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82C110
IBM™ P5/2 MODEL 30 AND SUPER XT™ COMPATIBLE CHIP

m 100% PC/XT compatible

m Build IBM PS/2™ Model 30 with XT solt-
ware compatibility

W Businterface compatible with 8686, 80C88,
V30, 8088, 80C88, V20

& Includes all PC/XT tunctional units com-
patible with:

8284, 8288, 8237, 8259, 8254, 8255, DRAM
conirol, Keyboard control, Parity Genera-
tion and Configuration registers

The 82CT10is a single chip implementation of
most of the system logic necessary to imple-
mentasuper XT compatible system with PS/2
Model 30 functionality using either an 8086 or
8088 microprocessor. The 82C110 can be
used with either 8 or 16-bit microprocessors.
The 82C110 includes features which will
enable the PC manufacturer to design asuper
PS/2 Model 30/XT compatible system with
the highest performance at 10 MHz zero wait
state system with an 8086, the highast func-
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m  Key superset features: EMS controi, dual)
clock, and 2.5 MB DRAM support

s Complele system requires 12 1Cs plus
memory

m 10 MHz Zero walt state operation

m Applicable for high performance Desklop
PCs and CMOS Industrial Control Applica-
tions

m Single chip implementation avallable in
100-pin flat pack

tionality with dual clock and 2.5 MB DRAM
{with integrated Extended Memory System
control logic), the highast integration with the
lowest component count SMT deslign.

The 82C110 can he combined with CHIPY
B2C601 Multifunction Controller and 82G451
VGA Graphics Controller to provide a high
performance, high integration P$/2 Model 30
type systern.
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Figure 1. Super XT Model 30 Compaltible System
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PRELIMINARY

The 82C110 supports most of the peripheral The 82C110 supports a very flexible memary
functions on the PS/2 Model 30 planar board: architecture, The DRAM controller supports
8284 compatible clock generator with the 64K, 256K and 1M DRAMs, These DRAMs can
option of 2 independent oscillators, 8288 be organized in four banks of up to a maximum
compatible bus controller, 8237 compatible of 2.5 MB on the planar board. The 25 MB
DMA contrsller, 8259 compatible interrupt memory can be implemented with 2 banks of

14 X 1 DRAMS, partitioned locally as 540KB

roller, 4 i i s
controller, 8254 compatible timer/counter, of real memory and 4,875 MB of EMS memory,

8255 compatible peripheral /0 port, XT Key-
board interface, Parity Generation and Check-
ing for DRAM memory and memory controller

for DRAM memory sub-system.

The 82C110 is packaged in & 100-pin plastic
flatpack.

The 82C110 enables the user to add PS/2
Model 30 superset functionality on the planar
board: dual clock with synchronized switching
between the twao clocks, built-in Lotus-intet-
Microsoft™ (LIM) EMS support for up to R
2.5 Megabytes of DRAM. 7
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82C110 Pin Description .
Pin Pin

No. Type Symbol Pin Description

Clocks and Reset Logic

73 ¢ CX1 " Cryslaloscillator inpui. CX1 is an input for a passive
crystal circuit or packaged osciltator to generate the initial
system timings. This frequency is divided by three to
generate the defauit system clock when the system is
powered up. The type of crystal is 14.31818 MHZz, parallel
resonance, jundamental frequency.

74 Q cX2 - Crystal/oscillator output. CX2 is the inverted output of
CX1. If a crystal is used, then CX2 shidild be connected to
the crystal circuit. 1f an osgillator is used, then CX2 should be
left unconnected.

75 ! POSC Optional Osciltator input. The POSC input is divided by
three to generate alternate system timing {other than 4.77
MHz}. Typically POSC is a 24 MHz or 30 MHz oscillator
with a 50% duty cyele, for 8 MHz or 10 MHz sytems,
respectively. The maximum POSC frequency is 30 MHz.
System timing is software selectable from the conitguration
register.

83 @ SYSCLK  System Clock, SYSCLK is 4 continuous running clock
with selectable frequency and duly Cycle. The duty cycle
is either 33% for INTEL 808X CPUs, or 50% for NEC
Vv20/30 CPUs. The SYSCLK frequency is selecled from
either 1/3 of the POSC or 1/3°6f the CX1 frequencies. The
defautt is 4.77 MHz, 33% duty cycle.

77 o} . 0sC - — Oscillator output. O3C is a continlious running square
wave with a 50% duty cycle, derived from the frequency
generated by CX1. Normally this is used for the 14.3818
MHz.

90 | PWRGOOD Power Good. An active high indicator that the power
supply is stable, it also starts the clocks and the internal
system functions. PWRGOOD is generated by the power
supply, by monitoring Veg.
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82C110 Pin Description (Continued)
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Pin Pinl
No. Type

Symbol

Pin Description

79 [

SYSRST

“System Reset SYSRST is an aciwe iow Schmitt trigger

input for power-up reset. SYSRST initializes the 82C110

CET bk ot
circutry. Th'==sg"='a'scgenerates the RESET cutputused

to resel the CPU, 8087 and other peripherals. It should be
held active until PWRGOOD becomes active,

CPU- Interface

21 a

RESET

.. the 8087, and the external peripherats,

RESET. RESET is an active high oltput derived from the
SYSRST input. RESET should be used to reset the CPU,

48 1
49 I
50 |

- resistors..

Processor Status us Signals. These signals are status mpu!s
from the CPU. S0:52 should be puued up with 4.7K-10K

or s

g1 l

| el

ey
L
m

Byte High Enable BHE is an input mgnal BHE and ACI
fromi the CPU mdlca!e the type of bus transfer

BHE AIJ Type

16 bit transfer .
odd byte transfer
aven byte transfer

invalid (for 16 bit CPU)

Eal = N =]
= OO

rEi

If the 82C110 is used with an 8 bit processor, BHE should
be tied high through a 4.7K to 10K resistor. The 82110
uses the “invalid” state to perform the correct bus conver-
sion for a 16-bit processor. BHE is floatad to the high
impedance state during “hold” cycles s0 it should be
pulled up with 4. 7K 10K resistor,

o o

80 O

READY

READY. READY is an active hlgh asynchronous output
indicates that a memory or I/O transfer can complete.
READY iz internally synchronized 'ro meet the setup/hold
times of the processor. -
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82110 Pin Description (Continued])

Pin Pin
No. Type Symbol Pin Description
29 Q ' INTR interrupt Request. INTR is an active high output from the
intérnal nterrupt Controller. It should be connected to the .
INTR pin of the CPU.
54 o) NI ' Non-Maskable Intefrupt. A LOW to HIGH transition on ~ *
NMI causes an interrupt at the end of the current instruc-
tion. It should be conngcted to the NMI input of the CPU.
61 g AGBIG " Request/Grant. These signals are used by bus masférs s
47 B RQ/GT1 other than the CPU 1o gain contral of the CPU local bus.

[

In the Model 25/30 or XT appilcation,the other bus masters
are the 8087 numerlc co-processor, and the 82C110 itself.
RG/GTO has higher prierity than RQ/GT1, 808X RQ/GT
signals are internally pulled up, so external pullups are not
necessary. See the Aeguest/Grani section of this daia
sheet for more information,

Local Bus Interface o

6 B AlS Address Bils A19-16. During processor tycles, these are C 3

7 B Al8 inputs for the high order address bits. During DMA cycles, 7

8 B ATT the 82C110 sources thé high order address on these lines.

9 B A1G These should be connected directly to the processor ad- }
dress lines and 10 the system address latches. o

10 B ADi5 ‘ Local Address/Data Bus Bits 15:0. During the T1 phase of -

hB| B AD14 a CPU cycle the processor sources the address on these

12 B AD13 lines. The 82C110 sources the address during hold ac- ¥

13 B AD12 knowledge and interrupt acknowiedge cycles. ADG-AD7 !

14 B AD11 should be isolated from the 82C110 using bidirectional

15 2] AD10 buffers to_prevent bus contention during bus conversion

18 B ADS cycles. PBEN enables the buffers and PBIN controis the

17 B ADB direction. ‘ B - . B

18 B AD? ‘ - _

18 B ADS

20 B ADS -

21 B AD4 -

22 B AD3

23 B AD2 _

24 B AD1 =

25 B . ADO R

31 Q Al Address Bit 0. This signal represents the state of address

bit 0. 1t is latched and shouid be used throughout the
system instead of ADO that would nermally be latched
externally from the AD bus. The 82C110 toggies this bit
during bus conversion cycles. It should be buffered {in a
normal system) but not rauted through transparent laiches
like the other address bits.
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8§2C110 Pin Description {Continued)

e : - O R J R e

Pin Pin

Mo. Type Symbol Pin Description

32 & IOF '~ 170 Read. An active low strobe that informs the /0 devices”
fo put their data on the bus. All the commands (MEMR,
MEMW, IDF? and IﬂW'I can ha dnlaund one cycle through
software. The delay is necessary when running the CPU at
high speed. Delaying the commands allow more data and
address setup time. Default is no delay,

33 o} 1ow 1/0 Write. An active low strobe that informs the lz'O devices

) that data is available on the bus, _

34 o MEMR Memory Read. An active low strobe that mforrns the
memary devices to put their data on the bus.

a5 o MEMW Memory Write. An active low strobe that informs the
memory devices that dala is availabie on the bus.

51 Q- ALE ) ' Address Latch Enable. ALE is used by the address buffer/
latch to latch the address. During the second half of 2 bus
conhversian cycle, a second ALE wili not be gensarated by
the 82C110 .

52 o AEN ' Address Enable. When high, this sxgnal is an mdu:atron to

the devices on the 1O channel that DMA is active, meaning -
the DMA channel has control of the address bus, data bus,
and the appropriate command Ilnes

84 o] DEN Data Enable. Provuded to control the output enable of 245
type transceiver. DEN is active during memory and 'I/0
accesses and for INTA cycles. It floats to the high impe-
tance staie in “hold acknowledge” cycles. This sigral is
equivalent to the DEN signal generated by an 8288 bus
controller. It is normally not used in XT/Model 30 type

. applicatiops. . A

93 B PARO Parity Bit 0. The panty b|t from the Iow order byte of :he
DRAMs. A HIGH means there are an odd number of U's in
memoty, including the parity bit itself, thus odd parity,

92 B PAR1 Parity Bit 1. The parity bit from the high order byte of the
DRAMSs. A HIGH means there are an odd number of 1's in
memory, including the parity bit itseif, thus odd parity.
This S|gnal is not used in 8 kit only systemns.

71 | IQCHRDY /O Channet Ready. An active high signal from the I/O'.
channel. it is normalty HIGH indicating that the addressed
device on the channel is ready tc complete the data
transfer. Slow ¢/Q or memory devices pull this signal LOW
to lengthen bus cycles, IOCHHDY should be pulted up with
2 47K resistor, because if there are no add-in boards
present, this signal would float 1o an undefined state.
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82110 Pin Description (Continued}

Pin Pin
No. Type Symbol Pin Description
72 | IOCHCHK 7O Channel Check. This signal goes low when there is

parlty or_other error on memory or devices on the 1o
channel. IOCHCHK should be pulled up with a 4.7K resis-
tor, because if there are no add-in boards present, this
signal would float to an undefined state.

Buffer Conltrols - B -=

86 o} DBEN Data Buffer Enable. DEEN enables the data transceiver
between the 1/0 channel data bus and 82C110.
85 Q DBIN . Data Butfer Direction. A HIGH allows data to flow from

the 1/Q channel to the internal bus. Normally low, this
means the data direction is to the /O channel, DSIN is
used to controd the direction of the buffer for the system’
data bus.

6B o] FBEN Processor Butfer Enable. An active low signal, PBEN en-
ables the data buffer between the processer and the
82C110. 1t is high during DMA cycies so that the data bus
is tri-stated. PBEN is qualified with DEN to avoid bus
contention during T2 cycles. :

B9 o] PBIN Processor Buffer Direction. A HIGH on PBIN allows data
to fiow from the processor to the 82CG110. PBIN controls
the direction of the data buffer on the local data bus.

Memory Controls

62 o) ROMCS ROM Chip Select. This sighal goes low for memory ac-
cesses in the address range FOOOOH-FFFFFH. It would
normally be lied to the chip select inputs of the BIOS
ROMI(s}.

Note: All DRAM signals (MAS-0, RAS3-0, CAS and WE should be buffered if cannected to more
tharn @ memory devices) o o

65 O . MAS Multiplex Address Bits 9-0. Should be connected to DRAM
68 o) - MASZ address bits 9-0. a
41 o] MA7

54 o] MAB

42 o] MAS

40 Q MA4

39 O MA3

&7 0 MAZ

87 o] MAi

38 0 MAD

8
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82C110 Pin Description (Continued) B -
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Pin Pin

No. Type Symbol Pin Description

55 . 0 RASO _RAS3-0. Active low row address sfrobes for DRAM banks

56 Qo -BAST _0-3.. Each bank 15 2 bits wide. {1 bit for parity). Byte
57 c - RAS2 referencing is done using the RAS signal. For more infor-

58 - QO RAS3 _mation, sea the DRAM fntgrface section of this data sheet,
59 0 TAS - —'CAS Achve '|qw co]umn address strobe for all DRAMs

80 - . 0 WE WE. Active low write enable for all DRAMS. L
4 Q MREF Memory Rehesh WMREF is the output of the |ndependent .

refresh timer signifying that a refresh oycle is goourting, -

The refresh rate is programmablefrom 838 ns to 214 ps,

DMA and Inlerrupt Controiler Interface ) -

== 2 A : _-'-_-l.*""

38
37
38

. DMA Request 3 1. These signals are asynchronous res-.

quasts used by paripherals to request DMA services. Thay
have a fixed priority: channel 1 is the highest and channel
3 is the lowest. DRQ must be held active HIGH Gntil it is
acknowladged by the carresponding DACK.
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82C 110 Pin Description (Continued)

Pin Pin
No. Type Symbol Pin Description
44 o] DACKS ~ 7 DMA Acknowledge 3-1. An active low acknowledgement
45 o] DACK2 ) signal generated by the 82C110asd result of a request for ) h
45 e} DACK1 . . DMA service {via a DRQ line) and 2 successful arbitration. 7
These fines must be pulled up with 10Kohm resistors.
43 0 Tc - - Terminal Count. An active high output pulse from the
“'OMA Controller, indicating the end of a DMA transfer
(transfer count register = 0). o
94 | IRG2 Interrup! Réquiest 2.7. Active high asynchronous inputs ia
a5 I _ IRQ3 . - the interrupt controller generated by /O deviges. They are
96 1 RQ4 edge-triggered, but should be held active HIGH until
97 | IRQ5 _ acknowledged, -
98 | _IROS - S :
33 ! RQ7 - - . L ! S
&3 Ty TNBNMAL Numierie Co-Processor NMIL An active high signal indicating R

that an error. has occurred during numerlic instruction
execution. This is an active high, edge-sensitive input. If
enabled, will cause an NMI to the CPU. The NMI service
routine has to determine which NMI occurred by reading
the NMI Status Register. o

Keyboard and Speaker Interlace IS - - i s T

1 g8 KBCLK/IRQT Keyboard Clock/Interrupt Request 1. KBCLK is a Gidirec-
tional open drain signal. Defaiflts to KBCLK when using
an XT style keyboard. The 82G110 synchfonizes the internal
keyboard fogic with this signal. It scurces the clock for the
keyboard when sending serial data to the keyboard and
receives the clock when the keyboard is sending data. if
an external Model 25/30 style keyboard interface is used
{and selected through the Internal Configuration Register),
1RQ" Is the shared, active high interrupt Request 1 input
from the keyboard controller, pointing device, and real
time clogk.

