ADVANCE INFORMATION

82C100
IBM™ PS/2 Model 30 and Super XT™ Compatible Chip

w 100% PC/XT compatible

n Build IBM PS/2™ Model 230 with XT soft-
ware compatibility

® Bus Interface compatible with 8086, 8086,
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m Includes all PC/XT functional units com-
patible with:

8284, 8288, 8237, 8259, 8254, 8255, DRAM
control, SRAM contral, Keyboard control,
Parity Generation and Configuration regis-
fers

The 82C100 Is a single chip implementation
of most of the system logic necessary to
implement a super XT compatible system with
PS/2 Madel 30 functionality using either an
8086 or 8088 microprocessor. The 82C100 can

be used with either 8 or 16-bit microproc- .

essors. The 82C100 includes features which
will enable the PG manufacturer to design a
super PS/2 Model 30/XT compatible system
with the highest performance at 10 MHz zero.
wait state system with an 8088, the highest
functionality with dual clock and 2.5 MB
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® Key superset features: EMS control, dual
clock, and power management

m Complete system requires 12 ICs plus
memory

16 MHz Zero wail state operalion

o Applicable for high performance Desktop
PCs, Laptop PCs and CMOS Industrial
Control Applications

o Single chip implementation available in
100-pin flat pack

DRAM (with integrated Extended Memory
System control logic), the lowest power
implementation by utilizing the on-chip power
management features and the highest inte-
gration with the lowest component count
SMT design.

The 82C100 can be combined with CHIPS
82C601 Multifunction Controller and 82C451
VGA Graphics Controller to provide a high
performance, high mtegratlon PS/2 Model 30
type system. R
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The 82C100 supports most of the peripheral
functions on the PS/2 Model 30 planar board:
8284 compatible clock generator with the
option of 2 independent oscillators, 8283
compatible bus controller, 8237 compatible
DMA controller, 8253 compatible interrupt
controlier, 8254 compatible timer/counter,
8255 compatible peripheral /O port, XT Key-
board interface, Parity Generation and Check-
ing for DRAM memory and memory conirofier
for DRAM and SRAM memory sub-systems.

The 82C100 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
ment features for SLEEP mode as well as
SUSPEND/RESUME operations. The SLEEP
and SUSPEND/RESUME features help in

preserving the battery [ife in laptop portable
applications.

The 82C100 supports a very flexible memory
architecture. For systems with DRAMSs, the
DRAM controtler supports 64K, 256K and 1M
DRAMs. These DRAMs can be organized in
four banks of up to @ maximum of 2.5 MB on
the planar board. The 2.5 MB memory can he
implemented with 2 banks of 1M * 1 DRAMS,
partitioned locally as 640KB of real memory
and 1.875MB of EMS memory. For systems
which require low operating power and
minimum standby power dissipation, the
chips provide the decode logic which in con-
junction with externat decoders altows selec-
tion of up to 640KB of static RAM. This opfion
is useful in laptop portable applications.

The 82C100 is packaged in a 100-pin plastic
flatpack.
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82C100 Pin Description

Pin Description

“Crystal/oscillator inpuf” CGX1 is an input for a passive

crystal ¢circuit or packaged oscillator to generate the Initial
system timings. This frequency is divided by three to
generate the default systern c[ock when the system is
powered up. The type of crystal is 14.31818 MHz, parallel

resonance, fundamental frequency.

' .Crystalfoscillator outpﬁt. CX2 is the Inverted output of

CX1. If a grystal is used, then CX2 should be connected to
the crystal circuit. If an oscillator is used, then CX2 should be
left unconnected.

'Optl’onalgécillator'in;:auf. The POSC input is divided by

three o generate alternate system timing (other than 4.77
MHz). Typigally POSC is a 24 MHz or 30 MHz oscillator
with a 509 duty cycle, for 8 MHz or 10 MHz sytems,
respectively, The maximum POSC frequency is 30 MHz,
System timing is software selectabie from the configuration
register.

_______ QNSNS s BT a s 5 Pl le ol d

y'SIEITl l.oIOCK L e LNPTI Y Ib a conunuous runnir "ig LIUWR
with selectable frequency and duty cycle, The duty cycle
is either 33% for INTEL 808X CPus, or 50% for NEC
V20/30 CPUs. The SYSCLK frequency is selected from

either 1/3 of the POSC ar 1/3 of the CX1 frequencies. The

default is 4.77 MHz, 33% duly cycle.

Sleep Clock Output. SLPCLK is similar to SYSCLK, except

that SLPCLK can be disabled through software. SLPCLK

provides the clock for the CPU and other static devices. In

the OFF state it is LOW and the default is enabled.

Oscillator output. OSC is a continuous running squarse

wave with a 50% duty cycle, derived from the frequency
generated by CX1. Normally this is used for the 14.3318
MHz.

Power Good. An active Righ 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 rnomtormg Vcc -

Pin Pin

No. Type Symbol
Clocks and Reset Logic

73 I cxt
74 Q CX2

75 i POSC
83 o SYSCLK
g2 o] "SLPCLK
77 Q 0sC

90 | PWRGOOD
89 I Ps

Power Sense. An active !ow input which indicates tha
system configuration is invalid, due to a power loss. An
active low level on PS and SYSRST resets the 82C100

internal ports and configuration registers to their default

vatues. If power has been lost, DQ must be hald low until

PWRGOOD is high and SYSRST has returned high.




82C100 Pin Description (Continued)

Pin Description

System Resef. SYSRST is_an active low Schmitt trigger
input for power-up reset. SYSRST initializes the 82C100.
circuitry (but not the registers which are mltnahzed by PS)
This signal also generates the RESET output used to reset
the GPU, 8087 and cther peripherals. it should be held
active until PWRGOOD becomes active. - ‘

Pin Pin

No. Type Symbol
79 1 SYSRST
28 0] FDCOFF

Floppy Disk Controller OFF. FDCOFF is a grogrammable
output, normally LOW. If FDCOFF is eénabled (by a bit in a
configuration register}, and sieep mode is _entered, the
FDCOFF output pin will go high. This cordition causes
the FDC and other peripherals to be disabled, thus reducing
power consumption. FDCOFF _should be connected to
FDC and other chtp enable pins. ) _

e e =

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 GPU,
the 8087, and the external peripherals. —

Processor Status Signals. These signals aré'srtatus inputs
from the CPU. 50-52 should be pulled up w1th 4.7K-10K
resistors. . -
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Byte High Enable, BHE is an inbut signal. E!HE and A0
from the CPU indicate the type of bus transfer.

BHE AD Type

16 bit transfer

odd byte transfer .
even byte transfer
invalid (for 16 bit CPU)

0
0
1
1

- o =0

If the 82C100 is used with an 8 bit processor, BHE should
be tied high through a 4.7K to 10K resistor. The 82C100
uses the “invalid” state to perform the correct bus conver-
ston for an 8 bit processor. BHE is floated to the high
impedance state during “hold” cyclées, so it should be
pulled up with 4.7K-10K resistor.

80 o READY

READY. READY is an active high, asynchronous output
indicates that a memory or I/Q transter can complete.
READY is internally synchronized to meet the setup/hald
times of the processor.




82C100 Pin Description (Continued)

Pin Pin

No. Type Symbol Pin Description

29 - (9] INTR Interrupt Request. INTR is an active high output from the
internal Interrupt Controller. 1t should be connected to the
INTR pin of the CPU.

64 e} NMI Non-Maskable lntérruht. A LOW to HIGH transition on
NMI causes an interrupt at the end of the current instruc-
tion. [t should be connected to the NMI input of the CPU.

61 B RQ/GTO Reﬁuest/Grant.’_These signals are used by bus masters

47 B RQ/GT1 other than the CPU to gain control of the CPU local bus.

In the Model 25/30 or XT application,the other bus masters
are the 8087 numeric co-processor, and the 82C100 itself.
RQ/GTO has higher priority than RQ/GT1. 808X RQ/GT
signals are internally pulled up, so external pullups are not
necessary. See the Request/Grant section of this data
sheet for more information.

Local Bus Interface

6 B A19 Address Bits A19-16. During processor cycles, these are
7 B A18 inputs for the high order address bits. During DMA cycles,
8 B A7 the 82C100 sources the high order address on these lines.
e] B Al6 These should be connected directly to the processor ad-
dress lines and to the system address latches. ,

10 B AD15 Local Address/Data Bus 8its 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 82C100 sources the address during hold ac-
13 B AD12 knowledge and interrupt acknowledge cycles. ADO-AD7
14 B AD11 should be isolated from the 82C100 using bidirectional
15 B AD10 buffers to prevent bus contention during bus conversion
16 B AD9 cycles. PBEN enables the buffers and PBIN controls the
17 B ADS8 direction.

18 B AD7

19 B AD8

20 B ADS

21 B AD4

22 B AD3

23 B AD2

24 B AD1

25 B ADO

31 0] AQ Address Bit 0. This signal represents the state of address

bit 0. It is latched and should be used throughout the
system instead of ADO that would normally be latched
externally from the AD bus. The 82C100 toggles this bit
during bus conversion cycles. It should be buffered {in 2
normal system) but not routed through transparent latches
like the other address bits.




82C100 Pin Pescription (Continued)

Pin Pin
No. Type Symbol Pin Description

32 0o . _I0R . 170 Read. An active low strobe that informs the /O devices
to put their data on the bus. All the cammands (MEMR,
MEMW, TOR, and IOW) can be delayed one cycle through
software. The delay is necessary when running the CPU at
high speed. Delaying the commands allow more data and
address setup time. Default is no delay.

33 o oW 170 Write. An active low strobe that informs tﬁ_ﬁ[d devices

that data is available on the bus

34 o - MEMR ‘Memory Read. An active low strobe that mforms the
memory devices to put their data on the bus.

35 [e] MEMW Memory Write. An active low Nstro'b_e ti'Lat informs the
memory devices that data is available on the bus.

51 (o} ALE . . Address Latch Enable. ALE is used by the address huffer/
fatch to latch the address. During the second half of a bus
conversion cycle, a second ALE will not be generated by
the 82C100.

52 o) AEN "~ Address Enable. When high, this signal is an indication to

the devices on the I/O channel that DMA is active, meaning
the DMA channel has control of the address bus, data bus,
and the appropriate command lines.

84 o DEN Data Enable. Provided to control the output enable of 245

type transceiver. DEN is active during memory and 1/O
accesses and for INTA cycles. [t floats to the high impe-
dance state in “hold acknowledge” cycles. This signal is

equivalent to the DEN signal generated by an 8288 bus . .

controller. [t is normally not used in XT/Model 30 type
applicatioris, _

93 B PARO Parity Bit 0. The panty 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 odd 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 onty systems.

71 I IOCHRDY I/0 Channel Ready. An active high signal from the /O
channel. It is normally HIGH indicating that the addressed
device on the channel is ready to complete the data
transfer. Stow [/O or memory devices pull this signal LOW
to lengthen bus cycles. [OCHRDY should be pulled up with
a 4.7K resistor, because if there are no add-in boards
present, this signal would float to an undefined state,
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82C100 Pin Description (Continued)

Pin Pin
No. Type Symbol Pin Description
72 | IOCHCHK I/0 Channel Check. This signal goes low when there 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.

Buffer Controls

86 O VDBEN 7 Data Buffer Enable. DBEN enables the data transceiver
between the 1/0 channel data bus and 82C100.
85 Q .. DBIN Data Buffer Direction. A HIGH allows data to flow from

the 10 channel to the Internal bus. Normally low, this
means the data direction is to the /0 channel. DBIN is
used to control the direction of the buffer for the system
data bus.

68 (o] PBEN Processor Buffer Enable. An active low signal, PBEN en-
ables the data buffer between the processor and the
82C100. It is high during DMA cycles so that the data bus
is tri-stated. PBEN is qualified with DEN to avoid bus
contention during T2 cycles.

69 O PBIN Processor Buffer Direction. A HIGH on PB]N allows data -

to flow from the processor to the 82C100. PBIN controls
the direction of the data buffer on the local data bus.

Memory Controls

62 &) ROMCS - ROM Chip Select. This signal goes low for memary ac-
cesses In the address range FOO000H-FFFFFH. It would
normally be tied to the chip select inputs of the BIOS
ROM(s).

Note: All DRAM signals (MA9-D, RAS3-0, CAS and WE should be buffered it connected to more
than 9 memory devices)

65 (o] MA9 Multiplex Address Bits 9 and 8. Should be connected to
66 o MAS DRAM address bits 9 and 8. .

Note: The following 5 pins have different functions depending on whether static RAMs or Dynamic
RAMs are used with the 82C100. The functions change based on a bit in the configuration
registers.

41 O . MA7/SEL DRAM: Multiplex Address Bit 7. Should be connected to
DRAM address bit 7.

SRAM: Select. An active low decode address range 0-
640K (00000-9FFFFH).
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82C100 Pin Description (Continued)

Pin Pin

No. Type Symbol Pin Description

54 g - MAB/WEL DRAM: Multiplex Address Bit 6. Should be connected to
DRAM address bit 6. _
SRAM: Write Enable Low Bank. An active |ow strobe that
writes data to the low byte. Should be connetted to the
write enable of the low byte static RAMSs.

