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

m  100% PC/XT compatible

s Build IBM PS/2™ Model 30 with XT soft-
ware compatibility

2 BusInterface compatible with 8086, 80C86,
V30, 8088, 80C88, V20

 Includes all PC/XT functional units com-
patible with:

8284, 8289, 8237, 8259, 8254, 8255, DRAM
control, Keyboard control, Parity Genera-
tion and Configuration registers

The 82C 110 is asingle chip Implementation of
most of the system logic necessary to imple-
menta super 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 a super
PS/2 Model 30/XT compatibie system with
the highest performance at 10 MHz zero wait
state system with an B086, the highest tunc-
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m Key superset features: EMS control, dual_
clock, and 2.5 MB DRAM support

s Compleie system requires 12 ICs plus
memory

B 10 MHz Zero walt state aperation

®m Applicable for high performance Deskiop
PCsand CMOS industrial Control Applica-
tions

m Single chip implementation avallable in
100-pin ffat pack

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

The 82C110 can he combined with CHIPS
82C601 Multifunction Controller and 82C451
VGA Graphics Controller to provide a high
performance, high integration PS/2 Model 30
type system. -
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Figure 1. Super XT Model 30 Compalible System
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The 82C110 supports most of the peripheral
functions on the PS/2 Mode! 30 planar board;
8284 compatible clock generator with the
option of 2 independent oscillators, 8288
compatible bus controller, 8237 compatible
DMA controlier, 8259 compatible interrupt
controller, 8254 compatible timer/counter,
8255 compatible peripheral /0 port, XT Key-
board interface, Parity Generation and Check-
ing for DRAM memary and memory controller
tor DRAM memory sub-system,

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

The 82C110 supports a very flexible memary
architecture. The DRAM controller supports
B4K, 256K and 1M DRAMs, These DRAMs can
be arganized in lour banks of up to a maximum
of 2.5 MB on the planar board. The 25 MB
memory can be implemanted with 2 banks of
M X 1 DRAMS, partitioned locally as 640KB
of real memory and 1.875 MB of EMS memory.

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

CHIPS and Technologies, Inc.
3050 Zanker Road, San Jose, CA 95134 408-434-0600 Telex 272929 CHIPS UR
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82C110 Pin Description .
Pin Pin

No. Type Symbol Pin Description

Clocks and Reset Logic

73 | CX1 .. Crystaloscillator input. CX1 is ‘an input for a padsSive

crystal clrcuit or packaged oscillator to generate the initial
system timings. This frequency is divided by three to
generate the default system clock when the system is
powered up, The type of crystal is 14.31818 MHz, parallel
resonance, fundamental frequency.

74 (o] CX2 -~ Crystal/osciliator output. CX2 is the inverted output of
CX1. If a ¢rystal Is used, then CX2 sfiduld be connected to
the crystal circuit, If an oscillator is used, then CX2 should be
left unconnected.

75 ' POSC Optional Oscillator 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 cycle, for 8 MHz or 10 MHz sytems,
respectively, The maximum POSC frequency is 30 MHz.
System timing is software selectable from the configuration
register.

83 @ SYSCLK _ System Clock, SYSCLK is”a continuous running clock .
with selectable frequency and duly Cycle. The duly ¢ycle
is either 33% for INTEL 808X CPUs. or 50% for NEC
V20730 CPUs. The SYSCLK frequency is selected from
either 1/3 of the POSC or 1/376f the CX1 frequencies. The
default is 4.77 MHz, 33% duty cycle. )

77 o . OsC - -~ Oscillator output. OSC is a continlous running square
wave with a 50% duty cycie, 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. PWRGOQD is generated by the power =
supply, by monitoring Vee.
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. 82C110 Pin Description (Continued)

Pin Pin

No. Type Symbol Pin Description

79 I SYSRET “System Reset. SVSRST is _an active fow Schmitt trigger
E 4

input for power-up reset. SYSRST initializes the 82C170 '
circutry. Thissignal also generates the RESET cutput used

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

CPU Interface ] . . S
81 o] RESET RESET. RESET is an active high output derived from the

SYSRST input, RESET should be used to reset the CPU,
.. the 8087, and the external peripherals.

48 ! 52 Processor Status Signals. These signals are status inputs

49 I s from the CPU. S0:82 should be pulied up with 4.7K-10K

50 ! S0 - resistors.. -, e .
91 t HE Byte High Enable. BHE is an input signal. BHE and. AQ

from the CPU indicate the type of bus transfer.

[ U -

f BAE A0 Type
| . 16 bit transfer .

0
o odd byte transfer
1
)
1

aven byte transier

invalid (for 16 bit CPU)

=20

i

If the 82C110 is used with an 8 bit processor, BHE should
Be tied high through a 4.7K to 10K resistor. The 82C110
uses the “invalid" state to perform the correct bus conver-
sion for a 16-bit processor. BHE is floated to the high
impedance state during “hold” eycles, so it should be
pulled up with 4.7K-10K resistor. ~

80 0 READY READY. READY is an active high, asynchronous output
indicates that a memory or I/O transfer can complete.
READY is internaily synchronized 1o meet the setup/hoid
times of the processor. oo -

I 209811t 0009042 223 A
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82C110 Plin Description (Continued)

Pin Pin

No. Type Symbol Pin Description

29 o ¢ INTR interrupt Request. INTR is an active high output from the
intéenal interrupt Controlier. It should be connected to the
INTR pin of the CPU.

54 0 NMI Non-Maskable Interrupl A LOW to HIGH transition on
NMI causes an interrupt at the end of the current mstruc-
tion, It shauid be connected to the NML input of the CPU.

61 B AG/GTG " Request/Grant, These signals are used by bus masférs

47 8 RQ/GT1 other than the CPU to gain control of the CPU local bus.
In the Model 25/30 or XT appllcation,the other bus masters
are the 8087 numeric co-processor, and the 82C110 itself.
RQ/GTO has higher priority than RQ/GT1. 808X RQ/GT

. signals are intemally pulled up, so external pullups are not
necessary. See ihe Fequest/Grant section of ihis Jdata
sheet for more information,

Local Bus Interlace - .

6 B At9 Address Bits A19-16. During processor cycles, these are

7 B Al18 _inputs for the high order address bits. During DMA cycles,

8 B ATT the 82C 110 sources thé high order address on these lines.

9 B Al These should be connected directly to the processof ad-
dress lines and to the system address latches.

10 B AD15 _ Local Address/Data Bus Bits 15:0. During the T1 phase of

11 B AD14 a CPU cycle the processor sources the address on these

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

13 B AD12 knowledge and interrupt acknowledge cycles. ADG-AD7

14 B8 AD1 should be isolated from the 82C110 using bidirectional

15 B AD10 butfers to_prevent bus contention during bus conversion

16 B AD9 cycles. PBEN enables the buffers and PBIN controls the

17 B ADS direction. _ . o .

18 B AD7

19 B AD6&

20 B AD5

21 8 ADA4

22 B AD3

23 B AD2 ’

24 B AD1 - ’ -

25 B ADO

31 Q AQ Address Bit 0. This signal rapresents the state of address
bit 0. 1t is latched and should be used throughout the
system instead ot ADO that would normally be latched

externally from the AD bus. The 82C110 toggles this bit
during bus conversion cycles. [t should be butfered (in a
narmal system) but not rauted through transparent latches
like the ather address bits. _
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. 82C 110 Pin Description (Continued)

PPN - ey » - o e > e

Pin Pin
No. Type Symbol Pin Description

. 32 o R i/0 Read. An active low strobe that informs the 1/0 devices
fo put their data on the bus. All the commands (MEMR,
MEMW, IOR, and IOW) can be delayed one cycle through
software. The delay is necessary when running the CPU at
high speed. Delaying the commands allow mare data and
address setup time. Default is no defay.

33 o ow 170 Write. An active low strobe that informs the t/Q devices
that data is available on the bus. _

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

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

51 o ALE T Address Lalch Enable. ALE is used by the address buffer/
latch to fatch the address. During the $econd half of a bus _
Cohversion cycle, a second ALE will not be generated by
the 82C110, :

§2 o AEN Address Enable. When high, this signal is an indication to
. the devices on the I/O channe! that DMA is active, meaning
the DMA channel has control of the address bus, data bus,
and the appropriate command lines.

84 Q DEN Data Enable. Provided to contro) the output enable of 245
type transceiver. DEN is active during memory and /0
accesses and for INTA cycles. It floats 1o the high impe--
dance state in “hoid acknowledge™ cyctes. This signal is
equivalent to the OEN signal generated by an 8288 bus
controller. It is normally not used in XT/Modél 30 type

. applications. - -

o3 B PAROQ Parity Bit 0. The parity bit from the low order byte of the
DRAMSs. A HIGH means there are an odd number of 1's in
memory, including the parity bit itself. thus odg parity.

92 B PAR1 Parity Bit 1. The parity bit from the high order byte of the

DRAMS. A HIGH means there are an odd number of 1's in

memory. including the parity bit itself, thus odd parity.

This signal is not used in 8 bit only systems. .

71 1 IOCHRDY /O Channet Ready. An actjve high signal from the I/0.

channel. it is normally HIGH indicating that the addressed

device on the channel is ready to complete the data

. transter, Slow 1/O or memory devices pull this signal LOW

to lengthen bus cycles, IOCHRDY should be puited up with
2 4.7K resistor, because if there are no add-in boards
present, this signal would float 1o an undefined state.

I 209811k 0009044 OTL WA
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82C110 Pin Description (Continued)

Pin Pin
No. Type

Symbol

Pin Description

72 1

IOCHCHK

70 Channei Check. This signal goes low when thers is
parity or_other error on memory or devices on the /O
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.

Butfer Conlrols

86 0o

. DBEN

Data Buffer Enable. DB-_EN eﬂabl(;sr the data transceiver
between the /0O channel data bus and 82C110.

8s e

- DBIN

Data Buffer Direction. A HIGH allows data 10 flow from
the 1/Q channel to the internal bus. Normally low, this
means the data direction is to the /O ghannel, DBIN is
used to controi the direction of the buffer for the system’
data bus.

Processor Buffer Enable. An active low signal, PBEN en-
ables the data buffer between the processor and the
82C110, 1t is high during DMA cycles so that the data bus
is tri-stated. PBEN is qualified with DEN to avoid bus
contention during T2 ¢ycles. :

PBIN

Processor BuMfer Direction. A HIGH on PBIN allows data
to flow from the processor to the 82C110. PBIN controls
the direction of the data buffer on the local data bus.

Memory Controls

62 o]

ROMCE

ROM Chip Select. This sighal goes low for memiory ac-
cesses in the address range FODOOH-FFFFFH. It would
normally be lied to the c¢hip select inputs of the BIOS
ROM(s).

Nota: All DRAM sighals (MAS-0, RAS3-G, CAS and WE should be buffered if connected to more
than 9 memory devices) - P

65
66
41
54
42
40
39
87
87
38

COoO0Qe00000

. MA9

MAS

" MA7

MAE
MAS
MA4
MA3
MA2
MA1
MAQO

Multiplex Address Bits 9-0. Should be connected to DRAM
address bits 9-0.

M 209811k 0009045 T32 A
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. 82C110 Pin Description (Continued) . -

h]
s

Pin Pin
No. Type Symbol Pin Description
55 . 0 BASD . RAS3-D. Active low row address sobes for DRAM banks

" 56 o] BAST . _. ... ..0-3. Each bank 15 9 bits wide (1 bit for parity). Byte
57 (o RAS2 . referencing Is done using the RAS slgnal. Far more. infor-
58 - O RAS3 _mation, sea the DRAM Interface section of this data sheet,
59 0 TAS - _CAS. Active, lw column address strobe for all DRAMs. .
6 .. 0O WE WE. Active low wrije enable for all DRAMs. . | o
4 o MAEF - Memory Refresh. MREE. is the output of the independent, .

refresh timer signifying that a refresh cycle is octurring. -,
The refresh rate is programmableTrom 838 ns to 214 p5,
DMA and Interrupt Controlier interface - T

i . i .
jt oy e : =

36 | DRQ3 . - DMA Request 3-1. These signals are asynchronous re.
37 1 PRQ2 quests used by peripherals 1o requeést DMA services. They
38 t DRQ1 have a fixed priority: channel 1 is the highest and channel

3 is the lowast. DRQ must be held active HIGH gntil it js
acknowledged by the corresponding DACK,

B 209311k 000904L 979 WA
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82C110 Pin Description (Continued) ) .