100 o KGDATA  Keyboard Data. KBDATA is an open drain bidirectional
serial data to or from the keyboard. This line is unused if a
Model 25/30 external keyboard interface is used.
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82C110 Pin Description (Continued) . - S
Pin Pin

No. Type Symbol Pin Description

7 O SPKDATA Speaker Data. SPKDATA should be buffered, and the ..

qutput.of the buffer should go through a low pass filter.
The output of the filter connects to the. speaker,

Power and Grounds ] T e .

2,26,78 - Ve o Power Supply. e R
3,30, - GND < Giround. g : '
53,76 B ~ L

28,82 N/C . NoCoanect =~ . g

52789 RESERVED _These Pins Should Connect to GND

Noles: . . - R [ S

1. The 82C110 provides four RAS signals to select which byte will be written, A single CAS and WE i3 provided
for all banks. .

2. PAR1 is provided for 16 bit 8086 systems with DRAM. Usage of this is determined by setting of the interna)
Configuration registers, :

3. BHE Js provided for 8086 systems. FR U —

4. A packaged oscillator is assumed for the processor clock if the CPU clock Ts above 4.77MHz (14,318MH2/3},

5 The following explains the abireviations used in the pin type/direction column.

Pin Meaning

! Input 8
8 Input and Output (3-state) - = =
o] QOutput

11
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Functional PDescription

The 82C110 is a single chip VLSI implement-
ation of most of the system logic for Enhanced

or Super XT designs. It can also be used to”

build systams that are functional equivalents

of the [BM Model 26/30, but with 100% XT™

compatibility. Theé device contains the equiva-
lent of the 8288 Bus Controller, 8284 Clock
Genaraior, 10 MHz 8237 DMA Controlier, 8259
Interrupt Controlier, 8255 Programmable Peri-
pheral Interface, 8254 Programmable Interval
Timer, Memory Controller, EMS Controller,
ang offers enhanced features such as Data
Conversion Logic, Programmable internal
Configuration Registers, Programmable Wait
StatesforMemory. I/0, and DMA, and Decod-
ing Logic. .

SYSTEM CLOCK

The system clock circuit is functianaily
equivalent to the B284 clock generator with
the addition of logic to support 2 different
clock frequencies. One is generated from the
standard 14.318MHz crystal or osciifator. The
other Is ¢ptional and allows the processor
and 10 channel to operate at frequencies up

to 10 MHz. This is generated by an external
oscillator and must ba 3 times the desired
processor clock frequency (for example 2 10
MHz CPU clock requires a 30 MHz oscillator).
SYSCLK provides timing pulses at the maxi-
murn clock frequency.

All the system clock outputs are started when
PWRGOOD is true (high). When PWRGQOD
15 false, all clock gutputs are [ow.

BUS CONTROLLER

The bus controller is functionally equivalent
to the 8288 bus controller. It provudes com-
mand ganeration and, controls the timing of
the internal pus and 1/O channel, including
logic tor command delays {commands will be
active at T3 instead af T2), The I/C channel
timing Is the same as the system timing—that
is 10 MHz bus timing for 10 MHz systems.
The wail states for memary. I/O and DMA
cycles are programmable for flexibility, The
bus controller module is enabled by SYSRST
going high. As long as SYSRST is low, the

bus controller is inactive. For proper operation
SYSRST .should stay low for @ minimum of
206 mxlluseconds after PWRGOOD is high,

[P

Local Bus Arb|trat|on o -

Thie local processor bus is a muiti- master bus
and is shared between the CPU, numeric
eoprocessor, and the 82C116. Normally the

DL i
$PU is the active bus master, buf the other

masters can force the CPU to release the
local bus using the BQ/GT line. If the copro-
cessor is present (ICR 43H bit 1 is 1) the
82C110 usés AQ/GT for the bus exchange,
otherwise it ises the RO/GTO line, Because of
this, a co-processor can be installed or ra-
moved without the need for changing jumpers.

RQ/GTO from the 82C110 should be con-
nected 1o RQ/GTQ of the CPU. RQ/GTT
from_the_ 82C110 should be connected to
RQ/GT? of the co-pirocesser, and RQ/GTT of
the CPU to RQ/GTO of the coprocessor.

The sequence of events on the RQ/GT lines

" is as follows:

1. Another bus master makes a bus request
to the CPU by asserting a one ciock wide

T ) [T,

puise in any bus cycie o & RO/GT line.

2. The CPL responds by asserting a puise
during T4 or Ti, also one clock wide. This
indicates to _the requestor that the CPU
will float the local bus and énter the “hold
acknowledge” state in the next clack cycle,
disconnecting the CPU from the local bus.
The requestor now can take control of the
bus.

3. When finished, the requesting master as-
serts another pulse to the CPU, and relin-
quishes control of the local bus at the
next clock.

12
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Each master to mastar bus exchange requires
three pulses. After each bus exchange there
must be one dead ecycle for synchronizing
purposes. Requests can occur when CPU is
idle or during a memory cycle.

If a request is made during a memary cycle,
the CPU releases contral at T4 when the
following conditions are met:

. Request oscurs in or before 72

. Not executing a LOCKed instruction

. Not in the first INTA sequence

. Mot in the first byte of a bus conversion
cycle.

ap o

If request is made when CPU is igle, the CPU
will:

a. Release the bus on the next clock . _

b. The CMA cycle will start within the next
three clock cycles.

DMA CONTROLLER

The 82C110's DMA controller is functionally
equivalent to the 8237 DMA controlier. It has 4
DMA channels, address increment/decrement
and masking of individual DMA requests.
The DMA controller suppans single, block,
demand and mermory to memory transfer
modes. All OMA data transiers require 5
clock cycles per byte. The DMA controller
dees not support cascading.

DMA controller generates the memory address
and contro! signals necessary to transfer
information between a peripheral device and
memary directly, Each DMA charne! has a
pair of 16-bil counters and a reload register
far each counter. The 16-bit counters allow
the DMA to transfer blocks as large as 85526
bytes.

During normal operation, the DMA subsystem
will be in mither the Idle condition, the Program
condition or the Active condition. in the (dle
condition the DMA controller will be executing
cycles consisting of only one state. The idle
state Sl is the default condition and the DMA
will remain in this condition uniess the device

has been mﬂainzed and gg@ of .the DMA

requasts Is active or the CPU attampts 1@
access one of the internal registers,

When a DMA request becomes active the

. device enters the Acfive condition and issues
a hold request to the system Once in the -

Active condition the 82C 110 will gé"ﬂeranc the

necessary memory addresses ang command
signals to accomplish a memory-to I/, 1/0-
to-mamaory, or a memary-ta-memory transfer,
Memory-to-I/0 and i/O-to-memaory transfers
take place in one cycle while memory-to-
memory transfers require two tycles. During
transfers between memory and I/Q, data is
presented on the sysiem bus by either mem-
ory of the requesling device and tfie transfer
is completed in one cycle. Memory-to-memory

____transfers howevaer, require the DMA to stare

data from the read operation in an internai
register. The contents of this register is then
written to memeory an the subgsequent cyele.
Due ta the large number of internal registers
n the DMIA subsystem, an internal flip-flop is
used {0 supplement the addressing of the
count and address registers. This bit is used
to sefect betwesn the high and low bytes of
these registers. The flip-fiop will toggle each
time a read or write ocours W ahy of the word
count or address registers in the DMA. This
intermal fHip-flop will be cleared. by hardware
RESET or a Master Clear command and may
be set or cleared by the CPU lsSumg the
appropriate Command

Figure 1 shiows all the register infarmation
necessary to program fthe DMA controller.
Special commands are supported by the DMA
subsystem to contro) the device. These cam-
mands do not make use of the data bus, but are
derived from a set of addresses. the internal
select, read and write, These commands are
Master Clear Register, Clesr Mask Reglster,
Clear Mode Register Counter, Set and Clear’

Byie Pointer Flip-Fiop, Thase are ut'SC'u‘SSEu
Ia:er -

13
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ADDRESS OPEHRATION

Flip-

ADDRESS READ WRITE Flop

Register Function

coon

g

Biead Channel 0 Current Address Low Byte
Read Channel 0 Current Address High Byte
Write Channel 0 Base and Current Address Low Byte
Write Channel 0 Base and Current Address High Syte

Q0th

Read Channel 0 Current Word Count Low Byte
Read Channel 0 Current Word Couit High Byte
Write Channel & Base and Current Word Count Low Syte

Write Channel 0 Base and Current Word Count High Byte

002h

Read Channel 1 Current Address Low Byte
Read Chanfiel 1 Current Address High Byte
Write Channet 1 Base and Current Address Low Byte
Write Channel 1 Base and Currént Address High Byte

0C3h

Read Channel 1 Current Word Gount Low Byte
Read Chanriel 1 Current Word Count High Byte
Write Channe! 1 Base and Cuirent Word Count Low Byte
Write Channel 1 Base and Currént Word Count High Byte

004h

- Read Channel 2 Current Address Low Byte

Read Channet 2 Current Address High Byte
Write Channel 2 Base and Current Address Low Byte
Write Channel 2 Base and Curfent Address High Byte

005h

Read Channgl 2 Current Word ‘Caunt 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 Colnt High Byte

006N

067h

Bead 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 Cufrent Address High Byte

Read Channel 3 Current Word Count Low Byle
Read Channel 3 Current Word Count High Byle
Write Channel 3 Base and Current Word Count Low Byte
Wirte Ghanael 3 Base and Clrrent Word Count High Byte

“oo8n

Read Status Flegister
Write Command Register

00%h

Read DMA Request Register
Write DMA Reguest Register

00Ah

Read Command Register
Write Single Bit DMA Request Mask Register

00Bh

1
0
1
0
1
o
1
0
1
o}
1
0
1
0
1
0
1
0
1
4]
1
a
1
)
1
Q
1
a
1
1
1
X
X
X
X
X
X
X
X

Read Mode Register
Write Mode Register

'Figuré 1. DMA Regizlers

14
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. ADDRESS OPERATION
- Flip-

ADDRESS READ WRITE Flop

Register Function

\ 0oCh

Set Byte Painter Flip-Flop ) .
Ciear Byte Pointer Flip-Flop T

00Dh

Read Temporary Register
Master Clear T

QOEN

Clear Mode Register Counter _ o
Ciéar AN.DMA Request Mask Registér ths L

Q0Fh

‘_I.D PR = T [T o T R
O[O = |0 -,
< ¢ | 3 x| 3¢ < |3 x¢!

Read All DMA Request Mask Register Bits
Write All DMA Request Mask Register Sits

Figure 1.

DMA Registers {continued)

Register Description

Current Address Regisler

Each DMA channel has & 15-bit Current
Address Register which holds the address
used during transfers. Each chantel can be
programmed to increment or decrement this
register whenever a transfet is completed.

CPU in consgcltive 8-bit bytes,

Current Word Count Register

' Each channe! has a Current Word Count
Register which determings the number of
transfers to perform. 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
rall-pver gccurs the 82C110 will generate T/C.

Base Address Register

Associated with each Current Address Regis-
ter is 2 Base Address Register. This is 2 write
only register which is loaded by the CPU
B when writing to the Current Address Register.
The purpose af this register is to stpre the
initial value of the Current Address Register.

Base Word Count Register

This register preserves the initial value of the
Gurrent Word Count Register. [t is also a write
oniy register which is loaded by writing to the
Current Word Count Register.

This register can be read or written by the _

- to utilize a rotating priority séheme for

Command Register

_.This register controls the averall 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.

msb Cl - isb
67 bb '

b5 b4 b3 b2 b1 b0
DAK DRQ EW FAP_ CT .CO AH MM

DAK—DACK active level is detummed by
bit 7. Programming a 1 in this bit position
makes DACK an active hlgh signal.

DRQ—DREQ active Fevel is determlned by
bit 8. Writing & 1 in this hit position causes
DREQ to become active low.

EW—Extended Write is enabled by writing a
1 to bit 5, causing the write commands to.be
asserted ¢ne DMA cycle earfier during a
transfer

RP—Writing a 1 tc bit 4 causes the 82C1H0

honoring DMA requests. The default condi-
tion is fixed priority.

CT—-Compressed tfming is enahled by writ-
ing a 1 1o bit 3 of this register. The default 0
condition causes the DMA to operate with
nermal timing.
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CD—Bit 2 is the master disable for the DMA
cantreller, Writing a 1 to this location dis-
ables the DMA subsystem. This function is
normally used whenever the CPU needs to

reprogram one of the channels to prevent = -

DMA cycles from ocguring.

AH—Writing a 1 ta bit 1 enables the address
hold feature in Channel ¢ when performing
memory-to-memory transfers.

M-M—A 1 in the bit 0 position enables
Channel 0 and Channel 1 to be used for
memory-to-memory transfers.

Mode Register

Each OMA channel has a2 Mode Register
associated with it. All four Mode Registers
reside at the same /O address. Bits 0 and 1
of the Write Mode Register command de-
termine which channel's Mode Register gets
written. The remaining six bits contral the
mode af the selgcted channel. Each chan-
nel's Mode Register can be read by seguen-
tially 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. Buring
mode read operations, bits 0 and 1 wilt both
be 1.

msb 1sb

7 b6 b5 b4 b3 b2 b1 b0

M1 MO DEC- Al TT1 TTO.CS1 GS0
' (Read!WriiE‘Registef) o

M1-MO—Mode selection for each channel is
agcomplished by bits B and 7.

M1 M0 MODE

0 0 Demand Mode

Q 1 Single Cycle Mode
1 o " Block Mode

1 1 Not Valid

. DEC—Determines direction of the address

counter. A one In tit 5 decrements the ad-
dress after each transfer. )

Al=The Autoinitializatich firction is enabled
by writing a 1 in bit 4 of the Mode Register.

TT1-TTO—Bits 2 and 3 contral the type of
transier which is to be performed.

T TTO TYPE
0 0 ‘Verify Transfer
0 1 Write Transier
1 0 Read Transfer
1 1

lllegal

CS1-CS0—Channel Select bits T and O
determine which channel's Mode Register
will be written. Read back of a mode register
will result in bits 1 and 0 both being ones.

CHANNEL

CcS1 cs0
0 0 Ghannel 0 select
o 1 Chipnel 1 selcet
1 0 " Channel 2 select
1 1 Channel 3 select

Request Register

This is a four bit register dsed 1o generate
software réquests (DMA service can be re-
quested either externally or unider software
control). Request Register bits can be set or
reset independently by the CPU. The Re-
guest Mask has no effect on” soltware ge-
nerated requests. All four bits are read in
one operation and appear in the lower four
bits of the byte. Bifs 4 through 7 are réad as

ones. All Tour request bits are cleared to zero

by RESET. =
msb Isb
BT b6 b5 b4 . b3 b2 BT B0
X X. X X ‘X RB _AS1 ASD

et

(Write Operation)
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RB—The request bit is set by writing a 1 fo
bit 2. RS1-RS0 select which bit (channel) is
to be manipulated.

