOS Base Memory 640K

Figure 3. Memory Mapping when using 256K DRAM. M32* is active in ali

regions except in regions marked "not used" and video RAM and LIM pages.

6-170



fffis IMC
UM82C388

Intel Cache InterfaceV*/L

8XC0XXXX

FFFFFF
FAOOOO

8FFFFF
800000

7FFFFF
400000

3FFFFF
100000

OFFFFF
OEOOOO

09FFFF
000000

RAM Diagnostic &
Relocation

Reqister

Not
Used

Bankl Relocated

BIOS
384K

Not

Used

Bank 3 8M-12M 4M

Bank 2 4M-8M 4M

Bankl 1M-4M 3M

System
BIOS

128K

128KB Video

RAM & 64KB
LIM Paaes

DOS Base
Memory

640K

Figure 4. Memory Mapping when using 1M DRAM. M32* is active in all regions except in

regions marked "not used" and video RAM and LIM pages.
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(b) ROM Mapping:

Of the 384KB of memory addressed on top of the 1 6MB address space, the last

128KB has a special addressing feature. This 128-KB block, starting at address

FE0000, can be relocated (mapped) via special hardware map registers to the system

BIOS (0E0000 - OFFFFF). When mapped, the 128-KB RAM block normally located at

FE0000 can be addressed at either FE0000 or 0E0000. The ROM devices are not

accessible while the RAM is mapped to the address space normally occupied by the

ROMs.

In addition to this relocation capability, the 128KB block of RAM beginning at

address FE0000 can be write-protected by special hardware registers on the system

memory board. The relocation and write-protection capabilities allow the system ROM
to be replaced by high-speed RAMs having the same contents (Shadow RAMs).

(c) Memory Mapped Registers:

UM82C388 has two memory-mapped registers: one is used in RAM
relocation, the other is for RAM diagnostics

RAM relocation:

The address and contents of the special memory-mapped hardware register

used in the RAM relocation are shown in the following bit map. This register is a write-

only register:

RAM Relocation -> Memory-Mapped Address 80C00000 (write only)

Bit

7 6 5 4 3 2 1

= Relocate 128-KB block at FE0000 to address 0E0000.

1 = 128-KB is addressed only at FE0000.

= Write-protect RAM at FE0000.

1 = Do not write-protect the 1 28-KB RAM at FE0000.

Don't Care.
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RAM Diagnostics:

The RAM diagnostics register helps test memory subsystems. This registet

allows a diagnostics program to read the state of memory configuration jumpers on the

system memory board. The register also contains the status of the parity bits for each

of the four bytes of a 32-bit memory access. RAMs can be tested very quickly, because

they are performed by reading and writing 32-bit data patterns. When a parity error is

detected, a diagnostics program uses the RAM diagnostics register to determine which

byte in the 32-bit double-word caused the error. The address and contents of the

memory-mapped diagnostics register are shown in the following bit map. This register

is a read-only register. Writing to this register affects the contents of the RAM relocation

register since they share the same memory location.

RAM Relocation --> Memory-Mapped Address 80C00000 (write only)

Bit

7 6 5 4 3 2 10
= Parity error in byte 0.

= Parity error in byte 1

.

= Parity error in byte 2.

= Parity error in byte 3.

Always 1

.

1 = Memory 3rd bank is installed.

1 = Memory 3nd bank is installed.

Always 1

.
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(d) Bus Cycle Status Definitions

Table 3 gives the bus cycle status definition for the MHLDA, M/IO* D/C*, and W/R*
signals:

MHLDA M/IO* D/C* W/R* Cycle Type

CPU Interrupt Acknowledge

o — 1 -—

>

Invalid Cycle Type

1 CPU I/O Read

1 1 CPU I/O Write

1 CPU Memory Instruction Prefetch Read

1 1 CPU Halt or Shutdown

1 1 CPU Memory Data Read

1 1 1 CPU Memory Data Write

Invalid Cycle type

1 DRAM Refresh - 3 (see note)

1 DMA Memory Write

1 1 DMA Memory Read

1 Invalid Cycle Type

1 1 DRAM Refresh - 2 (see note)

1 1 Non-CPU Cycle - Transition State

1 1 1 1 DRAM Refresh - 1 (see note)

Note: DRAM Refresh Cycles follow the following sequence:

1 -> 2 -> 3 -> 2 •* 1

Table 3
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(e) RAS, CAS signals and DRAM Module

In order to reduce loading for RAS and CAS signals, six RAS signals and twelve CAS

signals are generated to drive three banks of DRAMs. The following tables illustrate the

connection of RAS and CAS signals to different banks of DRAMs.

Bankl RASO*, RAS1\ CASO* - CAS3'

Bank 2

Bank 3

RAS2*. RAS3*, CAS4* - CAS7*

RAS4*, RAS5*, CAS8* - CAS11*

31 24 23 16 15 8 7

Bit#

i

|

Bankl CAS3* CAS2* casi* CASO*

Bank 2 CAS7* CAS6* CAS5* CAS4*

Bank 3 CAS11* CAS 10* CAS9* CAS8*

Bankl RAS1* RASO*

Bank 2 RAS3* RAS2*

Bank 3 RAS5* RAS4*
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(f) DRAM Address corresponding to CPU Address

The following table illustrates the DRAM address corresponding to the CPU
address when using 256K or 1M DRAMs.

DRAM Address

256K DRAM

Column Row

1MDRAM

Column Row

-DRAO PA2 PA12 PA2 PA12

-DRA1 PA3 PA13 PA3 PA13

-DRA2 PA4 PA14 PA4 PA14

-DRA3 PA5 PA15 PA5 PA15

-DRA4 PA6 PA16 PA6 PA16

-DRA5 PA7 PA17 PA7 PA17

-DRA6 PA8 PA18 PA8 PA18

-DRA7 PA9 • PA19 PA9 PA19

DRA8 PA10 PA11 PA10 PA20

DRA9 PA11 PA21

Note: DRAO - DRA7 are in opposite phase with the real CPU address.
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I General Description

The UM82C389 Cache Interface Chip is one of the UMC UM82C380 series High

End AT (HEAT) chip set. As a DRAM controller, UM82C389 works in tandem with

UM821 52 Cache Controller to form an efficient cache memory subsystem. This highly

integrated Cache Interface chip contains all necessary glue logic components to

interface UM821 52 directly to UM80386 CPU. It is also carefully tailored to be directly

pin replaceable with the UM82C384 Page Memory Controller: one motherboard is

sufficient for both Page/Cache modes.

II Features

Supports a flexible system memory configuration:

a) 1 M, 2M or 3M using 256Kx1 DRAM
b) 4M, 8M or 12M using 1Mx1 DRAM
Uses normal page DRAM (Static column is unnecessary)

Handles 80ns/100ns DRAM speed at 25MHz system speed

Accepts short precharge time DRAM to boost system performance

120 pin flat package in 1 .2\x CMOS technology

III Block Diagram

CLK2,

CLK*.

RST-. —
ADS*.

D/C-,

M/ICT.

W/R-.

MHLDA,
LOWA20

M32\
-READY',.
PARITY"

BEO-..BE3-
PA2..PA31

Control

Signal

Decoder

Address

Decoder

Cache
Controller

Interface

_ Zt| Registers

I
DRAM

-»| Controller L,

WRFAST,
SWAIT2/3-

SIMMM1,
EXTRA1,
EXTRA2

CACHERST.
AADS*.

AM/10*.

DMAI#.

AA7..AA12.

AA15.

AA20,
SYSACK"

SYSRD-,
- SYSWR-,-*

OE-,

SAMPLE.
AREADV

_>.RASO*..RAS5
CASO-..CAS11-
DRAO..DRA9.

MDO..MD7,
MRD-.
DRW*

-PERRO-..PERR03

Cache
Controller

UM82152
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IV Pin Configuration

> GO CO CO 00 Q. 2 0CQ.Q.Q-Q.2 c (3 (5 Z C
2<2<2S?S2cOCOcoioCOCOCOO
cra:tra:a:oooOOO>

GND
CLK*

SIMM1M

EXTRA1
EXTRA2

LOWA20
ADS*

D/C*

M/IO*

W/R*

MHLDA
CLK2

GND
PA2

PA3

PA4 "

PA5-

PA6-

PA7"

PA8

PA9-

PA10 "

PA11 -

PA12 -

PA13 -

PA14 "

PA15 "

PA16 -

PA17 -

GND -

90 8988 87 86 85 84 83 8281 80 79 78 7776 75 74 7372 71 70 69 68 67 66 6564 63 62 61

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

\ 1

UM82C389
Austek Cache

Interface

23456789 1011121314 1516 1718 19 20212223 24 25 26 27 2829 30

60

59

58

57

56

55

54

53

52

51

50

49

48

47

46

45

44

43

42

41

40

39

38

37

36

35

34

33

32

31

Q «0 O)

§< <-^ rt ft 0- Q.

cm co t-

2 2 3
a. a. a

< <
cc a:
a a

w o ^ io a Q <o r^ co o> £»

cc cc cc or o C3 qcqcccoca:a a a a a a a DQU.t
CC <

CO

IfCO
>-
to

GND
- CAS6*
- CAS7*

CAS8*

CAS9*
- CAS10*

CAS11*

GND
MD0
MD1

MD2
MD3
MD4
MD5
MD6
MD7
GND
AA7

AA8

AA9

AA10

AA11

AA12

AA15

AA20

AM/IO*

AADS*

AREADY*

SYSACK"

GND

Figure 1. Pin Configuration
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VI Functional Description

The Cache Interface has two major functions:

1

)

Intercepting and modifying all control signals between UM80386 CPU and the

Cache Controller UM82152 for different bus cycles (Reset, Memory, I/O, DMA)

2) Working as DRAM controller underneath the Cache Controller

Following is the operation of Cache Interface in different bus cycles:

1) Reset: upon receiving active RST*, Cache Interface generates CACHERST
signal correctly synchronized with CLK* for the Cache Controller.

The internal flip-flops of Cache Interface are also forced to initial known

states.

2) I/O: Cache Interface converts all I/O cycles from UM80386 to memory cycles

to Cache Controller.

3) Memory:

a) Normal Memory: all control signals are passed directly to Cache
Controller. If a miss occurs, DRAM Controller will be activated to transfer

data from DRAM's to UM80386.
b) Memory-Mapped I/O: only 2 devices are mapped; they are the Cache

Controller and the Register of Cache Interface.

c) Non-Existing Memory Locations: these cycles will be terminated and the

corresponding entries in tag RAM will be invalidated to avoid data stalling.

4) D(irect) M(emory) A(ccess): during the DMA read cycles (i.e. data coming
from DRAM), Cache controller is forced idle. However, during the DMA Write

cycles, Cache Controller will watch over the address bus; if anyaddresses match
any entries of tag RAM, the corresponding entries will be invalidated.
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Cache Interface can be divided into 5 logic blocks: Control Signal Decoder, Address
Decoder, Registers, Cache Controller Interface and DRAM Controller.

1

)

Control Signal Decoder: decodes all incoming control signals from 80386 to
activate either Cache Controller or DRAM Controller depending on bus cycle
(Reset, Memory, I/O, or DMA bus cycles).

2) Address Decoder: maps all incoming addresses to actual physical on board
memory; activates M32* if existing memory locations are referred to.