42 O _ MAS/WEH DRAM: Multiplex Address Bit 5. Should be connected to
DRAM address bit 5. .
SRAM: Write Enable High Bank. An active low sfrobe that _
writes data to the high byte. Should be connected to the
write enable of the high byte static RAMSs, -

40 O~ 7 MA4/CS9 DRAM: Multiplex Address Bit 4. Should be connected to
DRAM address bit 4. _ .
SRAM: Chip Select 9. An active low chip select for the
address range 90000-9FFFFH, Should be connected to the
chip sefects of the SRAM located at address 90000-9FFFEH.

38 o, MA3/CS8 DRAM: Multiplex Address Bit 3. Should be conn ected to
DRAM address hit 3. Z
SRAM: Chip Select 8. An active low chipSelect for the
address range 80000~-8FFFFH. Should be connected to the
chip selects of the SRAM located at address 80000-8FFFFH.

67 o MA2 Multiplexed Address Bits 2-0. These should be connected

87 O__ _ MA1 to DRAM address bits 2-0.

88 O " MAD . oy

55 O~ -RASO RAS3-0. Active low kow address strobes for DRAM banks

56 (o RAS1 0-3. Each bank is 9 bits wide (T bit for farity). Byte

57 O= . RAS2 referencing is done using the RAS signal. For more infor-

58 O~ RASS3 mation, see the DRAM Interface section of this data sheet -,

59 O ~7CAS ‘TAS. Active low column address strobe for all DRAMs,

60 o~ WE WE. Active low write enable for all DRAMS.

4 © - ._MREF Memory Refresh. MRAEF is the output of the mdependent

refresh timer signifying that a refresh cycle is occurring.
The refresh rate is programmable from 838 ns 10 214 us.

DMA and Irﬁe,trupt Controller Interface

38
a7

a0
20

b
-
1

1

DMA Request 3-1. These 31gnals are asynchronous re-
quests used by perlpherais to request DMA servlces They

IIGVC a IIAGU leUllLy L;[Id.llllb'l l ib I.IIU lllgllb‘hl dlIU Llld]lnel
3 is the lowest. DRQ must be held active HIGH until it is
acknowledged by the corresponding DACK.




82C100 Pin Description (Continued)

Pin Pin

No. Type Symbol Pin Description ‘
44 Q DACK3 DMA Acknowledge 3-1. An active low acknowledgement

45 o DACK2 ~ _ signal generated by the 82C100 as a result of a request for

45 0 . DACK1 DMA service (via a DRQ line) and a successful arbitration.

Thammo Hmmn tmmirod Lo emcaBFm il i noaTBEe AMEF b o Tk
HIESE IS HUSL DE PULEU WD WIdD VRO TEIISLONS.

43 O TC Terminal Count. An active high output pulse from the
DMA Controller, indicating the end of a DMA transfer
(transfer count register = 0).

94 I IRQ2 Interrupt Request 2-7. Active high asynchronous inputs to
85 [ IRQ3 ’ the interrupt controller generated by [/O devices. They are
96 | IRQ4 edge-triggered, but should be held active HIGH until
57 ! IRQ5 acknowledged.

o8 | IRQ6 ’

99 I IRQ7

63 | NPNNE Numeric Co-Processor NMI. An active high signal indicating

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

27 RTCNMI Real Time Clock NMI. When the Real Time Clock needs
immediate attention, it can generate RTCNMI. This is an
active high, edge-sensitive input. If enabled, will cause an
NI to the CPU. The NMI service routine has to determine
which NMI occurred by reading the NMI Status Register,

5 | PWRNMI Power Fail NMI. A monitoring circuit generates PWRNMI
when it detects imminent loss of power. This Is an active
high, edge-sensitive input. if enabled, will cause an NMi to
the GPU. The NMI service routine has to determine which
NMI occurred by reading the NMI Status Register.

Keyhoard and Speaker Interface

1 B KBCLK/IRQ1 Keyboard Clock/Interrupt Request 1. KBCLK is a bidirec-
tional open drain signal. Defaults to KBCLK when using
an XT style keyboard. The 82C100 synchronizes the internal
keyboard loglc with this signal. It sources the clock for the
keyboard when sending serfal data to the keyboard and
receives the clock when the keyboard is sending data. If
an external Model 25/30 style keyboard interface is used
{and selected through the Internal Configuration Register), .
IRQ1 Is the shared, active high Interrupt Request 1 input
from the keyboard controller, pointing device, and real
time clock.

100 B KBDATA Keyboard Data. KBDATA is an open drain bidirectional
serial data to or from the keyboard. This line is unused if a
Model 25/30 external keyboard interface is used.

10




82C100 Pin Description (Continued)

Pin Pin
. No. Type Symbol Pin Description
70 e SPKDATA Speaker Data. SPKDATA should be buffered, 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

22678 — Veo Power Supply. L

330, — GND Ground. =

53,76 L : R

Notes: —

1. The 82C100 provides four RAS signals to select which byte will be written. A single CAS and WE is provided
for all banks.

2. PART is provided for 16 bit BOB6 systems with DRAM. Usage of this is determined by, settl_g of the internal
conﬁgura'non registers. .

3. BHE is provided for B086 systems. A

4, A packaged oscillator is assumed for the processor clack if the CPU clock is above 4.77MHz (14 318MHz/3)

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

Pin Meaning
Input B
Input and Output (3-state)

I
B
. [e] Output

1
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Functional Description

The 82C100 is a single chip VLSI implement-
ation of most of the system logic for Enhanced
or Super XT designs. It can also be used to
build systems that are functional equivalents
of the 1BM Model 25/30, but with 100% XT
compatibility. The device contains the equiva-
lent of the 8288 Bus Controller, 8284 Clock

Generator, 10 MHz 8237 DMA Controller, 8259 .

Interrupt Controller, 8255 Programmable Peri-
pheral Interface, 8254 Programmable Interval
Timer, Memory Controfier, EMS Controller,
and offers enhanced features such as Power
Management Logic, Data Conversion Logic,
Programmable [nternal Configuration Regis-
ters, Programmable Wait States for Memory,
I/0, and DMA, and Decoding Logic.

SYSTEM CLOCK

The system clock circuit is functionally
equivalent to the B284 clock generator with
the addition of logic to support 2 different
clock frequencies. One is generated from the
standard 14.318MHz crystal or oscillator. The
other is optional and allows the processor
and 10O channel to operate at frequencies up
to 10 MHz. This is generated by an external
oscillator and must be 3 times the desired
processor clock frequency (for example a 10
MHz CPU clock requires a 30 MHz oscillator).
Additional loglc is also included to generate
two system clocks, a continuously running
clock (SYSCLK) and a software centrolled
clock (SLPCLK). SYSCLK provides uninter-
rupted timing pulses at the maximum clock
frequency. In a lap-top or other application
where current ¢consumption must be mini-
mized, SLPCLK is used to clock the processor
and other system logic that does not require
constant operation, SLPCLK can be stopped
using a BIOS function call that causes the
processor to enter standby mode to conserve
battery power.

All the system clock outputs are started when
PWRGOOD is true (high). When PWRGOOD
is faise, all clock outputs are low.

BUS CONTROLLER

The bus controller is functionally equivalent
to the 8288 bus controller. It provides com-

mand generation and controls the timing of
the interpal bus and I/C channel, including
logic for command delays {commands will be
active at T3 instead of T2). The 1/O channel
timing Is the same as the systemn timing—that
is 10 MHz bus timing for 10 MHz systems.
The wait states for memory, I/O and DMA
cycles are programmable for flexibility, The
bus controller module is enabled by SYSRST
going high. As long as SYSRST is low, the
bus controller is inactive. For praper operatian
SYSRST should stay low for a minimum of
200 milliseconds after PWRGOQD is high.

Local Bus Arbitration

The local processor bus is a multi-master bus
and is shared between the CPU, numeric
coprocessor, and the 82C100.. Normally the
CPU is the active bus master, but the other
masters can force the CPU to release the
local bus using the RQ/GT line. If the copro-
cessor is present (ICR 43H bit 1 is 1) the
82C100 uses RQ/GT1 for the bus exchange,
otherwise it uses the RQ/GTO line. Because of
this, a co-processor can be installed or re-
moved without the need for changing jumpers.

RQ/GTO from the 82C100 should be con-
nected to RQ/GTO0 of the CPU. RQ/GT1
from_the 82C100 shouid be connected to
RQ/GT1 of the co-processor, and RQ/GT1 of
the CPU to RQ/GTO of the coprocessor.

The sequence of events on the RQ/GT lines
is as follows:

1. Another bus master makes a bus request
to the CPU by asserting a one clock wide
pulse in any bus cycle on a RQ/GT line.

2. The CPU responds by asserting a pulse
during T4 or Ti, 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 now can take control of the
bus.

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

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

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

a. Request oceurs in or before T2

b. Not executing a LOCKed instruction

¢. Not in the first INTA sequence

d. Not in the first byte of a bus conversion

cycle.

If request is made when CPU is idle, the CPU

will:

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

DMA CONTROLLER

The 82C100'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 arnid memory to memory transfer
modes. All DMA data transfers require 5
clock cycles per byte. The DMA controller
does not support cascading.

DMA controller generates the memory address

and control signals necessary to transfer .

information between a peripheral device and
memory directly, Each DMA channel has a
pair of 16-bit counters and a reload register
for each cOufiter. The 16-bit counters allow
the DMA to fransfer blocks as large as 65,536
bytes. -

During normal aperation, the DMA subsystem
will be in either the idle condition, the Program
condition or the Active condition. In the Idle
condition the DMA controlier will be executing
cycles consisting of only one state. The idle
state SI is the default condition and the DMA
will remain in this condition unless the device

has been initalized and one of the DMA
requests is active or the CPU attempts to
access one of the intg_rr_lal_‘r_eg[ﬁe_r_s.__

When a DMA request becomes active the
device enters the Active condition and issues
a hold request to the system. Qnce in the
Active condition the 82C100 will generate the
necessary memory addresses and command
signals to accomplish a memary-to /0, 1/0-
to-memory, or a memory-to-rnemoty transfer.
Memory-to-1/O and 1/O-to-memory transfers
take place in one cycle while memory-to-
memary transfers require two cycles. During
transfers between memory and /O, data is
presented on the system bus by either mem-

" oty or the requesting device and the transfer

is completed in one cycle. Memory-to-memory
transfers however, reguire the DMA to store
data from the read operation in an internal
register. The contents of this register is then
written to memory on the subsequent cycle.

Bue to the large number of internal registers
in the DMA subsystem, an internal flip-flop is
used to supplement the addressing of the
count and address registers. This bit is used
to select between the high and low bytes of
these registers. The flip-flop will toggle each
time a read or write occurs to any of the ward
count or address registers in the DMA. This
internal flip-flop will be cleared by hardware
RESET or a Master Clear command and may
be set or cleared by the. CPU issuing the

appropriatg command.

Figure 1 shows all the register information
necessary to program DMA controller. Special
commands are supported by the DMA sub-
system to control the device. These commands

" do not make use of the data bus, but are

derived from a set of addresses, the internal
select, read and write. These commands are
Master Clear Register, Clear Mask Register,
Clear Mode Register Counter, Set and Clear
Byte Pointer Flip-Flop. These are discussed
later. N
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ADDRESS OPERATION

ADDRESS READ WRITE Flop

Flip-

Register Function

000h

Read Channet 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 Byte

001h

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

002h

Read Channel 1 Current Address Low Byte
Read Channel 1 Current Address High Byte
Write Channel 1 Base and Current Address Low Byte
Write Channel 1 Base and Current Address High Byte

003h

Read Channel 1 Current Word Count Low Byte
Read Channel 1 Current Word Count High Byte
Write Channel 1 Base and Current Word Count Low Byte
Write Channel 1 Base and Current Ward Count High Byte

004h

Read Channel 2 Current Address Low Byte
Read Channel 2 Current Address High Byte
Write Channel 2 Base and Current Address Low Byte
Write Channe! 2 Base and Current Address High Byte

005h

Read Channet 2 Current Word Count Low Byte
Read Channel 2 Current Word Count High Byte
Write Channel 2 Base and Current Word Count Low Byte
Write Channel 2 Base and Current Word Count High Byte

006h

Read Channel 3 Current Address Low Byte
Read Channel 3 Current Address High Byte
Write Channel 3 Base and Current Addrass Low Byte
Write Channel 3 Base and Current Address High Byte

007h

Read Channel 3 Current Word Count Low Byte
Read Channel 3 Current Word Count High Byte
Write Channel 3 Base and Current Word Count Low Byte
Write Channel 3 Base and Current Word Count High Byte

008h

Read Status Register
Write Command Register

00sh

Read DMA Request Register
Write DMA Request Register

00Ah

Read Command Register
Write Single Bit DMA Request Mask Register

00Bh

wolwo|lwo|wo|lasoo|wmw00|aawocg|awoco|aawoo|aasco|asco|aace

OO -4 |0 |0A |00 =% = |[00 w00 =2|00=2x2|00a=a 00w~ 00ad|00

XXX XMXH| KK 2O 0O |2 D020 |w0ua| 2020202 Q 2020|0200 w0

Read Mode Rég'istie'r'
Write Mode Register

Figure 1. DMA Registers
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ADDRESS OPERATION

Flip-
ADDRESS READ WRITE Flop

Register Function

00Ch 0 1 - X Set Byte Pointer Flip-Flop
1 0 X Clear Byte Pointer Flip-Flop o )
00Dh 0 1 X Read Temporary Register -
1 o] X  Master Clear L =
00Eh 0 1 X Clear Mode Register Gounter =~ {
1 (] X Clear All DMA Request Mask Register Bits o
00Fh 0 1 X Read All DMA Request Mask Register Bits~ C
1 0 X

Write All DMA Request Mask Register 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 he
programmed 1o increment or decrement this
register whenever a transfer is completed.
This register can be read or written by _the
CPU in consecutive 8-bit bytes.