RS1-RS0—Channef Select 0 and 1 determine

which channel’s Mode Register will be writ-
ten, Read back of the mode register will
result in bits 0 and 1 both being ones.,

MB—Bit 2 sets or resets the request mask
bit for the channel selected by MS1 and
MSQ. Writing a 1 ir: this bit position sets the
mask mhlbs\mg external requests

Ms1 MS0—These two bils select the specific
mask bit which is to be set or reset.

MSo

‘MS1 CHANNEL
RS1 RSO CHANNEL .0 0 Channel 0 select.
0 Q0 Channel 0 select 0, 1 . Chandel 1 select
0 1 Channel 1 select 1 a Ghannel 2 select
1 0 Channel 2 select 1 L. 3. Channel 3 select
1 1 _ Channel 3 select o

Format for the Request Register read opera-
tion is shown below.

msh . Isb
b7 b8 bS5 b4 B3 b2 b bd
1 11 1 RC3 RC2 HCT RCO

(Read Operation)

RC3-RCO0—During a Request Reglster reag,
the state of the request bit associated with
each channel is returned in bits 0 through 3
of the byte. The bit position corresponds to
the channe! number.

Request Mask Register

The Request mask register is a set of four
bits which are used 1o 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 oper-
ation is shown below.

msb R . 13D
b7 b6 bS b4 B3 b2 bl ko
X X X X X MB MS1 MSO

(Set/Reset Cperation)

Alferhatively"éll four mask bits can be prb-
grammed in one operation by writing to the

Write All Mask Bits address. Data format for

this and the Read All Mask Bits functian is
shown below,

msb 7 ) 7 - Isb
. b7 . b6 b5 b4 b3 b2 ,b1 B0
X X X X MB3 MHE2 MB1 MB0

(Read/Write Operatioh]

MEB2-MB0—Each bit position in the field rep-
resents the mask bit of a channel, The mask
bit number corresponds to the channel num-
ber associated with the mask hit.

All four mask bits are set following a RESET
or a Master Clear command. Individual chan-
nel mask bits will be set as a result of termi-
nal count being reached, if Autoinitialize is

disabled. The entire register can be cleared,
enabling all four channels, by performlng a

© Clear Mask Heglster operation.

Status Register

The status of all four channeis can be deter-
mined by reading the Status Register. Infor-
mation is available 1o determine if a channel
has reached terminal count and whether an
gxternal service request is pending, Bits 0-3
of this register are cleared by RESET, Master

17
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Clear or ezch time 2 Status Read takes place.
Bits 4-7 are cleared by RESET, Master Clear
or the pending request being deasserted.
Bits 4-7 are not affected by the state of the
Mask Register Bits. The channe! number
corresponds to the bit position.

msb [sb

bY b6 bS bd b3 b2 bl bl

DRQ3DAOZDRGTDRQO TC3 TC2 TC1 TCO
{Read Only Register)

Temporary Register

The Temporary Register is used as a tempo-
rary holding register for data during memory-
to-memory transfers. The register is loaded
during the first cycle of 2 memory-te-memory
transfer from D0-D7; During the second cycle
af the transfer, the data in the Temporary
Hegister is output on the D0-D7 pins. Data
from the last memory-to-memory transier
will remnain in the register unless a RESET or
Master Clear occurs.

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 read or write. Information an the
data lines is ignored by the 82C110 when-
ever an write activated command is issued,
thus data returned on read activated com-
mands is invalid. .

Clear Byte Pointer Flip-Flop—This command
is normally executed prior to reading or writ-
ing %o the address or word count registers.
This initializes the flip-flop to point to the
low byte of the register and allows the CFU
to read or write the register bytes in correct
sequence.

Set Byte Pointer Flip-Flop—Setting the Byte
Pointer Flip-Flop allows the CPU to adjust
the painter to the high byte of an address or
word count register.

Master Clear—This command has the same
effect as a hardware RESET. The Command

Register, Status Register, Request Register,

‘Temporary Register, Made Register Counter

and Byie Pointer Flip-Flop are cleared and
the Request Mask Register is set. fmmedi-
ately following Master Clear or RESET, the
DMA will be in the Idle Condition.

Clear Request Mask Register—This com-
mand eriables all four DMA channels to ac-
cept requests by clearing the mask bits in
the register. ) :

Clear Mode Register Counter—in order to
aliow access to four Mode Registers while
only using one address, an additional count-
er is uged. After clearing the counter all four
Made Registers may be read by doing suc-
cessive reads to the Read Mode Register
address. The order in which the registers
will be read is Channel 0 first, Channel 3
last.

INTERRUPT CONTROLLER
The interrupt contraller is the functional

equivalent of the B259A plus additional logic. -

It supports one non-maskable (NMI) and eight
maskable interrupt levels. Interrupt levels 2-7
are available at the system 10 channel. When
used with an XT-type keyboard, interrupt
levels § and 1 are generatéd internal to the
82C110. Leval 0 is the highest priority and it
is connected to Counter/Timer channel 0 to
provide a periodical interrupt for the timer
tick, Im an XT system, Level 1 is used for the
keyboard and is connected internally to the
keyboard interface. In a Model 25/30-type
systern, Level 1 is brought out to a pin and
the interrupt must be genarated by the external
keyboard interface. It is shared by the key-
board, pointing device such as a maouse, and
the real time clock; the sharing mechanism is
handled by external hardware and the BIOS
service routine through interrupt vector 71H.

The Interrupt Controller also handles Non
Maskable Interrupts coming from the Real
Time Clock, Numeric CoProcessor, Power
Failurs Indicator, Parity Checker, and the 1O
Channel Check (IOCHCHK) signal. Since only
one NMI pin exists on the processor, the NMI
sarvice routine reads a register to determine
the source of the NMI.

L T
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Interrupt Assignmerits: ey
. IN-SERVICE

Level System Board 1/0 Channel REGISTER
NMI  Parity Check 1/O Channel _

CoProcessor "Check '

Real Time Clock -

Power Failure ) N INTERRUPT
1RQO_ Timer Channe! 0 Not Available IRIRT == REQUEST [
IRQ1  Keyboard Not Available

Painting Device (opt) | erioRTy

Real Time Clock (opt) mesolver [>T
IRQ2 Video ) Available
IRQ3. . Not Used Available TTERALPT
IRQ4  Serial Port Available asclsren
IRQ5  Hard Disk Available —
IRQS Floppy Disk Available
IRQY  Parallel Port Available N .

VECTOR [ DATA

Figure 2 is a block diagram of the major REGISTER BUS
elements in the interrupt cantrotler. The L

Interrupt Request Register (IRR) is used to
store requests from all of the channets which
are requesting service. Interrupt Request
Register bits are labeled using the Channel
Name IR7-|RO. The In-Service Register (ISR)
cantains all the channels which are currently
being serviced (more than one channel can

he in service at a hmn} In-Sarvica Peg:ster

bits are labeled IS7-ISQ and correspond to
IR7-IR0. The Interrupt Mask Register (IMR)
allows the CPU to disable any or ali of the
interrupt channels, The Priority Resolver
evaluates inputs fram the above three regis-
ters, issues an interrupt request, and latches
the corresponding bit into the In-Service

Register. The contents of the Vector Register
are used to provide the CPU with an interrupt
vector r!urlnﬁ Interrul int Arcknowledne l’INTA\

lecge
cycles.

Figure 2. Interrupt Controller Block Diagram

Two_types of commands are. used to control
the 82C110 interrupt controllérs, Initiafization
Command Words (ICWs) arnd Operational
Command Words (OCWs) -

Initialization Oommand Words

The initialization process cansists of wiiting a
séguence of 3 bytes 1o the linterrupt con-
troller. The initialization sequence is started
by writing the first Initialization Command
Word {ICW1) to address 020H with a 1 on bit
4 of the data byte. The interrupt controller .
interprets this as the start of an initiallzation
sequence and does the following:
1—The Initialization” Command Word Goun-
ter is reset to zero. o :
2—IGW1 is latched into the device
3—Fixed Priority Mode is selected
4—IR7 is assigned the highest prlonty
5—The Interrupt Mask Register is cleared
6—The Slave Mode Address issetta 7
7—Special Mask Mode is disabled
8—The IRA is selected for Status Read
operations
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START

WRITE [CW1 XAD -0 XD4 1

WRITE ICW2 XAD - 1
CASCADE
MODE?
NO

l WRITE ICW4 I XAa0 =1

4

END OF INITIALIZATION
CONTVAOLLER READY

Figure 3. Initialization Sequence

The next two /O writes to address 021H will
foad ICW2 and ICW4. See Figure 3 for a flow
chart of the initlalization sequence. The initial-
ization sequence can be terminated at any
point (all 3 bytes must be written for the
controller to be properly initialized) by writing
to address 020H with a 0 in data bit 4. Note,
this will cause QCGW2 to be writlen.

ICW1—Address 0204

msh Isb

b7 b6 b5 b4 b3 b2 bl bO

X X X S LM X SM IC4

(Write Only Register}

$1—Bit 4 indicates to the interrupt controller
that an Initialization Seguence is starting
and must be a 1 to write ICW1.

LTM—8it 3 selects level or edge triggered
inputs to the IRR. |

SM—Bit 1 selects between Single Mode and
Cascade Mode.

1C4—Bit 0 selects ICW4 needed or not needed.

1CW2—Address 021H

msb Isb
b7 b6 bs b4 b3 b2 b1 bO
Vi V6 V5 v4 V3 X X X

V7-V3—These blts are the upper 5 bits of the
interrupt vector and are pragrammable by
the CPU. The lower three bits of the vector
are generated by the Priorily Resolver during
INTA.

ICW4—Address 021H

msb Isb
b7 b6 b5 b4 b3 b2 b1 bO
X X X EMI X X AECQCI X

{Write Only Register)

EMI—Bit 4 will Enable Multiple Interrupts
from the same channe! in Fixed Priority
Maode.
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AEQI—Auto End Of Interrupt is enabled
when [CW4 is written with a one in bit 1.
The interrupt contreller will perform a non-
specific EQI on the trailing edge of the
sacond INTA ¢ycle.

Operational Command Words

Operational Command Words (QCWs) aliow
the 82C110 interrunt controller 1o be con-

trolled or reconfigured at any time while

operating: Each interrupt has 3 QCWs which

can be programmed to affect the proper
operating configuration and a Status Regis-
ter to monitor controller operation.

Operational Command Word 1 (OCW1) is
located at address 021h and may be written
any time the controller is not in Imtlallzaﬁon

Moda Qnarational rarmenansd Waeds Do
MG, MO QLTS WA I YYD £ Gl IU I-’

(OCwW2, OCWS] are located at address 020H.
Writing to address 020H with a 0 in bit 4 will
place the controller in operational mode and
load QCW2 (if data bit 3 = 0) or OCW3 (if
data bit 3 = 1).

OCW1—Address 021H

msb._. . . .. . . .Ish
b7 b6 b5 b4 b3 b2 bl bo

M7 MB M5 M4 M3 M2 M1 MO

(Read/Write Reglster)

M7-M0—These bits control the state of the
Interrupt Mask.Register. Each Interrupt Re-
quest can be masked by writing a 1 in the
apprapriate bit position (MO cantrols (BO
ete.). Setting an IMR bit has no affect on
lower priority requests. All IMR bits are
cleared by writing ICW1,

OCW2—Address 020h

msh . ish

b7 b6 b5 b4 b3 b2 b1 bD
R 8L EOI 81 2/3 L2 t1 Lo
(Write Only Register)

R—This bit in. conjunction with SL and EOI
selects operational fanction. Wrifing a 1 in
bit 7 causes cne of the rotate functions to be
selected.

R SL EOI Function

1 0 . 0. Rotate ¢n aufo EO1 enable’
10 1
171 0 Specific Rotate Command
1 1

*This function is disabled by writing a zero 1o all
three bit positions.

‘Rotate an nan-spetific EQ

1 Rotate on specific EQl

SL—This bit. in"conjunction with R ard E0I
selects operational function. Writing a 1 in
this bit position causes a specific ar imme-
diate function to ocecur. All specific com-

‘mands require L2-L0 té be valid excep! no

operation.

R SL EOI “Function

[ 0 No operation

a 1 1 Specific EQI Command ,
1 1 0 cific Rotate Command
11 1 Rotate on specitic EOl

- e N H L s
EO!—ThIS h:t in conjuncnon wnh R and SL
selects operational function. Writing a 1 in
this bit position causes a function related to
EOI 16 occur™ ™

SL EOI Function _

R
0 0 1 MNon-spécitic EQl Cémmand
Q
1
1

1 1 Specific EOl Command .
0 1 Rotate on non-specific EQ|
1 1

Rotate on specific EO

:&§l—Writing a 0.in this bit position takes the
<interrupt controller out of initialize mode

and writes OCW2 ar OCW3.
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2/3—If the 1/Q write places a 0 in bit 4 (Si),
then writing a 0 in bit 3 {2/3) selects OCW2
and writing a 1 will setect QCW3,

L2-L0—These three bils are internally de-
coded to select which interrupt channel is to
be atfected by the Specific command. L2-L0
must be valid during three of the four specif-
ic cycles (see SL above).

QCW3—Address 020H

msb Ish

b7 bb b5 b4 b3 b2 b1 b0

0 ESMM SMM S! 2/3 PM RR RIS
{Write Only Begister)

ESMM-—Writing a 1 in this bit position en-
ables the Set/Reset Special Mask Mode func-
tion controlled by bit § {SMM), ESMM allows
the other functions in QCW3 to be accessed
and manipulated without affecting the Spe-
cial Mask Mode state.

SMM—If ESMM and SMM both are written
with a 1 the Special Mask Mode is enabled.
Writing a2 1 to ESMM and a 0 to SMM dis-
ables Special Mask Mode. During Special
Mask Mode, writing a 1 to any bit position
inhibits interrupts and a 0 enables interrupts
on the associated, channgl by causing the
Priority Resolver to ignore the condition of
the ISR.

S1—See Sl above,

2/3—S3ee 2/3 above. _ . _
PM—FPolled Mode is enabled by wtiting a 1
to bit 2 of OCW3, causing the 82C110 to
perform the equivalent of an INTA cycle

during the next /O read gperation to the

controller. The byte read during this cycle
will have bit 7 set if an interrupt is pending.
If bit 7 of the byte is set, the level of the
highest pending request will be encoded on
bitg 2-0. The IRR will remain frozen unti! the
read cycle is completed at which time the
PM bit is reset.

RR—When the RR bit (bit 1} is 1, reading the
Status Port at address 020h will cause the

" contents of IRR or ISR {determined by RIS)

to be placed on D7-D0. Asserting PM forces
RR reset.