3) Registers: store various options to program the Cache Controller Interface
as well as the DRAM Controller.

4) Cache Controller Interface: provides all necessary signals to control Cache
Controller.

5) DRAM Controller: generates all necessary signals to control DRAM such as
R(ow) A(ddress) S(elect) C(olumn) A(dress) S(elect), transceiver direction

control, parity generation & detection.
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MemoryConfigurations

Because 24 bit address is used, only 16MB can be addressed. The minimum

memory requirement is 1 MB. This first 1 MB is mapped into two regions: 640KB of base

memory and 384KB located at the high end of the 16M address place. More memory

can be added incrementally provided the following jumpers are setup correctly

SIMM1M EXTRA 1 EXTRA 2 System Memory DRAM Type

1

1 1

1M

2M

3M

256K

1

1

1

1

1 1

4M

8M

12M

1M

1

1

1

Illegal

Figure 2. Memory Configuration Set Up

Different Memory Configurations are illustrated by Figures 3 & 4.
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Address

FFFFFFh

FEOOOOh

FAOOOOh

300000h

200000h

100000h

OEOOOOh

OCOOOOh

OAOOOOh

OOOOOOh

128KB Reserved
For System Use

256KB Built-in

User Memory

128KB
System
ROMs

64KB LIM
Pages and/or

Option ROMS

128K
Video
RAM

640KB
RAM

128KB Reserved
For System Use

256KB Built-in

User Memory

1 MB RAM
of 2nd
Bank

128KB
System
ROMs

64KB LIM
Pages and/or

Option ROMS

128K
Video
RAM

640KB
RAM

128KB Reserved
For System Use

256KB Built-in

User Memory

Amount of

Memory
16MB

1 MB RAM
of 3rd

Bank

1 MB RAM
of 2nd
Bank

128KB
system
ROMs

64KB LIM
Pages and/or

Option ROMS

128K
Video
RAM

640KB
RAM

1M 2M 3M
System System System
Memory Memory Memory

3MB

2MB

1MB

640KB

0KB

Figure 3. Memory Configuration Using 256Kx1 DRAM
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Amount of

Memory
FFFFFFh

128KB Reserved
For System Use

128KB Reserved

For System Use
128KB Reserved

For System Use

16MB

FEOOOOh

256KB Built-in

User Memory
256KB Built-in

User Memory
256KB Built-in

User Memory

FAOOOOh *

•

12MB
COOOOOh 4 MB RAM

of 3rd

Bank
8MB

800000h
4 MB RAM

of 2nd
Bank

4 MB RAM
of 2nd
Bank

4MB
400000h

3 MB RAM
From 1 st

Bank

3 MB RAM
from 1 st

Bank

3 MB RAM
from 1 st

Bank
1MB

100000h

OEOOOOh

OCOOOOh

OAOOOOh

OOOOOOh

128KB
System
ROMs

128KB
System
ROMs

128KB
System
ROMs

64KB LIM
Pages and/or

Option ROMS

64KB LIM
Pages and/or

Option ROMS

64KB LIM
Pages and/or

Option ROMS

128KB
Video
RAM

128K
Video
RAM

128K
Video
RAM

640KB

640KB
RAM

640KB
RAM

640KB
RAM

0KB

Sy
Me

M
stem
mory

8M
System
Memory

12M
System
Memory

Figure 4. Memory Configuration Using 1Mx1 DRAM
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ROM Mapping

Of the 384KB memory located at the end of the 16M address space, the bottom
128KB starting at FEOOOOh is called Shadow RAM. The Shadow RAM has 2 special
features:

• Write-protected by controlling a special hardware register named
CONTROL.

• Relocated via hardware register CONTROL to the system ROM's location

(OEOOOOh - OFFFFFh); when mapped, this Shadow RAM can be addressed
at locations FEOOOOh - FFFFFFh or OEOOOOh - OFFFh. The system ROM
cannot be accessed any longer.

The relocation and write-protected capabilities allow the system ROM to be replaced
with high speed RAM having the same contents (Shadow RAM)

Memory-Mapped Hardware Registers

There are 2 registers: CONTROL for diagnostics and control, CACHE for

programming the cache controller.

• CONTROL register (address 80C00000h): is partitioned into 2 segments:
low nibble is read/write while the high nibble is read only.

IMPORTANT: When writing to CONTROL register, all the bits of low nibble will

be complemented (i.e. writing 1 will be read later as and vice versa)
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5 4 3 2 10 When Read As:

L = Shadow RAM can be addressed only at FEOOOOh

1 = Shadow RAM can also be addressed at OEOOOOh

= Shadow RAM is writable

1 = Shadow RAM is write-protected

= LOWA20 will affect the address coding

1 = LOWA20 cannot affect the address decoding

= Cache cannot be programmed

1 = Writing to register CACHE will program UM821 52

= 256 DRAM type (SIMM1M = 0)

1 = 1 M DRAM type (SIMM1 M = 1

)

= 2nd memory bank not installed (EXTRA1 = 0)

1 = 2nd memory bank installed (EXTRA1 = 1)

= 3rd memory bank not installed (EXTRA2 = 0)

1 = 3rd memory bank installed (EXTRA2 = 1)

= Standard wait states for write (WRFAST = 0)

1 = Special wait states for write (WRFAST = 1

)

CACHE register (address 8030xxxxh): actually spreads out 64K memory block

starting at 80300000h. When bit 3 of CONTROL register is 1 ,
writing to these

locations will be interpreted by the UM82152 as a programming command

(check UM821 52 data sheet)
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Operation

Because the UM821 52 always tries to operate the CPU in pipeline mode, the actual
length of a bus cycle varies. Here is the summary of wait states for different

configurations and situations:

SWAIT
2/3# WRFAST

Read/

Write

Hit/

Miss

Single/

Pipeline

Wait

States

Number
of CLK2
Cycles Notes:

0/1 0/1 Read Hit Single 6

0/1 Read Miss Single 3 12

Write Hit/Miss Single 3

1

—
- r-

12

1 Write Hit/Miss Single 3/2 12/10 1 if previous

cycle is read

1 0/1 Read Miss Single 2 10

1 Write Hit/Miss Single 2 10

1 1 Write Hit/Miss Single 2/1 10/8 8 if previous

cycle is read

Note: For pipeline mode, subtract 2 from the number of CLK2 cycles of the corresponding bus
cycle since ADS# is hidden from previous bus cycle (i.e., Read Hit in pipeline mode is

wait states and lasts 4 CLK2 cycles).

Figure 5. Wait State Summary
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Guide To MOS Handling

We at UMC are constantly looking for more effective

ways to provide protection for MOS devices. Present

configurations of protective devices are the result of years

of research and review of field problems.

Even though oxide breakdown may happen far beyond the

voltage levels encountered in normal operation, excessive

voltages can cause permanent damage. Though we have

evolved the best-designed protective devices currently

possible, we recognize that they are not 100-percent

effective. What is?

A large number of failed returns have been due to misap-

plication of biases. In particular, forward bias conditions

cause excessive current through the protective devices,

which in turn will vaporize metal lines to the inputs.

Careful inspection of the device date sheets and proper

pin designation should help reduce such failures.

Gate ruptures caused by static discharge have also ac-

counted for a large percentage of device failures in cus-

tomers' manufacturing areas. Precautions should be taken

to minimize the possibility of static charges during handling

and assembly of MOS circuits.

The following guidelines for handling MOS devices are

offered to assist our customers in reducing the hazards

which may be detrimental to MOS circuits. Precautions

listed herein are used at UMC.

A. Cover all benches used for assembly or test of MOS cir-

cuits with conductive sheets. Warning: Never expose an

operator directly to a hard electrical ground. For safety

reasons the operator must have a resistance of at least

100K Ohms between himself and hard electrical ground.

B. Have grounding plates on doors and/or floors of all

entrances to work areas. These must be contacted by

people entering the areas.

C. Have employees wear conductive straps inside and

outside their shoes so that body charges are grounded

when entering the work area.

D. Have employees wear anti-static neutralized smocks to

eliminate the possibility of static charges being

generated by the friction of normal wear.

E. Have employees wear cotton gloves while handling

parts. Nylon gloves and rubber finger cots are not

allowed.

F. To help reduce generation of static voltages, humidity

should be controlled at a minimum of 35 percent.

G. Transport all parts in conductive trays. Do not use

plastic containers. Store axial leaded parts in conduc-

tive foam, e.g. Velofoam #761 1

.

H. All equipment used in the assembly area must be

thoroughly grounded. Attention should be given

to equipment that may be inductively coupled and

generate stray voltages. Soldering irons must have

grounded tips. Grounding must also be provided

for solder pots, reflow soldering equipment, etc.

I. It is advisable to place a grounding clip across the

finger of the board to ground alt leads and lines on the

board during insertion of ICs to printed circuit boards.

J. Use of carpets is discouraged in work areas, but in

other areas, carpets may be treated with anti-static

solution to reduce static generation.

K. Handle MOS parts on conductive surfaces. The handler

must touch the conductive surface first before touch-

ing the parts.

L. No power should be applied to the socket or board

when the MOS device is being inserted. This permits

any static charge accumulated on the MOS device to

be safely removed before power is applied.

M. Do not handle MOS by their leads unless absolutely

necessary. Handle MOS devices by their packages

as much as possible.

N. In general, materials prone to static charge accumula-

tion should not come in contact with MOS devices.

Observe these precautions even when an MOS device is

suspected of being defective. The real cause of failure

cannot be accurately determined if the device is damaged

because of static charge build-up.

IMPORTANT REMINDER: EVEN THE MOST ELAB-
ORATE PHYSICAL PREVENTION TECHNIQUES WILL
NOT ELIMINATE DEVICE FAILURE IF PERSONNEL
ARE NOT FULLY TRAINED IN PROPER HANDLING
OF MOS DEVICES.

For further information, please contact Quality Assurance/

Reliability Department

United Microelectronics Corp.

No. 10, Innovation First Road,

Science-Based Industrial Park

Hsinchu City, Taiwan, Republic of China
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Design Reliability

Before a new design is approved for production, UMC
takes into consideration factors which may affect reliability

such as circuit layout, element structures and characteris-

tics, final application, process requirements and assembly,

and packaging specs. These aspects are reviewed in the light

of quality and reliability standards. Initially, all factors

are evaluated on a worst case basis and results are moni-

tored at all stages of the development cycle. These include

product planning, layout, mask design, pilot production,

testing and packaging. Only when established quality and

reliability standards are met in consecutive pilot runs

is the product released for production start-up.

Reliability Qualification Tests

The reliability tests include life testing, environmental

testing and mechanical testing. These tests are performed

in accordance with MIL-STD-883C as the prime standard

and with EIAJ-IC-121, where applicable. When a new

technique or product is introduced, the UMC reliability

engineering department conducts approval and any new

process or product is approved only if it meets specified

reliability standards and acceptance limits of related tests.

Table 1 . gives the typical conditions for reliability testing.

Quality Conformance Test

After initial product evaluations are successfully completed,

regular testing of volume production is performed on a

100% basis so that test specifications are met in all respects.

Additionally, production lots must pass the sampling

quality conformance test. Prior to this, the appropriate

screening tests are performed on each lot of product.