Current Word Count Register

Each channel has a Current Word Count
Register which determines the number of
transfers to perform. The actual number of
transfers performed will be one. greater than
the value programmed into the register. The
register is decremented after each transfer
until it goes from zero to FFFFh. When this
roll-over occurs the 82C100 will generate T/C.

Base Address Register

Associated with pach Current Address Regis-
ter is a Base Address Register. This is a write
only register which is loaded by the CPU
when writing to the Current Address Register.
The purpose of this register is to store the
initial value of the Current Address Register.

Base Word Count Register

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

Command Register

This register controls the averall operation of
a DMA subsystem. The register ¢an be read
or written by the CPU and is cleared by either
RESET or a Master Clear command.
O Isb
b0

msb
b7

B6 b5 b4 b3 b2 bf

DAK DRQ EW RP_CT CD 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 active leve! is determined by
bit 6. 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 a
transfer,

RP—Writing a 1 to bit 4 causes the 82C100
to utilize a rotating priority scheme for
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 default 0

condifion causes the DMA to operate with

normai 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
nermally used whenever the CPU needs to
reprogram one of the channels to prevent
DMA cycles from occuring.

AH—Writing a 1 to bit 1 enables the address

hald fantiiea in Mhanmnal O glnoae mavfAarmim
NI ISdUl S 4 wiianinisn u winiclh e

memory-to-memory transfers.

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

Mode Register

Each DMA channel has a Mode Register
associated with it. All four Mode Registers
reside at the same /O address. Bits 0 and 1
of the Write Mode Register command de-
termine which channel's Mode Register gets
written. The remaining six bits control the
maode of the selected channel. Each chan-
nel's Mode Register can be read by sequen-
tiaily reading the Mode Register location. A
Clear Mode Register Counter command s
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 isb
b7 b6 b5 b4 b3 b2 b1 DbO

M1 MO DEC Al TT1 TTO CS1 CS0
(Read/Write Register)

M1-M0—Mode selection for each channel is
accomplished by bifs 6 and 7.

M1 MO MODE -
0 0 Demand Mode
0 1 Single Cycle Mode
1 0 Block Mode
1 1 Cascade Mode

DEC—Determines direction of the address
counter. A one in bit 5 decrements the ad-
dress after each transfer,

Al—The Autoinitialization function is enabled
by writing a 1 in bit 4 of the Mode Register.

TTI-TT0—Bits 2 and 3 control the type of
transfer which is to be performed.

TT1 TTO TYPE
1] 0 Verify Transfer
0 1 Write Transfer
1 o Read Transfer
1 1 lllegal

C51-C80~-Channel Select bits 1 and 0
determine which channel’'s Mode Register
will be written. Read back of a mode register
will result in bits 1 and 0 both being ones.

CS1 CS0 CHANNEL
0 0 Channel 0 select
0 1 Channel 1 select
1 0 Channel 2 select
1 1 Channel 3 select

Request Flééléler

This is a four bit register used to generate
software requests (DMA service can be re-
quested either externally or under software
control). Request Register bits can he set or
reset independently by the CPU. The Re-

nnnnn Aol e m mffamt e o ERe
qucbl Mask as no eiieci on soiiware ge-

nerated requesis. All four bits are read in
one operation and appear in the lower four
bits of the byte. Bits 4 through 7 are read as
ones. All four request bits are cleared to zero
by RESET,

msb ' ’ tsh

b7 b6 b5 b4 b3 b2 bl B0

X X X X X RB RSt RSO
{Write Operation)

16




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

RS1-RS0—Channel Select 0 and 1 determine
which channel's Mode Register will be writ-
ter. Read back of the mode register will

wmniild in Ivite 0 nnrl 1 hnth haina Aanae
feslil i oS v an

MB—Bit 2 sets or resets the request mask
bit for the channel selected by MS1 and
MSO0. Writing a 1 in this bit position sets the
mask, inhibiting external requests.

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

1 hoth being ones. . . L
MS1 MSO CHANNEL
RS1 fSo CHANNEL 0 o “Channel 0 select
1) 0 Channel 0 select 0] 1 ‘Ghannel 1 select
0 1 Channel 1 select 1 0o 'Channel,_z select
1 0 Channel 2 select 1 1 Channel 3 select
1 1 Channel 3 select R

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

msb —_ . ) Ish
b7 b6 b5 b4 b3 b2 bl bO
+ 1 1 1 RC3 RC2 RC1 RCO

fRead Operation)

RC3-RC0—During a Request Register read,
the state of the request bit associated with
each channel |s 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 can be programmed in two
ways, Each channel can be independently
masked by wriling to the Write Single Mask
Bit location. The data format for this oper-
ation is shown below.

msh =

b7 b6 b5 b4 b3 b2 bl b0

X X'X_*X X MB MS1 MSO
{Set/Reset Operation)

Isk

Altérnatively all four mask bits can be pro-
grammed in one operation by writing to the
Write All Mask Bits address Data format for
this and the Read All Mask Bits function |s
shown below

msb D - <
b7 b6 b5 b4 b3 52 b1 bo
X X X X MB3MB2 MB1 MBO

( F{ead/erte Operatjon)

MB23-MBO—Each bit pos:tlon in the field rep-
resents the mask bit of a channel The mask

UIL Ilullluq[ DUII!::Q[JUIIUD w Lllﬂ blldll[]!‘.‘l I'ILIITI'
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 reg:ster can be cleared,

enabling all four channels, by perio i‘ming a
Clear Mask Register operation.

Status Register -

The status of all four channels can be deter-
mined by reading the Status Aegister. Infor-
mation is available to determing i
has reached terminal count and whether an

“external service request is pending. Bits 0-3 .

of this register are cleared by RESET, Master

Y
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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 channel number
corresponds to the bit position.

msb Isb
b7 b6 b5 b4 b3 b2 bt _b0

DRQ3DRO2DRQIDRQ0C TC3 TC2 TC1
(Read Only Register)

Temporary Register

The Temporary Register is used as a tempo-
rary hnM;nn rnngster for data dunnn memory-
to- memory transfers. The registér is Ioaded
during the first cycle of a memory-to-memory
transfer from DQ-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 ocours.

Special Commands

Five -Special Commands are provided to
make the task of programming the device
easier. These commands are activated as a
result of a specific address and assertion of

either a read or write. Information on the
data limes is ignored by the 820100 when-

MGG SO 05 iyl wy LS
ever an write activated command Is issued,
thus data returned on read activated com-
mands is invalld.

Clear Byte Pointer Flip-Flop-~This command
is normally executed prior to reading or writ-
ing to the address or word count registers,

This initializes the flip-flop to point to the

low byte of the register and allows the CPU
to read or write the register bytes in correct
sequence.

Set Byte Pointer Flip-Flop—Setting the Byte
Pointer Flip-Flop allows the CPU to adjust
the pointer to the high byte of an address or

warenwed mmiiad woaintor

WOTrs COuiiL [8gisisn,

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

TCC

Register, Status Register, Reguest Register,

_.Temporary Register, Mode Register Counter

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

Clear Request Mask Register—Thiz com-
mand enables aill four DMA channels to ac-
cept requests by clearing the mask bits in
the reglster

Clear Mode Register Counter—ln order to
allow access to 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 deoing suc-
cessive reads to the Read Mode Register
address. The order in which the registers
will be read ts Channel 0 first, Channel 3
last.

INTERRUPT CONTROLLER
The interrupt controller is the functional

equivalent of the 8259A pius additionai logic.
It supports one non-maskable (NMI) and eight
maskable interrupt levels. [nterrupt fevels 2-7
are available at the system 10 channel. When
used with an XT-type keyboard, Interrupt
levels 0 and 1 are generated internal to the
82C100, Level Q is the highest priority and it
is connected to Counter/Timer channe! 0 to

provide a periodical interrupt for the tfimer
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 generated by the external
keyhoard interface. It is shared by the key-
beard, 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 vectar 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 only
one NMI pin exists on the processor, the NMI
service routine reads a register to determine
the source of the NMI.

18




Interrupt Assignments:

Level System Board I/Q Channel
NMI  Parity Check I/O Channel
CoProcessor Check
Aeal Time Clock
Power Failure
IRQC Timer Channel D Not Available
IRQ1 Keyhoard Not Available
Pointing Device {opt)
Real Time Clock (opt)
IRQe2 Video - Available
JRQ3  Not Usad Available
IRQ4 Serial Port Available
IRQ5 Hard Disk Available
iRQ6 FiSpoy Disk Avaiiabie
{RQ7 Pdrallel Port Available

Figure 2 iy a block diagram of the major
elements_in the interrupt controller. The
Interrupt Bequest Register (IRR) is used to
store requests from all of the channels which
Interrupt Request
Register bits aré labeled using the Channel
Name IR7-1R0. The In-Service Register {ISR)
contains all the channels which_are currently
being serviggd (more than one channe! can
be in service at a time). In-Service Register
bits are labeled [S7-180 and correspond to
IR7-1R0. The Interrupt Mask Register (IMR}
allows the CPU to disable any or all_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

Hegister. During Interrupt acknowledge cy-
cles, a master controller outputs a code to
the slave devige which is compared in the
Cascade Buuu[/uﬁi‘l‘iﬁafatof with a three bit
ID ¢ode previously written. If a maitch occurs
in the slave controller, it will generate an
interrupt vector. The contents of the Vector
Register are used to provide the CPU with
an interrupt vector during Interrupt Acknowl-
edge (INTA)} cycles.

ara reauacting service
arg requesiing service.

TNTA
e IN-SERVICE
REGISTER
INTERRUPT
IRO-IRT —~] REQUEST I—
REGISTER L ¥
FRIORITY
RESOLVER [™ 'NT
INTERRUPT
MASK
REGISTER
-] -
CASCADE .1 VEcToR DATA
CASD- COMPARATOR REGISTER {™mus
cas2

)

Figure 2. Interrupt Controller Blogk Diagram

Two types of commands are used to control
the 82C100 interrupt controllerd Initialization
Command Words (ICWs) and Operational
Command Words (OCWs). _____

L L‘ *u m|lw--l||unn.‘|+ .

Initialization Command Words _

The Initialization process consists of writing a
sequende of 3 bytes to the Intérfupt con-
troller. The initializafion sgquence is started
by writing the first Initiglization Command .
Word {ICW1) fo address G20H with a 1 ¢n bit
4 'of the data byte. The inferriipt controller
interprets this as the start of an initialization
sequence and does the following:

1—The [nitialization Cdrnmand Word Coun—
ter is resét to zera. ~
2—-{CW1 is latched into the device
‘3—Fixed Priority Mode is selected
4—|R7 is assigned the highest priority
5—The Interrupt Mask Register is clearad
6—The Slave Mode Address js setto 7
7—Special Mask Mode is dtsabled
8—The IRR is selected for S;gtus
Operations
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d:

START
| waimeicw: ] xa0:0 xps:1
!
1 WRITE (ICW2 } xno=1
CASCADE
MODE?
1 WRITE [CW4 § xA0=1

Yy

END OF INITIALIZATION
CONTROLLER READY

Figure 3. Initialization Sequence

The next two I/0O writes to address 021H will
load ICW2 and ICW4, 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
controller to be properly inittalized) by writing
to address 020H with a 0 in data bit 4. Note,
this will cause OCW?2 to be written.

ICW1—Address 020H

msb Isb
b7 b6 bS5 b4 b3 bZ bl b
X X X 8SI LTM X SM I1C4

(Write Only Register)

SI1—Bit 4 indicates to the interrupt controller
that an [nitialization Sequence is starting
and must be a 1 to write ICW1.

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

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

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

ICW2—Address 021H

msb Isb

b7 H6 b5 b4 b3 b2 b1 bO

Vi V6 V5 v4 V3 X X X
(Write Only Register)

V¥7-¥3—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.

{CWa—Address 021H

msb Isb
b7 b6 b5 b4 B3 b2 b1 80
X X X EM} X X AEQOl X

(Write Onty Register)

EMI—BIit 4 will Enable Muitiple Interrupts
from the same channe! in Fixed Priority
Mode.
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AEOI—Auto End Of Interrupt is enabled
when [CW4 is written with a zero in bit 1.