RIS—This bit selects batween the IRR and
the 1SR during Status Read operations if RR
=1,

Interrupt Sharing

Interrupt Sharing allows more than one device

to use a single interrupt level. In a Modet
25/30, the keyboard, pointing device and
real-time-clock all share the same interrupt
tevel. In a Mode! 25/30 look-alike design, a
keyboard/mouse interface that emulates 1BM's
implementation must be done with external
hardware. In the 82C110's "PS/2" keyboard
made, the IR [line is an input driven by the
external keyboard/mouse interface. The ex-
ternal circuit must insure that if multiple in-
terrupt requests are pending, the interrupt
line must return to the inactive (low) state
after each interrupt is serviced. This will insure
that the interrupt controller in the 82C110
sees a rising edge for each interrupt, otherwise
the request wilt be lost.

TIMER

The timer circuit is functionally equlvalent to
the 8254 timer. Channel 0 is used as a
general-purpase and software interrupt timer.
Channel 1 ig unused, and channe! 2 is used
to support tone generation for the audio
speaker. The timer channel clock rate, referred
to as TMRCLK in rest of the explanation, is

. derived by dividing a 4.77 MHz clock by 4.

Each channel has a minimum timing resolution
of 840ns.

The Counter/Timer {CTC) in the 82C110 is
general purpose, and can be used to generate
aceurate time delays under software control.
The CTC contains 3 16-bit counters {Counter
0-2) which can be programmed to count in
binary or binary coded decimal (BCD}. Each
counter operates independently of the other
two and can be programmed for operation as

atimer or a counter.

22




CHIFS

PRELIMINARY

All three of the counters shown in Figure 4
are controlled from a common set of control
logic. The Control Logic decodes control in-
formation written fo the CTC and provides
the controls necessary to load, read, con-
figure and contrel each counter. Counter 0
and Counter 1 can be programmed for all six
modes, but Mode 1 and Mode 5 have limited

neafidlnoce Aita dn e sl Af am Aviaesal
usefuiness dug tc the lack of an external

hardware trigger signal. Counter 2 can be
operated in any of six modes listed below, -

Mode 0
Mode 1
Mode 2
Mode 3
Mode 4
Mode 5

Interrupt on terminal count

Rate generator

Square wave generator
Software triggered strobe
Hardware retriggerable strobe

COUNTERC Vg

TMRCLK CLK GATE

- QUT p=-TO {RAD

COUNTER®  Vegg

CONTROL J CLX GATE <—I
Cs, HD
WR LoGIC our
COUNTER 2

‘—wJ CLK GATE |~+— GATE2
- QUT b= QUTZ

Figure 4. Counter/Timer Block Diagram

Counter Description

Each counter in the CTC contains a Control
Register, a Status Register, a 16-bit Counting
Etement (CE), 2 pair of 8-bit Counter Ihput
Latches (CIL,CiH},and a pair of 8-bit Counter
Qutput Latches (COL,COH).

Hardware retriggerable one-shot

The Control Register stores the mode and
command information used to control the
counter. The Control Register may be loaded,
by writing a byte, containing a pointer to the.
desired couftter, to the Write, Control Word

" address (043h). The remaining bits in the

byte contain the mode, the type of command
and count format information. .

The Status register aliows the software to
monitor caunter condition and read back the
contents of the Control Register.

The Counting Element is a locadable_16-bit.
synchronaus down countes. The CE is loaded
or decremented on the faIImg edge of
TMRCLK. The CE containg the maximim
count when a 0 is loaded; which is equwalent
o 65536 in binary operatian or 0000 in BGD.

The CE daes not stop when it reaches 0. In
Modes 2 and 3 the CE will be reloaded and in
all other modes it will wrap around o FFFF in
binary operation or 9999 in BCD.

The CE is indirectly loadeﬂ' by writing one or
two bytes (optional) to the Counter Input
Latches, which are in turn loaded into the
CE, This allows the CE to be loaded or re-
icaded in one TMROLK gycie.

“The OE is also read indirectly by reading the

contents of the Gounter Output Latches. COL
and COH are transparent latches which can
be read while transparent or iatched (see
Lateh Counter Comimard).

Programming The CTC

After power-up the condition_of CTC Conrro[
Regisiers, counter registers, CE, and the out-
put of all counters is undefined. Each counter
must be programmed befora it can be used,

Counters are programmed by writing a Con-
trol Word  and then an initial count. The
Control Register of a counter is writien by
writing to the Control Word address (see
Figure 5). The Control Word is a'write only
lecation.
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Address Eunction
040h Counter 0 Read/Write

041h Counter 1 Read/Write

042h Counter 2 Read/Write
043h Controf Register Write Only

Figure 5. Counter/Timer Address Map

M2-M0—Bits 3-1 determine the counter's
mode during Read/Write Counter Commands
{see Read/Write Counter Command) or se-
lect the counter during a Read-Back Cam-
mand (see Read-Back Command). Bits 3-1
become “don't care” during Latch Counter
Commands.

Control Word—{043H}

F3-F0—Bits 7-4 determine the command to
be performed.

BCD—Bit 0 selects binary coded decimal
~ counting format during Read/Write Counter
— Commands. Note, during Read-Back Com-
mand this bit must be 0, .

" Read/Write Gounter Command

When writing to & counter, two conventions
must be observed:

i—Each counters’ Control Word must be
wrltten before the mltlal count is written.

2—\Writing (he |n|t|al count must follow the
format specified in the Control Word (least
significant byte only, most significant byte
only, or least significant byte and than most

significant byte).

A new initial count can be written into the

msb Ish counter at any time aiter programming with-
b7 b6 b5 b4 bd b2 bl b0 out rewriting the Control Word providing the
— programmed format is observed.
F3 F2 Ft FO M2 M1 MO BCD - - _
e Oniy Fegise L e o Commands M2

F3 F2 F1 FO Command

0 .. O 0 Lateh Counter O (see Counter Latch Gommand)

0 0 0 1 Read/Write Counter 0 LSB Only . o

0 0 1 0 Pead/Write Counter 0 MSB Only

0 o 1 1 Read/Write Counter 0 LSB then MSE

0 1 0 0 Latch Coupter 1 {see Counter Laich Command)

0 1 0 1 Read/Write Gounter 1 LSB Qnily -

0 1 1 0 Read/Write Counter 1 MSB Only _

[ 1 1 1 Read/Write Counter 1 LSB then MSB

1 0 0 0 Latch Counter 2 (see Counter Latch Command)2

1 0 0 1. Aead/Write Counter 2 LSB Only o

1 0 1 0 Read/Wrlte Counter 2 MSB Qnly )

1 0 1 1 Fead/Write Gounter 2 LSB than MSB N

1 1 X X Read-Back Command (see Gounter Read-Back Command)

MSB = most signiiicant byte
LSB = least significant byte
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. M2 M1 MO Fum:tio;lm

v Select Mode Q

Select Mode 1

Select Mode 2

Select Mode 3

Select Mode 4

mlalx|iX|o|O
alalal=a|lolo

[~ Jof[=|o|=

Select Mode 5

Latch Counter Command

When a Latch Counter Command is issued,
the counter’s output fatches (COL,COH)
latch the current state of the CE. COL and
COH remain latched until read by the CPU,
ot the caunter is reprogrammed. The output

latches then return to a “transparent” con-~

dition. In this condition the [atches are en-
abled and the contents of the CE may be
read directly.

Latch Counter Commands may be issued to
more than one counter before reading the
tirst counter to which the command was
issued. Also, multiple Latch Counter Com-
mands issued to the same counter without
reading the counter will cause alt but the
first command to be Igricred.

Read-Back Command

The Read-Back Command atlows the user to
check the count value, Mode, and state of the
QUT. signal and Null Count Fiag of the selec-
ted counter{s).

The forrat of the Read-Back Command is:

msb . . Isb
b7 b6 b5 b4 b3 b2 bHt O
1 1 LG LS C2 ¢C1 ¢ O

LC-—Writing a 0 in bit § causes the selected
counter(s) to latch the state of the CE in
COL and CCOH. : T -

#

LS—Writing a O in bit 4 causes the selecied
counter(s) 1o fatch the current condition of
it's Confrol Register, Null Count and Output

" into the Status Register. The hext read of the

- reprogrammed. —

.Courter will resulf .in the contents of the
“Status Registér being read (see Status,
7Read) -

.c2-C0——Wntmg a 1in bit 3 causes Counzer

3 to latch one or both of the registers speci-
fied By LC and LS. The same is trde for bits
2 and 1 except that they énable Counters 1
and O respectively. .

Edch counter's latches remain latched until_
either the latch is read or the counter Is,.

IFLS = LC = 0, status Will be returned on the

next read from the counter. The next one or
two réads (depending on whether the coun-
ter is programmed {0 transfer one or two
bytes) from the counter result in the count
being returned.’ o

Status Byte . T,

msb ) - LT ... Isb

b7 b8 b5 b4 b3 b2 bl bo
OUT NC F1 FO . M2 M1 MD BCD
OUT—Bit 7 contains the state of the OUT

signal of the counter

-NC—BIt 6 cohtains the ’conditfon"of the Null

count Flag. This flag is used fo indicate that
the contents of the CE are valid, NC_wilLbé™ .
set t0 a 1 during a write to the Cantrol

Register or the colnter, NG is cleared to a 0

whenever the counter is loaded from the
counter input reglsters

F1—Fn—Bnts 5-4 contam the F1 and FO Com- :
mand bits which were written to the Com-
mand Register of the counter during initiali-
zation. This information is useful in deter-

“mining whether the high byte, the Tow byte

of both must be transferred during counter
read/write operations.
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M2-M0—These bits reflect the mode of the
counter and are interpreted in the same
manner as in Write Command operations.

BCP—Bit 0 indicates the CE is operating in
BCD format.

Counter Qperation

Due to the previously stated restrictions_in
Counter 0 and Counter 1, Counter 2 will be
used as the example in describing counter
operation, but the description of Mede 0, 2,
3 and 4 is relevant to all counters.

The following terms are defined for describ-
ing CTC operation.

TMRCLK pulse—A rising edge followed by a
falhng edge of the TMRCLK.

counter load—The transfer of the 16-bit
value in CIL .and CIH to the CE. .~

initialized—A Control Word written and the
Counter Input Laiches loaded.

Counter 2 operates in one of the following
modes.

Mode 0—Interrupt on terminal count

Writing the Control Word causes OUT2 to
go low and remain tow until the CE reaches
0, at which time it goes back high and re-
mains high until a new c¢ount ar Control
Word is written. Counting is enabled when
GATEZ = 1. Disabling the count has no effect
on QUT2,

The CE i5 loaded with the first TMRCLK

Alea aftar tha Cantrnl Ward and initial ~onnt
FUISE GBS R UG BV L G e LOITR

are loaded. When both CIL and ClH are
written, the CE is loaded after CIH is written
(see Write Operatlons). This TMRCLK puise
does not decrement the count, so for an
initial count of N, QUT2 does . not go high
untit N+1 TMRCLK pulsés after initialization.
Writing a new initial count to the counter
reloads the CE on the next TMRCLK pulse
and counting continues from the new count.

_Mode 2—Rate generator

If an initial count is written with GATE2 = 0,
it will still be loaded on the next TMRCLK
pulse but counting does not begin until
GATEZ = 1. DUT2 therefore, goes high N
TMRCLK pulses after GATEZ = 1.

Mode 1—Hardware retriggerable one-shot

Writing the Control Word causes QUT2.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 ong.

Any subseguent triggers while OUT2 is low
cause the CE to be reloaded, extending the
length of the pulse. Writing a new count to
CIL and CIH will not affect the current one-
shot unless the counter is retriggered.

Mode 2 functlons as a divide-by-N counter,
with OUT2 as the carry. Writing the Control

‘Word during initialization sets QUT2 high.

When the initial count is decremented to 1,
QUT2 goes low on the_next TMRCLK pulse.
The following TMRCLK pulse returns QUT2
high, reloads the CE and the process is
repeated. [n Mode 2 tha counter continues
counting {if GATEZ = 1) and will generate an
OUT?2 pulse every N TMRCLK cycles. Note
that a count of 1 is illegal in Mode 2. '

GATE2 = 0 disables counting and forces
QUT2 high immediately. A trigger reloads
the the CE on the next TMRCILK pulse. Thus
GATEZ can bBe used to synchronizé the
counier to 8xternal events.

'Wrut:ng a new count wh’i’é countmg 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.
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Mode 3—Square wave generator

Mode 3 is similar to Mode 2 in every respect
except for the duty cycle of QUT2. 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 aven count,

e
the duty cyecle of OUT2 will be 50% (high =
Iow = N/2). For odd count values, OUT2 is
high ome TMRCLK cycle longer than it is
low. Therefore, high = (N+1)/2 and low =
(N-1)/2.

Vmmadmed paothl o o st

Mode 4—Software triggered strobe

Writing the Control Word causes QUT2 to
go high initially. Expiration of the initial
count causes OUTZ t0 go low for ong
TMRCLK cycle. GATE2 = 0 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. OQUTZ2 will go low for one TMRCLK
cyele, (N+1) gycles 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 TMARCLK pulse and the se-
quence continues from the new count. This

allows the sequence to be “retriggerabie” by

software. —

" Mode 5—Hardware triggered sirobe

Jeldlmm dlam Meacdem] WAlaeAd Aacisas ﬁl 170 tn

"VVIII.IJIH LHE AL VYRTY Causes Uuie 10

go high initially. Counting is started by trig-
ger. The'&xpiration of the initial count causes
QUT?2 to go low far one TMRCLK cycle
GATE2 = 0 disables countmg

The CE is lpaded on the TMROLK. puise
after a trigger. Since loading the CE inhibits
decrementing, CUT2 will go low for ong_
TMRCLK cycle, (N+1) TMHCLK cycles after
the frmnar

If a new count is loaded during counting,
the current counting Sequence will not be
affected uniess a triggef occurs. A trigger
causes the counter to be reloaded from Cil
and CIH, making the counter “retriggerable”.

GATE2

_ In Modes 0, 2, 3'and 4 GATEZ2 Is level sensi-

tive and is sampled on the rising edce of
TMRGLK. In Modes 1,28 and 5 the GATE2

Mode Condition
Low - Rising High
0 Disahtes Gounting — ' Enables Counting
1 e - 2) lnitiates Counting — -
b) Resets Qut Pin
2 a) Disables Counting Initates Counting énable@ Cou'r:l_t-iﬁ_gw T
b) Forces Qut Pin High
3 a) Disables Counting, Initiates Counting Enables Counting —~~
b} Forces Out Pin High e =
Disables Co'u_'ﬁting —_ Enables Countlng = _
8 — Initiates Counting —_ '

Figure 6. Gate Pin Function
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input is rising-edge sensitive. This rising
edge sets an interral flip-flop whose output
is sampled on the next rising &dge of
TMRCLK. The flop-ifop rasets immediately
after being sampled. Note that in Modes 2
and 3 the GATE2 mput is both edge and
level sensitive.