Pin Pin )

No. Type Symbol Pin Description

44 o DAGKE = DMA Acknowledge 3-1. An active low acknowledgement

45 o) DACK2 " signal generated by the 82G110as a resu't of a request for _ ’

46 o DACKY . _ DMA service (via a DRQ line) and a successful arbitration. ) =
These iines must be pulled up with 10Kohm resistors. ’

43 0 TC - - Terminal Count. An active high output pulse from the

"DMA Controller, indicating the end of a DMA transfer
(transter count reglster = Q).

94 V IRQ2 Interrupl Reéquiest 2-7. Active high asynchronous inputs to
95 1 IRQ3 . - the interrupt controller generated by /O devices. They are
96 1 IRQ4 edge-triggered, but should be held active HIGH until
87 ! IRQ5 . . acknowledged. » =
98 ! _IRQ6 - e B
39 ! IRQ? ’ - . - . L
e — . - N o ke
€3 T NPNML T Numeri¢ Co-Processor NMI, An active high signal indfcating -

that an error. has occurred during numerlc Instruction
execution. This is an active high, sedge-sensitive input, 1f
enabled, will cause an NMI to the CPU. The NM! service

routine has ta determine_which NMI occurred by reading
the NMI Status Register. ’

Keyboard and Sptaker Interface

1 8 KBCLK/IRQ1 Keyboard Clock/Interrupt Request 1. KBCLK Is a bidirec- -
tional open drain signal. Defaills to KBCLK when using
an XT style keyboard. Thg 82G110 synchronizes the internal ’
keyboard 10gic with this signal. It sources the clock for the
keyboard when sending serial data to the keyboard and
receives the clock when the keyboard s sending data. if
an external Model 25/30 style kayboard interface is used
{and selected through the Internal Configuration Register),
IRQ1 is the shared, active high interrupt Request 7 input
from the keyboard controller, pointing device, and real
time clock.

100 B "KBDATA  Keyboard Data. KBOATA 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. o

10

B 209811k 0009047 405 WA

R R R T




ﬁﬂipg PRELIMINARY

. 82C110 Pin Description (Continued) R e m

Y o - - o e
Pin _ Pin
No. Type Symbol Pin Description
7 0 SPKDATA Speaker Data. SPKDATA should be buffersd, and the

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

Power and Grounds ) T e e Lo nEe e e
22678 — Vee Dy .Power Supply, - s .m:»‘:,' .
3,30, - GND -~ Ground. ] e e .
83,76 B P S I S
28,82 N/C . No Coanect o R T T Y
§,27.89 RESERVED . . These Pins Should Connect to GND n -,
Notes: e - L TSN e
1. The 82C110 providas four RAS signals to select which byte will be written, A single CAS and WE is provided i
for all banks, o S
2. PAR1 Is provided for 16 bit 8086 systems with DRAM. Usage ot this is determined by setting of the internal
configuration registers. :
3. BHE is provided for 8086 systems. e e e
4. A packaged oscillator is assumed for the procassor clock If the CPU clock 7s above 4,77MHz (14.318MH2/3).
S The following explains the abbreviations used in tha pin type/direction column.
{ Pin  Meaning
! Input 8 . -
B8 Input and Output (3-state) - I =T
[o} Output

BN 209811L 0009048 741 mm
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Functional Deacription

The 82C110 is a singie chip VLS| implement-
ation of mast of the system bogic for Enhanced

or Super XT desigris. t can also be used to

build systems that are functional equivalents

of the 1BM Model 25/30, but with 100% XT™

compatibility. Theé device contains the equiva-
lent of the 8288 Bus Controller, 8284 Clock
Generator, 10 MHz 8237 DMA Controtler, 8253
Interrupt Controller, 8255 Programmabie Peri-
pheral Interface, 8254 Programmable Interval
Tiner, Memory Controller, EMS Controller,
and ofters enhanced features such as Data
Conversion Logic, Programmable internaf
Configuration Registers, Programmable Wait
States for Memory, I/0, and DMA, and Decod-

ing Logic. .

SYSTEM CLOCK

The system clock circuit is functionally
equivaient to the 8284 clock generator with
the addition of logic to support 2 different
clock frequencies. One Is generated from the
standard 14.318MHz crystal or osciltator. The
other is optional and allows the processor
and 10 channel to operate at fraquencies up
ta 10 MHz. This is generated by an external
oscillator and must be 3 times the desired
processor clock frequency (for €xample a 10
MHz CPU clock requires a 30 Mz osciltator),
SYSCLK provides timing pulses at the maxi-
mum clock frequency.

All the system clock outputs are started when
PWRGOOD is trug (high), Whan PWRGOOD
1s false, all clock outputs are low,

BUS CONTROLLER

The bus controller is junctionally eqguivalent
to the 8288 bus controller. 1t provndes com-
mand generation and, controls the timing of
the internal bus and 1/0O channel, including
togic tor command delays {commands will be
active at T3 instead of T2), The 1/0 channet
timing is the same as the system timing—that
is 10 MHz bus timing for 10 MHz systems.
The wait states for memory, I/Q and DMA
cycles are programmable for flexibility. The
bus controller module ig enabled by SYSRST
going high. As long as SYSRST is low, the

bus controlier is inactlve. For proper operation
SYSRST .shouild stay low for a minimum of
200 milliseconds after PWRGOOD is high.

Local Bus Arbltratwn ) -

The local processor bus is a muiti-master bus
and is shared between the CPU, numerlc
Eoprocessor, and the 82C110. Normally the
CPU is the active bus méster, buf the other
masters can” force the CPU to release the’
local bus using the RQ/GT line. It the copro-
cessor is present (ICR 43H bit 1 is 1) the
82C110 usés HQ/GTT for the bus exchange,
otherwise it uses the RO/GTO line, Because of
this, a co-processor can be installed or re-
moved witheut the nesd for changing jumpers.

RO/GTY from the 82C110 should be
nected 1o RQ/GTD of the CPU. RQ/GT
from_the 82C110 shouid be Connected to
RQ/GT1 of the co-protessor, and RQYGTT of
the CPU to BQ/G_ 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 clock wide
puise in any bus cycie on a RQ/GT line.

2, The CPU responds by asserting a pulse
during T4 or T1, also one clock wide. This
indicates to the requestor that the CPU
will float the local bus and enter the “hold
acknowledge” state in the next clock cycle,
disconnecting the CPU from the local bus.
The requestor naw can take control of the
bus.

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

B 209811k 0009049 L&s IR
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Each master to master bus exchange requires
three pulses. After each bus exchange there
must be one dead cycle for synchronizing
purposes. Requests can occur when CPU is
idle or during a memory cycle.

It a request is made during a memory cycle,
the CPU releases cantral at T4 when the
following conditions are met:

a. Request occurs in or before T2

b. Not executing a LOCKed instruction

¢. Not in the first INTA sequence

g. Not in the first byte of a bus convearsion
cycle.

If request is made whan CPU is idle, the CPU

will;

a. Release the bus on the next clock . .
b. The OMA cycle will start within the next
three clock cycles.

DMA CONTROLLER

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

DMA controller generates the memory address
and control signals necessary to transfer
information between a periphera! device and
memory directly. Each DMA channel! has a
pair of 16-bit counters and a reloag register
for each counter. The 16-bit counters allow
the DMA to transfer blocks as large as 65536
bytes.

During norma! operation, the DMA subsystem
will be in either the tdle condition, the Program
condition or the Active ¢condition. fnthe {die
condition the DMA controtler will be executing
cycles consisting of only one state. The idle
state S| is the defauit condition and the DMA
will remain in this condition uniess the device

—___translers however, require the DMA to store

has been initalized and one of .the. DMA

requests is active or the CPU attempts 1o
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 82C110 will generate the

necessary memory addresses ang command
signals to accomplish a memory-to 1/0, 1/0-
1o-memory, or & memoty-to-memory transier,
Memory-to-I70 and i/Q-to-memary transters
take place in one cycle. while memory-to-
memory transfers require two Cycles. During
transfers between memory and 170, data is
presented on the sysiem bus by either mem-

ory or the requesting device and the transfer . ..

is completed in one cytle. Memory-to-memory

data from the read operation in an internal
register. The contents of this register is then
written to memory on the subsequent cycle.
Due to the large number of internal registers
in the DMA subsystem, an intemal flip-flop is
used to supplement the addressing of the
count and address registers. This bit is used
10 select betwesn the high and low bytes of
these registers. The flip-flop will toggle each
time & read or write occurs to ahy of the word
count or address registers In the DMA. This
internal fiip-flop will be cleared. by hardware
RESET or a Master Clear command and may
be set or cleared by the CPU issuing” the
appropriate command, -

Figure 1 shiows all the ragister information
necessary to program tha DMA controller.
Special commands are supported bythe DMA
subsystem to control the device. These com-
mands do notmake use of the data bus, but are

derived from a set of addresses, the interna)

- select, read and write. These commands are

Master Clear Register, Cledr Mask Register,
Clear Mode Register Counter. Set and Clear

Byle Pointer Flip-Flop, These are discussed
later. . . e
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ADDRESS OPERATION

ok
K

Flip-

ADDRESS READ WRITE Flop

.

Register Function

000n 0

¢

Read 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

Q01h

Read Channel 0 Current Word Count Low Byte -
Read Channel 0 Current Word Count High Byle
Write Channet 0 Base and Current Word Count Low Byte

Write Channel 0 Base and Current Word Count High Byte

002h

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

003h

Read Channel 1 Current Word Count Low Byte
Bead Chanrel 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

1
0
1
0
1
0
1
'y
1
0
1
0
1
0
1
Y]

Read Channel 2 Current Address Low Byte
Read Channel 2 Current Address High Byte
Write Channel 2 Base and Current Address Low Byte
Write Channei 2 Base and Currént Address High Byte

Read Channel 2 Current Word Count Low Byte
HAead Channel 2 Current Word Count High Byle
Write Channet 2 Base and Currént Word Count Low Byte
Write Channei 2 Base and Current Word Golint High Byte

006h

Read Channel 3 Current Address Low Byte
Read Channet 2 Current Address High Byte
Write Channel 3 Base and Current Address Low Byte
Write Channel 3 Base and Cufrent Address High Byle

a07h

Read Ghannel 3 Current Word Count Low Byte

Read Channet 3 Current Word Count High Byte

Write Channet 3 Base and Current Word Count Low Byte
Weite Channel 3 Base and Current Word Counl High Byte

0agh

Heéad Status Register
Write Command Register

0Qgh

Read DMA Request Register
Write DMA Request Register

00AR

Read Cammand Register
write Single Bit DMA Requess Mask Register

o
1
1
]
0
1
1
0
0
1
1
0
]
1
1
0
0
1
1

005h 0
6
1
"
0
0

1
1
0
2
1
1
0
1
0
1
0
1
00Bh 0
1

1
1
0
0
1
1
0
0
1
1
0
0
i
1
0
a
1
1
0
0
=
3
0
Q0
1
1
o
0
1
h]
Q
0
1
0
1
0
1
0
1
Q

1
0
1
0
1
4]
1
g
1
Q
1
Q
1
0
{
X
X
X
X
X
X
X
X

Read Mode Register
Write Mode Register ) -

Figuré 1. DMA Registers
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e ey S i m . L e
. ADDRESS OPERATION e e
’ Flip-
ADDRESS READ WRITE Flop

Register Function

i ooch (] 1 X Set Byte Painter Flip-Flop
* 1 0 X Ciear Byte Pointer Flip-Flop S
00Dh 0 1 X Read Temporary Register
1 0 X Master Clear .- e
00Eh o 1 X Clear Mode Register Counter .. _ :
1 Q X Cledr AlLOMA Request Mask Registeér Bits
' O0Fh 0 i X Read All DMA Request Mask Registet Bits -
1 0 X Write All DMA Request Mask Reglster Bits

Figure 1, DMA Registers (continued)

Register Description
Current Address Register

Each DMA channel has a 16-bit Current '

Address Register which holds the address
used during transfers, Each channel can be
programmed to increment or decrement this
register whenever a transfer is completed.

Ry

CPU in cons#ciitive 8-bit bytes.
Current Word Coust Register

Register which determines the number of
transfers to perform. The actual number of
iransfers performed will be one greater than
the value programmed into the register. The
register is decremented after each transfer
until it goes from zero to FFFFh, When this
roll-over occurs the 82C 110 wif geneérate T/C.