The interrupt controller will perform a non- _

specific EO! on the trailing edge of the
second INTA cycle.

Operational Command Words

Operational Command Words (OCWSs) allow
the 82C100 interrupt controller to be con-
trolled or reconfigured at any time while
operating. Each interrupt has 3 OCWs which

can be programmed to affect the proper .

operating configuration and a Status Regis-
ter to monitor controller operation.

Operational Command Word 1 (OCW1) is
located at address 021h and may be written
any time the controller is not in [nitialization
Mode. Operational Command Words 2 and 3
(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 OCW?2 (if data bit 3 = 0) or OCW3 (if
data bit 3 = 1). '

OCW1—Address 021H

msh Isb

b7 b6 bS5 b4 b3 b2 bl bl

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
appropriate bit position (MO controls IR0
etc.). Setting an IMR bit has no affect on
lower priority requests. Al IMR bits are
cleared by writing ICW1.

OCW2—Address 020h

msb Isb

b7 b6 b5 b4 b3 b2 bl bO
R SL EOl SI 2/3 L2 L1 L0

{Write Only Register)

R—Thls bit in conjunction with SL and EOI

selects operational function. Writing a 1in  ~

bit 7 causes one of the rotate functions to be
selected. . — .

R SL EOI Function

1 0 0 Rotate on auto EOI enable”
1 0 1 Rotate on non-specific EOI
1 1 0 Specific Rotate Command

1 1 1 Rotate on specific EOI

*This function is disabled by wrillng a zero to all
three bit positions. _

SL—This bit in conjunction with R and EOI

selects operational function. Writing a 1 in
this bit position causes a specific or imme-~
diate function to occur. All_specific com-
mands require L2-LO to be valid except no
operation. . -

R SL EOI Function

o 1 0 No operation”

o 1 1 Specific EQl Command

1 1 0 Specific Rotate Command
1 1 1 Rotate on spegific EQI

"EQI—This bit in conjunction with R and SL

selects operational function. Writing a 1 in
this bit position causes a function related to
EOI to occur. e

R SL EOI Function

@ 0 1 Non-specific EOl Command

g 1 1 Specific EOl Command -
-1 0 1 Rotate on non-specific EOl

i 1 1

Rotate on specific EOI

Sl—Writing a 0 in this bit position takes the
interrupt controller out of initialize mode
and writes OCW2 or OCW3.  _ ___.




2/3—If the 1/O write places a 0 in bit 4 (S1),
then writing a 0 in bit 3 (2/3) selects OCW2
and writing a 1 will select OCW3.

L2-L0—These three bits are internally 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 specii-
ic eycles (see SL above).

S22t on aDUVE

OCW3—Address 020H

mshb Isb

b7 bb b5 b4 b3 b2 bl bl

0 ESMM SMM SI

2/3 PM_RR RIS

......

ESMM—Writing a 1 in this bii position en-
ables the Set/Reset Special Mask Mode func-
tion controlied by bit 5 (SMM). ESMM allows
the other functions in OCW3 to be accessed
and manipulated without afiecting the Spe-
cial Mask Mode state.

SMM—If 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 Mode, writing a 1 to any bit position
inhlbits interrupts and a @ enables interrupts
on the associated channel by causing the
Priority Resoiver to ignore the condition of
the ISR.

S]—See 3| above.

2/3—See 2/3 above.

PM—Polled Mode is enabled by writing a 1
to bit 2 of QCW3, causing the 82C100 to
perform the equivalent of an INTA cycle
during the next I/O read operation to the
controller, The byte read during this cycle
will have bit 7 set if an Interrupt is pending.
If bit 7 of the byte Is set, the level of the
highest pending request will be encoded on
bits 2-0. The IRR will remain frozen until the
read cycle is completed at which time the
PM bit Is reset,

RR—When the KRR bit (bit 1) is 1, reading the
Status Port at address 020h will cause the
contents of [RR or ISR (determined by RiS)
to be placed on D7-DO. 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 Model
25/30, the keyboard, pointing device and
real-time-cleck all share the same interrupt

level. In a Model 25/30 lpok-alike design, a

keyhnnrr‘l‘n’mnqu interface that emulates IBRM's

implementation must be done with external
hardware. In the 82C100's “PS/2” keyboard
mode, 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 sarviced. This will insure
that the interrupt controller in the 82C100
sees a rising edge for each interrupf, otherwise
the request will be lost.

TIMER

The timer circuit is functionally equivalent to
the 8254 timer. Channel 0 is used as a
general-purpose and software interrupt timer.
Channel 1 is unused, and channel 2 is used
fo 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 mipimum timing resolution
of 840ns.

The Counter/Timer (CTC) in the 82C100 Is
general purpose, and can be used to generate
accurate time delays under software control,
The CTC contains 3 16-bit counters {(Counter
0-2) which can be programmed fo count in
binary or binary coded decimal (BCD). Each
counter operates independently of the other
twe and can be programmed for operation as
a timer 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 Logic decodes control in-
formation written to the CTC and provides
the controls necessary io load, vead, con-
figure and control each counter. Counter 0
and Counter 1 can be programmed for all six
modes, but. Mode 1 and Mode 5 have limited
usefulness due to the lack of an external
hardware trigger signal. Counter 2 can be
operated in any of six modes listed below.

Mode 0 Interrupt on terminal count
Mode 1 Hardware retriggerable one-shot
Mode 2 Rate generator
Mode 3 Squarg wave generator
Mode 4 Software triggered strobe
Meode & Hardware retriggerable strobe
COUNTERO  Vgg
TMRCLK »ACLK GATE
- OUT p=T0 IRQO
COUNTER1  Vee
CONTROL »ICLK GATE 4——’
CS, RD, -
WA -»1 LOGIC Lo ouT
COUNTER 2
L] CLK GATE J«— GaTEZ -
- OUT —» 0OUT2

Figure 4. Counter/Timer Block Diagram

Counter Description

Each counter in the CTC contains a Control
Register, a Status Register, a 16-bit Counting’
Element (CE), a pair of 8-bit Counter Input
Latches (CIL,CIH),and a pair of 8-bit Counter
Output Latches (COL,COH).

The Control Register stores the mode and
command information used to conirol the
counter. The Control Register may be loaded
by writing a byte, containing a pointer 1o the
desired counter, to the Write Control Word

. —address (G43h). The remaining bits in the

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

The Status register allows the software to
monitor counter condition and read back the
contents of the Control Register.”

The Counting Element is a loadable 16-bit
synchronous down counter. The CE Is loaded
or decremented on the falling edge of
TMRCLK. The GE contains the maximum
count when a 0 is loaded; which is equivalent
to 85536 in binary operation or 10000 in BCD.
The CE does not stop when it reaches 0. In
Modes 2 and 3 the CE will be reloaded and in
all other modes it will wrap around to FFFF in
binary operation or 9999 in BCD.. .

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 or re-
loaded in one TMRCLK cycle.

The CE is also read indirectly by reading the
contents of the Counter Output Latches. GOL
and COH are transparent latches which can
be read while transparent or latched (see
Latch Counter Command). '

Programming The CTC

After power-up the condition of CTC Control
Registers, counter registers, CE, and the out-
put of all counters is undefined. Each counter
must be programmed before it can be used.

Counters are programmed by writing a Con-
trol Word and then an initial count. The
Control Register of a counter is written by
writing to the Control Word address (see
Figure 5). The Control Word is a write only
location.

23



Address Function

040h Counter 0 Bead/Write

041h Counter 1 Read/Write

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

Figure 5. Counter/Timer Address Map

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

Control Word—(043H)

msb Ish
b7 b6 b5 b4 b3 b2 bt bl
F3 F2 Ft{ FO M2 M1 MO BCD

(Write Only Register)

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

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

Read/Write Counter Command

When writing to a counter, two conventions
must be abserved:

1—Each counters Control Word must be
written before the initial count is written.

2—Writing the initial count must follow the
format specified in the Control Word (least
significant byte only, most significant byte
only, or [east 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 Contral Word providing the ~

programmed format is observed.

During Read/Write Counter Commands M3-
MG are defined as follows:

F3 F2 F1 FO Command

) 0 0 D Latch Counter 0 (see Counter Latch Command)
0 0 0 1 Read/Write Counter 0 LSB Only

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

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

0 1 0 0 Latch Counter 1 (see Counter Latch Command)
0 1 o) 1 Read/Write Counter i LSB Only

0 1 1 0 Read/Write Counter 1 MSB Only }
0 1 1 1 Read/Write Counter 1 £SB then MSB

1 0 0 0 Latch Counter 2 (see Counter Latch Command)2
1 0 0 1 Read/Write Counter 2 LSB Only

1 0 1 0 Read/Write Counter 2 MSB Only

1 0 1 1 Read/Write Counter 2 LSB then MSB

1 1 X X Read-Back Command (see Counter Read-Back Command}

MSB = most signiticant byte
LSB = least significant byte
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M2 M1 MO Function
0 Select Mode 0
Select Mode 1

Select Mode 2

Select Mode 3

Select Mode 4

Sl iXixiolo
alalwialolo
=~ Q= |Of=

Select Mode 5

Laich 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 remain latched until read by the CPU,

or the counter is reprogrammed. The oufput’

latches then return to a “transparent” con-
dition, In this condition the latches 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
first counter to which the command was
issued. Also, multiple Latch Counter Com-

- A mands issued_to the same counter without

-

eading the counter will cause all but the
first command to be ignared.

Read-Back Command

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

The format of the Read-Back Command is:

msb . Isb

b7 b6 b5 b4 b3 b2 bl bl

1 1 LC LS €2 C1 Cot G0

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

LS—Writing 2 0 in bit 4 causes the selected
counter(s) to latch the current condition of
it's Control Register, Null Count and Qutput
into the Status Regist‘er'. The next read of the
Counter will result in the contents of the
Status Reglster bemg read (_ee Status
Read)

c2- Cn-—-ertlng a 1in bit 3 causes Counter
3 to latch one or both of the registers speci-
fied by LC and LS. The same is true for bits
2 and 1 except that they enable Gounters 1
and 0 respectively. -

Each counter's latches remain latched until
either the latch is_read or the counter is
reprogrammed. -

If LS = LC = 0, status will be returned on the
next read from the counter. The next one or
two reads (depending on whether the coun-
ter is programmed to transfer one or two
bytes) from the gounter result in the count

being refurned.

MM

Status Byte i

msh Ish
b7 b6 b5 b4 b3 b2 bt bo
OQUT NC F1 FO M2 M1 MO BCD

OUT—BIt 7 contains the state of the OUT
signal of the counter

- NC—Bit 6 contains the*éondiﬁon of the Null

Count Flag. This flag is used to indicate that
the contents of the CE are valid. NC will be
set to a 1 during a write to the Control
Register or the counter. NC. is cleared to a 0
whenever the counter is loaded from the
counter input registers.

F1-F0—Bits 5-4 contain the F1 and FO Com-

mand bits which were written to the Com-

mand Register of the counter during initiali-
zation. This information is useful in deter-
mining whether the high byte, the iow byte
or both must be {ransferred during counter
read/write operations.
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M2-M0—T hese bits reflect the mode of the
counter and are interpreted in the same
manner as in Write Command operations.

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

Counter Operation

Due to the previously stated restrictions in
Counter ¢ 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 1s relevant to all counters.

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

TMRGCLK 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.

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

Counter 2 operates in one of the following
modes.

Mode 0—|nterrupt on terminal count

Writing the Control Word causes OUT2 to
go low and remain low until the CE reaches
D, at which time it goes back high and re-
mains high until a new count or Gontrol
Word is written. Counting is enabled when
GATE2 = 1. Dlsabllng the count has no effect
on OUT2.

The CE is loaded with the first TMRCLK
pulse after the Control Word and initial count
are loaded. When both CIL and CIH are
written, the CE is [paded after CIH is written
(see Write Operations). This TMRCLK puise
does not decremant 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 count.

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

Mode 1—Hardware retriggerable one-shot

Writing the Control Word causes QUT2 to
go high initlaily. Once initialized the counter
is armed and a trigger causes OUTZ2 to go
low on the next TMRCLK pulse. OUT2 then
remains low until the counter reaches 0. An
initial count of N resuits in a one-shot pulse
N TMRCLK cycles fong.

Any subsequent triggers while QUT2 is low
cause the CE to be reloaded, extending the
length of the pulse. Writing a2 new count to
CIL and GIH will not affect the current one-
shot unless the counter is retriggered.

Mode 2—Rate generator

Mode 2 functions as a divide-by-N counter,
with OUT2 as the carry. Writing the Control
Word during initialization sets OUT2 high.

When the initial count is decremented to 1,
OUT2 goes low on the next TMRCLK pulse.
The following TMRCLK pulse returns QUT2
high, reloads the CE and the process is
repeated. In Mode 2 the counter continuas
counting (if GATE2 = 1) and will generate an

~ OUT2 puise every N TMRCLK cycles. Note

that a count of 1 is illegal in Made 2.