PROGRAMMABLE PERIPHERAL INTERFACE
(PPY)

The B2C110 PPI is a subset of the 8255. It has
all the four registers, but it is limited to mode
D (basic inpu/output). No handshake is re-
guired when data is read from or written to a
specific port. I/O address 60H is referred as
port A, 61H is port B and 62M is port C.

The programming is similar to that of the
8255 PPI, but the external Interface is different.

Some of the bits are internal and hardwired .

g0 they cannot be changed.

The input partion of port A (60H) is for the
keyboard scan code (if an XT-type keyboard
is being used). If a PS/2 type keyboard is
belng used (selected by a bit in the configu-
ration registers) Port A (60H) is disabled so
that it may be implemented externally, Port B
{61H) is the cantrol port and port G (62H) is
the status port for various system functions
described below. Port 63H is the command/
mode register for these three 1/Q ports. in the
normal operation of the PC/XT, the controf
word is programmed to 99H: Port A (60H),
and port C (62H) are |nput5 and port B (ETH}
is output. R

To Program the PPI:

1. Select the desired operational modes for
both group A and group B, by selacting
the appropriate combination of bits 6.5,
and bit 2.

2. Bit 7 should be 1 to select the Mode Set
function,

3. Select the grouping of inputs and outputs
(bits 0, 1, 3, and 4)

4. Write the Mode Control ward o port 83H.

Singie Bil Set/Reset Mode

Any of the bits in port C can be Set/Reset
using a singte OUT instruction. To Set/Reset
any Part C hits; ~

1. Select the bit to be set/reset (bits 3:1}.

2. Select bit O for set (1) or reset (0).

3. Set bil 7 io T fo seiect ihe Singie Bit mode,
4. Write the control word to port 63H.
Parallel Port Bit Definition

Paort A (60H) - R {XT Keyboard Mode Only)
R-Keyboard Scan Code

Port B (61H) - W

bit 7
port 0 and generate keyboard clear
NMI if port 72, bit 6 is setl.

0 - Enable Keyboard. (Default)
1 - Clear Keyboard.

bit 6
- - For XT keyboards only.

0 - Hold Keyboard Clack Low.
1 - Normal Keybaard Clock,

(Default) S

IOCHCKEN,
Enable.

0 - Enable /O Channel Check.
Default. .

1 - Disable I/O Channel Check.
(Default)

PCKEN, Parityuc-:heck- Enéble.

0 - Enable Parity Check. {Default)
1 - Digable Parity Check.

Read High/Low Swiiches

0 - Low Nibble Switches
1 - High Nibble Switches {Default)

bit 5 IO ‘Channel Check

bit 4

bit3

bit 2 Reserved.
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bit 1 SPKDATA - Speaker Data

0 - Disable Speaker Data, SPKDATA
output (pin 70) will remain LOW.
1 ~ Enable Speaker Data. (Default)

bit ¢ TMR2GTSPK - Timer 2 Gate Speaker
Controls the Gate 2 input of the
timer,

0
=
/]
U
J
>
-]
>

n_ Qh-n oot af dim
U TSoD GO O

bit (bit 1) is set to HIGH then
SPKDATA output (pin 70) will be
HIGH, else it will be LOW, (Default)
1 - Enable counting of timer 2.

Port C (82H) - R

Note: The lower nibble of Port C is used to
read ihe configuration DIP switches present
in an XT system. The switches are read as
two groups of four. The high groudp is read
when bit 3 of Port B Is high and the low
group is read whep bit 3 of Port Bis low. Ina
system with the B2C110, these switches do
nat physically exist. They are emulated by a
configuration register. They are provided for
software compatibility only. The values listed
here are those used by IBM in the latest XT,
however they don't actually control anything.
Note that bits 0, 2, 3 and 4 have been redefined
in the Modei 25/30. Since these biis are just
vaiues and do net actually control any hard-
ware, a Model 25/30 compatible BIOS could
use these bits as they are defined by the
Meodel 25/30 instead of the XT definitions.

Low Switches

—

bit @ Loopon POST .. __ _ .=

- 0 - Do not loop on POST

1 - Loop on POST, if any of the
POST routine fails - used for diag-
‘nostic purpesés.

High Switches
hit 7 RAM Parity Check

D - No parily erroc has occurred
1 - Parity error on the mother boarc
. RAM has ocoeurred.

bit & I/0 Chiarnel Chgck

- 1/0 CH CK ling is inactive.
1~ I/Q CH CK line is active - errox
occurred.. "_.

bit 5 Timer Channel 2 Cut

Status of Timer Channel 2 output

"~ When this bit does not change status

- timer channel 2 is not workmg be:
cause; _ z

a. TMR2GTSPK is dlsabled and/or
e .b, shannel 2 has not correctly beer
) _. programmed.

bit 4 Reserved. ... N

pits 2:3. . Number of Disketie Drives
.- 00 - 1 Drive
01 - 2 Drives
10 - 3 Drives
11 - 4 Drives

bit 23 . Planar Ram Size.

00 - 256K
01 - 512K
10 - 576K
11 - 640K

hit 1 Co-Processor Installed

0 - No coprocessor,
1 - Coprocessor is installed.

bits 0:1 Display Type at Power-up

o 00 - EGA . P
D1 - CGA 40x25 )
10 - CGA 80x25 = .
11 - Monochrome B_0><25_ .

Port 63H (R/W) - Mode Set De‘l!nitlon )

bit7 Mode Select . _
(0 - Single Bit SeUReset mods—se
below) .
1 - Mode Set Function
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its 6:5  Mode Selection for Group A

{0 - Made 0
01 - Mode 1
1X - Mode 2

Part A mode {Group'A)

0 - Qutput
1 = Input

it 4

Port G Upper Nibble (G}dup A)

0 - Qutput
1 - Input

Group B Mode Select
0- Mode 0
1 - Mode 1

it 3

it 2

Port B (Group B) '

0 - Qutput
1 - Inpui

Part A Lower Nibble {Group B)

0 - Cutput b
1 - Input

it 1

it 0

Port 63H {R/W)} - Single Bil Set/Resel Mode

hit 7 Mode Select, T

0 - Single Bit Set/Reset Mode
(1 - Mode Set Fungtion—see above)

hit 6:4  Don't Care

bit 3.1 Bit Select

000 - Bit 0
001 - Bit 1
010 - Bit 2
011-Bit 3
100 - Bit 4
101~ Bit §
110 - Bit 6
111 - Bit 7

bit 0 Set/Reset

0 - Reset
1 - Set”

KEYBOARD INTERFACE

The keyboard interface makes provisions to
bypass the internal [ogic so a PS/2 style
kevboard may be used. Selection is done

- through the Internal Configuration Registers.

When this option. is selected, Port 60H 1s
essentially turned off so that it may be imple-

mented externally.

KBDATA and KBCLK are open collector and
are both input and output when using an XT
keyboard. KBDATA is unuséd and KBCLK
becorres the IRQ1 input when the 8§2C110 is

- used in PS/2 keyboard mode. .

In XT Keyboard mode, the interfade lagic
assembles the serial data from the keyboard
inte bytes. Timing and synchronization is
provided by the KBCEK signal. Internally there
are shift reglsters clocked by KBCLK.

To Receive Characters:

When a key is depressed or released, the
_keyboard controller sends a scan code. The

keyboard logic assembles the Incoming serial
data to a byte. Whenever a byte of information
is ready, an |IRQ1 is sent to the interrupt
controlier. The IRQ1 interrupt service routine
reads port 60H to get the keyboard scan code
and acknowledges by sending a positive pulse

_on part 61H, this clears the shift register for

the next character.

MEMOCRY INTERFACE

The 82C110 has a poweriul memory caniroller,
It generates the control signals for dynamic
RAMs and the BIOS ROM. __ )

_The DRAM contral function has an indepen-

dent DRAM refresh timer that can be pro-
grammed to generate a refresh rate from 838ns

to 21448, It also generates al! the necessary

timings and controls for_ 4 banks_of DRAM
arrays. The signals are RAS3-0, CAS, WE,
and the multiplexed addresses MAO-MAS
during refresh and memory accesses.

ROMCS is used to select the ROM BIOS, I is
decoded for address range FOOQOH:FFFFFH,
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ROM interface

ROMGCS is active low for the 64K address
range FO000 to FFFFF, qualified with MEMR.

ROMCS should be connected to the Output '

Enable (OE) of the ROM, and the Chip Enable
(CE) should be tied to ground. Two ROMs
would be used in a 16 bit system, and one
ROM would be used in an § bit system.

Dynamic RAM [nterface

The memory configuration on the system
board is defined in the configuration registers.
Four bits are used to select one of the sixteen
predefined configurations from 128KE to
2.5MB, 8 bit or 16 bit. Connections to the
DRAMs are simplified, because all the contral
and timing slgnals are generated by the
82C110. The B2CTi0 generates RAS, CAS,
'WE and all addresses. CPU commands are
active at the beginning of T2. Memory cycles

8 Bit Memery Configuration

are divided into 3 segments for timing gener-
ation. At 1/3 of T2 RAS is active, at 2/3of TZ
the. DRAM address is multiplexed and WE is
active (if a write cycle), and CAS is active a
the end of T2 (at beginning of T3}. Commands
are inactive at T4, whereas DRAM controls

- are inactive at 1/3 of T4 to account for data

hold ume . [

Address trans|at|ons for LIM EMS are internal,
The value in the EMS register is combinec
with the lower address bits 10 make the com-
plete DRAM address.

The following table shows the actual address
bits present on the multiplexed address (MA)
lines for RAS and CAS cycles for 8 and 16 bil
memory modes depending on the type o
memory device used.

MA Oulpuis 09 08 07 06 05 04 03 02 01 00
RAS (All devices) 09 08 07 06 05 04 03 Q2 .01 00
CAS (54K devices) T — — 03 1w 15 14 13 12 1 08
CAS (256K devices) — 1 17 10 15 14 13 12 11 09
GAS (1M devices) 18 16 17 10 15 14 13 12 11 19
16 Bit Memory Configuration

MA Outputs 9 08 07 06 05 04 03 02 01 00
RAS (All devices) 00 ©08 07 06 05 04 03 02 01 10
CAS (64K devices) 18 16 09 10 15 14 13 12 1. =5 -
CAS (256K devices) | 18 6 1710 15 1413 12 11—
CAS (1M devices) B 16 17 20 15 14 18 12 11 19
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JIso note that in the following table the device The following describes which MA lines to
ize refers to the address width, not neces- connect_to the DRAMSs for both 8 and 16 bit
arily the number of bits per device. For devices:” :
xample, two 256Kx4 DRAMSs could be used
nstead of eight 256Kx1 devices to give the For 8 bit configurations:
arme amount of memory. Although the 256Kx4 N
levices contain 1 megabit, they gre connected ggnggv:qes Use MAQ-7

. evices . . Use MAO-B
nd treated in the memory configuration 1M devices Use MAQ-9

egister as a 256K device.
For 16 bit configurations:

64K Devices . Use MA1i-8
256K Devices Use MA1-9
M Devices LJse MAO-9
#2C110
ADO-AD1S
R-PACK
MAD-MAS —E———' -
ALS244
BUFFER - A
WE A WE
— a3 J— o0-7
CAS VAA- CAS D
J— PARO
RASO — A o RASG P
RASZ EVEN
WE BANK
B | we .
— CAS
AAS3 . PARD
AN o AASZ
— WE
— D3-15
o CAS -]
33 1
o ARG Pl TAR
QDD
BANK
— WE
. D8-13
73 -
32 S PARL
 ——— s e ] —

NOTE: MAO-MAS, WE, CAS, RAS0-RASI ARE CAPABLE OF DRIVING UP TO 9 GRAM LOADS
grrr!gg{ ggmnm BUFFER. ASSUMING DRAM 1 IS 10pA PER LOAD, AND
)= - .

15-Bit DRAM [nterface
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ALU-ADS

MAD-MAS

WE

CAS

RASD

RAST

AAS2

BHE RAS3

10K

8-Bit DRAM Interface

A
—_ D0-D7
WE B
R | €S P
330 RS
2a4
330 ]
(BUFFER) [ o A
b 33‘3' WE g |2eor
S 22 RS
330 ohs e
AAA =
A RAS
= AAAy
230 A
wE o8-07
CAS P
FAS
A
— Dg-D7Y
WE D
Cas
RAS

DRAM MODULES
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1/Q Channel interface

The I/0 Channel interface has been enhanced
by adding variable /O wait state and com-
mand delays to account for slow peripherals
and add-on cards. ADQ to AD1S are decoded
to provide various internal device chip selects
while AD10 to AD15 wil] be used for EMS
page register_address. For all internal O
aceesses DBEN and DBIN are low, thus the
systera bus data bufter is enabled, and the
direction is outward 10 the 170 channel. For

external accesses DBIN is low for 1/O writes, -

and high for 1/Q redds. The addresses (Al-
A19) are latched by the transparent latches
{T4XX373 or equivalent), controlled by the
ALE signal. An intarnally latched AQ signal is
used in conjunction with the above. It should
be buffered, but not latched in the transparent
Jatches. The 82C110 teggles this bit for bus
conversion_cycles.,

During bus conversion cycles a second set of
comrnands are generated by the 82C110. First,
the 82C110 toggles AQ incrementing the ad-
dress,_A second ALE is not generated. 10R,
TOW, MEMA, MEMW, AEN, DEN, BBEN, and
DBIN will be generated accordingly creating
the second cycle.

Configuration Registars

INTERNAL CONFIGURATION/CONTROL
REGISTERS

Selection of the various optlons inthe 82C110
is done through the configuration registers.
There are six internal registers used to define
the 82C110 configuration, These are accessed
through a pair of 1O ports (22H, and 23H).

Tha dafinitions and index addresses of these

e GRdnusns arl CeX aLfrIesse U

are given below.

Access:ng the Conﬂguratmn Regusters is a

_ two step process:

Step 1: Write the index_ -éf the configuration
register to 10 port 22H.

Step 2: Followed by a read/write to 10 port
23H.

To minimize accidéntél‘ v;'i-ifes to these coﬁfit
guration registers, any access {o location 23H
must be preceeded by a write to location 22H,

The configuration setup should be the first
task performed after power is turned on, be-
cause it defines how the 82C110 interfaces to
the rest of the system. For example, it selests
the memory size, bus size and timing options
of the commands. The configuration values
can be stored In external battery-backed-up
SRAM such as in the 8§2C606 CHIPSpak.

82C110

K]
PWRGOOD

a1 +5¢
PS
- QGIKG 1

SYSRET
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Internal Configuration Registers Definition
Index 40H: R/W: - Clock/Mode Size.

CLR-SEL - Clock Select

0 = Slow Clock (4.77MHZ). (Default)
1 = Fast Clock (Max=10MHZ)

DC - Processor Clack duty cycle

= 33% duty cycle {8088/86). (Default)
1 = 50% duty cycle (V20/V30)

Reserved. o
2C - Two Clocks. Two clocks are
present

bit 7:

bit 6:

bits 5-3:
bit 2:

1- Two clocks. A secand c;loc_k_ isat

the POSC input.