Engineering Change Control

Engineering approval testing determines the practicality and

usability of a process or product.

Production approval is given only if reliability evaluations

are successfully met. No device or process change at UMC
can be implemented unless full customer notification

and approval is received and the change is verified accept-

able by the reliability engineering department.

Table 1. Reliability Test Items & Conditions

Test Items Test Conditions
Reference

Standard

Sample

Size

ACC. yS

yS Rej.

LTPD

I-

_J

Operating Life TA=125°C, 1000 hours
MIL-STD-883C

1005.7
55 1/2 7%

Bias Life TA=125°C, 1000 hours
MIL-STD-883C

1005.7
55 1/2 7%

Temperature Humidity

with Bias

TA=85°C,85% R.H

(rated voltage applied),

1000 hours

EIAJ-IC-121

17
55 1/2 7%
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UMC Quality/ Reliability

Table 1 . Reliability Test Items & Conditions (Continued)

Test Items Test Conditions
Reference

Standard

Sample

Size

Ace./

/\Rei-

LTPD

c
Q)

E
c
o

>
c
LU

High Temperature

Storage
TA =150°C, 1000 hours

MIL-STD-883C

1008.2
55 1/2 7%

Low Temperature

Storage
TA =-65°C, 1000 hours

EIAJ-IC-121

16
55 1/2 7%

Thermal Shock

„ o

MIL-STD-883C

1011.8
38 1/2 10%

-00 L. -s 1 GO C

5 min within 10 sec 5 min

100 Cycles

Temperature Cycling
MIL-STD-883C

1010.7
38 1/2 10%

—65 C: 100 C

10 min 10 min

200 Cycles

Pressure Cooker
121°C, 15psig (2atm)

100% R.H. 216 hours

EIAJ-IC-121

18
38 1/2 10%

Salt Atmosphere
35° C, 5% NaCI

24 hours

MIL-STD-883C

1009.8
38 1/2 10%

Resistance To

Soldering Heat

260° C, 10 seconds

(Solder Bath)

EIAJ-IC-121

11
15 0/1 15%

a;

h-

o
c
to
.c
o
0)

5

Lead Fatigue
Bend90°,0.229±0.014kg

3 Cycles

MIL-STD-883C

2004.5
15 0/1 15%

Solderability
230° C + 5°C, 5 seconds

Flux used

EIAJ-IC-121

02
15 0/1 15%

Vibration
100-2000HZ,20G

4 min/cycle, X.Y.Z Direction

MIL-STD-883C

2007.1
15 0/1 15%

Mechanical Shock
1500G, 0.5 ms

X.Y.Z Direction

MIL-STD-883C

2002.2
15 0/1 15%

Constant Acceleration 3000G,60sec
MIL-STD-883C

2001.2
15 0/1 15%
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P-DIP 8L Outline Dimension

! !a%4l

PACKAGING INFORMATION

£l^^4

o

y LJkJ

Jfe

s
Symbol Dimensions in inch Dimensions in mm
A 0.175 Max. 4.445 Max.

A1 0.010 Min. 0.254 Min.

B
+ 0.004

0.018
- 0.002

„ ,„ +0.102
0.457

- 0.051

B1 „«™ + 0004
0.060

- 0.002
1.524

+
°' 102

- 0.051

c ~«,~ + 0.004
0.010

- 0.002
0.254

+
°- 102

- 0.051

D 0.360 (0.370 Max.) 9. 144 (9.398 Max.)

E 0.300 ± 0.010 7.620 ± 0.254

E.1 0.250 (0.275 Max.) 6.350 (6.985 Max.)

e1 0.100 ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 + 0.254

a 0° ~ 15° 0° ~ 15°

S 0.040 Max. 1.016 Max. |
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UMC PACKAGING INFORMATION

P- DIP 14L Outline Dimension

r"i ft ."i ,"1 ."i r"i ,"i

O

WWVW^

Symbol Dimensions in inch Dimensions in mm
A 0.175 Max. 4.445 Max.

A1 0.010 Min. 0.254 Min.

B nntn + 0.004
0.018

- 0.002

nA„ +0.102
0.457

- 0.051

B1
+ 0.004

0.060
- 0.002

1.524
+

°- 1 °2

- 0.051

c
nn , n + 0.004
0.010

- 0.002

«„,-, + 0- 102
0.254

- 0.051

D 0.750 (0.770 Max.) 19.050 (19.558 Max.)

E 0.300 ± 0.010 7.620 ± 0.254

E1 0.250 (0.275 Max.) 6.350 (6.985 Max.)

e1 0.100 ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 ± 0.254

a 0° - 15° 0° ~ 15°

S 0.090 Max. 2.286 Max.
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UMC

P- DIP 16L Outline Dimension

PACKAGING INFORMATION

D*- ~^ »>

II

" } °
UUUUUUUU

- — s
•«

/ \ <

II

..I

*-!T -4-4

7

II

e1^ —

Symbol Dimensions in inch Dimensions in mm

A 0.175 Max. 4.445 Max.

A1 0.010 Min. 0.254 Min.

B
+ 0.004

0.018
- 0.002

+ 0.102
0.457

- 0.051

B1
+ 0.004

0.060
- 0.002

+ 0.102
1.524

- 0.051

c
+ 0.004

0.010 -
0.002

+ 0.102
0.254

- 0.051

D 0.750 (0.770 Max.) 19.050 (19.558 Max.)

E 0.300 ± 0.010 7.620 ± 0.254

E1 0.250 (0.275 Max.) 6.350 (6.985 Max.)

el 0.100 ± 0.010 2.540 + 0.254

L 0.130 ± 0.010 3.302 ±0.254

a 0° ~ 15° 0° ~ 15°

S 0.040 Max. 1.016 Max.
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UMC

P- DIP 18L Outline Dimension

PACKAGING INFORMATION

D
m —*-

l"l rt l"l ». l". l"l l"l .". l"l

U ) o
gggggyggg

«T

Symbol Dimensions in inch Dimensions in mm

A 0.175 Max. 4.445 Max.

A1 0.010 Min. 0.254 Min.

B 0018
+ 0004
- 0.002

0.457
+0-1°2
- 0.051

B1 nnRn + 0.004
0060 - 0.002

1 524
+ 0- 102Lt^4
- 0.051

c ooio
+ °

n
™

- 0.002
0.254

+ 1°2

- 0.051

D 0.900 (0.910 Max.) 22.860 (23. 114 Max.)

E 0.300 ± 0.010 7.620 ± 0.254

E1 0.250 (0.275 Max.) 6.350 (6.985 Max.)

e1 0.100 ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 ± 0.254

a 0° - 15° 0° ~ 15°

S 0.060 Max. 1.524 Max.
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UMC PACKAGING INFORMATION

P-DIP 20L Outline Dimension

D

r
R
ir
A

1 r
n
ifnirnirVrnirJVr/1

-ir^

)o° °
ij y y y y y y y y y

«

B

B1
*

•

Symbol Dimensions in inch Dimensions in mm

A 0.175 Max. 4.445 Max.

A1 0.010 Min. 0.254 Min.

B 0018
+ °-™
- 0.002

0.457
+ °- 102

- 0.051

B1 °-:r2
1.524

+ 0- 102

- 0.051

c °-:r2
254

+ 0- 102°^04 - 0.051

D 1.026 (1.040 Max.) 26.060 (26.416 Max.)

E 0.300 ± 0.010 7.620 ± 0.254

E1 0.250 (0.275 Max.) 6.350 (6.985 Max.)

e1 0:100 ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 ± 0.254

a 0° - 15° 0° ~ 15°

S 0.075 Max. 1.905 Max.
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UMC

P-DIP 22L Outline Dimension

PACKAGING INFORMATION

D

ft ft ft ft r-i r"i r"i ft r"i ft r"i

,,

) O o
1

o

g y ij ij lj g ij u U U U

I

B1

M
e1

^
Vv
-*JL*-''

Symbol Dimensions in inch Dimensions in mm

A 0.190 max. 4.826 Max.

A1 0.020 Min. 0.508 Min.

B 0.018
+ ° 004

- 0.002
0.457

+ °- 102

- 0.051

B1
+ 0.004

0.060
- 0.002

1.524
+ 0102

- 0.051

c
~r^r, + 0.004
0.010

- 0.002

««, + 0- 102
0.254

- 0.051

D 1.090 (1.120 Max.) 27.686 (28.448 Max.)

E 0.400 ± 0.010 10.160 ± 0.254

E1 0.350 (0.375 Max.) 8.890 (9.525 Max.)

e1 0.100 ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 ± 0.254

a 0° ~ 15° 0° ~ 15°

S 0.065 Max. 1.651 Max.
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UMC PACKAGING INFORMATION

P-DIP 24L Outline Dimension

r

n
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n
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n
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ii

fl
i

) o o

ttvvv^ttvvvvv^

*
Symbol Dimensions in inch Dimensions in mm

A 0.210 Max. 5.334 Max.

A1 0.010 Min. 0.254 Min.

B
+ 0.004

0.018
- 0.002

„ ,,.., + 0.102
0.457

- 0.051

B1
~ «™ + 0.004
0060

- 0002
1.524

+ °- 102

- 0.051

c oo,o
+ 0C04
- 0.002

0.254
+ °" 102

- 0.051

D 1.250 (1.260 Max.) 31.750 (32.004 Max.)

E 0.600 ± 0.010 15.240 ± 0.254

E1 0.550 (0.575 Max.) 13.970 (14.605 Max.)

e1 0.100 ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 ± 0.254

a 0° - 15° 0° ~ 15°

S 0.085 Max. 2.159 Max.
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P- DIP 28L Outline Dimension

PACKAGING INFORMATION

WWWWWWUU

f

B1

M ^^
Tir

Symbol Dimensions in inch Dimensions in mm

A 0.210 Max. 5.334 Max.

A1 0.010 Min. 0.254 Min.

B
„„,„ + 0.004
0018 nnfm- 0.002

nA„ + 0.102
0.457

- 0.051

B1
+ 0.004

0.060 - 0.002
1.524

+ ° 102

- 0.051

c
+ 0.004

0010
- 0.002

„„„ + 0.102
0.254

- 0.051

D 1.460 (1.470 Max.) 37.084 (37.338 Max.)

E 0.600 ± 0.010 15.240 ± 0.254

E1 0.545 (0.575 Max.) 13.843 (14.605 Max.)

e1 0.100 ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 ± 0.254

a 0° ~ 15° 0° ~ 15°

S 0.090 Max. 2.286 Max.
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UMC
PACKAGING INFORMATION

P-DIP 32L Outline Dimension

^^^^r^^^A^A^^AA^A

) o o

WU^^WUUWUWW 1

v

B1

iu
4-

Symbol Dimensions in inch Dimensions in mm
A 0.210 Max. 5.334 Max.

A1 0.010 Min. 0.254 Min.

B ™, n + 0.004
0.018

- 0.002

+ 0.102
0.457

- 0.051

B1 0.050
+ ° 004

- 0.002
1.270

+ ° 102

- 0.051

c
««,« + 0.004
0.010

- 0.002
0.254

+ °- 102

- 0.051

D 1.650 (1.660 Max.) 41.910 (42. 164 Max.)