GATE2 = O disables counting and forces
OUT2 high immediately. A trigger reloads
the the CE on the next TMRCLK pulse. Thus
GATE2 can be used to synchronize the
counter to éxternal events.

Writing a new count while counting does not
affect current operation unless a trigger is
received. Otherwise, the new count will be
loaded at the end of the current counting
cycle.
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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 first half of
the initial count expires, OUT2 goes low for
the remainder of the count.

If the counter is loaded with an even count,
the duty cycle of OUT2 will be 50% (high =
low = N/2). For odd count values, OUT?2 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 OUT2 to
go high initially. Expiration of the initial
count causes OUT2 to go low for one
TMRCLK cycle. GATEZ = {) disables counting
but has no effect on OUT2. Also, a trigger
will not reload the CE.

- software. R

If a new initial count is written during a

counting sequence, it is loaded into the CE

on the next TMRCLK pulse and the se-
quence continues from the new count. This
allows the sequence to be "retrlggerable" by

Mode 5—Hardware triggered strobe
Writing the Control Word causes OUT2 to
go high initially. Counting is stasted by trig-
ger. The expiration of the initial count causes
OUT2 to go low for one TMRCLK cycle.
GATEZ2 = 0 disables counting.

The CE is loaded on the TMRCLK pulse
after a trigger. Since loading the CE inhibits

_decrementing, OUT2 will go low for one

TMRCLK cycle, (N+1) TMRCEK cycles after
the tngger

If a new count is Ioaded durmg counting, *
the current counting sequence will_not be

i R
o

L

T

affected unless a trigger accurs. A trigger :: il
The counting sequence is started by writing causes the counter to be reloaded from CIL .
the initial count. The CE is loaded on the and CIH, making the counter “retriggerable”. =
TMRCLK pulse after initialization. The CE ] = R
begins decrementing one TMRCLK pulse GATE2 =_ -- i
later. OUT2 will go low for one TMRCLK In Modes 0, 2,3 and 4 GATEEUS level sensi- 1
cycle, (N+1) cycles after the initial count is tive and is sampled on the Tfsing edge of__ B
written. TMRCLK. In Modes 1, 2, 37and 5the GATEZ " ,'i;
4
Mode Condition - = - = i‘
Low Rising “High - - T
s
) Disables Counting — v Enables Counting -
- = -»
— - - a) tnitiates Counting™ — = F
b) Resets QutPin ~ : : S : ;'5
—— —— = =
2 . a) Disables Counting initates Counting Enables Counting e
b} For}qes”Out Pin High . J;’
3 a) Disables Counting Initiates Counting Enables Cqu[mg B o7
b) Forces Qut Pin High ’ B . _;;
Disables Counting — HEnables Cou ]

— Initiates Counting I =

g

Figure 6. Gate Pin Function




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-flop 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 82C100 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. I/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 PP, but the external interface is different.
Some of the bits are internal and hardwired
so 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). If a PS/2 type keyboard 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 port C (62H) is
the status port for various system functions
described below, Port 63H is the command/
mode register for these three 1/O poris. In the
normal operation of the PC/XT, the control
word is programmed to 99H: Port A (60H),
and port C (62H) are inputs, and port B (61H)
is output.

To Program the PPI:

1. Select the desired operational modes for
both group A and group B, by selecting
the appropriate combination of bits 6:5,
and bit 2, o D

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

37 Select the grouping of inputs and outputs
(bits Q, 1, 3, and 4)

4, Write the Mode Control word to port 63H.

Single Bit Set/Reset Mode

Any of the bits in port G can be Set/Reset
using a single OUT instruction. To Set/Reset
any Port C bits:

1, Select the bit to be set/reset (bits 3:1). ‘
Select bit O for set (1) or reset {0).

Set bit 7 to 0 to select the Single Bit mode.

AW oN

Write the control word to port 63H.

Parallel Port Bit Definition
Port A (60H) - R (XT Keyboard Mode QOnly)
R-Keyboard Scan Code

Port B (61H) - W

_ TMR2GTSPK - Timer 2 Gate Speéker
Controls the Gate 2 input of the
timer.

0 - Stop count of timer 2. If SPKDATA
bit {bit 1) is set to HIGH then
SPKDATA output (pin 70) will be
HIGH, else it will be LOW.

1 - Enable counting of timer 2.

SPKDATA - Speaker Data

0 - Disable Speaker Data, SPKDATA
output (ptn 70} will remain LOW.
1 - Enable Speaker Data.

bit 0

bit 1

bit 2
bit 3

Reserved
Read High/Low Switches

0 - Low Nibble Switches
1 - High Nibble Switches

FCKEN, Parity Check Enable.

0 - Enable Parity Check. Default.

1 - Disable Parity Chack.
{OCHCKEN, I/0 Channel Check
Eriable.

0 - Enable I/O Channel Check.

Default.
1 - Disable I/Q Channel Check.

bit 4

bit 5
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bit 6 KBCLKLO, Keyboard Clock Low.
For XT keyboards only.
0 - Hold Keyboard Clock Low.
1 - Normal Keyboard Clock. N
bit 7  KBEN, Keyboard enable/clear, Clear

port 60 and generate keybhoard clear
NMI if port 72, bit 6 is set.

0 - Enable Keyboard.
1 - Clear Keyboard.

Port C (62H) - R

Note: The lower nibble of Port G 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 is high and the low
group is read when bit 3of Port Bis low. Ina
system with the 82C100, these switches do
riot physically exist. They are emulated by a
configuration register. They are provided for
software compatibility only. The values listed
here are those used by IBM in the latest XT,
however they don't actually control anything.
Note that bits 0, 2, 3 and 4 have been redefined
in the Model 25/30. Since these bits are just
values and do not actually control any hard-
ware, a Model 25/30 compatible BICS could
use these bits as they are defined by the
Model 25/30 instead Qf the XT definitions.

Low Switches

bit 0 Loop on POST

0 - Do net loop on POST

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

bit 1 Co-Processor Installed

0 - Mo coprocessor.
1 - Coprocessor is installed.

bit 2:3 Planar Ram Size. _ -

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

High Switches

hits &1

Display Type at Power-up
00 - EGA

‘01 - CGA 40x25

10 - CGA 80x25
11 - Monochrome 80x25

bits 2:3

_I\I_Jrﬁber of Diskette _Drives
00 - 1 Drive

- 01 - 2 Drives

10 - 3 Drives
11 -4 Drlw_es ~

bit 4

Reserved ' ..:_i

bit 5

. Timer Channel 2 Out

Status of Timer Channel 2 output.
When this bit does ot change status,
timer channel 2 is not working, be-
cause! _ T

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

bit 6

IO Channel Check
0 - YO GH CK line is inactive.

1.~ 1/0 CH CK line is active - error

occurred.

bit 7

RAM has occurred i

RAM Parity Check

0 - No parity error has cccurred.
1 - Parity error on the mother board

Port 63H

(R/W) - Mode Set Definition

bit 7

Mode Select

-(0 - Single Bit Set/Reset mode-—see

- below)

1 - Mode Set Function

bits 6:5 .

Mode Selection for Grour:irA
00 - Modé 0 '

- 1 - Mode 1

1X - Mode 2

bit 4

Port A mode (Giroug'A)

0 - Output
1« Input
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bit 3 Port C Upper Nibble (Group A)

0 - Quiput
1 - Input

Group B Mode Select

0-Mode O
1 - Mode 1

Port B {Group B)
0 - Output
1 - Input

bit 2

bit 1

bit0  Port A Lower Nibble (Group B)

0 - Cutput
1 - Input

Port 63H (R/W) - Single Bit Set/Reset Mode

Mode Sélect

bit 7 .
0 - Single Bit Set/Reset Mode .

{1 - Mode Set Function—see above)

Don't Care
Bit Select

0o -BltQ

001 - Bit 1

010 - Bit 2 T
ag11 - 8it 3

100 - Bit 4

101 - Bit 8

110 - Bit 8

111 - Bit 7

Set/Reset

0 - Reset
1 - Set

bit 6:4
bit 3:1

bit 0

KEYBOARD INTERFACE

The keyboard inferface makes provisions to
bypass the internal logic so a PS/2 siyle
keyboard may be used. Selection is done
through the Internal Configuration Registers.
When this option is selected, Port 60H is
essentially turned off so that it may be imple-
mented externally.

KBDATA and KBCLK are open collector and
are both input and output when using an XT
keyboard. KBDATA is unused and KBCLK
becomes the |IRQ1 input when the 82C100 is
used ict PS/2 keyboard mode.

in XT Keyboard mode, the interface logic
assembles the serial data from the keyheard
into bytes. Timing and synchronization is
provided by the KBCLK signal, Internally there
are shift registers clocked by KBCGLK.

To Receive Characlers:

When a key is depressed or released, the
keyboard controlier sends a scan code. The

" Keyboard logic assembles the incoming serial

data to a byte. Whenever a byte of information
is ready, an IRQ is sent to the interrupt

- controller. The IRQ1 interrupt service routine

reads port B0H to get the keyboard scan code
on port 614, this clears the shift register for
{he next character.

'MEMORY INTERFACE

The 82C100 has a powerful memory controller.
It generates the control signals for static and
dynarmic RAMs, and the BIOS ROM,

The DRAM contrel function has an indepen-
dent DRAM refresh timer that can be pro-
grammed to generate a refresh rate from 838ns
to 21448, It also generates all the necessary
timings and controls for_4 banks_of DRAM
arrays. The signals are RAS3-0, CAS, WE,
and the multiplexed addresses MAD-MA®
during refresh and memory accesses. Refresh
and power to the DRAM portion of memory
can be maintalned during SUSPEND mode at

HHn + H i
the user's discraetion.

Controt signals for SRAM are multiplexed with
MA addresses. They include chip selects and
write enables. SRAM/DRAM operation is sel-
ected by a bit in the configuration registers.

ROMGCS is used to select the ROM BIOS. It is

Al omm ol 2] Lm e d A (g n"n'al®
decoded for address range FROO0OH:FFFFFH.
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ROM Interface

ROMCS is active low for the 64K address
range FO0O00 to FFFFF, qualified with MEMR.
If _power consumption is not a concern,
ROMCS_should be connected to the Qutput
Enable (OE) of the ROM, and the Chip Enable
(CE) should be tied to ground. If power con-
sumption is of concern, the ROMCS should
be tied to both the Output and Chip Enables,
at the expense of slower access time. Two
ROMSs would be used in a 16 bit system, and
one ROM would be used in an 8 bit system.

SRAM Inieriace

The _control signals for a typical static RAM
are OE, CE;"and WE. The 82C100 provides
some of these signals and others must be

generated by an external decoder. WEL should

be connected to the WE inputs of the low/even
bank, and WEH to the high/odd bank. WEH
and WEL should be buffered if more than ten
devices are connected. CS8 and CS9 are
decoded 64K segment for address S0000H
and 90000H. Assuming 32Kx8 RAMSs are used,

CSB and CS9 can be c¢ connected directly to _

the CE pins, and the OFs are tied to MEMR.
The other CSs are generated by a 74x138
decoder. Consult the following Static RAM
Subsystem figures for reference.

8 Bit Memory Configuration

Dynamic RAM Interface

‘The memory configuration on the system

board is defined in the configuration registers.
Four bits are used to select one of the sixteen
predefined configurations from 128KB to
2.5MB, 8 bit or 16 bit. Connections to the
DRAMs are simplified, because ali the control
and timing signals are generated by the
82C100. The 82C100 generates RAS, CAS,
WE and all addresses. CPU commands are
active at the beginning of T2. Memory cycles.
are divided into 3 segments for_timing gener-
ation. At 1/3 of T2 RAS s active, at 2/3 of T2
the DRAM address is muitiplexed and WE is
active (if & write cycle), and CAS is active at
the end of T2 (at beginning of T3). Commands
are inactive at T4, whereas DRAM contrals
are inactive at 1/3 of T4 to account for data

"~ hold tlme

Address translatrons for LIM EMS are internal.
- The value in the EMS register is combined

with the lower address bits ta make the com-

‘plete DRAM address - -

The following table shows th‘e_-éctual éddréss

- bits present on the multiplexed address (MA)

lines for RAS and CAS cycles for 8 and 16 bit
memory modes depending on the type of
memory device used.

02 01

MA Outputs 09 08 07 06 05 04 03 00

RAS (All devices) .09 08 07 06 05 04 03 02 0T @0

CAS (64K devices) — — 09 10 15 14 13 12 11 08

CAS (256K devices) — 16 17 10 15 14 13 12 11 09
CAS (1M devices) A 18 16 17 10 15 1413 12 11 19

16 Bit Memory Configuration

MA Outputs 08 08 07 06 05 04 03 02 01 00

RAS (Al devices) 00 08 07 06 05 04 03, 02 01 10
CAS (64K devices) 18 16 09 10 15 14 18 12 11—

CAS (256K devices) 18 16 17 10, 5 14 13 12 11—

CAS (1M devices) 18 16 17 20 15 14713 12 11 18

31



8-BIT SRAM INTERFACE

BANKQ

—SO7-SD0 .