This bit must be set before the clock source
can be switthed to run at a hlgher speed

= o+

bit 1. DS - DMA Clock Select
0 - Use system clock for DMA,
1 - Use system clock divided by 2
for DMA. {Default)

bit O 16 - 16 hit memory/IO

Enables the bus conversion logic. It implies
that an 8086 (or V3O0) processor wrth 16 bit
bus is installed. )

D - 8 bit mede.
1 - 16 bit mode. {Default)

Ifthe 82C110 is used with an 88/V20 then the

BIOS must rését this bit immediately.

Index 41H:R/W - Syslem Ccmhguratlon

0- Fleserved

bit 7:
bit &

SR - Software Reset.

0 - Disable Software Reset Function.
Default,

1 - Enable Software Reset Function. -

bit 5: . Reserved.
bit 4 EE—Enable EMS ~ ~ BT
C 0 — Enable EMS (Default) B _
1 — Drsahle EMS
bit 3: CD Command Delay

o~ 0= Normal command timing. Default.
Commarids are asserted during T2,
1-Delay commiand by 1 cycle.

ST Commands are asserted during T3

=ifistéad of T2 to allow additional

.  lime for adapters to decode thelr
address, The command is actually

_ .shortened by 1 cycle. An additional
wait state should be specified to.
maintain the normal command width.

.bit 2: SM - System Memory Timing

0 - Normal wait states.

Systgm memory timing as controlted
. by other configuration reglister bits.

{Default)

1 - Reduced wait states.. .
The number of wait states is forced
to 0 for system memory cycles.
"' 7 System memory is defined as
memoty in the 0-640K range and
EMS address space that is controlled
by the 82C110. When the command
- délay bit is set and an additional
wait state has been specified to
maintain command width, this bit
should alsoc be set to_keep system

memory timing the same.

Peserved.
EP - Enable Parity

cm e v - Enable parity check logic. (Default)
__1 - Disable parity check foglc.

bit 1:
bit 0
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index 42H:R/W - Conliguration Valid

bits 7-1: Reserved.
kit 0:

VG - Valid Configuration

0 - Invalid configuration. When the
82C110 is powered up for the first
time, this bit is 0, indicating that the
configuration data in the configura-
tion registers is invalid and should
be set accordingly.

1 - Valid Configuration. This bit is
set to a 1 by the configuration rou-
tine after it has successfully set tha
configuration registers, This bit will
reain a 1 as long as power remains
connected to the 82C110.

Index 43H:R/W - DIP Switch Emulation

Used to emulate the configuration DIP
switches in an XT system. Default is 30H (1
floppy, monochrome display, 256KB, no 8087).
This register is pravided for software compa-
tibility only and does not actually control any
devices. The exceptlon is bit 1, that tells the
820110 whether or not a co-processor is pre-
sent. The state of this bit tells the 82C110
which RQ/GT line to use The BIOS should
scan the devices present at power-up and
set this register accordingly.

bits 7:6. Number of diskette drives installed

00 - 1 Floppy disk instailed

01 - 2 Floppy disks installed
10 - 3 Floppy disks installed
11 - 4 Floppy Disks installed

bits 5:4: Display type

00 - EGA

01 - CGA 40 * 25

10 - CGA 80 x 25

11 - Monochirome 80 » 25

bits 3:2: RAM size on system board

00 - 256KB

=~ . 01 - 512KB

10 - 576KB

11 - 640KB

8087 Numeric coprocessor installed
0 - Not installed -

1 - Installed

hit 1:

bit &
test)

0 - Do not loop on POST
1 - Laop on POST

Index 44H: R/W - Substitute NM! Vector

. Register, Byte 0

Index 45H: R/W - Subslitute NMI Vector

Register, Byle 1

Index 46H: R/W - Substitute NMI Vector
Register, Byte 2
Index 47H: R/W - Substitute NM! Vector
Regilster, Byle 3

These four registers store the NMI vector that
is substituted whenever an NM| is performed.

This prevents modification of the NM! vector |

except under ¢ontrol of the BIOS.
index 48H: R/W - Refresh Timer Counter
The 82C 110 provides a programmable rafresh
counter which allows usage of slow refresh
) DRAMs. Each value is a multiple of 838 ns
714.31818 MKz divided by 12). A value of 00H
- s invalid, because the counter will never start,
Thereforé the minimum aliowable value is

01H for 838 ns, and the maximum value is’

FFH for 214 ps.

Index 49H: R/W - Wait State Select, Refresh
Enable, and Keyboard Type

There are separate wait settings for 1/O,
memory, arid DMA. The minimum number of
wait states for /O and DMA cycles is one,
. and the minimum for memory accesses is
zero, The maximum for /0 and DMA is four,
and three for memory. The refresh counter
¢an be disabled by clearing bit 1, Bit 0 selects
the type of keyboard to be used. When a
PS/2 Model 25/30 keyboard is selected the

Loop on POST (for wanufacturing




PRELIMINAR

CHIPS

KBDATA output will be disabled, the KBCLK
pin will become the IRQT input and port 60K
will not be enabled allowing it to exist exter-
natly.

bit 7-6: MWS - Memory Wait State

Q0 - O Wait States.” (Default)
01 - 1 Wait State.

10 - 2 Wait States.

11 - 3 Wait States. .

IOWS - I/Q Wait State

00 - 1 Wait State. {Default)
01 - 2 Walt States,

10 - 3 Wait States,

11 - 4 Wait States. )
DMAWS - DMA Wait State
00 - 1 Wait State. Mefault

State. {Default)

01 - 2 Wait Siates.
10 - 3 Wait States.
11 - 4 Wait States.

REFEN - Refresh Enahble

0 - Disable Refresh Counter. (Default)
1 - Enable Refresh Counter.

PS2KB - PS/2 Type Keyboard.

0 - XT compatible keyboard type.
Default,
1 - PS5/2 type keybeard,

bit 5-4;

bit 3-2:

bit 1:

bit O:

bit &

-

Index 4AH: Reserved

Index 4BH: R/W - Memory Ccnfigumhon

0 Heserved
SN Sybstitite NM! Vector

The CPU attempts to read from
locations "00008:C000BH when an
NMI interrupt acknowledge sequence

« . Is performed. if this bit enabled, then
the B2C110 substitutes the NMI
vector stored in CREG<44:47H>> for
the vector stored in memory.

- 0 - Disabled. Default.
1- Enabled.

bit 7:

bit 5-4: 0- Reserved

e

bits 3.0 J'wemory btinnguratlon

Folr bits are used to specify one of
“16 predefined 8 or 186 bit confiqura-
tions from 128KB to 2.5MB,
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B bit wide Conligurations

Value BO Bi B2 B3 Sys EM Total

0 — - — — - —— DK

1 B4K 64K —_ N 128K —— 128K

2 84K - 256K — 320K | — 320K

3 64K B4K 256K -— 384K — 384K

4 64K B4K 256K 256K 640K _ 640K

5 256K - — -_— 256K — 256K

6 256K 2561 - — 512K —_ 512K

7 256K 256K 2561 _ —_ - 640K 128K 768K

8 256K 256K 256K 256K 640K 384K 1024K

9 256K 256K _ 256K 256K 512K 512K 1024K

A a— —_ 1M — - 40K 384K 1024K

B INVALID -

c 256K 256K 1M — 640K 896K 1536K

D - — 1M ™ 640K T1408K 2048K

E INVALID .

F 256K 256K 1M 1™ 640K __1920K 2560K
16 bit wide Configuralions

Value B0 B1 B2 B3 Sys EM Tolal

0 - —— — —_ —_ — -0K

1 84K 64K - — 128K — 128K

2 INVALID

3 INVYALID

4 64K 64K 256K 266K | 640K - L B40K

5 I & Vv ALIED

& 256K 256K - B 512K — 12K

7 I NV ALID :

8 256K 256K 256K 256K 640K 384K 1024K

g 256K 256K 256K 256K 512K T 512K 1024K

A I NV ALID .

B INVALID

C — INVALID o

D — — ™ R 640K _ 1408K 2048K

E - INVALILD

F 256K 256K 1™ 1M 640K _1920K

2560K

Memory Configuration Options

Tha first column is the value that should be
set in the memory configuration field. The
next four columns specify the type of device
used for the respective bank. The next two
columns summarize the amount of memaory
available for system or EMS. The last column

indicates the total amouni of planar memory.
Note: Only configurations with pairs of banks
with identical devices are valid for 16 bit
systems. This is begause in 16 bit mode, BO
and B1 become a single 16 bit bank with the
low arder byte in BO and the high order byte
In B1. The same thing happéns with B2 and
B3. : -
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Index 4CH: R/W - EMS Configuration Register

bit 7:4: Expanded Memory 0O port address.

These bits define the single |0 address port

through which the EMS page registers are
accessed. Bits 15:14 of the 10 address are

used to select which of the four page registers

is being accessed..

Caution: Values that are (R}eserved should
not be used, they may cause conflicts wuth
other devices. .

Value 10 Address Value {0 Address
oH 208H B8 288+ (R)
tH 218H . 9M 29BH (R)
2H 228H (R) AH 2ABH

3H 238H (R) BH 288H

4H 248H (R) CH ZC8H (R)
5H 258H DH 2D08H (R)
BH 2684 " EH 2E8H

7H 278H (R) FH 2FEH (R)

bits 3:0:  Expanded Memory Base Address

This Base Address Specifies the starting ad-
dress of the first 16K byte page that expanded
memaory is accessible at. Up to 3 more pagés
can be made accessible starting at successwe

16K blocks.

Base Base

Value Address Value Address

oH CA000H 5H D4030H

1H C4000H 6H D80ooH

2H C8000H TH DCO%oH

3H CCo0o0H 84+ EQ000H

4H DOAGOH §-FH  Réserved
4DH: Reserved

4EH: Reserved

4FH: Reserved

ADDITIONAL /0 REGISTERS

There are several extra registers needed for
the enhanced features of the 82C110. These
are I/O registers located in Planar 1/O Map
(below 100H), and are extensions of the
standard PG architecture. A

bit2:0

—

72H - Reserved -
7EH - R/'W - NMI Slatus, indicates the source
of NMI.

When an NMI is generated, software needs to
know what the source is in order to process

the correct NMI service routine. The source

_ of the NMI is latched into thig register. The

NMI generated to the processor Is an ORed
condition of any of the NMi Status register
bits.

bit 7
kit 6

Reserved. . L

IOCHCK, I/O Channel Check {pm
72) status.”

When this  bi _is set to 1. th@
ICCHCHK input {pin 72) is LOW
indicating a parity or other error
indication on memory or devices on
the /O channel.

PERR, System memory parity error.

T N T me L T L P )
This bit is set to 1 when there is 2
parity error in the planar syster’
memary. During ‘a memary reac
cycle, PAR1 {pin 92}, and PARO (pin
93) bits are compared. with the cal-
“cufated nr—mtv If they do mot aqres

an NMI v wull be generated (iF NMI's
‘are enabled}, and this bit wlllrbe set.

bit 4:0 Reserved.

TFH - A/W - Resetj

bit7:4  Reserved
bit 3 Software Control[ed Reset

70 Indctive i
1 - Asserts. Systam Reset

When this bit is set, the RESET
output {pin 81) will be active for a
minimurn of four clock pulses, Bit 6
of configuration register 41H must
be set high for this function to waork.

Reserved.

39



CHIPS

PRELIMINARY

AxH - W - NI Contrdl (x = @ through FH}

bit 7 NbE Enable
0 - Disable all NMis.
1 - Enable all NMls, Default.
Resetting this bit to 0 masks off the
NMI signal to the CPU. But an NMI
can be recognized through scftware,
because the sourge of the NMI is
stored in the above MNMI status
register.

bit 60  Reserved,

Enhanced Operating Modes
EXPANDED MEMORY SYSTEM

The Lotus/Intet/Microsoft Expanded Memory
Speciflcation is a functional definition of bank
switched memory expansion modules and
driver programs. EMS allows up to 8MEBE of
expansion memory viewed as 16K8 logical

pages. One to four pages are available to the |

application software, and they can be conti-
guous to 64KB.

Expanded memory should not be confused
with Extended memory, Extended memory is
memory at physical addresses above 1MB
while expanded memary is bank-switched and
addressed below 1MB. Extended memory
applies to systems with CPUs that can address
physical memory larger than 1 MB, such as
the 80286 or 80386.

The LIM EMS allows application software to
access to memory greater than the normal
640K limi¢ in PC and XT architecture machines.
A page mapping scheme is managed by an
EMS software driver. At any time up to 4
pages of successive 16KE are made accessible
through various windows located from GO000H
to EFFFFH. There are two registers in the
Internat Configuration Register, EMIO (Ex-
panded Memory {0 port address) and EMBA
(Expanded Memary Base Address). EMBA
specifies the starting memory address for the
first 16KB page, and EMIO defines the I/Q
port address for the page register. Bits 15:14

.—‘ tm = roos -
this address are used to select which of

the four page registers are being accessed.
The 1/Q address of the page register is set in
ICR 4CH.

Currently there are several varieties of Ex-
panded Memory Specifications. The 82C110
supports the LIM EMS version 4.0.

SOFTWARE CONSIDEHAT[ONS

The EMS installable driver, the EMM (Ex-
panded Memory Manager}, provides the hard-
ware independent interface to the application

" sofiware. The application communicates

dlrectly with the EMM through INT 67H without
MSDOS intervention, -
For more information please refer to:

The Lotus/Intel/Microsoft Exﬁanded Memary
bpecmcatlon VEI’EIOI‘I 4.0 it is avauanle ny
calling Intel at 800-538-3373.

EMS Conliguration definition:

bit 7:4 TEMIO ' T

OH x208H
1H "%218H
2H x228H (R)
3H x238H (R)
4H X248H (R)

.= 5H | x258H
aH X268H
H x278H (R)
8H x288H (R)
aH x298H (R)
AH X2ABH
eH «288H
cH x2CBH (R)
DH x2DBH (R}
EH x2E8H
FH x2F8H (R)

‘Where x = 0, 4, B or CH to select
one of the four EMS page registers.
This upper nibble must be sent cor-
rectly by the 1/O instruction, but is
not used in the actual decode of the
1/Q port. Note that those ports
“marked with an {R) should not be
used because of potential address
conflicts.
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3:0 EMBA
OH CO00DH
1H CAGO0H
2H C8000H
3H CCO00H-
4H DOOVOH
5H D4000H
6H DB00boH
7H DCO0OH
8H E0000H

9H:FH Reserved

To access EMS memory:

1. Select starting memory address through

the ICR, i.e..

. Write Index 4CH fo port 22H

. Select EMBA to be used (low nibble)

. Select EMIO to be used (high nibble)

. Write EMBA and EMIC (as a byte} o
port 23H.

2. Write the four EMS page registers. The
address is determined by EMIO plus the
highest 2 bits (bit 15:14) of the /O port
address to select which of the four registers
being accessed. Each byte in the page
register selects a 16KB block of EMS3
memory.

oD op

3. The EMS memory is then accessed through
the window selected above (EMBA). The

size of the window is 64KB. The four 16KB _

pages are located within the window ac-
carding to the following table:

Page Register Address

Window base
Window base + 4000H
Window base + 3000H

Window base + CO00H

(£ S )

The bit assignment of the page regisiers is
as per the LIM specification. The MSB. .
{Most Significant Bit) is the enable bit for
accessing the expanded memory. Setling
that bit allows software to access expanded
memory. The rest of the bits are used for
selecting any of the available 16KE pages.
The maximum value of the page register
would depend on how much. memory is
available for EMS,

For exarple in 1 MB system, upper 384KB
can_be addressed as expanded memory.