Base Address Register

Associated with each Current Address Aegis-

ter is a Base Address Register. This is a write

only register which is loaded by the CPUL
- when writing to the Current Address Register.

The purpase of this register is to store the

initial value of the Current Address Register.

Base Word Count Register

This register preserves the initial value of the
Gurrent Word Count Register. It is also a wrile
only register which is loaded by writing to the
Current Word Count Register.

This register call be read or written by the _

£ach channel has a GCurrent Word Count

RP—Writing a 1 to bit 4 causes the 82C110
" to utilize a rotating priority séheme for

Command Register

..This register controls the overall operation of

2 DMA subsystem. The register can be read
or written by the CPU and’is cleared by either
RESET.ar a Master Clear command.
msb Co - Isb |
b7 b6--b5 b4 b3 b2 b1, B0
DAKDRQ EW RP_CT CO AH M-M

-

DAK—DACK active level is determined by
bit 7. Programming a 1 in this bit position !
makes DACK an .active high signal.

DRQ—DREQ &&tivé Tevel Is determined by
bit 8. Writing a 1 in this bit 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 one DMA cycle earlier during 2
transfer.

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

CT—Compressed timing is enabled by writ-
ing a 1 to bit 3 of this register. The detault 0
condition causes the DMA to operate with
normal timing.
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CD-—Bit 2 is the master disable for the DMA
controller. Writing a 1 to this location dis-
ables the DMA subsystem. This function is
normally used whenever the CPU negeds to

. DEC—Determines direction of the address

reprogram one of the channels to prevent = -

DMA cycles from accuring.

AH—Writing a 1 to bit 1 enables the address
hold feature in Channel Q0 when performing
memory-to-memory transfers.

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

Mode Register

Each DMA channel has a Mode Register
associated with it. All four Mode Registers
reside at the same 1/Q address. Bits 0 and 1
of the Write Mode Register command de-
termine which channetl’s Mode Register gets
written. The remaining six bits control the
mode of the selacted channel. Each chan-
nel's Mode Register can be read by sequen-
tially reading the Mode Register location. A
Clear Made Register Counter command is
provided to allow the CPU to restart the
mode read process at a known point. During
mode read operations, bits 0 and 1 will both
be 1.

msh 1sb
b7 b6 b5 b4 b3 b2 bi b0
M1 MQ DEC’ Al TT1 TTO_CS1 CSO

(Read/Write Register)

M1-MO—Mode selection for each channel is
accomplished by bits 6 and 7.

M1 MO MQODE

0 0 Demand Mode

Q 1 Single Cycle Mode
1 a Block_Mode

1 1 Nat Valid”~

counter. A one in bit 5 decrements the ad-
dress after each transfer.

‘AI=The Autoinitializaticii function is enabled
by wntlng atlin b‘l 4 of the Made Register.

TTI-TTO--Bits 2 and 3 controf the type of
transier which is to be performed.

™ TTO TYPE
0 0 ‘Varity Transfer
0 1 Write Transfer
1 Q Read Transfer
1 1

Iegal

CS1-CS0—Channel Select bits 1 and 0
determine which channei's Mode Register
will be written. Read back of a mode register
will result in bits 1 and 0 both being ones.

cSt1_ €S0 CHANNEL
0 [ _Ghannel 0 select
0 1 Chapnel 1 select
1 o Thannet 2 select
1 1 Channel 3 select

Request Fi‘eﬁister

This is a four bit registér used to generate
softwdre raquésts (DMA service can be re-
quested either externally or urider software
control). Request Register bits can be set or
reset independently by the CPU. The Re-
quest Mask has no effe€t on” software 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 read as

onks. All four request bits are cleared lo rero

by RESET.

msh 1sb
b7 b6 b5 bd B3 b2 bt b0
X X, X X *X RB RSt RSO

sty

{Write Operation}

B 209A8L1b 0009053 009 WM
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RB—The request bit is set by writing a 1 to
bit 2. RS1-RS0 select which bit {channel) Is
to be manipulated. ..

RS1-RS0—Channel Select 0 and 1 determine

which channel’s Mode Register will be writ-
ten. Read back of the mode reglster 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 & 1 in this bit position sets the
mask, inhibiting external requests.

MS1-MS0—These two bits select the specific
maskK bit which is to be set or resel.

CHANNEL

MS1__ MSO
RS1 RSO CHANNEL .0 0 . Channel 0 select.
0 0 Channel 0 select 0, 1 . Channel 1 select
0 1 Channel 1 select 1 ' Channel 2 select
1 0 Channal 2 select N _ Channel 3 seledt
1 1 Channael 3 select L

Format for the Request Register read opera-
tian is shown beiow.

msb Isb

b7 b8 B 4 b3 D2 b1 bd

1 1 1 1 RC3 RC2 RC1 RCO

(Read Operatian)

RC3-RCO—During a Request Register read,
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 channel number.

Request Mask Register

The Request ‘mask register is a set of four
bits which are used to inhibit external DMA
requests from generating transfer cycles.
This register tan 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 . Isb

b7 b6 b5 b4 b3 b2 bl b0

X X X X X MB MS1 MSO
(Set/Reset Operation)

T . b7 b6 b5 b4 b3

Alternatively all four mask bits can be pro-
grammed In one operation by writing 1o the

Write All Mask Bits address. Data formal for

this and the Read All Mask Bits function is
shown below, o

msb . Isb

B2 b1 b0

X X X X MB3MH2 MB1 MBO
{Read/Write Operatiah]

MB3-MBO--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 bit.

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 performing a

- Clear Mask Register operatlon.

Status Register

The status of all four channels can be deter-
mined by reading the Status Register, Infor-
mation is avaitable 10 determirie if 2 channet
has reached terminal count and whether an
External service request Is pending. Bits 0-3
of this register are cleared by RESET, Master

B 209811b 0009054 THs HE
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Clear or each time a 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 isb
b? b6 bS5 b4 bl b2 bl O

DAO3DRO2DAGIDRQO TC3 TC2 TCt TCO
{Read Only Register)

Temporary Register

The Temporary Register is used as a tempo-
rary holding register for data during memory-
to-memory transters. The register is loaded
during the first cycle of 2 memory-to-memaory
transfer from DO-D7. During the second cycle
of the transfer, the data in the Temporary
Register is output on the DO-D7 pins Data
from the last memory-to-memory transfer

will remain 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 cammands are activated as a
result of a specific address and assertion of
either a read or write. Information an ihe
data lines is ignored by the 82C110 when-
ever an wrlte activated command is issued,
thus data returned on read activated com-
mands is invalid.

Clear Byte Pointer Flip-Flop—This command
i8 normally executed prior to reading or writ-
ing to the address or word count registers.
This initiallzes the iip-flop to point to the
low byte of the register and allows the CPU
to read or write the register bytes in correct
sequence.

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

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

Register, Status Register, Request Register,
Temporary Register, Mode Register Counter
and Byte Pointer Flip-Flop are cleared and
the Request Mask Register Is set. {mmedi-
ately following Master Clear or RESET, the
DMA will be in the Idle Condition.

Clear Request Mask Register—This com-
mand enables all lour DMA channels to ac-
cept requests by clearing the mask bits in
the register, : :

Clear Mode Register Counter—In order to
allow access ta four Mode Registers while
only using one address, an additional count-
er Is used, After clearing the counter all four
Mode 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 controller is the functional

equivalent of the 8259A plus additional logic. -

It supports one non-maskable (NMI) and eight
maskable Interrupt levels. Interrupt levels 2-7
are available at the system |Q channel. When
used with an XT-type keyboard, interrupt
levels 0 and 1 are generated internal to the
82C110. Level 0 Is the highest priority and it
is connected to Counter/Timer channe! 0 1o
provide a periodical interrupt for the timer
tick. In an XT system, Level 1 is used for the
keyboard and is connected internally to the
keyboard interface. In a Model 25/30-type
system, Level 1 is brought out to a pin and
the interrupt must be genarated by the external
keyboard interfacge. It is shared by the key-
board, pointing device such as a mouse, 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
Failure Indicator, Parity Checker, and the 10
Channel Check (IOCHCHK) signal. Since énly
one NMI pin exists on the processor, the NM!
service routine reads a register to determine
the source of the NMI.

I 209811k 0009055 981 WA
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Interrupt Assignmertts: a7y
: - IN-SERVICE

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

CoProcessor - "Check -

Real Time Clock - -

Power Failure INTERRUPT
IRQD. Timer Channel 0 Not Availale ~ 'W**7 ey
IRQ1  Keyboard Not Available

Painting Device (opt) .

Real Time Clock {opt) Résowth [~ ™7
IRQ2 Video . Available
IRQ3. . Not Used Available INTERAUPT
IRQ4  Serial Port Available REGISTER
IRQ5 Hard Disk Available -
{RQ6 Floppy Disk . Available , -
IRQ7 Parallel Port Available - ) . L)

VECTOR | DATA

Figure 2 is a block diagram of the major o REGISTER BLS
elements in the interrupt controller. The _

Interrupt Request Register (IRR) is used to
store requests from all of the channels which
arg requesting service. Interrupt Request
Register bits are labeled using the Channel
Name IR7-IR0. The In-Service Register (ISR)
contains all the channels which are currently
belng serviced (mare than one channel can
be in service at a time). In-Service Register
bits are labeled IS7-ISO and correspond to
IR7-IRQ. The Interrupt Mask Register (IMR)
allaws the CPU to disable any or afi of the
interrupt channels. The Priority Resolver
evaluates inputs from 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 during Interrupt Acknowledge (INTA)
cycles.

Figure 2. Interrupt Controlier Block Diagram

. Two_types of commands are. used to comrol
the 82C110 interrupt controllers, initiafization
Command Words (ICWs) and Operational
Command Words (OCWs). . -

Inttialization Command Words

The inltialization process consists of writing a
séquence of 3 bytes to the’ lnterrupt con-
trolier. The initialization Sequence s sfarted
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:

—The Initialization Command Word Coun-
ter is reset to zero, T ;

2—ICW1 is latched into the device

3—Fixed Prlorfty Mode i$ selected

4—IiR7 is assigned the highest priority

§—The Interrupt Mask Register is cleared

6—The Slave Mode Address is set to 7

7—Special Mask Mode is disabled

8—The IRR is selected for Status Read
operations
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START
WRITE (CWY XAG-8 XD& 1
WRITE ICW2 XAD - 1

MODE?

NO
NO
YES

WRITE {CWa Xan =1

END OF INTIALIZATION
CONTAOLLER READY

Figure 3. Initialization Sequence

The next two I/Q writes to address 02tH will
foad ICW2 and 1CWA4. See Figure 3 for a flow
chart of the initialization sequence. The initial-
ization sequence can be terminated at any
point {all 3 bytes must be written for the
controtler to be properly initlalized) by writing
to address 020H with a 0 in data bit 4. Note,
this will cause QGW?2 to be written.

ICW1—Address G20H

msb Isb

b7 6 b5 b4 h3 b2 bl b0 .

X X X S LTM X SM IC4

{Write Only Register)

$1—Bit 4 indicates to the interrupt controiter
that an Initialization Sequence is starting
and must be a 1 to write ICW1,

LTM—Bit 3 selects level or edge triggerad
inputs to the IRR. .

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

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

1ICW2—Address 021H

msb Isb

b7 b6 bS5 b4 B3 b2 b1 bBO

VI V6 V5 v4 v3 X X X
{Write Only Register)

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

ICW4—Address 021H

msb Isb
b7 b6 b5 b4 b3 b2 b1 bO
X X X EMI X X AEOQOI X
{Write Only Register)

EMI—Bit 4 will Enable Multiple Interrupts
from the same channel in Fixed Priority
Mode.
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AEOI—Auto End Of Intérrupt is enabled
when [CW4 is written with a one in bit 1.
The interrupt controller will perform a non~
specific EQI on the trailing edge of the
sacond INTA cycle,

Operational Command Words

Operational Command Words (OCWs) aliow
the 82C110Q interrunt controller 10 be con-

=28 QO

trolled or reconfvgured at any time while

operating: Each interrupt has 3 QCWs which

can be programmed to affect the proper
operating configuration and a Status Regls-
ter 1o monitar controller operation.

Operational Command Word 1 (OCW1) is
Iocated at address 021h and may be written
any time the controiler is not in Initialization

Mode, Cperational Command Words 2 and 2

(OCW2,0CW3) are located at address 020H.
Writing to address 020H with a 0 in bit 4 will
place the controller in operational mode and
load OCW2 (if data bit 3 = 0) or OCW3 (if
data bit 3 = 1).