BANKS

138 =55 — 50
SA16 A Yo c£so CS0 =
: SA1S ——{A1s
SATT B t i D7-D0
[ L
SATS c I __SA
) MEMBL =
17 <s? e o€
t G1 GZA G2B WEL w
32KX3
== SRAM
—_ s
SEL
SA1S —r— A14
1
SAlg i D7.D0
SAT L _Jao
% TAEMRH ®
— .- WEH -
WE (WEL —_—
{WEL) — |WE w
AD—9— y B4 :
—_— 1
l ll\ WEH L
y B 32KX8
— SRAM
TREVRD CS9 —
MEMR — |™MEmMRL &
MEMEH SA1S ——| AW
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WEL W
MEMRL &
32KX3
= SRAM
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SAl —J ag
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16-BIT SRAM INTERFACE

138
SAtE A “_ vyo
'
[
SA1? B :
|
SA1B c 1
Y7
LM—T G2A G2B
SEL
SAls

_CSo —
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= !
. D7-00
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1
1
1
I
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r
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-
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I
1
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Also note that in the following table the device
size refers to the address width, not neces-
sarily the number of bits per device. For
example, two 256K=x4 DRAMs could be used
instead of eight 256K*1 devices to give the
same amount of memory. Although the 256Kx4
devices contain 1 megabit, they are connected
and treated in the memory configuration
register as a 256K device. :

The following describes which MA lines to
connect to the DRAMSs for both 8 and 16

devices:

For 8 bit configurations:

B4K devices Use MAD-7
256K devices Use MACD-8
1M devices - Use MAD-9

For 16 bit configurations:

NOTE: MA0-MA9, WE, CAS, RAS0-RAS3 ARE CAPABLE OF DRIVING UP TO 9 DRAM LOADS
WITHOUT EXTERMNAL BUFFER, ASSUMING DRAM &y IS 10uA PER LOAD, AND

C; = TpFLOAD

EVEMN
BANK

DD
BANK

64K Devices Use MA1-8
256K Devices Use MAT-§
1M Devices Use MAD-9
82C100
PAR -
ADD-AD1S
R-PACK
MAD-MAS _Ea}___‘
ALS244
. BUFFER 33 a4
WE AAA— WE
— 33 . Do-7
CAs —AAA of TAS D
— 33 PARO
RAS0 ANy RAST -]
RASZ
— —o WE
HAS o 5 007
RASE 2
LA o BASZ
ol WE
— D8-15
| CAS D
a3 PaR1
— A RAST P
—d WE
. De-15
—d CA% [
33 — PART
ANA RAS3
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|—Wr—l‘-

BHE

B2C100
PARO

ADO-ADY

MAQ-MAS

8-BIT DRAM INTERFACE

—1a
— DO-D7
—1 WE D
CAs
I Ras
330 -
244 A | R
L AAA—
(BUFFER) pAA
— DO-
W o7
330 —
ANA— CAs P
330 —
A A RAS
230
2o
0 A
) — Do-07
p—— WE
s P
RAS
A
— 0o-n7
——WE
cAS
HAS

DRAM MODULES
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1/0 Channel Interface

The /O Channel interface has been enhanced
by adding variable /0 wait state and com-
mand delays to account for slow peripherals
and add-on cards. ADQ to AD19 are decoded
to provide various internal device chip selects
while AD10 to AD15 will be used for EMS
page register address. For all internal [F{®]
accesses DBEN and DBIN are IGW, thus the
system bus data buffer is enabled, and the
direction is outward to the /O channel. For
external accesses DBIN is low for 1/0 writes,
and high for 1/O reads. The addresses (Al-
A19) are latched by the transparent latches
(74XX373 or equivalent), controlled by the

ALE signa[ An internally latched AQ signal is

used in rgnlunct!gn with the above. 1t should
be buffered, but not latched in the transparent
latches. The 82C100 toggles this bit for bus

conversion cycles. -

During bus conversion cycles a second set of
commands are generated by the 82C100. First,
the 82C100 toggles AD incrementing the ad-
dress. A second ALE is not generated. 10R,
TOW, MEMRB, 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 82C100
is done through the configuration registers.
There are six Internal registers used to define
the 82C100 configuration. These are accessed
through a pair of 10 ports {22+, and 23H).
The definitions and index addresses of these
are given below.

Accessmg the Configuration Reglsiers is a
two step process:

Step 1: Write the index of the configuration
register to 10 port 22H.

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

To minimize accidental writes to these confi-
guration registers, any access to location 23H
must be preceeded by a write to [ocation 22H.
Tha

The configuration setup should be the first

gural s LT

task performed after power is turned on, be-
cause it defines how the 82C100 interfaces to
the rest of the system. For example, 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 82C806 CHIPSpak.
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- high at power down.

SH - SRAM Control HIGH
0 - SRAM control .outputs forced

- low at power down.

1 - SRAM control outputs forced

Reserved.

internal Configuration Registers Definifion bit 5:
Index 40H: R/W - Clock/Mode Size,
o7 CLKSEL - Clock Select
0 = Slow Clock (4.77MHZ). Default.
1 = Fast Clock {(Max=10MHZ) bit 4:
bit 6: DC - Processor Clock duty cycle bit 3:
0 = 33% duty cycle (8088/86). Default.
1 = 50% duty cycie (V20/V30)
bits 5-3. Reserved. B
bit 2: 2C - Two Clocks. Two clocks are
present.
0 - One clock. 4.77MHz only. Default,
1 - Two clocks. A second 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 2

CD - Command Delay

. 0 - Normal command timing. Default,

Commands are asserted during T2.

_ 1-Delay command by 1 cycle.

Comimafids are asseried during T3
instead of T2 to allow additional
time for adapters fo degcode their
address. The commapd is actually
shortened by 1 cycle. An additional
wait state should be specified to

_maintain the normal command width.

DS - DMA Clock Select

bit 1:
0 - Use system clock for DMA.
1 - Use system clock divided by 2
for DMA. . . . AU
bit 0; 16 - 16 bit memory/IO

Enables the bus conversion logic. It implies
that an 8086 (or V30) processor with 16 bit
bus is installed. .

0 - 8 bit mode, :
1 - 16 bit mode. Default.

If the 82C100 is used with an 88/V20 then the
BIOS must reset this bit immediately.

8M - System Mem(Ti’y Timing

0"~ Normal wait states.

System memory timing as’controlled
by other configuration register bits.

_Default setting.
"~ 1 - Reduced wait states.

The number of wait states is forced
to O for system memafy cycles.
System memodry 15 defined as
memory in the 0-640K range and
EMS address space thatiscontrolled
by the 82C100. When thdTommand
delay bit is set and_dn additional
wait state has been_ Specified to
mainfain cofmmand width, this bit
should also be seffo keep system
memory timing the same.

Reserved.

bit 0:  EP - Erable Parity

0 - Enable parity check iogic. Default,
1 - Disable parity cfeck logic.

Index 41H:R/W - System Conlfiguration bit 1:
bit 7: MT - Memory Type.

0 - DRAM. Default.

1 - SRAM. o
bit &6: SR - Soitware Reset.

0 - Disable Software Reset Function.
Default.
1 - Enable Software Reset Function.

||; f|l!l|- i
L \i|'i
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Index 42H:R/W - Configuration Valid

Reserved
VC - valld Configuration

bits 7-1:
bit 0;

0 - Invalid configuration. When the
82C100 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. It is alsc reset
to 0 whenever PS goes low for a
minimum of 20 ns, regardless of
Vdd status.

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 as long as power remains
coonected to the 82C100, or unless
PS goes low for longer than 20 ns.

Index 43H:R/W - DIP Swilch Emulation

Used to emulate the configuration DIP
switches in an XT system. Default is 30H (1
floppy, monochrome display, 266KB, no B087).
This register is provided for software compa-
tibility only and does not actually contrgl any
devices. The exception Is bit 1, that tells the
82C100 whether or not a co-processor is pre-
sent, The state of this bt tells the 82C100
which RQ/GT #ine to use. The BIOS should
scan the devices present at power-up (if the
battery-backed-up SRAM that holds the config-
urations is determined to _be invalid or not
present) and set this register accordingly.

bits 7:6: Number of diskené drives installed

00 - 1 Floppy disk installed

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

bits 5:4: Display type

Q0 - EGA

01-CGA40x25

10-CGA 80 %25 .
11 - Monochrome 80 x 25 _

bits 3:2: RAM size on system board

- 00 - 256KB
. D1-512KB
10 - 576KB
11 - 640KB

8087 Numeric coprocessor installed

0 - Not installed
1 - Installed

bit 1.

Loop on POST (for manufacturidg
test)

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

bit O:

Index 44H: R/W - Subslitlute NMI Vector
Register, Byte 0
Index 45H: R/W - Substitute NMI Vector
Register, Byte 1
Index 46H: R/W - Substitute NMI Vector
Register, Byte 2
Index 47H: R/W - Substitute NM! Vector
Register, Byte 3

These four registers store the NMI vector that
Is substituted whenever an NMI is performed.
This prevents modification of the NMI vector
except under control of the BIOS.

Index 48H: R/W - Hefresh Timer Counter

The 82C100 provides a programmable refresh
counter which allows usage of slow refresh
DRAMSs. Each value is a multiple of 838 ns
(14.31818 Mhz divided by 12). A value of 00H
is invalid, because the counter will never start.
Therefore the minimum allowable value is
01H for 838 ns, and the maximum vaiue is
FFH for 214 us.

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

There are separate wait settings for 1/0,
memory, and DMA. The minimum number of
wait states for [/O and DMA cycles is one,
and the minimum for memory accesses is
zero. The maximum for {/0 and DMA s four,
and three for memory. The refresh counter
can be disabled by clearing bit 1. Bit 0 selects
the type of keyboard té be used. When a
PS/2 Model 25/30 keyboard is selected the
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KBDATA output will be disabled, the KBCLK Index 4AH: Reserved
pin will become the IRQ1 input and port 60H . . : o
will ot be enabled allowing it to exist exter- Index 4BH: R/W - Sleep/Memory Configuration
nally. E
- hit 7: SL - Sleep mode enable,

bit 7-6:  MWS - Memory Wait State - Sleep Function Disabled. Default.

00 - 0 Wait States. Default. . .. 1 -8leep Function Enabled

01 -1 Wait State. o : T

10 - 2 Wait States. bit & 8N - Substitute NMI Vector.

11 - 3 Wait States. The CPU attempts fo read from

AW ” logations 00008T000BH when an

bit 5-4:_"IOWS - /O Wait State - NMI interrupt acknowledge sequence

00 - 1 Wait State. Default. is performed. If this bit enabled, then

01 - 2 Wait States. - - . .——..the 82C100 substitutes the NMI

10 < 3 Wait States. vector stored in CREG<44:47H>> for

11 - 4 Wait States. .. the vector stored in memory, .
bit 3-2:. DMAWS -~ DMA Wait State 0 - Disabled. Default.

00 - 1 Wait State. Default.
01 - 2 Wait States.
10 - 3 Wait States.
11 - 4 Wait States.

REFEN - Refresh Enable

bit 1:
0.- Disable Refresh Counter. Default
1 - Enable Hefres‘hicountrer._.

bit &:  PS2KB - PS/2 Type Keyboard.

0 - XT compatible keyboard type.
Default.

1~ PS/2 type keyboard.

1-Enabled.
bit 5  SP - Suspend.

0 - Disabled. Defauli..
1= Enabled =

bits 4 DS - DMA Slesp Enable,

When high, this bit will stop the
== clock from being applled to the DMA
circyit while the system is “sleeping”,
- - thus reducing power cbnsumptjon.
" This bit does not affect operation i
the sleep fI.InCtIOn‘IS not enabled..
"0 - Disabled. Default_
1 - Enabled. No DMA clock during
slesp. - -

bits 3:0: Memory Conflguréﬁbn

Four bits are used t0Sdkcify one of
16 predetined 8 or 16 bif confrgura-
tions from 128KB fo 25MB.
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8 bit wide Configurations

Value Bo B1 B2 B3 Sys EM Total
0 - — — _ —_ —_ = -0K

1 64K 64K — —_ 128K _ 128K
2 64K — 256K - 320K — 320K
3 84K 64K 256K — 384K — - 384K
4 64K 64K 256K 256K 640K - 640K
5 256K |- — - 256K - 256K
8 256K 256K — — 512K B 512K
7 256K 256K 286K —_ 640K 128K 768K
8 256K 256K 256K 256K 640K 384K 1024K
9 256K 256K 256K 256K 512K 512K 1024K
A — — ™ — 640K 384K 1024K
B8’ INVALID

(o] 256K 256K ™ - 640K 896K 1536K
D — —_ . 1M ™ 640K 1408K 2048K
E INV ALID

F 256K 256K ™ ™ 640K 1920K 2560K

16 bit wide Configurations

Value BO B1 82 B3 Sys EM Total
0 — — — — - — oK

1 64K 64K — - 128K - 128K
2 INVALID

3 INVY ALID

4 84K 64K 256K 256K 640K — 640K
5 INVALID

B 256K 256K — —_ 812K — 512K
7 - - INVALI!D

8 256K 256K 256K 256K 640K 384K 1024K
g 256K 256K 256K 256K 512K 512K 1024K
A INVALID ”

B INVALID

C INVALID

D _ — - 1M M 640K 1408K 2048K
E INVALID

F 256K 256K 1M ™ 2560K

Memory Configuration Options

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

640K 1920K

indicates the total amount of planar memory.
Note: Only configurations 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 bit bank with the
low order byte in BO and the high order byte
in B1. The same thing happens with B2 and
B3.
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Index 4CH: R/W - EMS Caonfiguration Register
bit 7:4: Expanded Memory IO port address.