Ir this case the valid page register values
in order to access the expanded memary
would be 80H.through 97H, as there are
18H pages available for expanded memory

CLOCK GENERATION AND SWITCHING

The 82C110 supports two clack speeds for
the CPU and system bus: 477 MHz, and 1/3
of the POSC frequency. It also supports two
duty cycles: 33% and 50% o support 808X
and NEC's V20/V30 GPUs. Clock switching is
synchronized, based on an edge detector that
holds the clock Jow while switching from one
clock to the other eliminating any shon clock
puises.

On power up the defaults are!

4,77 MHz system clock (210 ns clock cycle)
33% duty cycle for GPU clock

To switch clock speed or duty cydle the following '
sequence should be followed:

1. Set the desired number of wait states for
memory, I/Q and DMA, and command
delay to guarantee setup and held time
for the new bus speed Write these values

to the appropriats ICR u}lca:ﬂ: refer lU
Internal Configuration Register section).

2. Switch the clock by writing to ICH40H. ~

1/0 CHANNEL TIMING CONTROL

1O channel iming can be manipulated by set-
ting the apprapriate number of wait states, and
setting command delay ON/OFF. Adding wait
states makes the cycles longer and provides
more data setup time. The wait sfate logic
adds Tw's between T3 and the last cycle (T 4.
Ot thé other hand, delaying the command
gives more time for address setup. If command

- -delay is enabled, the commands (IOH IOW

MEMR, and MEMW) are delayed by one cldck )
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cycle and become active at T3 instead of T2.
Therefore the time between address valid to
command active Is 1 ¢ycle longer than normal
cycles, allowing maore time for external devices
to decode the address. Command delay is
applicable for both I/O and memory cycles.
By setting ICR 41H bit 3 to 1, commmands are

delayed by 1 cycle. Default is normal, no

delays.

DATA CONVERSION

Since the 82C110 can operate with 16 bit
processors (3086 or V30), a 16 bit multiplexed
data bus must be supported. The 82C110 will
control and perform data conversiorn between
the 16 bit processor data and the 8 bit 10
channel.

The effect of bus conversions are:

1. A 16 bit processor read is converted to
two 8 bit [O channel reads.

2. A 16 bit processer write is converted to
two 8 bit 1O channel writes.

The 82C10 recognizes the need for bus
conversion cycles when the following three
conditions are met:

1. BHEiSLOW. . ___
2. AQIs LOW.

3. External cycles. B2C110 determines internat
or external cycles by decading the address
and status information.. The_ cycles re-
quiring bus conversion are: Any memory
access to a leeation not in the planar RAM
or ROM and 1/0 cycles to locations not
internat to the 82110, -

The cross over is done internally. The 82C110

provides the signals to control the enables.
and directions of the_external buffers. Refer

to the conversion cycle timing on the next
pages.

16 bit CPU write to B bit device sequence:

1. The 82C110 issues NOT-READY {READY
is low) to the CPt when it recognizes any
bus conversion cycles.

-2

o

@

CPU transfers 16 bit data to the 82C110.

82C110 allgws the low byte to go through
by seiting PBEN LOW and PEIN HIGH.

. The low byte is transfered directly to the

10 channel. DBEN is set LOW to enable
the /O channel data buffer.

After low byte transfer, 82C110 toggles AQ
to HIGH, sending the odd address to the
1/Q channel.

The high byte is transfered to the low byte
internal 10 the 82C110. Tha write command
is generated and a wait state is added if
programmed to do so, The second (high)
byte is transfered.

READY is sat to HIGH, indlcéting the end
of transfer. -

bit CPU read from 8 bit device sequencs:
82110 issues NOT-READY to CPU.
AQ is set LOW.

. The 82C110. generates a read command

and redds the [ow byte external data into
the on board low byte.

. AQ is toggled HIGH.

5. A second read command is generated.

. The 82C110 transfers the low byte into

high byte intermnally,

. The 82C110 changes READY to HIGH in-

dicating the end of transfer.
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SYSCLK ]

ALE

10W, MEMW

READY

T | T2 | Ta

N rir

[T | ™ |

—

 eS——

Wrile Conversion Cycle
{0 Memory Wait States)

|——EVEN BYTE——

TsITz

g ODD BYTE—

| M1 M rLT]

| Tz | Tw | Ta

—

r

masy | 1

—

[-——EVEN BYTE—»

[stm————— ODD BYTE——P

Read Conversion Cycle
{0 Memory Wait States}
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Address Mapping

0 Map
Address R/W Description
DMA Controller L o )
D0OH R/W DMA Channel 0 current address _ S
00tH R/wW DMA Channel 0 current word count
Q02H R/W DMA Channel 1 current address L --
Qo3H R/W "7 DMA Channel 1 current word count
004H R/w DMA Channel 2 current address
005+ R/W DMA Channel 2 current word count
008H . RwW DMA Channel 3 current address
0O7H R/W - DMA Channel 3 current word count . e
008H W DMA Command Register
R DMA Status Register
00gH w DMA Request Register
QoAR w DMA Single Bit Mask Register _
aoBH LW DMA Mode Reglster
00CH W DMA Clear Byte Painter
00DH w DMA Master Clear
QOEH w Clear Mask Register
OOFH W DMA Write All Mask Register Bit
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Interrupt Controller

020H w INTC 1CW1 o
w INTC QCW2 .
w INTC OCW3
R INTC Interrupt Request Register {Irg)
R INTC In-Service Register {ISR})
R INTG Polling Data Byte
021H w INTC ICW2 _ o
w INTC ICW4
w INTC OCWS T
R INTC Interrupt Mask Register (IMR)
Internal Configuration Registers ' ] B
022+ R/W internal Configuration Index Regiét-é-r T
023 R/W Internal Configuration Data Register
Index Desctiption -
40H R/W Clock/Mode
41H R/W System Configuration
42H R/W Configuration Valid R . I
43H R/W PC/XT DIP Switch Emulatiol N
44H R/W NM] Vector Byte O (LSB) ..
45H R/W NMI Vector Byte 1
46H R/wW NMI Vector Byte 2
475 R/wW NMI Vector Byte 3 (MSB}
48H R/W Refresh Counter
4914 R/W Wait, Refresh, Keyboard .
4AH — - Reserved .
4BH R/W Memory Configuration -
4CH R/AW EMS Caontrol
4D:4FH - Reserved
Timer/Counter Registers T
040H © RW Timer 0 Count Load/Read  _ i T
041H R/W Timer 1 Count Load/Read
042H R/W Timer 2 Count Load/Read - _
043H RW L. Timer Coritrol Waord .
PPI Regislers ) S
060H aw Parallel Port A R i
067TH R/W Parallel Port B - _
Q62H R/W Paraliel Port C ’
Additional 1/G Registers T
a72H R/W NME Control T
O7EH R/W NMI Status
Q7FH R/W RESET ST
0AxH R/W NMI Mask
0CxH R/W Reserved
QExH R/W Reserved
Note: x = O-FH
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DMA Page Registers

OB1H LW DMA Channel 2 Page Register
082H W DMA Channel 3 Page Register
083H w DMA Channet 1 Page Reglster -
EMS Page Registers i -
*208H RAW EMSE Page Register

»218H . R/W EMS Page Register

x228H (R} R/W EMS Page Register

x238H (R) R/W EMS Page Register

x248H (R) R/W EMS Page Register

x258H R/W EMS Page Register

x268H R7W EMS Page Register

X278H (R) R/W EMS Page Register

x288H (R} R/W EMS Page Register

x298H (R) R/W EMS Page Register

x2A8H R EMS Page Register

x2B8H R/W EMS Page Register

x2CBH (R) R/W EMS Page Register

x208H (A B EMS Page Register

X2E8H R/W EMS Page Register

X2FBH (R) R/wW EMS Page Register

Notes:

1. x = QH, 4H, 8, ar' CH o .
2. (R) are reserved and should not be used to aveid conflicts with ather devices,
3. Only one of these registers witl exist at one time. The actual address used I8 pragrammabfe.

Memory Map ) o .
00000-9FFFFH  “RAW RAM B

COODC-EFFFFH  R/W EMS o —
FODOD-FFFFFH = H =~ ROM

B82C110 Absolute Maximum Ratings

Parameter - Symbol Min. Max. Units

Supply Voltage Veo } 3.0 55 N
Input Voltage 7 v, ' {1__5. 55 v B
Quiput Voltage . Vo 05, 55 v !
Operating Temperature ] = Top 25 85 °c _
Storage Temperature Tsre _.. ~ ) -40 125 *C

Nole: Permanent device damage may oceur if Absolute Maximurs Ratings are exceeded. Functional oparation
should be restricted to the conditions described under Cperating Conditions.
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82C110 Operating Conditions

Parameter Symbol Min. Max. Units
Supply Voltage Voo 475 5.25 \'a
Ambient Temperature Ta 0 70 °C
Capacitance (T, = 25°C, Voo = GND = 0V)

Sym Parameter Min. Max. Units Test Conditions
Cin Input Capacitance s — 10, . PF SYSCLK = OSMHz .
Coyr  Output Capacitance . — . 20 . PF Returned to Vss

Cio I/0 Capacitance ) - 20 pF "Unmeasured pins

DC Characteristics (T, = 25°C, Vo = 5V £10%) ]
Sym Parameter Min. Max. Units Test Conditions

ViL Input Low Voltage -05 08 Vv _

Vi Input High Voltage 20 Voot0s ¥ -
VoL Output Low Voltage — 04 Vv gL = 4.0mA (1)

Vou  Output High Voltage 24 - v o = -4.0mA (2)
Ve Clack Output Low 04 vV g =40mA
Ven Clock Output High 39 W . _low = ~4.0mA

Iy Input Leakage Current -0 20 CpA Vi =Vegtov
ot Output Leakage Current -10 20 uh Vg=Vgoto 045V
lee Voo Supply Current .- 30 mA POSC = 30MHz

lsTRY Standby Current —_ ~-10Q ,uAM TPOSC = DC

Notes:

1. lgL = 72mA for RASn ADO-ADT 15 = 15maA for KBOLK, KBDATA. .

2. gy = -24mA for RASn, ADQ-ADT_ ——
82C110 AC Characteristics (T, = 0-70°C, Vg = 5V £10%) .

Symbol Paramater Min Max Units
Resel Signals

t1 Ve Valld to PWRGOOD Active . N ms
@ PWRGOOD to SYSRST Inactive . 200 SRS

13 AESET Active from PWRGQOD ‘0 .. ms

t4 RESET Inactive from CLK 10 Ter3 ns
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82C110 AC Characteristics (Continued}

Symbol Parameter Min Max Units
Clock Signals

110 CX1, POSC Cycle Time - S 34 ns
13 CX1, POSC Rise Time 10 ns
t12 CX1, POSC Fall Time 7 10 ns
113 CX1, POSC High Time 0 ns
t14 CX1, POSGC Low Time 10 ns
t15 CX1, POSG to OSC Delay 8 14 ng
t17 OSC Cycle Time ] T 8 ns
118 QO5C Rise Time 8 ns
119 QSC Fall Time 8 ns
121 OSC High Time o ns
122 OSC Low Time . ns
123 CLK Rise Time 8 ns
124 CLK Falf Time 8 ns
125 CLK High Time (33% Duty Cycle) ns
t26 CLK Low Time (33% Duty Cycle) ns
t27 CLK High Time {50% Duty Cycle) ) ns
28 CLK High Time (50% Duty Cycle) o ns
129 CLK Cycle Period (Tg) ’ 100 ns
POSC POSC Frequency - DC 30 MHz
OsCt OSCI Frequency S Der 30 MHz
Arbitration and Ready Signals

t30 RO Active from CLK 5 45 ns o
31 R4 Inactive fram CLK 5 35 ns
t32 GT Setup from CLK 5 s ns
133 BT Setup from CLK 5 45 ns
134 REL Active from CLK T 45 ns
135 _ BEL Inactive from CLK 5 30 ng
136 TOCHRDY Setup to CLK 5 30  ns
137 1OCHRDY Hald to GLK 5 30 ns
138 READY Inactive from CLK 0 15 ns
139 READY Active from CLK 0 - 15 ns
CPU Interface Signals .

t40 ALE Active from CLK 5 40 ns
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PRELIMINARY

82C110 AC Characteristics (Continued)

Symbol Parameter Min Max Units

t41 ALE inactive from CLK (rising edge T1) 8 24 ns

142 PBEN Active from CLK 10 3. 7 ns

144 PBEN Inactive from CLK Te/3 | Te/3+35 ns

t45 PBIN Delay from CLK 5 .30 ns

146 PBIN Active from CLK Te/3  To/3+20 ns

t47 PBIN Inactive from CLK 2Te/3 2T/3+30 ns

t48 BBEN Active from CLK {read) C2Tgf3. | BTg/3+30 ns

149 ... DBEN Active from GLK (write) o 30,  ns

150 . DBEWN Inactive fram CLK (read/write) To/3 2T/8 ns

151 DBIN Active from CLK o 0 60 ns

t52 DBIN Inactive from CLK Te/3 To/3¥30 s

153 Command Active from CLK 10 35 ns

t54 Cemmand inactive from GLK 0 . 3B ..ns
t55 DEN Active from CLK (read) 2Te/3 2Te/3+30 ns T
t56 DEN Active from CLK (write) 0 3  ns

157 DEN Inactive from CLK (read) 0 < ns
158 DEM Active from CLK (write) 2Te/8  2T/3+30 ns |

59 BHE Active from CLK 10 45 s

160 BHE Inactive from GLK 10 45 s
t61 AD Delay from CLK 20 55 ns

DRAM Control Signals o _ ) o

163 RAS Active from CLK ] T3 TT/3Es s
164 RAS, TAS, WE inactive from CLK To/3” Te/3+25 ns

165 TAE Active from CLK 0 20  hs

166 WE Active from CLK _ T/3 Z1/3vEE ns

167 Row Address Delay From CLK 30 BB, . nms

168 Column Address Defay From CLK 2Te/3 2T/3+25 ns

169 . Address Float Delay From CLK Te/3 To/3+30 ns

ROM Signals o ) .
70 ROMCS Active from CLK 0 3. _ns =
t71 ROMCS Inagtive from CLK 10 30 _ns
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82C110 AC Characteristics (Continued)

Symbol Parameter Min Max Units

DMA Controller Signals

t80 DREQ Setup o CLK 0 ns
a1 DREQ Hold to CLK ’ o ns
ta2 AEN Active from CLK’ ) 2T/3 2T/3+30 ns
a3 AEN Inactive from CLK 2Te/3 7 2T/3+30 ns
t84 DACK Active from CLK . S0 _____ 100 ns
t85 DACK [nactive from CLK 0 . 100 ns
a6 Command Active from GLK 10 35 ns
t87 Command Inactive from CLK 10 35 ns
189 ADD-AD15, A16-A19 Valid from CLK o} .60 ns
Interrupt Controller Signals