E 0.600 ± 0.010 15.240 ± 0.254

E1 0.550 (0.575 Max.) 13.970 (14.605 Max.)

e1 0.100' ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 ± 0.254

a 0° ~ 15° 0° ~ 15°

S
J

0.085 Max. 2.159 Max.
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urvic PACKAGING INFORMATION

P-DIP 40L Outline Dimension

r^r^f^r^^f^^r^^r^r^r^r^f^^^r^r^f^A

) o o
U'JW'J'JWJWWJWUWJ

* riU ^3

Symbol Dimensions in inch Dimensions in mm

A 0.210 Max. 5.334 Max.

A1 0.010 Min. 0.254 Min.

B - 0.002

n .„ + 0.102
0457

- 0.061

B1
nncn + 0.004
0.050

- 0.002 - 0.051

c
+ 0.004

0.010
- 0.002

+ 0.102
0.254

- 0.051

D 2.055 (2.070 Max.) 52.197 (52.578 Max.) .

E 0.600 ± 0.010 15.240 ± 0.254

E1 0.550 (0.575 Max.) 13.970 (14.605 Max.)

e1 0.100 ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 ± 0.254

a 0° ~ 15° 0° ~ 15°

S 0.090 Max. 2.286 Max.
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PACKAGING INFORMATION

P-DIP 48L Outline Dimension

r^K^r^^r^^A^^A^/^Ar^A^A,",

o o
UUUUUUUUUiJUUUUUUUiJUUULJUU

Symbol Dimensions in inch Dimensions in mm
A 0.210 Max. 5.334 Max.

A1 0.010 Min. 0.254 Min.

B
+ 0.004

0018 ,™- 0.002
0.457

+ °- 102

- 0.051

B1 «««> + 0.004
0050 - 0.002

1270
+ °- 102z/u - 0.051

c 0.010
+ 0004

- 0.002

+ 0.102
0.254

- 0.051

D 2.450 (2.460 Max.) 62.230 (62.484 Max.)

E 0.600 ± 0.010 15.240 ± 0.254

E*1 0.550 (0.575 Max.) 13.970 (14.605 Max.)

e1 0.100 ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 ± 0.254

a 0° - 15° 0° ~ 15°

S 0.085 Max. 2.159 Max.
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PACKAGING INFORMATION

Skinny 24L Outline Dimension

AAAAAAAAAAAA
O O

vvvvvvvvvvvv

B1

u
e1

air

Symbol Dimensions in inch Dimensions in mm
A 0.175 Max. 4.445 Max.

A1 0.010 Min. 0.254 Min.

B 0.018
+ 0004
- 0.002

0.457
+0 ' 102

- 0.051

B1 0.060
+ 0004
- 0.002

1.524
+ °- 102

- 0.051

c 0.010
+ o-004
- 0.002

0.254
+ 0- 102
- 0.051

D 1.256 (1.266 Max.) 31.902 (32.156 Max.)

E 0.300 ± 0.010 7.620 ± 0.254
f

E1 0.258 (0.285 Max.) 6.553 (7.239 Max.)

e1 0.100 ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 ± 0.254

a 0° ~ 15° 0° ~ 15°

S 0.088 Max. 2.235 Max.
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Skinny 28L Outline Dimension

PACKAGING INFORMATION

D
"* -— —
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E
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1
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1
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1

Symbol Dimensions in inch Dimensions in mm

A 0.175 Max. 4.445 Max.

A1 0.010 Min. 0.254 Min.

B
+ 0.004

0.018
- 0.002

„ t„ +0.102
0.457

- 0.051

B1
««™ + 0004
0.060

- 0.002
1.524

+ 0102

- 0.051

c
„~,~ + 0004
0.010 nn„„- 0.002

"264
+ ° '°*

- 0.051

D 1.388 (1.400 Max.) 35.255 (35.560 Max.)

E 0.310 ± 0.010 .7.874 ± 0.254

E1 0.288 (0.310 Max.) 7.315 (7.874 Max.)

e1 0.100 ± 0.010 2.540 ± 0.254

L 0.130 ± 0.010 3.302 ± 0.254

a 0° ~ 15 0° ~ 15°

S 0.055 Max. 1.397 Max.
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UMC PACKAGING INFORMATION

SO 16L Outline Dimension

16

R SR B RR RR

irrrrm DETAIL F

Symbol Dimensions in inch Dimensions in mm

A 0.106 Max. 2.692 Max.

A1 0.004 Min. 0.102 Min.

b
+ 0.004

0.016
- 0.002

+ 0.102
0.406

- 0.051

c
+ 0.004

0.010
- 0.002

+ 0.102
0.254

- 0.051

D 0.405 (0.425 Max.) 10.287 (10.795 Max.)

E 0.295 (0.320 Max.) 7.493 (8.128 Max.)

m 0.050 ± 0.006 1.270 ± 0.152

e1 0.374 Nor. 9.50 Nor.

He 0.406 ± 0.010 10.312 ± 0.254

L 0.032 ± 0.008 0.813 ± 0.203

LE 0.055 ± 0.008 1.397 ± 0.203

S 0.043 Max. 1.092 Max.

y 0.006 Max. 0.152 Max.

e 0° ~ 8° 0° ~ 8°
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UMC PACKAGING INFORMATION

SO 20L Outline Dimension

20

H H H H H H H H HXZ~T

¥¥
10

DETAIL F

Symbol Dimensions in inch Dimensions in mm
A 0.106 Max. 2.692 Max.

A1 0.004 Min. 0.102 Min.

b
„„,,. + 0.004
°-016 - 0.002

« .^ + 0102
0.406 - 0.051

c
nntn + 0.004
0010 - 0.002 ™ :r,

D 0.504 (0.524 Max.) 12.802 (13.310 Max.)

E 0.295 (0.320 Max.) 7.493 (8.128 Max.)

E 0.050 ± 0.006 1.270 ± 0.152

e1 0.374 Nor. 9.50 Nor.

H E 0.406 ± 0.010 10.312 ± 0.254

L 0.032 ± 0.008 0.813 ± 0.203

LE 0.055 ± 0.008 1.397 ± 0.203

S 0.042 Max. 1.067 Max.

y 0.006 Max. 0.152 Max.

6 0° ~ 8° 0° ~ 8°
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SO 24L Outline Dimension

PACKAGING INFORMATION

24

H H H H H H H H R- H H fl

r

iTiTTiTTTm

i

12
DETAIL F

Symbol Dimensions in inch Dimensions in mm

A 0.106 Max. 2.692 Max.

A1 0.004 Min. 0.102 Min.

b <"»•:$£ 0.406
+010

c
2

- 0.051

c °-:r2

n ,„ + 0.102
0152 "0.051

D 0.606 (0.611 Max.) 15.392 (15.520 Max.)

E 0.295 (0.320 Max.) 7.493 (8.128 Max.)

\E 0.050 ± 0.006 1.270 ± 0.152

e1 0.370 Nor. ,
9.40 Nor.

HE 0.406 ±0.010 10.312 ± 0.254

L 0.036 ± 0.008 0.914 ± 0.203

LE 0.055 ± 0.008 1.397 ± 0.203

S 0.035 Max. 0.889 Max.

y 0.006 Max. 0.152 Max.

6 0° - 8° 0° ~ 8°
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UMC
PACKAGING INFORMATION

SO 28L Outline Dimension (300 mil)

28 15

RRRRRRHRRH 00 BB n
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LU
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yyyyyyyyyyyyyk DETAIL F

14

Symbol Dimensions in inch Dimensions in mm
A 0.106 Max. 2.692 Max.

A1 0.004 Min. 0.102 Min.

b °°<°oZ2 —.r,
c °- +-Z4

2 o^-°oZ
D 0.705 (0.730 Max.) 17.907 (18.540 Max.)

E 0.295 (0.320 Max.) 7.493 (8.128 Max.)

_ 0.050 ± 0.006 1.270 ± 0.152

e1 0.370 Nor. 9.40 Nor.

H E 0.406 ± 0.010 10.312 ± 0.254

L 0.036 ± 0.008 0.914 ± 0.203

LE 0.055 ± 0.008 1.397 ± 0.203

S 0.045 Max. 1.143 Max.

y 0.006 Max. 0.152 Max.

6 0° ~ 8°
——

—

0° ~ 8°
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UMC PACKAGING INFORMATION

SO 28L Outline Dimension (330 mil)

15

a a a a r a a a R R R R R R'

¥TFlT¥lTTFTFn DETAIL F

Symbol Dimensions in inch Dimensions in mm

A 0.1 12 Max. 2.845 Max.

A1 0.004 Min. 0.102 Min.

b o-:r2 °«*-lZ

c ™°:°o% °™-°Z
D 0.713 (0.736 Max.) 18.1 10 (18.694 Max.)

E 0.331 (0.356 Max.) 8.407 (9.042 Max.)

m 0.050 ± 0.006 1.270 ± 0.152

e1 0.429 Nor. 10.90 Nor.

H E 0.465 ± 0.010 11.811 ± 0.254

L 0.036 ± 0.008 0.914 ± 0.203

l-E 0.067 ± 0.008 1.702 ± 0.203

s 0.048 Max. 1.219 Max.

y 0.006 Max. 0.152 Max.

e 0° - 8° 0° - 8°
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PLCC 28L Outline Dimension

PACKAGING INFORMATION

S
4 1 28 26n n r-i i-i i-i r-i i-i

5[

C

z

:

c

c

11:

L_ U. U U U U U UT^"
12 18

3 25

1

1

1

1

3

:i9

Symbol Dimensions in inch Dimensions in mm
A 0.172 ± 0.008 4.369 ± 0.203

A1 0.100 ± 0.008 2.540 ± 0.203

b <">«-££ ™:%% :

b1 ™»:$SS "»:^
c 0010 'I™'- 0.002

0.254^0 '02

1

- 0.051

D 0.490 ± 0.005 12.446 ± 0.127

D1 0.453 (0.485 Max.) 11.506 (12.319 Max.)

© 0.050 ± 0.006 1.270 ± 0.152

E 0.490 ± 0.005 12.446 ± 0.127

El 0.453 (0.485 Max.) 11.506 (12.319 Max.) ;

F 0.410 ± 0.020 10.414 ± 0.508

G 0.410 ± 0.020 10.414 ± 0.508

y 0.006 Max. 0.152 Max.
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UMG PACKAGING INFORMATION

PLCC 44L Outline Dimension
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T
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Symbol Dimensions in inch Dimensions in mm

A 0.172 ± 0.008 4.369 ± 0.203

A1 0.100 + 0.008 2.540 ± 0.203

b -<°cZ 457
+0102

Ul4D/ - 0.051

b1 °™: oZ
„.,„« + 0.102
0711 - 0.051

c
««,« + 0.004
0010 - 0.002

n ^ A + 0.102
0254 - 0.051

D 0.690 ± 0.005 17.526 ± 0.127

D1 0.653 (0.685 Max.) 16.586 (17.399 Max.)

U 0.050 ± 0.006 1.270 ± 0.152

E 0.690 ± 0.005 17.526 ± 0.127

E1 0.653 (0.685 Max.) 16.586 (17.399 Max.)