These bits define the single IO address port
through which the EMS page registers are
accessed. Bits 15:14 of the 10 address are
used to select which of the four page registers
is being accessed.

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

Value 10 Address Value 10 Address
OH 208H 8H 288H (R)
1H 218H gH 298H (R)
2H 228H (R) AH 2ABH

3H 2384 (R) BH 2B8H

4H 248H (R) CH 2C8H (R)
5H 258H DH 2D8H (R)
64 268H EH 2E8H

7H 278H (R} = 2F8H (R)

bits 3:0: Expanded Memory Base Address

This Base Address specifies the siarting ad-
dress of the first 16K byte page that expanded
memory is accessible at. Up to 3 more pages
can be made accessible starting at successive
16K blocks.

721 - R/W - N\ Comroi

Base Base
Value Address Value Address
oH CO000H 5H D4000H
1H C4000H 6H D80o0ooH
2H C8000H 7H DCO00OH
3H CCO00oH 8H E0000H
4H DOO0OH 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 82C100 such as
power management. These are 1/0 registers
located in Planar I/O Map (below 100H), and
are extensions of the standard PC architecture.

bit 7

Reserved

bit 6

Enable Keyboard Clear NMI

This bit is used when the system
has been put to sleep, waiting for a
keyboard entry. It will generate NMI
when port 61, bit 7 is enabled.

0 - Disable Keyboard Clear NMI.
Default.

bit 5

1 - Enable Keyboard Ciear NMI
Enable Suspend NMr—

Setting this bit to O inhibits NMis
generated by a system POWER OFF.
If the power is turned off with this

bit reset to 0, and the state of the

system is not saved; the, application
canriot resume after fhe next power
on'sequénce. . —

0 - Disable Suspend NM{. Defauit.

- 1.~ Enable Susperd NM|

bit 4

Enable Keyboard Data NMI

If the bit is set to 1, an NMI will be
generated when there is a pulse on
KBDATA pin. This feature is used
with sleep mode, to wake the system

on each keystroke (Only on XT

keyboards)

“"0 - Disable Keyboard Data NMI.

Default.
1 - Enable Keyboarcﬂ?faia NMI

bit 3

Enable RTC NMI 7 )
0 - Disable RTC. NM! . Defaut.

1 - Enable ATC NM

£82C100 will generate an_NMl, if this

bit is set to 1, and the RTCNM! input
is high, to wake the system through
an RTC function suc‘ﬁ as alarm
mode.

. "y ‘i

o

R



bit 2 Sleep Clock ON/OFF bit 3 Suspend NMI
0 - Sleep Clock ON. Default. Suspend NMI bit is set to 1 when
1 - Sleep Clock OFF. all of the following conditlons are
When this bit is set to 1, SLPCLK -met:
output of the 82C100 (pin 82) will 1. NMI Enable is set (port AxH bit 7
be inactive (stays LOW) after a HALT is 1),
instruction Is executed. 2. PWRNMI input {pin 5) is high,
bit1  FDC Power Controf 8. Indlex 48H, bit 5 is high.
0 - Disable FDC Power. Default. This bit remains set until PWRNMI
1 - Enable FDC Power is LOW or NMI Enabled is reset.
Setting this bit to 1 will set the bit 2 RTCNMI
FDCOFF output to high. lIts usage The HTCNMI bit is set to 1 when
is to turn off peripherals such as . .
the FDGC tb lower powsr consump- NMI is Enabled {port AxH bit 7 is
tion 1), and the RTCNMI! input (pin 27}
. . is high. It remains set untit either is
bit 0 Reserved reset.
bit 1 Reserved
7EH - R/W - NMI Status, indicates the source bit 0 Keyboard Data

of NML.

When an NM! 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
NMI generated to the processor is an ORed
condition of any of the NMI Status register

bits.

bit 7

Reserved

blt 6

IOCHCK, /0 Channel Check (pin
72) status.

When this bit is set to 1, the
IOCHCHK input (pin 72) is LOW
indicating a parity or other error
indication on memory or devices on
the I/O channel.

bit 5

PERR, Syétem memory parity error.

This bit is set to 1 when there is a
parity error In _the planar system
memory. During a2 memory read
eycle, PAR1 (pin 92), and PARD (pin
93) bits are compared with the cal-
culated parity. If they do not agree,
an NMI will be generated (if NMI's
are enabled), and this bit will be set.

7FH - R/W - Power Control and Reseb

bit 7

Lov\;'Batrtery (suggésfed Jsége}

0- éattery is fine
1 - Battery is low

bit 6 -

) External Power (suggested uzage)

0 - No External Power

1 - Other external power than Power
Supply

bit 5:4

Reserved

bit 3

" Softwars Controlled Reset '

0 - Inactive
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.

bit 4

Keyboard Clear

bit 2

Reserved




@

hit 1
Suspend NMI.
Setfting this bit to 1 causes a Sus-
pend NMI to be generated that will
causea power off sequence (handied
by software and external hardware).
This bit should be Set/Reset through

BIOS function call (INT 15H}.

Request POWER OFF. Generates

bit 0 Reserved

AxH - W - NMI Control (x = © through FH)

bit 7 NMI1 Enable
0 - Disable all NMis.
1 - Enable ali NMis. Defauit.
Resetting this bit o 0 masks off the
NMI signal to the CPU. But an NMi
can be recagnized through software,
because the source of the NMI is
stored in the above NM! status
register.

bit 8:0 Reserved

Enhanced Operating Modes
EXPANDEE MEMORY SYSTEM

The Lotus/Intel/Microsoft Expanded Memory
Specification is a functional definition of bank
switched memory expansion madules 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 memcory. Extended memory is
memory “at physical addresses above 1MB
while expanded memory is bank-switched and
addressed below 1MB. Extended memory
applies to systems with CPUs that can address
physical memory larger than 1 MB, such as
the 80286 or 80386.

The LIM EMS allows application software to

access to memory greater than the normal

640K 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 C0000H
to EFFFFH. There are two registers in the
Internal Configuration Register, EMIO (Ex-
panded Memory [0 port address) and EMBA
(Expanded Memory Base Address). EMBA
specifies the starting memory address for the
first 16KB page, and EMIO defines the IO
port address for the page register. Bits 15:14
of this address are used to select which of
the four page registers are being accessed,
The I/O address of the page register is set in
ICR 4CH.

Currently there are several varieties of Ex-
panded Memory Specifications. The 82C100
supports the LIM EMS version 4.0.

SOFTWARE CONSIDERATIONS

The EMS installable driver, the EMM (Ex-
panded Memaory Manager), provides the hard-
ware independent interface to the application
software The application ’ communicates

MSDOS mterventlon

For more information please refer to:

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

bit. 74 EMIO

OH ) x208H

1H x218H

2H x228H (R)
3H . x238H (R)
4H x248H (R)
EH .. . x258H

6H x268H

7H . . X278H (R)
&H . x288H (RY
9H - x298H (R)
AH x2A8H
BH x2B8H
CH x2C8H (R)
DH x2D8H (R)
EH X2ESH

FH X2F8H (R)
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Where x = 0, 4, 8 or CH to select
one of the four EMS page registers.
This upper nibble must be sent cor-
rectly by the /O instruction, but is
not used in the actual decode of the
I/0 port. Note that those poris
marked with an (R} should not be
used because of potential address

conflicts.
3.0 EMBA

oM C0000H
H C4000H

24 CB8000H
3H CCoooH
4H DOoo0H
SH D4000H
&4 D8000H

7H DCO00H
8H ECOOOH

9H:FH Reserved

To access EMS memory:

1. Select starting memory address through
the ICR, i.e.
a. Write Index 4CH to port 22H
b. Select EMBA to be used (low nibhie}
¢. Select EMIO 1o be used (high nibble)
d. Write EMBA and EMIC (as a byte) o
port 23H.

2. Write the four EMS page registers. The
address is determined by EMIO plus the
highest 2 bits (bit 15:14) of the I/0 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 memaory 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 + 8000H"
2 Window base + 4000H*
3 Window base + CCO0H

* Note that these are not in order.

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 memory. 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 value of the page register
would depend on how much memory is

- available for EMS.

Far 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,

POWER MANAGEMENT

The 82C100 implements power management
features that reduce power consumption and
prolong battery life for lap-top type systems.
The BIOS needs to be extended to support
the additional hardware. The power manage-
ment features are:

A. Sleep Mode

When sleep mode is entered, tha system clock
is stopped when waiting for an external event
to ocecur, such as a keyboard/tioppy busy
condition.

B. Suspend/Resume Mode

Suspend/Resume mode s a system option
that enables a user to turn off (Suspend) the
system and save the current application, When
power is turned on, the application is resumed.

Extra circuitry is needed to allow power to be
turned off under program control and to pre-
vent power from being turned OFF directly
from the ON/OFF switch.

Sleep Mode

The sleep function is used to stop the system
clocks when an application is waiting for an
external event such as an input from the
keyboard or an 10 operation. This mode s
used to reduce power consumption and ex-
tend battery life. When the system is in sleep




mode, interrupts are processed as normal.
After each interrupt is serviced, control is
returned to the sleep function to find out if
the specified event has occurred. (f it has,
control is returned to the application; other-
wise sieep mode is reentered.

There are two System Clocks available from
the 82C100. SYSCLK is a free running clock,
SLPCLK is 8YSCLK that can be turned OFF
through software. SLPCLK should be used
by the processor, coprocessor, and any other
static peripherals that consume less power
when the clock is not present and can be
recavered by reissuing the clock.

The FDCOFF, (Floppy Disk Controller OFF)
output (pin 28), will be forced HIGH when
SLEEP is invoked. The purpose is to turn off
the FDC and other peripherals, so power
consumption will be minimized, FDGCOFF
should be connected to the chip enable of

the peripherals. Most chip enables are active _

low, so FDCOFF can be connected directly.

The internal DMACLK is normally off when in
SLEEP, but it can be selected to be on by
setting a bit in the ICR. In SLEEP mode, the
rest of the circuitry inside the 82C100 js stili
active. The 82C100 is still functicnal but DMA
requests (including refresh) will be lost be-
cause the processor is not being clocked.
The curtent version of the part does not wake
up the CPU in response to a DMA (refresh)
request. This implies that a system using sleep
mode would use static RAMSs. If DRAMs need
to be refreshed during sleep mode, an exter-
nal circuit to perform this function must be
added. .

The application can invoke sleep mode through
the system services function call (interrupt
15). The BIOS automatically invokes sleep
mode for device busy conditions or when
waiting for input from the keyboard.

The mechanism of SLEEP mode is as foliows:

1. SLEEP mode must be enabled by setting
bit 7 of ICR 4BH to 1.

2. Enable the NMI Control (default 1/O Ad-
dress 72H)

3. Application software requests SLEEP by
passing a SLEEP parameter, and issues
INT15 to BIOS.

4. The BIOS then does its housekeeping,
saving all the necessary parameters and
registers for it to return properly. Then it
activates the sleep command by setting
bit 2 of port 72H (NMI Caontrol Register).
As soon as this bit is written, FDCOFF
{pin 28) becomes active to disable the
FDC. The 82CT00 then waits for a HALT
instruction before turning off SLPCLK, to
allow software to finish executmg any fur-
ther code.

To recover from sleep mode:

1. An external device Issues an NMI or |RQ.
The 82C100 turns SLPCLK on whenever it
sees an interrupt request, Whether it is an
IRQ or a NMI.

2. The BIOS retrieves the Machine states
and resumes the previous application.

System Suspend (Power Off)

When PWRGOQD is inactive. JLOW), the
system is in power down mode. All of the
clocks are at DC, input lines are at tristate
and output lines are at either tristate or LOW,
Power can be turned off by throwmg a real
power ON/OFF Switch, or done | through soft-
ware. The system suspend fedture allows a
controlled power-off sequerﬂfe Power is not
shut off immediately—the system goes through
a power-down seguence Beforehand. The
purpose is to save the machlne states, so that
it can resume operation as normal when power
is turned on. . _ -

When t;\_e user presses the p’éWer switch to
OFF or when an appllcation requests a system
POWER-OFF through 2 BIOS call (INT 15),

- the BIOS suspend functior_saves the neces-

sary system mformatmn ina non-volatue RAM
area. ; o

System Resume (Power On) T

When the power-on sequence is started in
RESUME mode, the self-test procedures are
activated. POST checks to se¢ if the Suspend
mode is enabled. If so, it does a modified
reset. If it passed the diagnostics successfully,
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then the information saved during the SUS-
PEND sequence is restored and a return from
the NMI is executed. This causes the program
that was executing when SUSPEND mode
was invoked to resume execution. |

CLOCK GENERATION AND SWITCHING

The 82C100 supports two clock 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 switching Is
synchronized, based on an edge detector that
holds the clock low while switching from one
clock to the other eliminating any short clock
pulses.