OCW1—Address D21H

msb_._.. . ... . . -lsb
b7 bS b5 b4 b3 b2 b1 bO

M7 M6 M5 M4 M3 M2 M1 MO

(Read/Write Register}

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
appragriate bit position (MO conteols (RO
etc.). Setting an IMR bit has no affect on
lower priority requests. All IMR bits are
cleared by writing ICW1.

OCW2—Address 020h

msb Ish

b7 b6 b5 b4 b3 b2 b1 bO
R SL EOI SI 213 L2 L1 Lo
(Write Only Register)

R—This bit in.conjunction with SL and EOI
selects operational function. Wriling a 1 in
bit 7 causes one.of the rotate funchons to be
selected.

R SL EOl Function

1 0 . 0. Rotafe'on auto EO! enable®
1 0 1 Rotate on non-specific EQI
i1 0 Specific Rotate Command
1.1 1 _Rotate on specific EOI ...

"This function is disabled by writing a zevo to all’
three bit positions.

SL-—This bif in"¢onjunction with R ar‘:a‘EOI
selects operational function. Writing a 1 in
this bit position causes a specific or imme-
diate function to oscur. All specific com-

‘mands require 12-L0 to be valid except no
-operation.

R SL EOf Function

0 1 0 No operation ) N
0 1 Specific EOl Command

1 1 D Specific Rotate Command
100 1 Rotate on specmc EO!

R T "-'.- =
EOI—Thls bit in conjunctlon wilh R and SL
selects operational function. Writing a 1 in
this bit position causes a function related to

EO! 16 oceur™

_ Function

R SL EOI

0 0 1 Non-specmc EO Command
0 1 1 Specific EOIl Command
10 1 Rotate on non-specific EQ|
1 1 1 Rotate on specitic EOf

: Sl—Writing a 0.in this bit position takes the

. ~interrupt controller out of initialize mode

and writes OCW2 or OCW3.
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2/3—If the 1/Q write places a 0 in bit 4 (S1),
then writing a 0 In bit 3 (2/3) selects OCW2
and writing a 1 will setect QCW3,

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

OCW3—Address 020H
msb Isb
b7 b b5 b4 b3 b2 bt bO

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

ESMM--Writing a 1 in this bit position en-
ables the Set/Reset Spetial Mask Mode func-
tion controlied by bit 5 {SMM), ESMM allows
the other functions in QCW3 to be accessed
and manipulated without atfecting the Spe-
cial Mask Mode state.

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

S1—See Sl above,
2/3—See 2/3 above.

PM—Polled Mode is enabled by writing a 1
{o bit 2 ot OCWS, causing the 82C110 to
perform the equivalent of an INTA cycle

during the next 1/0 read gperatien 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 wil| be encoded on
bits 2-0. The IAR 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)

1o be placed on D7-D0. Asserting PM forces

. RR reset.

RIS—This bit selects between the IRR and
the ISR 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
level. In a Model 25/30 look-alike design, a
keyboard/mouse interface that emulates IBM's
implementation must be done with external
hardware. In the 82C110's "PS/2" keyboard
made, the IRQ1 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 inferrupt is sesviced. This will Insure
that the interrupt controlier in the 82C110
sees a rising edge for each interrupt, otherwise
the request wilt be lost.

TIMER

The timer circuit is_functiqnally egqulivalent to
the 8254 timer. Channel 0 is used as a
general-purpose 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 resofution
of 840ns.

The Counter/Timer (CTC) in the 82C110 is
general purpose, and can be used to generate
accurate time delays under software control.
The CTC contains 3 16-bit countars {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.
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All three of the counters shown in Figure 4
are controlled from a common set of control
logic. The Control Loglc decodes control in-
formation written to the CTC arid provides
the controls necessary to load, read, con-
figure and control each counter. Counter 0
and Counter 1 can be programmaed for ail six
modes, but Mode 1 and Mode § have limited
usefulness due to the lack of an axternal
hardware trigger signal. Counter 2 can be
operated in any of six modes listed below, -

Mode ©
Mode 1
Mode 2
Mode 3
Mode 4
Mode 5

Interrupt on terminal count

Rate generator .

Square wavé generator
Sottware triggered strobe
Hardware retriggerable strobe

COUNTERG V¢

CLK GATE .
QUT & TO IRQC

COUNTER 1 Vee

CONTROL J CLK GATE <—l

4 LOGIC ouT

CS, RO,
WR

COUNTER 2

CLK GATE ]-+— GATE2
- QUT fre—p QUT2

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), a pair of 8-bit Counter Input
Latches (CIL,.CiH).and a pair of 8-bit Counter
Output Latches (COL,COH).

Hardware retriggerable ane-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 coufter, to the Write Control "Word

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

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

The Status register allows thé softwaré to
monitor counter condition and read back the
contents of the Contro! Register.

The Counting Element is a loadable_16-bit.
synchronous down counter. The GE7s loaded
or decremented on the falling edge of
TMRCLK. The CE contains the maximum
count when a 0.js lcaded; which is equivalent
to 85536 in binary operation or 10000 in BED.
The CE daes not stop when it reaches @. In
Modes 2 and 3 the CE will be reloadad and in
all other modes it will wrap aroind to FFRF in
binary operation or 9999 in 8CD.- . -

The CE is indirectly loaded 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 of re-

ioaded in one TMRCLK aycle.

‘The CE is also read indirectly by féading the

contents of the Counter Output Latches. COL
and COH are transparent latches which can
be read while transparent or latched (see
Latch Counter Corfimatid).

. Programming The CTC

After power-up the con‘dition_qf CTC Controt
Registers, counter registers, CE, and the out-
put of ail counters s undefined. Each counter
must be programmed before it can be used.

Counters are programmied by writing a Cone
trol Word' and then an initial count, The .
Control Register of a counter is written by
writing to the Control Word address (see
Figure 5). The Control Word Is &' write only
location,

23 . LT
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Address Function

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 Caounter Command) or se-
lect the counter during a Read-Back Cam-
mand (see Read-Back Command). Bits 3-1
become “don't carg” during Latch Counter
Commands.

Control Word—(043H)
msb Ish

b7 b6

b5 b4 b3 b2 bl b0, _

F3 F2 F1 FO M2 M1 MO BCD

- F3-F0—Bits 7-4 determine the copmand to

be performed.
BCD—Bit 0 selects binary coded decimal

_ counting farmat during Read/Write Counter

Compnands. Note, during Read-Back Com-
mand this bit must be .

Read/Wrile Counler COmmand

When writing to a ¢ounter, two coniventions
must be observed:

i—Each counters” Control Word must be
wrltten before the |nitIaI count is written.

2—-\Writing the mntlal oount rnust follow the
format specified in the Control Word (least
significant byte only, most significant byte
only, or least significant byte and then most
significant byte).

A new initial count can be written into the
counter at any time after programming with-
out rewriting the Control Word providing the
programmed format is observed.

{Write Only Register)

During Read/Write Cov.;mer Commands M2-
MO are defined as follows:

Fa F2 F1 FO Command

0 a. a ‘0 Latch Counter O (see Counter Latch’ Qommand) .
0 0 © 1 Read/Wrlte Counter 0 LSB Only ] .
0 0 1 0 Read/Write Counter 0 MSB Only ~

0 0 1 1 Read/Write Counter O LSB then MSE |

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

0 1 0 1 Read/Write Counter 1 LSB Only -

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

0 1 1 1 Read/Write Counter 1 LSB then MSB

1 0 0 0 Latch Counter 2 {sse Counter Latch Command)2

1 0 0 1. Read/Write Counter 2 LSB Only L
1 0 1 ‘0 Read/Write Counter 2 MSB Only

1 0 1 1 Read/Write Gounter 2 LSB thgn MSB

X

1 1 X

Read-Back Command (see Counter Read-Back Command)

MSB = most signincant byte
LSB = least signiticant byte

24
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M2 M1 MO Function
0 0 0 Select Mode 0
0 0 1  Select Mode 1
X 10 Select Mode 2
X 11 Select Mode 3
1 10 Select Mode 4 ,
11 1  Select Mode 5

Latch Counter Command

When a Latch Counter Command is issued,
the counter’s output latches (COL,COH)
latch the current state of the CE. COL and
COH remaln latched untit read by the CPU,
or the countar is reprogrammed. The ocutput

latches then return ta a “"transparent” con<”

dition. In this condition the tatches 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, muitiple Latch Counter Com-
mands issued to the same caunter without
reading the counter will cause alt but the
first command to be Ignored.

Read-Back Command

The Read-Back Command aliows the user to
check the count value, Mode, and state of the
OUT . signal and Null Courtt Flag of the sejec-
ted counter(s).

The format of the Read-Back Command is:

msb e . Isb
bY b6 b5 b4 b3 b2 bt 0O
1 1 LC 8 C2 °Ct Co O

LC—~Writing a 0 in bit 5 causes the selected
counter(s) to latch the state of the CE m
COL and COH.

¥ LS—Writing a 0 in bit 4 causes the selecfed
counier(s} to fatch the current condition of
its Confrol Register, Null Céunt and Output™

""" into the Stafus Register. The hext read of the

-~ Couritér will result in the contents of the
. Status Register being read (see Status’
Head)

. ‘cz-co—Wntmg a 1 in bit 3 causes Counter
3 to lateh one or both of the regrsters speci-
fied by LCand LS. The same is true for bits
2 and 1 except that they énablé Counters 1
and 0 respectively. R

Edch counfers latches Temain latched until_
either the latch is read or the gounter Is,.
- reprogrammed

1fLS=LC= [} status‘w-u be retumed on the ~
next read from the counter. The next one or
two réads (depending on whether the coun-
ter is programmed to transter one or twa
bytes) from the counter resuit in the count
being returned.

StalpsAByle - = e
msb : S ... Isb
b? b6 b5 b4 b3 b2 bl bO
OUT NC F1 FD M2 M1 MO BCD

OUT—Bit 7 contains the state of the OUT
signat of the counter

-—-NC—Bit 6 contairis the condition of the Null
Count Flag. This flag is used fo Indlcate that
the contents of the CE are valid. NC_ willbé ™

- set 10 a 1 during a write to the Control
Register ar the cotunter, NC is cleared to a0
-whenever the counter is loaded from the
counter mput reglsters
F1-Fo—-B:ts 5-4 contam the F1 and FO Corh- .
mand bits which were written 1o the Com= "’
mand Register of the counter during inftiall-
zation. This Information is useful in deter-
"mining whether the high byte, the low byte
of both must be transferred during counter
read/write operations.

B 209411k 00090kL2 011 W
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M2-MO0--These bits reflect the mode of the
counter and are interpreted in the same
manner as in Write Command operations.

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

Counter Operation

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 Mode 0, 2,
3 and 4 is relevant to all cqunters,

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

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

trigger—The rising edge of the GATEZ Input,

counter load—The transfer of the 16-bit .

value in CIL and CIH to the CE.

initiatized—A Control Word wntten and the
Counter Input Latches loaded.

Counter 2 operates in one of the following
modes.

Mode O—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 count or Control
Word is written. Counting is enabled when
GATEZ = 1. Disabling the count has no effect
on OQUT2,

The CE is loaded with the first TMRCLK

aulse after the Control wOr and mnml onnnt
PSS QST 1N Gonird Canc i Sount

are loaded. When both CIL and ClH are
written, the CE is loaded after CIH is written
(see Write Operatlons). This TMRCLK pulse
does not decrement the count, so for an
initial count of N, OUT2 does not go high
until N+1 TMRCLK pulses after initialization.
Writing a new Initial count to the counter
reloads the CE on the._next TMRCLK pulse
and ¢counting continues from the new coynt.

_Mode 2—Rate generator

If an initial count is written with GATE2 s 0,
it will still be loaded on the next TMRCLK
pulse but counting does not begin until
GATE2 = 1. OUT2 therefore, goes high N
TMRCLK pulses’ after GATEZ = 1,

Mode 1—Hardware retriggerable one-shot
Writing the Control Word causes OUT2.to
go high initially. Once initialized the coynter
is armed and a trigger causes OUT2 to go
low on the next TMRCLK pulse. OUT2 then
remains low untjl the coynter reaches 0. An
initial ‘count of N results in a one-shot pulse
N TMRCLK cycles long.

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

Mode 2 functions 8s a divide-by-N gounter,
with OUT2 as the carry. Writing the Contro)

‘Word during initialization sets OUT2 high.