F 0.615 + 0.020 15.621 ± 0.508

G 0.615 ± 0.020 15.621 ± 0.508

y 0.006 Max. 0.152 Max.
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UMC PACKAGING INFORMATION

PLCC 52L Outline Dimension

u.uuuuuuuuuuuu
21 33

D1

loT7
(SEATING PLANE)

Symbol Dimensions in inch Dimensions in mm

A 0.172 ± 0.008 4.369 ± 0.203

A1 0.100 ± 0.008 2.540 ± 0.203

b
^,0 + 0.004
0.018

- 0.002
0.457

+ ° 102

- 0.051

b1 028
+0004

0028
- 0.002

0.711
+

n^02- 0.051

c
+ 0.004

°-010 - 0.002
254

+0102
U-^b4 - 0.051

D 0.790 ± 0.005 20.066 ± 0.127

D1 0.753 (0.785 Max.) 19.126 (19.939 Max.)

[I] 0.050 ± 0.006 1.270 ± 0.152

E 0.790 ± 0.005 20.066 ± 0.127

E1 0.753 (0.785 Max.) 19.126 (19.939 Max.)

F 0.710 ± 0.020 18.034 ± 0.508

G 0.710 ± 0.020 18.034 ± 0.508

y 0.006 Max. 0.152 Max.
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PLCC 68L Outline Dimension

PACKAGING INFORMATION

10 A
9 1 68 61pnnnnnnnnnnnnnnnn,

C
C
c
c
c
c

c
c
c
c
c
c
c
c
c

26 C

UUUUUUUUUUUUUUULIU
27 43

^50

J
J
3
3
3
3
3
3
3
3
3
3
3
3
D44

loTTl

(SEATING PLANE)

Symbol Dimensions in inch Dimensions in mm

A 0.170 ± 0.008 4.318 ± 0.203

A1 0.100 ± 0.008 2.540 ± 0.203

b
+ 0.004

0018 - 0.002
457

+ °- 102
U '43/ - 0.051

b1 0.028
+ 0004

o- 0.002
«"^

c
+ 0.004

0008 - 0.002 «^:r,
D 0.990 ± 0.005 25.146 ± 0.127

D1 0.954 (0.985 Max.) 24.232 (25.019 Max.)

H] 0.050 ± 0.006 1.275 ± 0.152

E 0.990 ± 0.005 25.146 ± 0.127

E1 0.954 (0.985 Max.) 24.232 (25.019 Max.)

F 0.917 ± 0.020 23.292 ± 0.508

G 0.917 ± 0.020 23.292 ± 0.508

y 0.006 Max. 0.152 Max.

B-27



UMC
PACKAGING INFORMATION

PLCC 84L Outline Dimension

B
k i ELxJ

(SEATING PLANE)

Symbol Dimensions in inch Dimensions in mm

A 0.170 ± 0.008 4.318 ± 0.203

A1 0.100 ± 0.008 2.540 ± 0.203

b °°<r2
0.457

+ °- 102

- 0.051

b1 -:r2 °™:^
c

+ 0.004
0008 - 0.002 -<^

D 1.190 ± 0.005 30.226 ± 0.127

D1 1.153 (1.185 Max.) 29.286 (30.099 Max.)

® 0.050 ± 0.006 1.270 ± 0.152

E 1.190 ± 0.005 30.226 ± 0.127

E1 1.163 (1.185 Max.) 29.286 (30.099 Max.)

F 1.117 ± 0.020 28.372 ± 0.508

G 1.117 ± 0.020 28.372 ± 0.508

y 0.006 Max. 0.152 Max.
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UiVIC PACKAGING INFORMATION

QFP 48L Outline Dimension

HD

C)

48 37

u

LU
I

1

1

12

k

i i

1 l

' i

i i

i i

1 1

36

I LU

1

1

1

11111 -

13

SEATING PLANE

^iiiflflflttiHHi

HlZl

Symbol Dimensions in inch Dimensions in mm

A 0.063 ± 0.012 1.600 ± 0.305

A1 0.006 ± 0.004 0.152 ± 0.102

b
+ 0.004

0013
- 0.002

0.330
+ ° 102

- 0.051

c
nnnn + 0.004
0006

-0.002
n , co + 0.102
0152 - 0.051

D 0.394 (0.420 Max.) 10.000 (10.668 Max.)

E 0.394 (0.420 Max.) 10.000 (10.668 Max.)

0.030 ± 0.006 0.762 ± 0.152

HD 0.630 ± 0.014 16.000 ± 0.356

H E
0.630 ± 0.014 16.000 ± 0.356

L 0.075 + 0.012 1.905 ± 0.305

L1 0.118 ± 0.012 2.997 ± 0.305

V 0.006 Max. 0.152 Max.

e 0° ~ 8° 0° ~ 8°
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PACKAGING INFORMATION

QFP 64L Outline Dimension

1 I—TT

19 at

Symbol Dimensions in inch Dimensions in mm

A 0.120 ± 0.010 3.048 ± 0.254

A1 0.008 ± 0.004 0.203 ± 0.102

b °-:r2
0.400

+ °- 102

- 0.051

c °™*-°<Z
„,_. + 0.102
0152 - 0.051

D 0.551 (0.576 Max.) 14.000 (14.630 Max.)

E 0.787 (0.812 Max.) 20.000 (20.625 Max.)

m 0.039 ± 0.006 1.000 ± 0.152

HD 0.740 ± 0.012 18.796 ± 0.305

HE 0.976 ± 0.012 24.790 ± 0.305

L 0.047 ± 0.012 1.194 ± 0.305

L1 0.095 ± 0.012 2.413 ± 0.305

y 0.006 Max. 0.152 Max.

e 0° ~ 8° 0° ~ 8°

B-30



UMC PACKAGINQ INFORMATION

QFP 80L Outline Dimension

"

V SEATING PLANE

SEE DETAIL F

DETAIL F

Symbol Dimensions in inch Dimensions in mm

A 0.120 + 0.010 3.048 ± 0.254

A1 0.008 ± 0.004 0.203 ± 0.102

b °™-°o%
+ 102

0351
- 0.051

c °°<r2
n , c„ + 0.102
°- 152 - 0.051

D 0.551 (0.576 Max.) 14.000 (14.630 Max.)

E 0.787 (0.812 Max.) 20.000 (20.625 Max.)

s 0.032 ± 0.006 0.800 ± 0.152

HD 0.740 ± 0.012 18.796 ± 0.305

he 0.976 ± 0.012 24.790 ± 0.305

L 0.047 ± 0.012 1.194 + 0.305

L1 0.095 ± 0.012 2.413 ± 0.305

y 0.006 Max. 0.152 Max.

e 0° - 8° 0° - 8°
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UMC PACKAGING INFORMATION

QFP 100L Outline Dimension

SEATING PLANE

\ SEATING PLANE

\ SEE DETAIL F

DETAIL F

Symbol Dimensions in inch Dimensions in mm

A 0.120 ± 0.010 3.048 ± 0.254

A1 0.008 ± 0.004 0.203 ± 0.102

b
„„«„ + 0.004
0012 - 0.002 °*»:£S

c -<r2 °™:iZ
D 0.551 (0:576Max.) 14.000 (14.630 Max.)

E 0.787 (0.812 Max.) 20.000 (20.625 Max.)

a 0.026 ± 0.006 0.650 ± 0.152

HD 0.740 + 0.012 18.796 ± 0.305

H E
0.976 ± 0.012 24.790 ± 0.305

L 0.047 + 0.012 1.194 ± 0.305

LI 0.095 ± 0.012 2.413 ± 0.305

y 0.006 Max. 0.152 Max.

e 0° - 8° 0° ~ 8°
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REPRESENTATIVES/DISTRIBUTORS

** EUROPEAN REPRESENTATIVES

AUSTRIA
LBTGEBKG
HAUPTSITZ BUNKERSTRASSE 58 A-9800 SPITTAL/DRAU, AUSTRIA
TEL: 222-715-3251

TLX: 48191 DLEIA
FAX: 222-712-5218

BELGIUM
INELCO ELECTRONICS
AVENUE DES CROIX DE GUERRE 94, B-1 120

BRUXELLES, BELGIUM
TEL: 32-2-244-2811

TLX: 22090 INELCO B
FAX: 32-2-216-4606

DENMARK
AEG-DANSK AKTIESELSKAB
ROSKILDEVEJ 8-10, 2620 ALBERTSLUND DENMARK
TEL: 45-42-64-8522

TLX: 33122 ELAEGDK
FAX: 45-42-64-8449

ENGLAND
MANHATTAN SKYUNE LIMITED
MANHATTAN HOUSE.BRIDGE RD., MAIDENHEAD
BERKSHIRE SL6 8DB, GREAT BRITAIN

TEL: 44-628-75851

TLX: 847898 MANSKY 6

FAX: 44-627-82812

METL
GT. HASELEY TRADING ESTATE GREAT HASELEY OXFORDSHIRE
OX9 7PF GREAT BRITAIN
TEL: 44-844-278781

FAX: 44-844-278746

TLX: 837150

PRODUCT ASSESSMENT
65 CARSHALTON RD SUTTON SURREY SM1 4LH ENGLAND "

TEL: 44-1-661-6281

FAX: 44-1-642-0454

TLX: 8954575 CTC LDN G

FINLAND
YLEISELEKTRONHKKA OY
LUOMANNOTKO 6, SF-02200 ESPOO, PUHELIN 90-452 1255 FINLAND
TEL: 358-0-452-1 255
TLX:123212YLEOYSF
FAX: 358-0-428-932

FRANCE
ASIAMOS
BATIMENT"EVOLIC 1", 165, BLD DE VALMY, 92705 COLOMBES
PARIS, FRANCE
TEL: 33-1-4760-1255, 33-1-4760-1247

TLX: 613890 F
FAX: 33-1-4760-1582

DUBLIN 12 IRELAND

IRELAND
NELTROMC LIMITED

JOHN F.KENNEDY ROAD NAAS RD.,

TEL: 353-1 -503560

TLX: 93556 NELT El

FAX: 353-1-552789

ISRAEL
UN1TEC UNIVERSALTECHNOLOGY LTD.

1 MASKIT ST. HERZLLA 46120, ISRAEL P.O.B. 2123

TEL: 972-52-551-653

FAX: 972-52-374-932

TLX: 342577 EML IL

ITALY
ESCO ITAUANA S.P.A.

VIA F.LLI CASIRAGHI 355, 20099 SESTO S.GIOVANNI, MILAN ITALY

TEL: 39-2-240-9241, 39-2-240-9251

TLX: 322383 ESCOM I

FAX: 39-2-240-9255

THE NETHERLANDS
ALCOM ELECTRONICS BV
ESSE BAAN 1. 2908 1 J CAPELLE A/D IJSSEL, THE NETHERLANDS
TEL: 010-4519533

FAX: 010-4586482

TLX: 26160

EUNCOM ELEKTRONISCHE COMPONENTEN
OOSTERKADE 33,9503 HP, STADSKANAAL THE NETHERLANDS
TEL: 05990-1 4830

TLX: 53378 EUN N
FAX: 05990-20360

PORTUGAL
NIPOSOM • J. NABAIS, LDT.

RUE HUMBERTO CRUZ, 4 1900 LISBOA, PORTUGAL
TEL: 01-894637, 01-894669

FAX: 01 -80951

7

TLX: 14028 NIP P

SPAIN
VENCO ELECTRONICA S.A.