112 INTR Active from IRQ 300 ns
13 INTR inactive from CLK o 45 ns
t116 INTR Vector Setup from CLK 30 ns
t117 INTR Vector Hold from CLK ’ 10 ns
{118 IR NMIE Low Width . B 100 ns
1119 “Command Recover Time 150 ns
Notes:

1, Measured between 1.0V to 3.5V for 8088/8086 CPU
2, Measured between 1.5V adn 3.0V for V20/V30 CPU
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.azc1 10 Timing Diagrams
‘ vee . t\‘r
t]—m-

PWRGOOD £
- 12 -
SYSRST X 2
— —
SYSCLK -

RESET

Reset Signals

114

115 —=

—bireﬁsl‘unb
123—>| l-— =24—>l - 127 = o
SYSCLK / l £ Xy
N
128
126
23
Ciocks
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82C110 Timing Diagrams (Continued) - ) .
SYSCLK N\ / i "_/
30— m l<— w2—e je 13| | 24 - {35 =
RG/GT AG r."r—’] R——rEL

Request/Grant/Release

T ’ T2 T3 ™ ™ | T4 ]
SYSCLK / 7 x / Jﬁ 7 N/ "/ *
136 | BT 125 L] fee-te?
IOCHRDY *_ i ¥ X
e 438 —= b
READY { ,P _ _ B
Ready Timing
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. 82C110 Timing Diagrams (Continued)

HA Y AE S Sk SVAR SV VA T an

\—GMD DELAY

163 | 164 =i
RAS ' {

165—w| |a— ---
CAS

1—!56—l-i

WE _ X £
. 167 -‘tisb-i +!ﬁ91

MALS X G

e e 153 154 ] T
wEmw % ) ]L—_
-—
A
£

% .
42— ROW ADDR cgragrg.u 144
“PBEN
5l |— 147 =i
PBIN & *
19— | 150—3=|
DBEN X Y 7|E :
(LOW) X cMD DELAY
DBIN
156 =n= E«— 158 =] jurt-
DEN £ *
Memory Write
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82C140 Timing Diagrams (Continued)

Ta T T2 T3 ™w T4
SYSCLK _/ﬂum‘_/'_)i_/"}. \_/—\‘ i_/_!(_._

502 AY
140 | e hai
ALE
153 —p= I"_ — 154
MEMR + N\
*_cMD DELAY
53— i-— S T )
S X r
165 =] [
TAS * v
--ISB-—‘
WE * b
- t53 -
YET - 4-165-;-'
MAG-9 _?/Z';,/dfz;; Pl ¥ X
ROW ADDR coLu

MN ADDR
—~

£42 -
PEEN
145 =» — 6 . r
PEIN I
——

1468 =

DHEN - N\
. FCMD DELAY .oy
OBIN il

55— -
DEN

Memory Read
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PRELIMINARY

.azct 10 Timing Diagrams (Continyed)

SYSCLK _/'—!

502
ALE
MEMR
ROMCS

PSEN

. PBIN

DEN

T4 T T2 T3 ™ T™
/
141
140
e [q_:ss . 154 -
3.CMD DELAYN
70

42— -—
185 —p] |t i 116 [

—

4--155-&

ROM BIOS Redd
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22C110 Timing Diagrams {Continued) . .

53—t

i
+

T
g
|

AN

™. GMD DELAY

161 - =
AQ *
143 — l—i— —] 150
OBEN yK \
\CMD DELAY
151 ==} —]

t42—-_§t— —=] t
PBEMN
145 - —- a6 — 147
PBIN _J;- .
b= 155 —in 57
DEN }

I/Q Read

'
: [~]
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.azm 10 Timing Dingrams (Continued)

T4 ™ T2 T3 ™ T4
02 ] /
—PI = ta1
t40 —m-1

ALE

153 | o 154 =] [— -
oW * AN -k

% twp peLay
st (67 40m
AD *
149l fot— 150 =
OBEN L N\

*. CMO DELAY

. DEIN (]

142 =] 134 =3e=|
PBEN i

145 =] |- — |
PBIN

156 ]L-q— —-|

IRaER

DEN

110 Write
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82C110 Timing Diagrams (Continued)

SYSCLK ___/_Lq_/_!‘_/_\ €_/_5 (_/—5 K_/_s"_
ALt /N

FREE ™

MEMA A N\
AAS \ /
{(HIGH)
CASWE
MADG T ) LG
*_pow ADDR

Memory Relresh Cycle
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. 82C110 Timing Diagrams (Continued)

st ,30,50,51]sz,s:lls-a]sz,sagsa,ﬁ,m
DMACLK ]
(INTERNAL) M
‘ | |-—
DREQ, !
RG/ET \FE /S il
182 — = F
AEN
‘e
4 %
ADO-15 W = — -
ety <% 1| AopRessvauD ¥
% ADDRESS vaALID
124 185
DACK .
186 - 187 -] .
BR s , Y g S
: MEMA v
s 55 SN AN j‘ AN S — o
NOTE1 7 g
‘l‘t
READY \ /

Note 1: Extended Write Made ) } . .
DMA Basic Timing

ADO-T

SYSCLK

T Note 1: INTA is internal to the 820110,
INTA SequencefNMl Vector Substltuiion
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82C110 Timing Diagrams {Continued)

50 | 811 l 512 ’ 513 I 212 | s21 I sn l 523 [ S24 50 I
A WA WAl Wa AW WAl Wl
{INTERNAL} :

MRS ) X —

\DATA out
WEWR _—-/_\_—J A
ey ————— : (NI S
ALE / \ / N\

Memory {0 Memory DMA Transfer
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.100‘PIN PLASTIC FLAT PACKAGE {RECTANGULAR) DIMENSIONS: mm (in)

lq—zn.u {0.787) TYP oo

319 (0426) MAX

_I_'_l—— 1.8 {0.671) MAX

‘ 23.2 (0.912)
T

26.0 (1.024)

AR

—r—] e s R [N

[
| s
—]
| i

14.0 (0.55).

174 (0.635)  _
| 2020785

/?W@E@HHHHHHHHHHHHHHHHH- |

AFRRRRFEARRRRE

—’-{ |<— 0.3 {0.012) TYP

PIN #1

Ordering Information

Order Number Package Type

Fg2c11o | PFP-100 . e e
Notes: ) .
1, PFP = Plastic Flat Package , .
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CHIPS SALES REPRESENTATIVES

UNITED STATES

Alabama, Huntsville
The Novus Group, Inc.
205-534-0044

Arizona, Scottsdale
AzTECH Component Sales
602-991-8300

California, Santa Clara
Magna Sales
408-727-8753

Caliiornla, San Diego
G. Cubed .
619 455-5805

California, Thousand Qaks
S.C. Cubed
805-496-7307

California, Tustin
35.C. Cubed
T14-731-9206

Colorado, Wheat Ridge
Wescom Marketing, Inc.
303-422-8957

Connecticut, Giltard
DataMark Inc.
203-453-5935

Florida, Casselberry
Dyne-A-Mark Corp.
407-831-2822 ;

Florida, Clearwater
Dyne-A-Mark Corp.
813-441-4702

Florida, Ft. Lauderdale
Byne-A-Mark Corp,
305-771-6501

Georgia, Norcross
The Novus Group, Inc.
404-263-0320

Idaho, Boise
Wescom Marketing, Inc.
208-336-6654

linois, Hoffman Estates
Micro-Tex, Inc.
312-382-3001 _

Indiana, Carmel
Giesting & Associates
317-844-5222

Maryland, Annapolis

EES
301-268-4234

Massachusetts, Woburn
Mill-Bern Assoc.
- B17-932-3311

Mlchigan, Coloma
Giesting & Associates
616-468-3308

Michigan, Camstock Park
Giesting & Assogiates
616-784-9437

Michigan, Livonia
Giesting & Associates
313-478-3106

Minnesota, Eden Prairie
High Tech Sales Assoc.
612-044-7274

' .]h‘lew Jersey, Moorastown

609-778-5353
New York, Commack

..ERA, Inc,

518-543-0510

‘New York, Pleasant Valley

Pitronics

-914-635-3233
" New York, Syracuse

Pitranics
315-455-7346

New York, Williamsville
Pitronics
716-689-2378

. North Carolina, Cary

The Novus Group, Inc.
918-460-7771

Ohto, Gincinnati
Giesting & Associates
513-385-1105

Ohio, Cleveland
Giesting & Associates
216-261-9705

Oregon, Beaverton
L-Squared Limited
503-629-8555

Pennsylvania, Pitisburg
Geisting & Associates
412-828-3553

Texas, Austin .
OM Sales
512-388-1151

Texas, Houston
OM Sales
T13-789-4426
Texas, Richardson
OM Sales
214-690-6746

Utah, Salt Lake City
Wescom Marketing, Inc.
B01-269-0413

Washington, Kirklang
L-Squared Limited
206-827-8555

Wisconsin, Waukesha
Micro-Tex, Inc.
414-542-5352

CANADA

Ontario, Kanata
Electro Source, Inc.
613-592-3214

Ontario, Rexdale
Electro Sourcs, Inc.
416-675-4490

Quebec, Pointa Claire
Electro Source, Inc.
514-630-7846
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CHIPS DISTRIBUTORS
UNITED STATES

Alabama, Huntsville
Reptron Electronics, nc.

205~722-9500 U

Arizona, Tempe
Anthem
602-966-6600

California, Chatsworth
Anthem

818-775-1333

California, Fountain Valley
Bell Microproducts
714-963-0667

California, Irvine
Anthem
714-768-4444

California, Milpitas
Bell MiCrODdeUQtS
408-434-1150

California, Rocklin _
Anthem )
916-624-9744 LT

California, San Diego
Anthem
619-453-3005

California, San Jose
Anthem

408-453-1200

Colorado, Englewood
Anthem

303-790-4500
Connecticut, Waterbury

Anthem
203-237-2282

Florida, Ft. Lauderdale
Reptron Electronics, Inc.
305-735-1112

Florida, Tampa

Flep:ron Electronics, Inc.
813-855-0942
813-855-4656

Georgia, Norcross
Reptron Electronics, Inc.
404-446-1300

Georgia, Norcross
JACQHQC
404-449-1996

Ilingis, Elk Grove
Anthem
708-640-60656

Minois, Shaumburg
Reptron Electronics, Inc.
312-882-1700

" 918-664-8812

Massachusetts, lemmgton
Anthem

_.508-657-5170.. _.

Massachusetts, Wilmington
Bell Microproducts
508-658-0222

Maryland, Columbia

Anthem
301-955-6640

Michigan, Livonia
Reptron Electronics, Inc.
313-525-2700

Minnesota, Eden Prairle
Anthem
612-944-5454

Minnesota, Minnetonka
Reptron Electronics, Inc.
612-938-0000

New Jersey, Fairfield
Anthem
201-227-7960

New York, Commack
Anthem

516-864-6600

North Carolina, Raleigh
Reptron Electronics, Inc.
919-870-5189

North Carelina, Raleigh
JACG/QC

919-876-7767

Ohio, Solon

Reptron Electronics, Inc. |
216-349-1415

Ohio, Worthingtan
Reptron Electronics, Inc.

"614-436-6675

Oklahoma, Tulsa
JACO/QC

Oregon, Beaverton
Anthem
503-643-1114

- Pennsylvania, Horsham

Anthem
215-443-5150 . -

Texas, Addison T
JACO/QC i
214-733-4300

Texas, Austin
JACO/QC
512-835-0220

Texas, Richardson
Anthem ,
214-238-7100

Texas, Sugar Land
JACO/QC

,713-240 2255

Utah, Salt Lake City
Anthem
301-873-6555
Washington, Bothell
Anthem
206-483-1700 .
CANADA

Ontarlo, Woodbridge
Valtrie Marketing
416-851-0355
INTERNATIONAL
ASIA/PACIFIC
Australia

Victoria, Burwood
R8&D Electronics
61-808-8911

Hong Kong

Kwung Tan% d T
!

Wong's KK
85-27345-0121

“india

Bomba
Silicon Electronics
91-22-243-460

tndia
New Dehli
Ajay Jain

. 91-11-65—6683

- Israel

Tol_Ashe
1Si=AYIV

CVS L
97-23-544-7475

Japan

Tokyo
’ gll Carporation

81 3-486-9188
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Korea

Seout

Nae Wae Semiconductor
82-2-846-9101/9

Malaysia
Penang
Pynamar
60-4-637-292

Singapore
Singapore
Technology Distribution

PTE. Lid.
65-368-6065

Taiwan

Taipei

Union Technalogy Corp.
88-62-775-3666 .
Taipei

Warld Peage
Industrial Co., Ltd.
88-62-505-6345
Thailand

Bangkok
Grawinner
66-2-215-8742
EUROFE

Belgium

Bruxelles

Auriema Belgium
32-2-523-6245
Denmark

Herlev

Nordisk Elektronik A/S
45-284-2000

Finland

Helsinki

QY Fintronic AB
35-806-926022

France
Le Chesnay

AZM
33-1-395-491{3

Germany

Neteltal

Aein Elektronik GmbH
49-215-37330

Italy

Balsamo
Moxel S.r.L.
39-2-612-90521

Netherlands

Eindhoven

ACAL Auriema Nederland B.V.
31-40-816-565

Norway

Hvalstad

Nordisk Elektronik A/S
A7-2B4-6210

Spain

Madrid .
Compania Electronica
de Tecnicas
Aplicadas, S.A,

34-1-754-3001

Barcelona o
Compania Elecfronica
de Tecnicas
Apiicadas, 5.A.
34-3-300-7712

CHIPS REGIONAL SALES OFFICES

UNITED STATES
California, Irvine

Chips & Technologies, Inc.

714-852-8721
California, San Jose

Chips & Technolagies, Inc.

408-437-8877
Florida, Boca Raton

Chips & Technologles, Inc.

407-241-3162
Georgia, Norcross

Chips & Technologies, Inc.

404-662-5098

lllinols, Itasca
Chips & Technotogles. Inc.
708-250-00

Massachusetls, Andover
Chips & Techno!ognes n¢.
508-688-4600

Texas, Dallas
Chnps & Technologles Inc.
214-702-9855

lNTERNATIONAL
Germany

Munich

Chips & Technologies, Inc.
49-89-463-074

Sweden

Kista

Nordisk Elektronik A.B.
46-8-703-4630

Swilzerland
Dietikon
DataComp AG
41-1-740-5140

United Kingdom
Berkshire, Maidenhead
Katakana Limited
44-628-75641

AMERICAS

Brazil

Florida

Etek Electronics Corporation
305-593-1188

Sao Paulo
Brastek
55-11-531-2632

Mexico
Guadalajara
Sonika
52-364-74250

Japan

Tokyo

Chips & Technologies, Inc.
81-3-797-7242

Korea

Seoul

Chips & Technologles Ing,
B82-2-558-5559

Taiwan

Taipei

Chips & Technologies, Inc.
88-62-717-5595