When the initial count is decremented to 1,
QUT2 goes low on the_next TMRCLK pulse.
The following TMRCLK pulse returns OUT2
high, reloads thié CE and the process Is
repeated. [n Mode 2 the counter continues
counting (if GATE2 = 1) and will generate an
OUT?2 pulse every N TMRCLK cycles. Note
that a count of 1 15 illegal in Mode 2.

GATE2 = 0 disables counting and forces
QUT2 high immediately. A trigger reloads
the the CE on the next TMRCLK pulse. Thus
GATE2 can be used to synchronizé the
counter to exfernat events,

“Writing 2 new count wh're counzmg does riot”

alfect current operation unless a trigger is
received. Otherwise, the new count will be
loaded at the end of the current counting
cycle. .

BN 209411L D0090L3 T58 WA
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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 OUT2. QUT2 is
set high initially and remains high for the

first half of the count. When the tirst half of _

the initial count expires, OUT2 goes low for
the remainder of the count.

|f the countar is loaded with an even count,
the duty cycle of OUT2 will be 50% (high =
low = N/2). For odd count values, OUT2 is
high one TMRCLK cycle longer than it is
low. Therefore, high = {N+1)/2 and low =
(N-1)/2.

Mode 4—Software triggered strobe

Writing the Control Word causes OUTZ2. to
go high initialty. Expiration of the initial
count causes OUT2 té go low for one
TMRCLK cycle. GATE2 = 0 disables counting
but has no effect on OUT2. Atso, 3 trigger
will not reload the CE. L

The counting sequence is started by writing
the initial count. The CE is loaded on_the
TMRCLK pulse atter initialization. The CE
begins decrementing one TMRCLK pulse
later. OUT2 will go low tor one TMRCLK
cycle, (N+1) cycles after_the initial count is
written,

' software

if a new inltfal count is written during a
counting sequence, it is loaded into the CE_
on tha next TMRCLK pulse and the se-’
quence continues from the new count. This
alfows the sequence to be “retriggerable by

" Mode 5—Hardware triggered strobe
Writing_the Control Word causes QUT2 to

go high initially. Counting is started by trig~
ger. The'@xpiration of the initial count causes
QUT2 to go tow far one TMRCLK cyc!e
GATE2 = Q disables countmg

The CE is loaded on the TMRCLK. pulse
after a trigger. Since loading the CE inhibits
decrementing, OUT2 will go low for one_
TMRCLK cycle, (N+1) TMFICLK cycles after
the tr[gger

i1 a new count is loaded during counting.
the current counfing 3equence will nat be
affected unless a triggér 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 GATE? Is level sensi- _

tive and is sampled on the rising edge of
TMRCLK. In Modes 1, 2, 3 and § the GATE2

Mode Condition
Low .. .- Rising High
0 Disables Counting - Enables Counting
1 — - 2) Initiates Counting —_— S =
b) Resets Qut Pin
2 a) Disables Counting tnitates Counting Enables Counting
b) Forces Out Pin High
3 a} Disables Counting, Initiates Counting Enables Counting ~~~ —

b} Forces Out Pin High

Disables Counting -

Enab!es Countnn_s

— Initiates Counting .-

Figure 6. Gate Pin Function
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input is rising-edge sensitive. This rising
edge sets an internal flip-flop whose output
is sampled on the next rising edge of
TMRCLK. The flop-ilop resets immediately
after being sampled. Note that in Modes 2
and 3 the GATE2 input is both edge and
level sensitive,

PROGRAMMABLE PERIPHERAL INTERFACE
(PPI)

The 82C110 PP is'a subset of the 8255. It has
all the four registers, but it is limited to mode
0 (basic input/output). No handshake is re-
quired when data is read from or written to a
specific port. 1/0 address 60H Is referred as
port A, 61H is port B and 62H 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 .

50 they cannot be changed.

The input portion of port A (60H) is for the
keyboard scan code (if an XT-type keyboard
is being used). i a PS/2 type kevboard is
being 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 control port and part C (62H) is
the status port for various system functions
described below. Port 63H is the command/
mode register for these three 1/0 ports. in the
normal operation of the PC/XT, the controf
word is programmed to 99H: Port A (60H),
and port C (62H) are inputs, and port B (61H)
is output.

To Program the PPIL:

1. Select the desired operational mades for
both group A and group B, by selecting
the appropriate combination of bits 65,
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 word 1o port 83H.

Single Bit Set/Reset Made

Any of the bits In port C can be Set/Reset
using a single OQUT Instruction To Set/Reset
any Port C'bits: ™

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

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

3. Set bit 7 to 0 fo select the Single Bit mode.
4. Write the control word to port 63H.

Paraltel Port Bit Defintion

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

Port B (61H) - W

bit 7 KBEN, Keyboard enable/clear. Clear .

port 80 and generate keyboard clear
NMI if port 72, bit 6 is set.

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

bit6  KBCLKLO, Keyboard Clock Low.

*For XT keyboards only.

0 - Hold Keyboard Clock Low.
1 - Normal Keyboard Clock.
(Default)

bits IOCHTREN, I/0 ‘Channel Check
Enable. ’

0 - Enable 170 Channél Check.
Default. R

1 - Disable I/O Channe! Check,
(Default)

bit4  PCKEN, Parity Check Enable.
* 0 - Enable Parity Check. {(Default)
1 - Disable Parity Check.
bit3 Read High/Low Switches

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

bit 2 Reserved.

. B
.ﬂ
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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.

g- Stw count of timer 2, I SPKDATA

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

Port C (62H) - R

Note: The lower nibble of Port C is used to
read the configuration DIP switches present
In an XT system. The switches are read as
two groups of four. The high group is read
when bit 3 of Port B i5 high and the low

group is read whep bit 3 of Port B is jow, In a.

system with the 82C110, these switches do
not physically exist. They are emulated by a
configuration register. They are provided for
software compatibility onty. 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 bits are just
values and do not actually control any hard-

ware, a Model 25/30 compatible BIOS could’

use these bits as they are defined by the
Model 25/30 instead of the XT deflnitions.

Low Switches

bit 0 Loap an POST _ . T

T 0 - Do not loop on POST

"1 - Loop on POST, if any of the
POST routine fails ~ used for dlag—

‘nostic purposés,

High Switches
bit 7 RAM Parity Chack
D No parity error has occurred

1 = Parity error on the mother board
. RAM has oceurred. :

bit 6 170 Chiannel Chéck

- 170 CH CK ling is inactive.
R 1 - /0 CH CK line is active - errot
" ‘occurred..

bit 5 Timer Channel 2 Qut -

Status of Timer Channel 2 output

"~ When this bit does not change statua
= timer channel 2 is not workmg_
cause; oy

a. TMR2GTSPK is dlsabled and/or
..~ .b. channel 2 has not correctly been
. .. programmed.

bit 4 Reserved. .. oL

bit 23 . Planar Ram Size.

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

bit 1 Co-Processor installed

0 - No coprocessor.
1 - Coprocessor is installed.

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

bits 0:1 Display Type at Power-up

oo 00 -EGA -
01 - CGA 40x25
10 - CGA 80%25
11 ~ Monochrome 80%2S .

Port 63H (R/W) - Mode Set Definition _

bit 7 Mode Select

(0 - Single Bit Set/Reset mode—sex
below) .

1 - Mode Set Function
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Sits 6:5 Mode Selection for Group A KEYBOARD INTERFACE .
00 - Made 0 The keyboard interface makes provisions to
01 - Mode 1 . .. bypass the internal logic so a P8/2 style
1X - Mode 2 keyboard may be used. Selection is done -
- © - through the Internal Configuration Registers,
dit4  Port A mode (Group A) When this option. is selected, Port 60H Is
0 - Output . essentially turned off so that it may be imple-
1 - Input ) mented externally.

it 3 Port C Upper Nibble (Group A) KBDATA and KBCLK are open collector and

0 - Output A are both input and output when using an XT
1 = Input keyboard. KBDATA is unused and KBCLK
- becomes the IRQ1 input when the 82C110 is
a3t 2 Group B Mode Select - used in PS/2 keybodrd mode, _ B
0 - Mode 0 - L .
1 - Mode 1. . in XT Keyhoard mode, the interface logic
- -~ assembles the serlal data from the keyboard
’%t1 Port B (Group B) into bytes. Timing and synchronization is
0 - Output provided by the KBCLK signal. internally there
1 - input are shif_t regl}ster_s clocked by KBCLK, .
bit 0 Part A ‘Lower Nibble (Group 8) To R eceive Ch araclers:
0 - Output When a key is depressed or released, the
1 - Input
py _keyboard controller sends a scan code. The
keyboard logic assembies the incoming serial
Port 63H (R/W) - Single Bit Set/Resel Mode data to a byte. Whenever a byte of intormation
R is ready, an IRQ1 is sent to the interrupt
bit 7 Mode Select T B s controlier. The 1IRQ1 interrupt sarvice routine
reads port 60H to get the keyboard scan code
01 i'{‘;%'e sBe': set/lzeset_Modebo ) and acknowledges by sending a pesitive pulse
{ d unation—see above on port 61H, this clears the shift register for
bit 6:4 ~ Don't Care i the next character _
bit 31 Bit Select MEMORY INTERFACE
gg? g;: (1’ The 82C110 has a powerful memory controller.
010 - ° Bit 2 : it gensrates the control signals for dynamic
011 - a:: 3 . RAMs and the BIOS ROM. __. -
100 - g" 4 . .The DRAM contral function has an indapen-
101 - !t & dent DRAM refresh timer that can be pro-
110 -8Bit6 grammed to generate a refresh rate from 838ns
11 -8R7 _to 214,u$ It also generates all the necessary
bit 0 Set/Reset o ) ) timings and controls for 4 banks of DRAM
arrays. The signals are HASED, ..
(1.’! - gee'set and the multiplexed addresses MAO-MAS o

during re_f[ejh and memory accesses.

ROMCS is used to sélect the ROM BIOS, I is ‘
decoded for address range FOOOOH:FFFFFH,
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ROM Interface

ROMCS is active low for the 64K address
range FOO00 to FFFFF, qualitied with MEMR.
W&C—S _should be connected to the Output
Enable (OE) of the ROM, and the Chip Enable
{(CE) should be tled to ground. Two ROMs

would be used in a 16 bit system, and one .

ROM would be used in an 8 bit system.

Dynamic RAM [nterface

The memory configuration on the system
board is defined in the conliguration registers.
Four bits are used to select one of the sixteen
predefined configurations from 128KB .to
2.5MB, 8 blt or 18 bit. Connections to the
DRAM: are simplified, because all the control
and timing signals are generated by the
82C110. The 82C110 generales RAS, CA

WE and all addresses. CPU commangds are
active at the beginning of T2, Memory cycles

8 Bit Memory Configuration

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

- arg inactive at 1/3 of T4 to amount for data

hold time

- Caradz

Address translations for LIM EMS are internal.
The value in the EMS register is combined
with the lower address bits to 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 bit
memory modes dependmg on the type ol
memory device used.

MA Oulputs 09 08 07 06 05 04 03 02 01 00
RAS (All devices) 09 08 07 ©O6 ©05 04 03.. 0Q2__0Q1  0Q _
CAS (64K devices) — .—=__.0% 10 15 _14 13 12 11 08
CAS (256K devices) — 16 17 10" 15 14 18 12 11 09
CAS (1M devices) 18 16 17 10 15 14 13 12 11 18
16 Bit Memory Configuration

MA Outputs 09 08 07 06 05 04 03 02 O 00
RAS (All devices) 03 08 07 ©O6 05 04 03 02 QL. 10 .
CAS (64K devices) .18 16 09 10 15 1413 12 11— -
CAS (256K devices) 18 . 17 10 15 14 13 12, 11—
CAS (1M devices) 18 1 17 20 15 ~14 13 12 11 .19

31
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\Iso 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 DRAMs for both 8 and 16 bit
arily the number of bits per device. For devices:”

wample, two 256Kx4 DRAMs could be used

nstead of elght 256Kx1 devices to give the For 8 bit configurations:

ame amount of memory. Although the 256K*4 N

levices contain 1 megabit, they are connected gglstd::vﬁzs 3:: mg’_;

ind treated in the memory configuration 1M devices Use MAG-9

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

64K Devices . Use MA1-8
256K Devices Use MA1-9
1M Devices Use MAG-9
#2€110
PAR
ADO-AD1S
R-PREX
MAO-Meas _E____I . _
ALS244
BUFFER A
w "A'A' WE .
23
&= s o227
RASD WA RASG [ oo
m m
—o WE BANK
Rasi . Do-7
] CAS D
VW MASE p | PAR0
—c| WE
. o ZAE p 2%
AR S PART
0DD
BANK
Lo WE
. O8-15
A [} -
o AAA AAST Pt —
Novaw\o-wﬁm'ﬁﬁ-mssﬁ. RE CAPABLE OF DRIVING UP TO 9 GRAM
gl _Hﬁ'g{ CE”XIT)‘ERNAL FFER, ASSUMING DRAM 2y, smu m?ow. mnmos .