GALILEO 249, 08028 BARCELONA SPAIN
TEL: 34-3-330-9751, 34-3-330-9197

TLX: 98266 VNCE E
FAX: 34-3-421-9377

SWEDEN
TOPCOMP ELEKTRONIK
ISAFJORDSGATAN16
S-1164 81 KISTA-STOCKHOLM SWEDEN
TEL: 46-8-752-9265

TLX: 8125008 COMEKA'S
FAX: 46-8-757-4175
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UMC REPRESENTATIVES DISTRIBUTORS

SWITZERLAND
ICCM ELECTRONICS AG
VULKANSTRASSE 120, CH-8048 ZURICH SWITZERLAND
TEL: 41-1-432-3434

TLX: 822101 ICM CH
FAX: 41-1-432-1070

TURKEY
BARKEY CO., LTD.
ABIDE! HURRIYETCAD., YILLAR APT. NO. 18-20/5, P.K. 677-SISU
ISTANBUL, TURKEY
TEL: 90-1 -1 31 -1 289, 90-1 -1 48-91 47
TLX: 26900 NED TR, 27843 HEN TR
FAX: 90-1-131-1129

W. GERMANY
DISCOMP ELEKTRONIK GMBH
SCHARNHAUSER STRASSE 3, 7024 FILDERSTADT 1

WEST GERMANY
TEL: 49-71 1-704061

FAX:49-71 1-702640

ENORICH BAUELEMENTE FUR ELEKTRONIK
HAUPTSTRASSE 56, P.O.BOX 1251 D-7270 NAGOLD W GERMANY
TEL: 49-7452-2868

TLX: 765946 ENDRI D
FAX: 49-7452-1470

MANHATTAN SKYLINE GMBH
WIESBADENER STRASSE 5A 6204 TAUNUSSTEIN-HAHN
W.GERMANY
TEL: 49-6128-23044

TLX: 4182704 MSLD
FAX: 49-61 28-21 478

SCHUKAT ELECTRONIC VERTRIEBS GMBH
KRISCHERSTRASSE 27, D-4019, POSTFACH 10061 D4019, MONHEIM
W GERMANY
TEL: 49-2173-39660

FAX: 49-21 73-396681

TLX: 8515732 SELE

NORWAY
TOPCOMP ELEKTRONIKK
BROBEKKVEIEN 38, N-0583 OSLO 5 NORWAY
TEL: 47-2-7722860

FAX: 47-2-653930

** ASIAN REPRESENTATIVES **

HONG KONG
COMPONENT SUPPLIES LIMITED
RM 705, BLOCK A, 7/F.HUNGHOM COMMERCIAL CENTRE,
37-39, MATAU WAI RD. HUNGHOM, KOWLOON, HONG KONG
TEL: 852-365-7171

TLX: 39933 CSLHK HX
FAX: 852-764-3074

S.A.S. ELECTRONIC CO., LTD.

RM 603.TOWER B.HUNGHOM COMM. CENTRE,
37-39, MATAU WAI RD., HUNGHOM, KOWLOON, HONG KONG
TEL: 852-362-0271-6

TLX: 40019 SASEC HX
FAX: 852-765-6469

INDIA
PERMEDIA ASSOCIATES
14, DREAM LAND HOUSE, 1ST FLOOR, 1/1 8-B. ASAF ALI RD .,

NEW DELHI-1 10002 INDIA

TEL 91-11-733839, 91-11-732347

TLX: 031-621 36 PAAS-IN

FAX: 91-11-644-1711

JAPAN
RECTRONICS CORP.
2F, S S BLDG 6-8-16 NISHIKASAI EDOGAWA-KU, TOKYO(134), JAPAN
TEL: 81-3-878-2901

FAX: 81-3-878-2905

JAPAN MACNICS CORP.
516, IMAIMINAMI-CHO, NAKAHARA-KU, KAWASAKI-CITY, 211 JAPAN
TEL: 81-44-7110022

TLX: 28988 JAPNAC
FAX: 81-44-7112214

NISSEI ELECTRONICS, LTD.
HITACHI ATAGO BLDG. 15-12, NISHI-SHIMBASHI 2-CHOME.
MINATO-KU, TOKYO 105 JAPAN
TEL: TOKYO 03-504-7922

TLX: J27481 NISSELEC
FAX: TOKYO 03-504-7900

KOREA
DONGJIN TRADING CO., LTD.

SUITE 302, CHANGWON BLDG, 515-44 MANGWOO-2-DONG,
JUNGLANG-KU, SEOUL, 131-232 KOREA
TEL: 82-2-491 221 1-5

TLX: K27658 DOJICO
FAX: 82-2-4919861

KORTRONICS ENTERPRISE
RM. 202, SEOJUNG BLDG, 830-24, YOKSAM-DONG KANGNAM-KU,
SEOUL, KOREA
TEL: 82-2-562-9055-7

TLX: K26759 KORTRON
FAX: 82-2-557-1096

SINGAPORE
SINTRONIC COMPANY
996 BENDEMEER RD., #06-03, KALLANG BASIN IND., ESTATE,
SINGAPORE 1233

TEL: 65-294-3815

TLX: KUMARS RS24337
FAX: 65-298-8658
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SUMfTECH SYSTEMS PTE LTD
1 ROCHOR CANAL ROAD, N*06-60 SIM LIM SQUARE
SINGAPORE 0718
TEL: 3385411

FAX: 3388478
TLX:RS35014

JMC JAPAN MACNJCS CORP.
1 SELEGIE ROAD, #09-10 PARADIZ VENTRE. SINGAPORE 0716
TEL: 3387844, 3387848
FAX: 3386410

THAILAND
SUMMIT ENGINEERING CO., LTD.
4TH FOLLR, CHAL-SAGUAN BUILDING, 1755/1

,

NEW PETCHABURI RD, BANGKOK 10310, THAILAND
TEL: 662-255-5978/9, 253-6350/4

FAX: 662-255-5980

** OTHERS REPRESENTATIVES **

S.AFRICA
PRONHLECT(PTY)LTD.
32 THORA CRESCENT WYNBERG 2090 S.AFRICA

TEL: 27-11-887-2110

TLX: I.E. 424052

FAX: 27-11-887-3872

TAIWAN
BRIGHT UP INDUSTRIES CO., LTD.

12/F-8, #142, CHUNG HSIAO E. RD., SEC 4, TAIPEI, TAIWAN, ROC.
TEL: 773-2194, 776-5455

TLX: 14189 BRIUP
FAX: 751-9545

COMMONWORTH ENTERPRISE CO., LTD.

4/F #78 , CHUNG CHENG 3RD., RD. KAOHSIUNG, TAIWAN, ROC
TEL: 07-282-8806, 07-21 1 -8492

FAX: 07-272-6411

GOLDEN DEVICE ELECTRONICS CO., LTD.

12F, N0.121, SEC. 1. HSIN SHENG S. RD., TAIPEI, TAIWAN, ROC.
TEL: 776-5066

TLX: 13508 GDNDEV
FAX: 731-5876

JIUNTAIR ENTERPRISE CO., LTD.

RM 9,6/F,#1 03 CHUNG CHENG 4TH RD., KAOHSIUNG, TAIWAN, R.O.C.

TEL: 07-281-4204 07-281-2221

FAX: 07-251-8240

UNITECH DEVICE CORP.
6/F-2, NO 142, CHUNG HSIAO E RD..SEC.4, TAIPEI, TAIWAN, ROC
TEL: 776-0560 - 5

FAX: 731-3100
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NORTH AND SOUTH AMERICAN REPRESENTATIVES

ALABAMA / MISSISSIPI / TENNESSEE
ACM, INC.

3054 LEEMAN FERRY RD. SUITE C, HUNTSVILLE, AL 35801

TEL205-881-5493
FAX:205-883-5885

MARYLAND I VIRGINIA I DC
ELTRON SALES
64 CHESTER ST., FRONT ROYAL, VA 22630

TEL: 703-635-7201

FAX: 703-635-1933

ARIZONA I NEW MEXICO
E.T.S.A., INC.

1 403 WEST 1 0TH PLACE, SUITE B-1 1 6, TEMPE, AZ 85281
TEL: 602-921 -7122

FAX: 602-921 -71 25

MASSACHUSETTS
ROSEN ASSOCIATES
85 FRANKLIN ST., NEEDHAM HEIGHTS, MA 02194-0004

TEL: 617-449-4700

FAX: 617-449-5245

NORTHERN CALIFORNIA
GNH
1101 SAN ANTONIO RD. SUITE 400, MOUNTAIN VIEW, CA 94043
TEL: 415-961-6740

FAX: 415-961-4979

GNH
141 HILL STREET, JACKSON, CA 95642
TEL: 209-223-3389

SOUTHERN CALIFORNIA
DYNAREP (LA)

1445 LOS ANGELES AVE., SUITE 301V, SIMI VALLEY, CA93065
TEL: 805-527-0072

FAX. 805-527-0433

DYNAREP (O.C.)

PLAZA DEL LAGO, 1 7220 NEWHOPE STREET, SUITE 21

1

FOUNTAIN VALLEY, CA 92708
TEL: 714-545-3255

FAX: 714-545-3717

PRO SALES
5625 RUFFIN RD., SUITE 200, SAN DIEGO, CA 92123
TEL: 61 9-571 -11 33
FAX: 619-571-1313

COLORADO I WYOMING I MONTANA
MOSS MARKETING
11811 E. 33RD. AVE. #A, AURORA, CO 80010
TEL: 303-340-8535

FAX: 303-341-7930

FLORIDA
C. ASSOCIATES
251 MAITLAND AVE., SUITE 101, ALTAMONTE SPRINGS, FL 32701

TEL:407-831-1717
FAX: 407-831-8767

C. ASSOCIATES
23083 S.W. 61 ST AVE., BOCA RATON, FL 33428
TEL: 407-488-6090

FAX: 407-451-4927

C. ASSOCIATES
3201 GARRISON RD., PALM HARBOR, FL 33563

TEL: 813-736-3422

GEORGIA
ACM, INC.

3169 HOLCOMB BRIDGE RD., SUITE 512

NORCROSS.GA 30071
TEL:404-448-7025
FAX:404-368-1163

SOUTHERN ILLINOIS I WISCONSIN
ESATECHNICAL MARKETING INC.

5725 ST. CHARLES ROAD SUITE 21 1 . BERKELEY. IL 60162
TEL: 708-544-0120
FAX: 708-544-0266

MICHIGAN
A. BLUMENBERG ASSOC, INC.

25900 GREENFIELD RD
,
SUITE 242, OAK PARK, Ml 48237

TEL: 313-968-3230

FAX: 313-968-3239

MINNESOTA
COMPREHENSIVE TECHNICAL SALES, INC.

6525 CITY WEST PKWY., DEDN PRAIRIE, MN 55344

TEL: 612-941 -7181

FAX: 612-941-4322

NEW JERSEY
ASTROREP INC.

271 ROUTE 46, SUITE A-210, FAIRFIELD, NJ 07006

TEL: 201-808-0025

FAX: 201-808-9616

NEW YORK
ASTROREP INC.