16-Bit DRAM Interface
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82010 N
PARD il
WE  ojooo?
ADO-AD? e CAS
\ RAS
MAD-MAS N S .
248
w m |
i (BUFFER) A A
cas - AA w= | oeor
—_— AAg —JWE D
AASD v =
K RASI =30 h— P
RAS2 32
—_— ey AN
; BHE AAS3 By N
s ﬁ o On-D7
s »p
RAS
A
= ofoeor
CAS P
RAS

DRAM MODULES

8-Bit DRAM Interface

B 2094116 0009070 198 WA
I T T T




CHIPS

PRELIMINARY

IO Channel Interface

The I/Q Channel interface has been enhanced
by adding varlable 1/O wait state and com-
mand delays to account for slow peripherals
and add-on cards. ADO to AD19 are decoded
to provide various internal device chip selects
while AD10 to AD15 will be used for EMS
page register_address. For afl internal 1/0
accesses DBEN and DBIN are low, thus the
system bus data buffer is enabled, and the
direction is outward to the /O channel. For

external accesses DBIN is low foc /O writes,

and high for /O reads. The addresses (Al-
A19) are latched by the transparent {atches
{74XX373 or equivalent), controlied by the
ALE signal. An intemally latched AO signal is
used in conjunction with the above. It should
be buffered, but not latched in the transparent
latches. The 82C110 toggles this bit for bus
conversion_ cycles., o .
During bus conversion cycles a second set of
commands are generated by the 82C 110. First,
the 82C110 toggles A0 incrementing the ad-
dress. A second ALE is not generated. 1OR,
IOW, MEMA, MEMW, AEN, DEN, DBEN, and
DBIN will be generated accordingly creating
the second cycle.

Configuration Registers

INTERNAL CONFIGURATION/CONTROL
REGISTERS

Selection of the various options In the B2C110
is done through the configuration registers.
There are six internal registers used to define
the 82C110 ‘configuration, These are accessed
through a pair of 10 ports (22H, and 23H).
The definitions and index addresses of these
are given below.

Accessin§ the Ccnﬁi;uratton Regist;er's is a

. two step process:

Step 1: Write the indeag .6f the configuration
register to 10 port 22H.

Step 2: Followed by a read/write to IO port

To mlnimi'z'é -accidémél' writes to“thm cor'\fi-
guration registers, any access to location 23H
must be preceeded by a write to location 22M,

The c¢onfiguration 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 exampile, it selects
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 82C605 CHIPSpak.

s2C10

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

bit 7: CLKSEL - Clock Select

0 = Slow Clock (4.77MHZ). (Default)
1 = Fast Clock (Maxs10MHZ)

bit 6: DC - Processor Clock duty cycle

0 = 33% duty cycié (8088/86). (Default)
1 = 50% duty cycle (V20/V30)

bits 5-3: Reserved.

bit 22 2C - TWoO Clocks. Two clocks are

present,
0 - One clock. 4.77MHz only. (Default)

1 - Two clocks. A sacond clock is at .

the POSC input.

This bit must be set before the clock source
can be switched to run at a higher speed.._.

bit 1: DS - DMA Ciock Select

0 - Use system clock for DMA,
1 - Use system clock divided by 2
for DMA. (Default)

bit 0 16 - 16 bit memory/tO

Enables the bus conversion logic. It implies
that an 8086 (or vau) procesor w:th 16 bit
bus is installed, .

0 - 8 bit mode, .
1 - 16 bit mode. (Defaultj

It the 82C110 is used with an 88/v20 then the

BIOS must resat this bit immediately.

Index 41H:R/W - System Configuration

bit 7: 0 - Reserved.
bit 6; SR - Soitware Reset.

0 - Disable Software Reset Function.
Detault.

1 - Enable Software Reset Function. -

bit 5: . Reserved.

bit 4: EE — Enable EMS

0 — Enable EMS (Defaulti
1 — Disable EMS

. bit3: .. CD.- Command Delaiy" '

« -+ (- Normal command timing. Default, .
Commarits are asserted during T2.
1-Delay command by 1 cycle.

Commands are asserted during T3
“=IfistEad of T2 0 allow addltional

“+.  Ume for adapters to decode thelr
7 address. The command is actually

_ .shortened by 1 ¢cycle. An additional

walt state should be specified to
maintain the normal command width.

bit2:  'SM - System Memory Timing

0 - Normal wait states.
. . System memory timing as controlled
_ =...- byother configuratlon register bits.
) (Default)

1 - Reduced wait states. . ..
The number of wait states is forced
to O for system memory cycles.
"I T System memory (s defined as
memory in the 0-840K range and
EMS address space that is controlied
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 also be set to keep system
memory timing the same.

bit1:  Reserved.
bit 0: EP - Enable Parity

<= <o (- Enable parity check logic. (Default)
1- Dasable parhy check loglc

Py .
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index 42H:R/W - Conliguration Valid

bits 7-1: Reserved.
bit 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 the
configuration registers. This bit will
remain a 1 ag long as power remains
connected to the 82C110.

Index 43H:R/W - DIP Switch Emulation

Used to emulate the contiguration DIP
switches in an XT system. Default is 30H (1
floppy, monochrome display, 256KB, no 8087).
This register is provided for software compa-
tibility only and does not actuyally control any
devices. The exception is bit 1, that tells the
82C110 whether or not a co-processor is pre-
sant. The state of this bit iglis the 82C110
which RQ/GT line to use. The BlQS should
scan the devices ptesent 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 instailed
11 - 4 Floppy Disks installed

Display type

00 - EGA

01 -CGA 40 x 25

10 - CGA B0 x 25

11 - Monochrome 80 x 25

bits 5:4:

bits 3:2: RAM size on system board
00 - 256KB

- . .01 - 512KB

10 - S76KB
11 - 540K8
8087 Numeric coprocessor installed

0 - Not installed -
1 - Installed

Loop on POST (for nfar\ulacturlng
test)

0 - Do not loop an POST
1 - Loop on POST

bit 1:

bit O

Index 44H: R/W - Subslilute NMI Vector

. Register, Byte 0

Index 45H: R/W - Subslitlute NMI Vector
Register, Byte 1
Index 46H: R/W - Substitute NM! Vector
Register, Byle 2
Index 47H: R/W - Substitute NMI Vector

. Reglster, Byte 3

These four registers store the NMI vector that
is substituted whepever an NMI is performed.

This prevents modification of the NMI vector |~
exoept under ¢ontrol of the BIOS.

Index 48H RM ‘Refresh Timer Counter

The 82C110 pravides a prograrimable refresh
counter which allows usage of slow refresh
DRAMs. Each value is a multiple of 838 ns

' (14 31818 MKz divided by 12). A value of 0OH
- is invalid, because the counter will never start,

Thereforé "the minimum allowable value is
O1H for 838 ns, and the maximum value i’
FFH for 214 us.

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

There are separate wait settings for 1/O,
memory, arid DMA. The minimum number of
wait states for /0 and DMA cycles is one,

. and the minimum for memory accesses is

zero, The maximum for /O and DMA is four,
and three for memory. The refresh counter
can be disabled by clearing bit 1. Bit 0 selects
the type of keyboard to be used. When a
PS/2 Mode! 25/30 keyboard is selected the

B 209811t D0O0D9073 977 W
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KBDATA output will be disabled, the KBCLK Index 4AH: Reserved ) )
pin wlll become the IRQ1 input and port 60H ’

will not be enabled allowing it t¢ exist exter- Index 4BH: R/W - Memory Configuration
natly.

. bit7: - 0- Reserved. -
.bit & SN - Substitute NM! vector.

bit 7-6:  MWS - Memory Wait State
Q0 - 0 Wait States. (Default)

- ; The CPU attempts to read from
01-1 Wait State. " locations "00008:00008H when an
10 - 2 Wait States.
11 - 3 Wait States, » NMI mterruptacknowledge sequence
S . » <+ isperformed. If this bit enabled, then
bit 5-4:  IOWS - I/O Wait State ‘ the 82C110 substitutes the NMI
00 - 1 Wait Stte; (Default vector stored in CREG<44:47H> for
D1 - 2 Walt States. } ~ the vector stored In memory.
10 - 3 Wait States. N - 0 - Disabled. Default.
11 - 4 Wait States. . . - 1 - Enabled.
bit 322 DMAWS - DMA Wait State bit 5-4:. 0 - Reserved. .
00 - 1 Wait State. (Default) . bits 3:0:_ Memory Configuration. T
01 - 2 Walt States. .
10 - 3 Wait States, : ..  Four bits are used to specify one of
11-4 Wait States. =~ -~~~ " © 716 predefined 8 or 16 bit gonfigura-
———— . - ___ tions from 128KB to 2,5MB,
bit 1: REFEN - Refresh Enable
0 - Disable Refresh Counter. (Default) ) o - B

1 - Enable Refresh Counter.
bit 0 PS2KB - PS/2 Type Keyboard.

0 - XT compatible keyboard type. ’ -
Default, .
1 - PS/2 type keyboard.

B 209411k 0009074 433 W
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CHIPFS
8 bit wide Configurations
Value BO Bt B2 B3 Sys "EM Total
0 — - — - - - DK
1 84K 64K - - = 128K . _ — 128K
2 64K - 266K - 320K, , | — 320K
3 64K B4K 256K - 384K —_ 384K
4 64K 84K 256K 256K 640K, - 640K
5 256K - - -_— 256K - ‘256K
6 256K 256K —_ —_ - 512K — 512K
7 256K 256K 256K . — - . - B4OK . T28K 768K
8 256K 256K 256K 256K 840K 384K 1024K |
9 256K 256K . 256K 256K 512K 512K 1024K
A - —_ ™ - - 840K 384K 1024K
B : INVALID : -
c 256K 256K M —_ 640K v896}( ) 1536K
D - — ™M ™ 840K 1408K 2048K
E INVALID . .
F 256K 256K T iM ™ 540K 1920K 2560K
16 bit wide Configurations
Value BO B1 B2 B3 Sys EM Total
0 - — - - - -0K
1 64K 64K - — 128K - 128K
2 INVALID ) B
3 INVALID .
4 64K 64K 256K 256K . 640K — .. _ 640K
5 INVALID -
6 256K 256K - = 512K - 512K
7 INVALID
8 256K 256K 256K 256K 840K . 384K 1024K
8 256K 256K 256K 256K 512K 512K 1024K
A INVALID :
B INVALID
c - INVALID o
D - - ™M ™ 640K . 1408K 2048K
E = INVALILD
F 256K 256K ™ ™ 640K  1920K 2560K

Memory Configuration Options

The first column is the valye 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 memory
available for system or EMS, The last column

indicates the totai amount of planar memory.
Note: Only canfigurations with pairs of banks
with identical devices are valid for 16 bit
systems. This is because in 16 bit mode, B0
and B1 become a single 16 bijt bank with the
low order byte in BO and the high order byte
In B1. The same thing happéns with B2 and

I 209811b 0009075 7?77 A
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Index 4CH: R/W - EMS Configuration Register
bit 7:4: Expanded Memory IO port address.
These bits define the single 10 address port

through which the EMS page registers are
accessed. Bits 15:14 of the !0 address are

used to sefect which of the four page regusters

is being accessed..

Caution: Values that are (R)eserved should
not be used, they may cause conflicts wnth
ather devices. .

Value 10 Address Value {0 Address
OoH 208H 8H 288H (R)
H 218H .8 29BH (R)

2H 228H (R) Ak 2A8H
3H 238H (R) BH 2B8H

44 248H (R) cH 2C8H (R)
SH 258H DH 20D8H (R)
6H 268H - T EH 2EBH

H 278H (R) " FH 2F8H (R)

bits 3:0: Expandéd Memory Base Address

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

Base Base

Value Address Value Address
oH COD00H 5H D40g0H
1H C4000H 3] D80OCOH
2H C8000H 7H DEoooH
3H CCO00H 8H ECOO0H
4H DOCOOH 9-FH  Reserved
4DH: Reserved

4EH: Reserved

4FH: Reserved

ADDITIONAL I/0 REGISTERS

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

bit5 PERR, System memory parity error.