103 COOPER STREET, BABYLON, NY 11702

TEL: 516-422-2500

FAX: 516-422-2504

EMPIRE TIRE TECHNICAL ASSOC.
1151E. GENESEE ST. SKANEATELES, NY13152
TEL: 315-685-5703

FAX 315 685-5979

OHIO / WESTERN PA
SALES PLUS
7575 TYLER BLVD., SUITE C-45, MENTOR, OH 44060

TEL: 216-942-7811

FAX: 216-942-7643

SALES PLUS
8458 INVERGORDON, DUBLIN, OH 43017

TEL: 614-889-8362

OREGON /NORTHERN IDAHO / BC CANADA
ELECTRONIC ENGINEERING SALES
17020 S.W. UPPER BOONES FERRY RD., SUITE 301

PORTLAND, OR 97224

TEL: 503-639-3978

FAX: 503-684-3326

EASTERN PA I SOUTHERN NJ I DEL
L.D. LOWERY, INC
2801 WESTCHESTER PIKE, BROOMALL, PA 19008

TEL: 215-356-5300

FAX: 215-356-8710

TX/OK/AR/LA
SYNERGISTIC SALES
2250 LAKESIDE BLVD . SUITE 160, RICHARDSON, TX 75082

TEL: 214-644-3500

FAX: 214-644-1938
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** U.S.A. DISTRIBUTOR LISTING

SYNERGISTIC SALES
2250 LAKESIDE BLVD , SUITE 160, RICHARDSON. TX 75082
TEL: 214-644-3500

RAX: 214-644-1938

SYNERGISTIC SALES
3445 EXECTIVE CENTER DRIVE. SUITE 120, AUSTIN ,

TX 787'

TEL: 512-346-2122

FAX: 512-346-2331

SYNERGISTIC SALES
10235 W. UTTLE YORK, SUITE 440, HOUSTON TX 77040

TEL: 713-937-1990

FAX: 713-937-1873

UTAH / SOUTHERN IDAHO
WASATCH REPRESENTATIVES
5282 SOUTH 320 WEST #3D-100, SALT LAKE CITY UT 84107
TEL: 801-265-0286

FAX: 801-268-6315

ROUND VALLEY SERVICE
478 W. 650 S. OREM, UTAH 84058
TEL: 801-224-5773

WASHINGTON
ELECTRONIC ENGINEERING SALES
8405 165TH AVE N.E., REDMOND. WA 98052
TEL: 206-883-3374

FAX: 206-882-1347

CANADA
(MAIN OFFICE)
SOURCE ELECTRONICS
7050 BRAMALEA ROAD, UNIT 21 . MISSISSAUGA. ONTARIO
L5S 1T1 CANADA
TEL: 416-676-0830

FAX: 416-676-0844

SOURCE ELECTRONICS
4875 WEST HILL AVE., MONTREAL, QUEBEC
H4Y 2W4, CANADA
TEL: 514-369-0321

FAX: 514-369-0322

SOURCE ELECTRONICS
1074 CHATEAU CRES ORLEANS, ONTARIO
K1C2E1, CANADA
TEL: 613-837-0220

FAX: 613-837-6763

BRAZIL
ROUND VALLEY SERVICE
AV. PROF. ASCENDIDO REIS 487
B. INDIANOPOLIS CEP 04027
SAO PAULO, SP BRAZIL
TEL: 01 1-570-9465

FAX: 01 1-571 -5770

ALABAMA
REPTRON
4950 CORPORATE DRIVE SUITE 105C. HUNTSVILLE. AL 35805

TEL: 205-722-9500

FAX: 205-722-9565

ARIZONA
AVED (F)

7741 EAST GRAY RD
TEL 602-951-9788

FAX 602-951-4182

SUITE #9 .SCOTTSDALE. AZ 85260

FUTURE ELECTRONICS, INC.(F)

4636 E UNIVERSITY, S #245 PHOENIX. AZ 85034

TEL 602-968-7140

FAX 602-968-0334

NORTHERN CALIFORNIA
ALMO ELECTRONICS
2107 NORTH FIRST STREET, SUITE 690, SAN JOSE, CA 95110

TEL: 408-436-8822

FAX 408-436-8928

BELL MICROPRODUCTS, INC. (F)

550 SYCAMORE DRIVE, MILPITAS. CA 95035
TEL: 408-434-1 150

FAX: 408-434-0778

CYPRESS ELECTRONICS (F)

2175 MARTIN AVE
,
SANTA CI ARA CA 950W)

TFL 408-980-2500

FAX 408-986-9584

FUTURE ELECTRONICS, INC.(F)

575 RIVER OAKS PKWY , SAN JOSE, CA 951 34

TEL 408-434-1122 "

FAX 408-433 0822

MOUSER ELECTRONICS
370 TOMKONS COURT, GILROY, CA 95020

TEL 408-842-5522

WESTERN MICROTECHNOLOGY (F)

CORPORATE HEADQUARTERS
12900 SARATOGA AVE ,

SARATOGA, CA 95070

TEL: 408-725-1660

FAX 408-255 6491

SOUTHERN CALIFORNIA
ALMO ELECTRONICS
301 7 SOUTH DAIMLER STREET. SANTA ANA. CA 92705-5812

TEL: 714-757-0444

FAX: 714-757-0410

AVED INC. (F)

1582 PARKWAY LOOP.UNIT G, TUSTIN. CA 92680
TEL: 714-259-8258

FAX: 714-259-0828

AVED, INC. (F)

31194 LA BAYA DRIVE, SUITE #100, WESTLAKE VILLAGE, CA91362
TEL: 818-889-2861

FAX: 818-889-2472

AVED INC. (F)

6397 NANCY RIDGE RD,
TEL 619-558-8890

FAX: 619-558-3018

SAN DIEGO, CA 90121

AVED INC. (F)

3320 EAST MINERAL KING, UNIT D, VISALIA, CA 93291

TEL: 209-734-8861

FAX 209-734-8865
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BELL MICROPRODUCTS, INC.

18350 MT. LANGLEY, FOUNTAIN VALLEY, CA 92708
TEL: 714-963-0667

CETEC-FUTURE DIV. OF FUTURE ELECTRONICS, INC.(F)

3940 RUFFIN ROAD, SAN DIEGO, CA. 92123
TEL: 619-278-5020

FAX: 619-576-8564

CETEC-FUTURE DIV. OF FUTURE ELECTRONICS, INC.(F)

9301 OAKDALE AVE, #210, CHATSWORTH, CA91311
TEL: 818-772-6240

FAX. 818-700-0826

CETEC-FUTURE DIV. OF FUTURE ELECTRONICS, INC.(F)

1692 BROWNING AVE, IRVINE, CA 9271

4

TEL: 714-250-4141

FAX: 714-250-4185

MOUSER ELECTRONICS (F)

11433WOODSIDEAVE.,SANTEE,CA. 92071
TEL: 619-449-2300
FAX: 619-449-6041

WESTERN MUCROTECHNOLOGY (F)

1637 NORTH BRIAN STREET, ORANGE, CA 92667
TEL: 714-637-0200

FAX. 714-998-1883

WESTERN MHCROTECHNOLOGY (F)

6837 NANCYRIDGE DRIVE, SAN DIEGO, CA 921 21

TEL: 619-453-8430

FAX: 619-453-1465

WESTERN MUCROTECHNOLOGY (F)

28720 ROADSIDE DRIVE, SUITE 175, AGUORA HILLS, CA 91301
TEL: 818-707-0377

FAX: 818-706-7651

COLORADO
AVED- ROCKY MOUNTAIN.INC.(NF)
4090 YOUNGFIELD ST., WHEAT RIDGE, CO 80033
TEL: 303-422-1701

BETA WINTRONIC (F)

4935 ALLISON ST., ARVADA, CO 80002
TEL: 303-431-7161

FAX: 303-431-4964

CONNECTICUT
ALMO ELECTRONICS.
ORCHARD EAST, 31 VILLAGE LANE, WALLINGFORD, CT 06492-2426
TEL: 203-269-6801

FAX: 203-269-6527

FUTURE ELECTRONICS, INC.(F)

24 STONY HILL RD., BETHEL, CT 06801

TEL: 203-743-9594

FAX: 203-798-9745

FLORIDA
ETEK ELECTRONICS CORP. (NF)

1490 N. W. 79TH AVE
, MIAMI, FL 33126

TEL: 305-593-1 188
FAX: 305-593-1762

FUTURE ELECTRONICS, WC.(F)
380 S. NORTH LAKE BLVD. # 1048, ALTAMONTE SPRINGS, FL 32701
TEL: 407-767-8414

FAX: 407-834-9318

FUTURE ELECTRONICS, INC(F)
4900 N. CREEKSIDE DR

,
CLEARWATER, FL 34620

TEL: 81 3-578-2770

FAX: 813-576-7600

corporate:
reptron electronics, inc. (f)

14501 Mccormick dr., tampa. fl 33626
TEL: 813-854-2351

FAX: 813-854-1324

REPTRON ELECTRONICS, INC. (F)

15420 RACETRACK ROAD, TAMPA, FL 33626

TEL: 813-855-4656

FAX: 813-855-7660

REPTRON ELECTRONICS, INC. (F)

3320 N. W. 53RD STREET, SUITE 206, FORT LAUDERDALE, FL 33309
TEL: 800-365-4321

FAX: 305-735-1121

VANTAGE COMPONENTS (NF)

1761 W HILLSBORO BLVD., DEERFIELD BEACH, FL 33441

TEL: 407-429-1001

FAX: 407-481-3586

GEORGIA
FUTURE ELECTRONIC, INC(F)

3000 NORTHWOODS PKWY., SUITE 295, NORCROSS, GA 30071

TEL: 404-441 -7676

FAX: 404-441-7580

REPTRON ELECTRONICS (F)

3040 BUSINESS PARK DR., SUITE H, NORCROSS, GA 30071

TEL: 404-446-1300

FAX: 404-446-2991

ILLINOIS
GBL GOOLD (F)

101 LELAND CT., BENSENVILLE, IL 60106

TEL: 708-860-7171

FAX 708-860-7260

FUTURE ELECTRONIC, INC.