72H - Reserved -

TEH - R/W - NMI Status, indicales the source
of NMI.

Whep 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 this register. The

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

bit 7[ Reserved -

bit 6 I0CHCK, I/O Channel Check (pin
72) status.”

— this bit _Js se! to 1
%% input (pin 72) is LO'R

. indicating a parity or other error
indication on memory or devlces on
the /O channel.

This bit is $6t to 1 when thers 5 a
parity esrror in the planar systetd
memory. During ‘2 mamory read
cycle, PAR1 (pin 92}, and PARO (pin
93) bits are compared. with the cal-
“cufated parity. If they do not agree,
an NMI will be generated (if NMI's
_._. are en_Eed) and this bit wlll be set.

bit4:0 Reserved.

7FH - R/W - Reset,

bit7:4 Reserved
b|t 3 Software Qontrolled Raset

G - Inactlve
1 -'Asserts' System Reset ~

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

i

bit2:0  Reserved.

B 2098116 000907k LOL HE
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AxH - W - N#MI Control (x = 0 through FH)
bit 7 NM! Enable

0 - Disable all NMis. . .

1 - Enable all NMIs, Defauit.
Resetting this bit to 0 masks off the
NMI signal to the CPU. But an NMI
can be recognized through software,
because the sQurce of the NMJ is
stored in the above NM| status
register.

Reserved,

bit 6:0

Enhanced Operating Modes
EXPANDED MEMORY SYSTEM

The Lotus/Intet/Microsoft Expanded Memory
Specification.is a functional definition of bank
switched memory expansion modules and
driver programs. EMS allows up to 8MB of
expansion memory viewed as 16KB 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 memory |s 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 limit 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 16KB are made accessible
through various windows located from CO000H
to EFFFFH. There are two registers in the
Internal Configuration Register, EMIO (Ex-’
panded Memory 10 port address) and EMBA
(Expanded Memory Base Addrass). EMBA
specifies the starting fhemory address for the
first 16KB page, and EMIO defines the 1/O
port address for the page register. Sits 15:14
of this address are used to select which of

the four page registers are being accessed.
The 170 address of the page register Is set In
ICR4CH. . . .

Currently. there are several varieties of Ex-
panded Memory Specifications. Tha 82C110
supports the LIM EMS verslon 4.0, .

SOFTWARE CONSIDERATIONS =~

The EMS instaliable driver, the EMM (Ex-
panded Memory Manager), provides the hard-

* ware independent interface to the application
software. The application communicates

dlrectly with the EMM through INT 67H without
MSDOS intervention, - T

For mors information please refer to:

The Lotus/Intel/Microsoft Expanded Memary
Specification, Version 4.0. It is available by
calling Intel at 800-538-3373. -

EMS COnlig_uraﬂon_ dellnmon;

bit 7:4 T EMIO
1H T x218H
2H X228H (R)
3H . X238H (R)
4H %248H (R)
- .- SH | x258H
6H X268H
7H x278H (R)
- . 8H x288H (R)
9H x298H (R)
AH X2A8H
BH x2B8H
CH x2CBH (R)
DH x2D8H (R}
- EH x2E8H
FH X2F8H (R)

Where x = 0, 4, 8 or CH to select
orie of the four EMS page registers.
This upper nibble must be sent cor-
rectly by the 1/Q instruction, but is
not used in the actuat decode of the
170 port. Note that those ports

“marked with an {R) should not be
used because of potential address
conflicts.

BE 209411L 0009077 542 WA
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COQ00H
1H CAQ00H
2H C8000H
3H CCOO00H .
4H DOODOH
5 D4000H
6H - D8000H
™ DCaooH
8H EDOQOH . .
9H:FH Reserved

To access EMS memovy:

1. Select starting memory address through
the ICR, i.e.
a. Write Index 4CH to port 2H
b. Select EMBA to be used (low nibble)
c. Select EMIO to be used (high nibble)
d. Write EMBA and EMIO (as a byte} to
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 I/O port
address to select which of the four registers
being accessed. Each byte in the page
register selects a 16KB block of EMS
memory. : -

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-
cording to the following table:

Page Register Address

0 ’ Window base

1 Window base + 4000H
2 Window base + 8000H
3 Window base + CO00H

The bit assignment of the page registers is
as per the LIM specification, The MSB. .

{Most Significant Bit) is the enable bit for

accessing the expanded memeory. Setting
that bit allows software to access expanded

memory. The rest of the bits are used for |

selecting any of the available 16KB pages.
The maximum valye of the page register
would depend on how much. memory Is
available for EMS,

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

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

CLOCK GENERATION AND SWlTCHING

The 82C110 supports two cla¢k speeds for
the CPU and system bus: 4.77 MHz, and 1/3
of the POSC frequency. It also supports two
duty cycles: 33% and 50% to support 808X
and NEC's V20/V30 CPUs. Clock switchingis
synchronized, based or an edge detector that
holds the clock Jow while switching fram one
clock to the other eliminating any short clock
pulses. X

On powér up the defaults are;

4,77 MHz system clock (210 ns clock cycle)
33% duty cycle tor CPU clock .

To switch clock speed or duty cycle the following

sequence should be followed:

1. Set the desired number of wait states for
memory, I/O0 and DMA, and command
delay to guarantee setup and hold time
for the new bus speed. Write these values
to the appropriate ICR (please refer to
Internal Configuration Register section), =

2. Switch the clock by writing to ICH 40H. -

1/0 CHANNEL TIMING CONTROL

1/Q channel fiming can be manipulaied by sat-
ting the appropriate 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 (T4).

Ofi thé other hand, delaying thé ¢command
gives more time for address setup. If command

‘delay is enabled, the commands (1OR, TOW,

MEMR, and MEMW) are delayed by one clqck .

41
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cycle and become active at T3 instedd of T2.
Therefore the time between address valid to
command active Is 1 ¢ycle longer than normal
cycles, allowing more time for external devices
to decode the address. Command delay is
applicable for both I/O and memory cyeles.
By setting ICR 41H bit 3 to 1, commands are

delayed by 1 cycle. Default is normal, no .

delays.

DATA CONVERSION

Since the 82C110 can operate with 16 bit
processors (8086 or V30), a 16 bit multiplexed
data bus must be supported. The 82C110 will
control and perform data conversion between
the 16 bit processor data and the 8 bit 10
channei.

The effect of bus conversions are:

1. A 16 bit processor read is converted to
two 8 bit 10 channel reads.

2. A 16 bit processor write is converted o
two 8 bit 1O channe! writes.

The B2C110 recognizes the need for bus
conversion cycles when the following three
conditions are met:

1. BHE is LOW.
2. AQis LOW.

3. External cycles. 82C110 determines internat
or external cycles by decading the address
and status information.. The.cycles re-
quiring bus conversion are: Any memory
access to a location not in the planar RAM
or ROM and 1/O cycles to locations not
internat to the 82C110.

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 8 bit device sequence:

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

-2

CPU transfers 16 bit data to the 82C110,

82C110 allgws the low byte to go through
by setting PBEN LOW and PBIN HIGH.

The low byte is transfered durectly to the
17O channel. DBEN is set LOW to enable
the I/Q channel data bulfer.

After low byte transfer, 82C110 tagglas AQ
to HIGH, sending the odd address to the
1/0 channel.

. The high byte is transfered to the low byte

internal 1o the 82C110. The write command
is generated and a wait state Is added if
programmed to do so. The second (hlgh)
byte is transfered.

. READY is set to HIGH, indlcatmg the end

of transfer. _

bit CPU read from 8 bit device sequenca:

. 82C110 issues NOT-READY to CPUY,

AQ is set LOW.

. The 82C110. generates a read command

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

4. AQis toggled HIGH.
5. A second read command is generated.
6. The 82C110 trarisfers the low byte Into

high byte Tntermally,

The 82C110 changes READY to HIGH in-
dicating the end of transfer,

BN 209811b 0009079 315 WA

T T T

42




inPg PRELIMINARY

T:lT'zl'r:I'n T«x‘T’lT,l'r‘ T}

ae 111
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READY | —1  — —

[4—EVEN BYTE——#|———0DD BYTE=e—

Write Conversion Cycle
(0 Memory Wait States)

T | T2 | Ta | Ta Tl T2 [Ta | TwlTe
svscek ]
ae
OW, MEMW 1 T 1 —
b I~
L ¢ EVEN BYTE — =} t———— DD BYTE =]

Read Conversion Cycle
(0 Memory Wait States)
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Address Mapping
10 MAP
Address R/W Description
DMA Controller . N
000H CRW DMA Channel 0 current address _ .-
001H R/W DMA Channet 0 current word count
002H R/W DMA Channel 1 current address . -
003+ R/W """ DMA Channel 1 current word count
004H R/W DMA Channel 2 current address
005+ R/W DMA Channel 2 current word count
006H . RW DMA Channel 3 current address
007TH AW . DMA Channel 3 current word count —
008H W DMA Command Register
R DMA Status Register
00SH w DMA Request Register
00AH w DMA Single Bit Mask Register _
00BH . W DMA Mode Register
00CH w DMA Clear Byte Pointer
00DH w DMA Master Clear
O0EH w Clear Mask Register
00FH Tw DMA Write AH Mask Register Bit

44
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Interrupt Coniroller
020H INTC ICWi Ce ol

INTC OCw2 . i

INTC OCW3 -
INTC Interrupt Request Register (IRg)

INTC In-Service Register (ISR)

INTC Potiing Data Byte CoT
INTC ICW2 ~ :
INTC ICW4

INTC OCWS -t
INTC Interrupt Mask Register (IMR)

021H

DEESPIDOVELEE

Intemal Configuration Registers

022H R/W Internal Configuration Index Register ’ ) , . B
023H R/W Internal Configuration Data Register
Index Description
40H R/W Clock/Mode
41H R/W System Configuration
42H R/W Configuration Valid - R e
43H RW PC/XT DIP Switch Emulation .
44 R/W NMI Vector Byte O (LSB) ...
45H R/W NMI Vector Byte 1
46H R/W NM! Vector Byte 2
47TH RW NMI Vector Byte 3 (MSB)
48H RAW Refresh Counter
49H R/W Wait, Refresh, Keyboard .
4AH —_ - Reserved R
4BH R/W Memory Configuration . -
4CH R/W EMS Cgantrol
4D:4FH - Reserved
Timer/Counter Registers
D40H - RW Timer 0 Count Load/Read. _.  __ = - = o—
041H R/W Timer 1 Count Load/Read
0424 R/W Timer 2 Count Load/Read - ~ -
043H RW Timer Coritro} Word
PPl Registers
060H R/W Parallel Port A T "
06TH R/W Paralle! Port B L
062H R/W Parallef Port C iy - N
Additional I/O Registers
072H RW NMI Control
07EH R/W NM! Status
07FH R/W RESET LT
. 0AxH R/W NMI Mask
0CxH R/W Reserved
OExH R/W Reserved
Note: x = 0-FH
45
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DMA Page Registers L .
081H LW DMA Channel 2 Page Register

082H w DMA Channel 3 Page Register

083H w DMA Channel 1 Page ﬁgg_lg»ter ~ .
EMS Page Registers o —_—
x208H R/W EMS Page Register

x218H . R/W EMS Page Register

x228H (R) R/W EMS Page Register

x238H (R) R/W EMS Page Register

x248H (R) AW EMS Page Register

x258H R/W EMS Page Register

X268H R/W EMS Page Register

x278H (R) R/W EMS Page Register v

x288H (R} RW EMS Page Register

x298H (R) R/W EMS Page Register

X2A8H /W EMS Page Register

x2B88H RW EMS Page Register

x2C8H (R) . R/W EMS Page Register

X208H (R} R/W _EMS Page Register

X2E8H R/W EMS Page Register

x2FBH (R) R/W EMS Page Register

= . e
1. x = QH, AH, 8K, or CH - - -

2. (R) are reserved and should not be used ta avoid conflicts with other devices.

3. Only one of these registers will exist at one time. The actual address used is programmable.

Memory Map N

000GO-SFFFFH  "R/W RAM

CO0DO-EFFFFH  R/W EMS —
FOCOD-FFFFFH ~ R -~ ROM

82C110 Absolute Maximum Ratings

Parameter Symbol Min. Max. Units
Supply Voltage ) Veo } 3.0 55 v
Input Voltage A 05 55 v
Qutput Voltage A Vo 05 55 by
Operating Temperature Top 25 85 °C N
Storage Temperature Tsre _ . -40 125 °C _
Note; Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional aparation

should be restricted to the conditions described under Operating Conditions, .

46
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L’“‘Hipg PRELIMINARY

. 82C110 Operating Conditions

Parameter Symbol Minn "Max.  Uniis
Supply Voltage Vee 4.75 525 . V
Ambient Temperature B A 0 70 0

Capacitance (T, = 25°C, Vo = GND = 0V}

Sym  Parameter Min. Max. Units Test Conditions

Cin Input Capacitance o — 0. _pF SYSCLK = 0.5MHz

Cour  Output Capacitance —-. 20 _pF Returned to Vg

Cuo I/0 Capacitance — 20 pF “Unmeasured pins

DC Characteristics (T, = 25°C, Ve = 5V £10%) _ L

Sym Parameter Min. Max. Units Test Conditions

Vi Input Low Voltage -05 08" 'V

Vin Input High Voltage 20 Veet05 V -

VoL Output Low Voltage — 04 v loL = 40mA (1)
. Vou Output High Voltage 24 - Y] lon_= ~4.0mA (2)

Voo Clock Qutput Low 0.4 v lgL = 40mA

Veu Clock Qutput High 39 V2. .__.lgq = ~40mA

N Input Leakage Current -0 20 A "V, = Vgg to OV

lov Output Leakage Current -10 20 . HA » VQ__=; Yg_t_o 0.45V

leg Vee Supply Current .- 30 . mA POSC = 30MHz

lstey  Standby Current . - 100 A POSC = DC

Notes:

1. I = 12mA for RASH, ADO-ADY, Ioy = 15mA for KBGLK, KBDATA. o
2. Iy = -24mA tor RASH, ADG-ADT.. i , i

82C110 AC Characteristics (T, = 0-70°C, Vg = 5V 110%)

Symbol Parameter Min Max Units

Reset Signals
t1 Ve Valld to PWRGOOD Active 1, ms
t2 PWRGOOD to SYSRST Inactive T 200 T s
. 13 RESET Active from PWRGQOD 0 . ns
t4 RESET Inactive from CLK .1 Tu3z " ns m
47
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82C110 AC Characteristics (Continued) ‘
Symbol Parameter Min Max Units
Clock Signals
110 ‘CX1, POSC Cycle Time T |34 ns
n CX1, POSC Rise Time 10 ns
112 CX1, POSC Fall Time : 10 ns
t13 CX1, POSC High Time 10 ns
ti4 CX1, POSC Low Time 10 ns
115 CX1, POSC to OSC Delay 8 14 ng
117 OSC Cycle Time 34 nsg
118 OSC Rise Time 8 ns
t19 OSC Fall Time a ns
121 OSC High Time ) T ) ns
22 OSC Low Time o ns
123 CLK Rise Time 8 ns
124 CLK Fall Time 8 ns
125 CLK High Time (33% Duty Cycle) ns
126 CLK Low Time (33% Duty Cycle) ns ‘
127 CLK High Time (50% Duty Cycle} ) ns
128 CLK High Time (50% Duty Cycle) ns
129 CLK Cycle Period (To) 100 ns
POSC POSC Frequency - ) DcC 30 MHz
0sCt OSCI Frequency T DC” 30 MHz
Arbitration and Ready Signals
tao AG Active from CLK T 5 45 ns’ T
131 RQ Inactive from CLK 5 35 ns
132 GT Setup from CLK 5 7 35 “ns
133 BT Setup fram CLK 5 45 ns
134 REL Active from CLK - ns
135 . BEL inactive from CLK s 30 ns
136 TOCHRDY Setup to CLK 5 30 ns
37 TOCHEDY Hold to CLK .5 30 ns
38 READY Inactive from CLK .0 15 ns _
139 READY Active from CLK 0 - 15 ns )
CPU Interface Signals . .
140 ALE Active from GLK . 5 40 ns
48
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. 82C110 AC Characteristics (Continued) . e

Symbol Parameter Min Max Units
41 ALE Inactive from CLK {(rising edge T1) 8 24 ns
142 PBEN Active from CLK 10 30~ ns
144 PBEN Inactive from CLK . /3 T/3+35 ns
t45 PBIN Delay from CLK 5 .30 ns
146 PBIN Active from CLK Te/3 T/3+20 ns
147 PBIN Inactive from CLK 2Te/3 27/3+30 ns
t48 BBEN Active from CLK {read) 2T/3  2T/3+30 ns )
149 ... DBEN Active from CLK (write) 0 <Y . ns
150 .. DBEN Inactive from CLK (readAwrite) Te/3 2T/3  ns
151 DBIN Active from CLK T 1] 60 ns
152 DBIN Inactive from CLK T3 T/3%30 s
153 Command Active from CLK 10 35 “ns .
154 Command Inactive from CLK 10 35 ...ns
t55 DEN Active from CLK (read) 2T/3 2Te/3+30 ns " T
ts6 DEN Active from CLK (write) 0 " 30 ns
. 57 CEN Inactive from CLK (read) ’ 10 . 3 ns _
158 .. DEN Active from CLK {write) 2Te/3  2T/3+80 ns
158 BHE Active from CLK ' 10 45 ' ns
160 BHE Inactive from CLK ” 10 45 ns
t61 AQ Delay from CLK ) 20 55 ns
DRAM Control Signals _
163 . RAS Active from CLK . T3 1 Bees T hs
164 RAS, TAS, WE Inactive from CLK T3 T/3+25 ns
165 . CAS Active from CLK o 0 20 fs’
166 WE Active from CLK _ | 1/3 21/3%28 ns
167 Row Address Delay From CLK 30 8. ..ns
168 Column Address Delay From CLK 2Te/3 2T/3+25 ns
169 Address Float Delay From CLK Te/3 Tc/3+30 ns
ROM Signals R
70 ROMCS Active from CLK 0 30. . ns o
. t71 ‘HOMGCS Inactive from CLK 10 30 ns
49
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82C110 AC Characteristics (Continued) .
Symbol Parameter Min Max Units

DMA Controller Signals

160 DREQ Setup o CLK 0 ns

181 DREQ Hold to CLK T T T ns

182 AEN Active from CLK' ) 2T/3 2Tc/3+30 ns

183 AEN Inactive from CLK 2Tg/3 — 21/3+30 ns

84 DACK Active from CLK . ~0____ _100 ns

185 DACK Inactive from CLK 0 . 100 ns

188 Command Active from CLK 10 35 ns

187 Command Inactive from CLK 10 35 ns

189 ADO-AD15, A16-A19 Valid from CLK 0 60 ns

Interrupt Controller Signals

2 INTR Active from IRQ 300 ns

113 INTR Inactive from CLK 0 45 ns

t116 INTR Vector Setup from CLK 30 ns

1117 INTR Vector Hold from CLK ’ 10 ns .
1118 IRQ, NMI Low Width . . 100 ns

t119 “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

S0
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‘820110 Timing Diagrams

vee > ol
11~
PWRGOOO S—7£
- 2 .
SYSRST — 1[
[ YT N pyul
" —_—e L X -

Reset Signals

. [ ——110——] 112 " n_, . tu
o, —y g ﬁﬂf“ =l
o 15 —» :‘;‘m_’l o] ] I-.-m -
23 24 e L‘”/ p w7 m
SYSCLK jHI = s 4 = —
128 e ;_—

126
-]

Clocks
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82C110 Timing Diagrams (Continued) . . .
srsctk — .
m—b_L m F 133! F wa R
RO/GT AQ GT- K REL
Request/Grant/Release
m [ T2 TS ™ ™ T4

srscu 7 <_/“=L ;

IOCHADY X 4 ¥ -
13— —
READY ‘.k F’ -

Ready Timing ‘
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. 82€110 Timing Diagrams (Continued)

wer o A A A A AL

wz T\ /
et 04 Lt .
4O —=to=|
w _ T
—~—] paiS3 54 ]
— = 1
o] "_\-cnn DELAY ] e -
- 1 7
155 [ -
CAS " 7
<-|os-—|
W I Z
® E
e BTN ‘L—';k U
— m_._{ ROW ADDR °2'5‘.’,'.‘."‘ 144 =] F L
a5 g |— Wl
peN ¥ —1
w9 e 5o F
BoEN X B
Low) ™ cMD DELAY
DBIN —
1562 fo- == i‘-’-
DEN g .
Memory Write
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82C110 Timing Disgrams (Continued) . |
TS ™ T2 ™ ™ T4
%3
140 - tam shadd
153~ I<— — (-7}
WENA RN N\
o ®_CMD DELAY N
® 3 -
f~ —t

ol

MN ADDR
—

148
— 7
—— td-sd
AN
-FCMD OELAY 152w fem
U
— 'q-ts’r
_d
Memory Read
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‘8201 10 Timing Diagrams (Continued) T T

T T ™ ™ T4

wax _ /2 f X/ X /% /N

:

]
N

41

140
ALE
| S
—ei |53 . 154t
MEMA 4 CMD DELAY\
1
70 f
ROMCS X i '
142-—p- |<—— 44—
—_— I

45— {eiomm — 146 . AT =]
. PBIN
—

DEN <—|55—-JL e~

T Al

ROM BIOS Read
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82C€110 Timing Diagrams {Continugd) . .
S T r-{ ™ n ™ T4
51z N\ /
140 o a8
A

B

¥

/T‘T
=

{

|
I

CMD DELAY
161 > it
a0 X
U~ fea— - L |
CBER * A\

51 =] —tp]
DBIN ;_
uz-—_\r —pe
PEEN
145 -~ — s —
PBIN '{- _Sr‘

455’1 o 57

DEN #

it
o

[’*-
:

IO Read
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.azcﬂo Timing Diagrams (Continued)

T4 aal T2 T ™ T4

—’l =141
40—

)
r

g
i
i

%
g
¥

|

|

\-CI!D DELAY

®_ oMo DELAY
. DBIN (=]

142 -~ 184 ==
PBEN £
145 e —] tay
PBIN
196 | —|
DEN

g
T+

all
’ 3

1/0 Write
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82C110 Timing Dlagrams (Continued) o o ) .

T4

e Ve W W WaWa Il
/N
L

R

(HIGH)

MAQ-9 },,,_,:,,_...’;.,.,,:' % I I 1S —
®_ROW ADDR .

Memory Refresh Cycle
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. 82C110 Timing Diagrams (Continued)

S_| SO, S0, S0 ;51 | S2 ;83 | S4  S2,S,8 ; & |8

A

OMACLK
(INTERNAL)

-] " 131 | o
e, i
e T \FL/T\E N Lierense

1|2 — i 183
AEN .
5%
" [ | == memae L s
YA -5 4| Aopmessvaun X Y
"_ ADDRESS VALID

DACK Lo .

S
88> a7 - .
o s —

‘ B aia AN AN T —
READY i \ ‘ /

Note 1: Extended Write Made . . . .-
DOMA Basic Timing

IRAx N L

113

ADO7

Note 1: INTA is internal to the §2C110. . . _ -
INTA Sequence/NM] Vector Substitution
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82C110 Timing Diagrams {Continued) . . .. .
S0 l sn I s12 sB 34 l 21 s s3 I S2¢4 St
DMACLK
(INTERNAL) \
YY) ) & >
ADDy
rcy ADDR DATA IN J—ee—i{" ADDR e ™

- paTA ouT

Memory to Memory DMA Transfer
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.100-PIN PLASTIC FLAT PACKAGE (RECTANGULAR) DIMENSIONS: mm (in)

r———m ennTe— o

319 (0126) MAX
............................

_/_ \_ o
'li_- 18 {0.071) MAX
L 22 (0912 |

2600 (1.024)

__

—
——
— e |
—_—
anws —mien |
—t
—] —amd
R == TYP
== N L =
f o c— - - ===
- 124 (0.
o ]
—— ]
et
—_
‘— e |
— e |
—r

T
PIN #1 m#’m _.“‘_

03 (0.012) TYP

Ordering Information

Order Number Package Type

. F82C110 . PFP-100 . e e
e R T
1, PFP = Plastic Flat Package . . . .

B 209811b 0009098 277 1A

R R TTIEEE IS