1000 EAST STATE PKWY, UNIT B, SCHAUMBURG, IL 60195

TEL: 708-882-1255

FAX: 708-490-9290

OPS ELECTRONICS, INC.(NF)

101 EAST COMMERCE DRIVE, SCHAUMBURG, IL 60173

TEL.708-884-6620
FAX: 708-884-7573

REPTRON ELECTRONICS/CHICAGO(F)
1000 EAST STATE PARKWAY, SUITE K, SCHAUMBURG, IL. 60195

TEL: 708-882-1700

FAX: 708-882-8904

MARYLAND
ALMO ELECTRONICS
8309 B SHERWICK CT. JESSUP, MD 20794-9643

TEL: 301-953-2566

FAX: 301-953-0039

FUTURE ELECTRONICS, INC(F)
7165 COLUMBIA GATEWAY DR. # G, COLUMBIA, MD 21046

TEL: 301-995-1222

FAX: 301 -290-0328

GENERAL RADIO SUPPLY CO (F)

6935L OAKLAND MILLS RD., COLUMBIA, MD 21045
TEL: 301-995-6744

VANTAGE COMPONENTS (F)

6925R OAKLAND MILLS DR. COLUMBIA, MD 21045
TEL: 301-720-5100

FAX 301-381-2172
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MASSACHUSETTS
ALMO ELECTRONICS (F)

356 UNIVERSITY AVE., WESTWOOD, MA 02090-231

1

TEL: 617-329-2555

FAX: 617-329-3202

AVED ELECTRONICS, MC. (F)

200 BUSINESS PARK DR., ANDOVER, MA 01810
TEL: 508-688-3800
FAX: 508-794-0159

BELL MCROPRODUCTS (F)

16 UPTON DRIVE, WILMINGTON, MA 01887
TEL: 508-658-0222

FAX: 508-694-9987

FUTURE ELECTRONICS, INC.(F)

1 33 FLANDERS ROAD, WESTBOROUGH, MA 01 581

TEL: 508-366-2400

FAX: 508-366-1 195

WESTERN MCROTECHNOLOGY (F)

CORPORATE PLACE #3, 20 BLANCHARD ROAD
BURLINGTON, MA 01803
TEL: 617-273-2800

MICHIGAN
CALDER ELECTRONICS
4245 BROCTON DRIVE S.E., GRAND RAPIDS, Ml 49508
TEL: 616-698-7400

REPTRON ELECTRONICS
34403 GLENDALE, LIVONIA, Ml 48150
TEL: 313-525-2700

FAX: 313-525-3209

MINNESOTA
FUTURE ELECTRONICS, INC.(F)

10025 VALLEY VIEW ROAD, #196, EDEN PRAIRIE, MN 55344
TEL: 612-944-2200

FAX: 612-944-2520

REPTRON ELECTRONICS (F)

5959 BAKER ROAD, SUITE #360, MINNETOiMKA, MN 55345
TEL: 612-938-0000

FAX: 612-938-3995

NEW JERSEY
ALMO
12 CONNERTY COURT, E BRUNSWICK, NJ 08816-1633
TEL: 201 -61 3-0200

FAX: 201 -61 3-9689

ALTA
3443 HADDONFIELD ROAD, PENNSAUKEN, NJ 08109
TEL: 609-488-1442

FUTURE ELECTRONICS, INC. (F)

122 FAIRFIELD ROAD, FAIRFIELD, NJ 07006
TEL: 201-227-4346

FAX: 201 -227-5305

FUTURE ELECTRONICS, INC. (F)

107 GAITHER DR., MOUNT LAUREL, NJ 08054
TEL: 609-273-2700

FAX: 609-273-1848

GENERAL RADIO SUPPLY CO (F)

600 PENN STREET, CAMDEN, NJ 081 02
TEL: 609-964-8560

FAX: 609-964-2585

VANTAGE COMPONENTS INC. (F)

23 SEBAGO STREET CLIFTON, NJ 0701

TEL: 201-777-4100

FAX: 201 -777-61 94

MOUSER ELECTRONICS (F)

12 EMERY AVE., RANDOLPH, NJ 07869
TEL: 201-328-3322

FAX: 201-328-7120

WESTERN MCROTECHNOLOGY (F)

264 PASSAIC DRIVE, FAIRFIELD, NJ 07006
TEL: 201-882-4999

NEW YORK
FUTURE ELECTRONICS
801 MOTOR PARKWAY, HAUPPAUGE, NY 1 1788
TEL: 516-234-4000

FAX: 516-234-6183

FUTURE ELECTRONICS, INC(F)
333 METRO PARK, FIRST FLOOR, ROCHESTER, NY 14623
TEL: 716-272-1120

FAX: 716-272-7182

VANTAGE COMPONENTS INC. (F)

1056 WEST JERICHO TURNPIKE, SMITHTOWN, NY 1 1787

TEL: 516-543-2000

FAX: 516-543-2030

FUTURE ELECTRONICS, INC(F)
7453 MORGAN ROAD, LIVERPOOL, NY 13088
TEL. 315-451-2371

FAX: 315-451-7258

NORTH CAROLINA
FUTURE
1304 PADDOCK DRIVE, SUITE F-100, RALEIGH, NC 27609
TEL.919-790-7111

FAX: 919-790-9022

FUTURE
4701 HEDGEMORE DRIVE, #812, CHARLOTTE, NC 28209
TEL: 704-529-5500

REPTRON ELECTRONICS (F)

5954-A SIX FORKS ROAD RALEIGH, NC 27609
TEL: 919-870-5189

FAX: 919-870-5210

OHIO
TELEVOX (NF)

3203 PRODUCTION CT P.O. BOX 14750, DAYTON, OH 45414
TEL: 513-890-1700

FAX: 513-454-0494

SCHUSTERR
1 1320 GROOMS ROAD, CINCINNATI, OH 45747
TEL: 800-877-6875

FAX: 513-489-8686

SCHUSTER
2057 D FAST AURORA ROAD, TWINSBURG, OH 44087
TEL: 800-521-1358

FAX: 216-425-1863

REPTRON ELECTRONICS (CLEVELAND)
30640 BAINBRIDGE ROAD, SOLON, OH 441 39
TEL: 216-349-1415

FAX: 216-349-1634

REPTRON ELECTRONICS (COLUMBUS)
404 E. WILSON BRIDGE ROAD, SUITE A, WORTHINGTON, OH 43085
TEL: 614-436-6675

FAX: 614-436-4285
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OREGON
FUTURE ELECTRONICS, WC.(F)

CORNELL OAKS COPORATE CTR.
15236 N. W. GREENBRIER PKWY., BEAVERTON, OR 97006
TEL: 503-645-9454

FAX: 503-645-1559

WESTERN MICROTECHNOLOGY (F)

1800 N.W. 169TH STREET, BEAVERTON, OR 97006

TEL: 503-629-2082

FAX: 503-629-6845

PENNSYLVANIA
CORPORATE:
ALMO ELECTRONICS
2540 METROPOLITAN DR. TREVOSE, PA 1 9047-6738

TEL: 215-953-2800

FAX: 215-364-4926

ALMO ELECTRONICS
2542 METROPOLITAN DR.. TREVOSE, PA 19047-6738

TEL: 215-953-2899

FAX: 215-364-4928

ALMO ELECTRONICS
220-7 EXECUTIVE DRIVE, MARS, PA 16046-8312

TEL: 412-776-9090

FAX: 412-776-0299

CM0 ELECTRONICS
530 E. PITTSBURGH, McKEESPORT BLVD., N. VERSAILLES, PN 15137

TEL: 412-678-6020

FAX: 412-678-6320

WESTERN MICROTECHNOLOGY
(PHILADELPHIA AREA)
4A EVES DRIVE, SUITE 110, MARLTON, NJ 08053

TEL: 609-596-7775

FAX: 609-985-2797

TEXAS
AVED, SOUTHWEST, INC. (F)

4470 SPRING VALLEY ROAD, DALLAS, TX 75244

TEL: 214-404-1 144

FAX: 214-404-1194

AVED, SOUTHWEST, INC. (F)

6448 HWY 290 E #A103, AUSTIN, TX 78723

TEL: 512-454-8845

FAX: 512-459-8043

FUTURE ELECTRONICS, INC.(F)

1900 FIRMAN DRIVE, SUITE 150, RICHARDSON, TX 75081

TEL: 214-437-2437

FAX: 214-669-2347

MOUSER ELECTRONICS (F)

2401 HWY 287 N„ MANSFIELD, TX 76063
TEL: 817-483-4422

FAX: 817-483-0391

WSTERN MICROELECTRONICS (F)

TRINITY SQUARE TECH. CENTER, 2545 TARPLEY ROAD
CARROLLTON, TX 75006
TEL: 800-347-9387

FAX: 214-416-4475

UTAH
AVED-ROCKY MOUNTAIN, INC. (F)

1836 PARKWAY BLVD., WEST VALLEY CITY, UT 841 19

TEL: 801-975-9500

FAX. 801 -977-0245

BETAWWTRONIC(F)
2734 S. 3600 WEST, SUITE D, WEST VALLEY CITY, UT 84119

TEL: 801-966-0236

FUTURE ELECTRONICS, INC.(F)

2250 SO. REDWOOD ROAD, SALT LAKE CITY, UT 84119

TEL: 801 -972-8489

FAX: 801 -972-3602

WASHINGTON
FUTURE ELECTRONICS, INC(F)

4038 148TH AVE. N.E., REDMOND, WA 98052

TEL: 206-881-8199

FAX: 206-881-5232

WESTERN MICROTECHNOLOGY (F)

14636 N.E. 95TH STREET, REDMOND, WA 98052

TEL: 206-881-6737

FAX: 206-882-2996

WISCONSIN
FUTURE ELECTRONICS
20875 CROSSROADS CIRCLE, SUITE 200.WAUKESHA, Wl 53186

TEL: 414-786-1884

FAX: 414-786-0744

CANADA
FUTURE ELECTRONIQUE INC.(F)

237 BOUL. HYMUS, POINTE-CLARIE, QUEBEC
CANADA H9R 5C7
TEL: 514-694-7710

FAX: 514-695-3707

FUTURE ELECTRONIQUE WC(F)
82 ST. REGIS CRESCENT NORTH DOWNSVIEW, ONTARIO
CANADA, M3J1Z3
TEL: 416-638-4771

FAX: 416-638-2936

FUTURE ELECTRONICS
1050 BAXTER ROAD, OTTOWA
K2C2 3P2, CANADA
TEL: 613-820-8313

FAX: 613-820-3211

OMNI PRO (F)

4141 BILLY MITCHELL DALLAS, TX 75244

TEL: 214-233-9368

FAX: 214-385-7508

OMNI PRO (F)

7719 WOOD HOLLOW DRIVE, #210,

TEL 512-794-9200

FAX: 512-338-9576

AUSTIN, TX 78731
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CORPORATE HEADQUARTERS:
NO.3, INDUSTRIAL EAST THIRD ROAD, SCIENCE-BASED INDUSTRIAL PARK.

HS1NCHU CITY, TAIWAN, R.O.C.

SALES OFFICE:

2F, N0.687, MIN SHENG EAST ROAD, TAIPEI, TAIWAN, R.QC.
TEL: 02-715-2455. 717-1739 FAX; 02-716-6291, 716-8304' TLX: 28560 UMCTPE

OFFSHORE BRANCHES:
UNICORN MICROELECTRONICS CORPORATION
3350 SCOTT BLVD., BUILDINGS 4S&49, SANTA CLARA, CA 95054, U.S.A.

TEL: 408-727-9589, 727-9239 FAX; 408-492-1720. 970-0540 TLX: 172730 NMC SNTA s~

UNITED MICROELECTRONICS (EUROPE) B.V,

HOEKENRODE 2, 1 102 BR AMSTERDAM ZUIDOOST, THE NETHERLANDS
TEL: 020-970-766 (3 LINES} FAX: 020-977-826 TLX: 11677 UMC NL

UMC K. K.

3F. 20-29, 2-CHQME TAKANAWA, MINATO-KU. TOKYO, JAPAN
TEL: 03-280-3661 FAX: 03-280-3663

UNITED MICROELECTRONICS COMPANY LTD.
RM.1003. TOWER B, HUNGHOM COMMERCIAL CENTER.
37-39 MA TALI WAI RD., HUNGHOM, KOWLOON, H.K.

TEL: 852-765-7122 FAX: 852-765-7463

REPRESENTING UMC
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