On power up the defaults are:

4.77 MHz system clock (210 ns clock cycle)
33% duty cycle for 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, 1/O and DMA, and command
delay to guarantee setup and held 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 ICR 40H.

1/O CHANNEL TIMING CONTROL

1/0 channel timing can be manipulated by set~
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 state legic
adds Tw’s between T3 and the last cycle (T4).
On the other hand, delaying the command
gives more time for address setup. If command
delay is enabled, the commands (I0R, IOW,
MEMR, and MEMW) are delayed by one clock
cycle and become active at T3 instead of T2.
Therefore the time between address valid to
command active is 1 cycle longer than normal
cycles, allowing more time for external devices
to decode the address. Command defay is
applicable for both 1/0 and memory cycles.
By setting ICR 41H bit 3 to 1, commands are
delayed by 1 cycle. Default is normal, no
delays.

DATA CONVERSION

Since the 82C100 can operdte with 16 bit
processors {B0BG or V303, a 16 it multiplexed
data bus must be supported. The 82C100 will

- control and perform data conversion batween

the 16 bit processor data and the 8 bit IO
channel.

The effect af bus conversions are:

1. A 6 bit processor read is converted to

two 8 bit 10 channel reads.

2. A 16 bit processor write is converted to
two 8 bit 10 channel writes.

The 82C100 recognizes the need for bus
conversion cycles when the following three
conditions are met:

1. BHE is LOW.
2. AQ is LOW,

3. External cycles. 82C100 determines internal
or external cycles by decoding 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 I/Q cycles to locations not
internal to the 82C100. ’

The cross over is done internally. The 82C100
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 82C100 issues NOT-READY (READY
is low) to the CPU when it recognizes any
bus conversion cycles.

2. CPU transfers 16 bit data to the 82C100.

3. 82C100 allows the low byte to go through
by setting PBEN LOW and PBIN HIGH.

4. The low byte is transfered directly to the
1/Q channel. DBEN is set LOW to enable
the 1/0 channel data buffer.

5. After low byte transfer, 82C100 toggles A0
to HIGH, sending the odd address to the
1/Q channel.
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6. The high byte is transfered to the low byte
internal to the 82C100. The write command
is generated and a wait state is added if
programmed to do so. The second (high)
byte is transfered.

7. READY is set to HIGH, indicating the end
of transfer.

16 bit CPU read from 8 bit device sequence:
1. 82C100 issues NOT-READY to CPU..
2. AD is set LOW.

3. The 82C100 generates a read command
and reads the low byte external data into
the on board low byte.

T1[Tz|T3[T4

s _F1 1T

ALE __r—|

&

o o

AQ is toggled HIGH.

A second read .command is generated.

high byte internally.
7. The 82C100 changes READY to HIGH in-

dicating the end of transfer.

T { T T | T

By Iy

ow, memw | L — . |

AD

I N

R

READY 1

- ODD BYTE——3»

EVEN BYTE

Write Conversion Cycle
(0 Memory Wait States)

_r——

The 82C100 transfers the low byle into
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T | T | T3 | Ts T [ T2 | T | Tw |Ta

swax ] T T L T
as M1
ow weew | b | b T
20 I
READY 1 | I

Address Mapping

| e = EVEN BY TE = [t O DD BYTE—————B

Read Conversion Cycle
{0 Memory Wait States)

10 MAP
Address R/W Description
DMA Caontrollar
000H R/W DMA Channel O current address
001H R/W DMA Channe! 0 current word count
002H R/W DMA Channel 1 current address
003H - R/W DMA Channel 1 current word count
004H R/W DMA Channel 2 ¢urrent address
005H R/W DMA Channel 2 current word count
006H R/wW DMA Channel 3 current address
007H RN 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
O0CH w DMA Clear Byte Pointer
00DH W DMA Master Clear
QOEH w Clear Mask Register
OOFH w DMA Write All Mask Register Bit
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interrupt Controller

INTC ICW1

INTC OCwW2

INTC OCW3

INTC Interrupt Request Register (Igr} B
INTC In-Service Register (ISR) T
INTC Palling Data Byte '
INTC (Cw2

INTC 1CW4

INTC OCW5

INTC Interrupt Mask Register (IMR)

020H .

D21H -

TEZENVIDZELE

tntemal_Eonﬂguratlon Registers

022H © RwW Internal Configuration Index Register

023H _ . R/W Internal Configuration Data Register

Index Description

40H R/W Clock/Mode

41 R/W System Canfiguration

42H R/W Configuration Valid L — e

43H R/W PC/XT DIP Switch Emulation ™™~

44H R/W NMMI Vector Byte 0 (LSB) =

45H R/W NMI Vector Byte 1 .

46H R/W NMI Vector Byte 2 e

47H R/W NMI Vector Byte 3 (MSB)

48H R/W Refresh Counter T

49H R/W Wait, Refresh, Keyboard —

4AH - Resetved ' T

4BH R/W Memory Configuration 1

ACH R/W EMS Control ol

4D:4FH — Reserved =
Timer/Counter Registers ] L Came
040H R/W Timer 0 Count Load/Read .
041H R/W Timer 1 Count Load/Read o
042H R/W Timer 2 Count Load/Read T
043H R/W Timer Control Word - .
PPI Registers o=

N . EEEN i KN F AT _ _.._.; ” 3

060H R/W Parallel Port A _
081H R/W Paralle! Port B ) S
062H RAW Parallel Port C =
Additional I/O Registers -
072H R/W NMI Control D
07EH R/W _NM! Status —
07FH RW Power Control —
DAxH R/W NMI Mask o
0CxH R/W Reserved -
OExH R/W Reserved -
Note: x = 0-FR




DMA Page Registers

080H W DMA Channel 0 Page Register
081H W DMA Channel 1 Page Register
082H W DMA Channe! 2 Page Register
083H W _ . _DMA Channel 3 Page Register
EMS Page Reglsters

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) R/W EMS Page Register

x258H R EMS Page Register

x268H R/W EMS Page Register

x278H {R}) R/W EMS Page Register

x288H (R) R/W EMS Page Register

x298H (R) R/W EMS Page Register

x2A8H AW EMS Page Register

x2B8H R/W EMS Page Register

x2C8H (R) R/W EMS Page Reglster

x2D8H (R} R/W EMS Page Register

x2E8H R/W EMS Page Register

x2F8H (R) R/W EMS Page Register

Notes:

1. x = OH, 4H, 8H, or CH i
2. (R} are reserved and should not be used to aveid conilicts with other devices.
3. Only ane of these registars will exist at one time. The actual address used Is programnable,

Memory Map

O0DOD-9FFFFH  R/W RAM
CO000-EFFEFH  R/W EMS

FODOD-FFFFFH R ROM

82C100 Absoluie Maximum Ratings

Parameter Symbol Min. Max. Units
Supply Voltage Veo 3.0 55 A
Input Voltage S v, - 05 55 v
Qutput Vorlfag'e ' Vo 05 55 v )
Operating' Tempérétilre Top -25 85 = °C
Storage Temperature . Tare =40 1257 " °C

Note: Permanent device damage méy occur if Absolute Maximum -Ra[tin-g; are exceeded. Funétféﬁa_l opera{i-on
should be restricted to the conditions described under Operating Conditions. ‘
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82C100 Operating Conditions

Units

Parameter Symbol Min. Max.

Supply Voltage ch _____ '.;.4;15‘, 5.25 v -
Ambient Temperature . Ta . "_0 ) -_?0 . OC._. ‘
Capacitance (T, = 25°C, Vo = GND = 0V)

Sym Parameter Min, Max. Units Test Conditions
Cn  Input Capacitance — . 10 ~ pF SYSCLK = 0.5MHz
Cour _ Output Capacitance — .20 pF Returned to Vgg a
Cuo I/O Capacitance — 20  pF . Unmeasured pins
DC Characteristics (T, = 25°C, Ve = 5V + 5%)

Sym Parameter Min. Max. Units Test Conditions
Vi Input Low Voltage -0.5 0.8 v B )

Vin Input High Voltage 2.0 Vect05 V.
Voo Oufput Low Voltage -, _...04 v L 4,0mA (1) L
Vor Output High Voltage 24— NV lgy=-40mA (2)
A Clock Output Low 0.4 V .. -lg=4.0mA

Ven  Clock Output High 3.9 ' v, fon = -40mA
M Input Leakage Current A0 20 pA . Vi=VegtoOV
loL Output Leakage Current -10 20 #AT Vg = Ve to 045V
lce Vgg Supply Current — 30 mA . POSC =30MHz
lsrsy _ Standby Current — 0. up  POSC=DC _
Notes: - . L

1. loy = 12mA for RASD, ADO-ADY, fo, = 24mA for KBCLK, KBDATA.

2, lon = -24mA for RASn, ADO-ADY.

82C 100 AC Characteristics (T, = 0-70°C, V¢ = 5V £5%)

Symbol Parameter Min Max Units
Reset Signals

11 Ve Valid to PWRGOOD Active L ms

12 PWRGOOD to SYSRST Inactive 200 .ms

13 RESET Active from PWRGQOD o B ns

t4 RESET Inactive from CLK 10 Tc/3 ns
t5 PWRGOOD to PS inacfive 0 ' s
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82C100 AC Characteristics {Continued)

Tr

Symbol Parameter Min Max Units
Clock Signals

0 CX1, POSC Cycie Time 34 “hs

t11 CX1, POSC Rise Time 10 ns

12 CX1, POSC Fall Time 10 ns

3 CX1, POSC High Time - 10 ns -
t14 CX1, POSG Low Time ‘o S

t15 "CX1, POSC to 0OSC Delay 8§ 14 ns

t17 OSC Gycle Time B4 ' ns

118 OSC Rise Time 8 ns

t19 QSC Fall Time 8 ns

21 Q8C High Time ST ns

122 ~ OSC Low Time i ns
123 ~ CLK Rise Time 8 ns
t24 CLK Fall Time 3 ns

125 CLK High Time (33% Duty Cycle) “ns

26 CLK Low Time (33% Duly Cycle) ns

27 CLK High Time (50% Duty Cycle) ns

tog CLK High Time (50% Duty Cycle} ns ™
129 CLK Cyele Period (Tg) 100 fs
POSC POSC Frequency DG ‘30 MHz
0SC! 0S80 Frequency Be "30 MHz
Arbitration and Ready Signals - -

t30 RO Active from CLK 5 45 ns

31 A Inactive from CLK B 5 35 ns -
132 &T Setup from CLK "5 35 ng

133 GT Setup from CLK ~ s 45 ns

134 BEL Active from GLK 5 45 ns

135 REL Inactive from CLK - -5 30 s

135 - - TOCHADY Setup to CLK "5 30 ns

137 TOCHRDY Hold to CLK s 30 ns

138 READY Inactive from CLK o0 8 ns

39 READY Active from CLK o~ 15 ns

CPL ln!eifai:e ngnals o

40  ALE Active from CLK 5

40 ns
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82C100 AC Characteristics {Continued)

Symbol Parameter Min Max Units
t41 ALE Inactive from CLK (rising edge T1) 8 24, ns
142 PBEN Active from CLK 10 . ., 3  ns
t44 PBEN Inactive from CLK To/3 | To/3+35 ns
145 PBIN Delay from CLK 5. ..B80.- ns
46 PBIN Active from CLK . T3 Te/3+20 ns
147 PBIN Inactive from CLK 2T/3 | Z2Te/3+30 ns
t48 DBEN Active from CLK (read) OT/3 . 2T/3+30.ns
" t49 DBEN Active from CLK {write) 0. A0 ns ...,
150 DBEN Inactive from CLK (read/write) T3 2T ns
151 DBIN Active from CLK 0 &0 _ns
t52 DBIN Inactive from GLK Tof3 . Tof3+30 ns
B3 Commmand Active from CLK 0 .. 45, .ns
t54 Command Inactive from CLK .0 .45 ns
155 " DEN Active from CLK (read) 2T/3  2T/3+80 ns.
156 DEN Active from CLK (write) 0. .. 30 ns .
t57 "7  DEN Inactive from CLK (read) oo ag - . ns_ .
58~  DEN Active from CLK [write) ., ... 2Te/3 2T/3%30 ns
59 . BHE Active from CLK 10, .. - 45 ns
150" _____ BHE inactive from CLK ... 10 45 _ . ns_ |
161 _AD Delay from CLK - ) . 55 . .ns .
DRAM Control Signals e it
163 . .. --RAS Active from CLK . . Te/3 T/3+35 hs
164 RAS, TAS, WE Inactive from CLK T/8 " Tp/3+25 ns
165 __ TAS Active from CLK | - .. 0 20 ns
166 __WE Active from CLK . 2T5/3 ~ 2T/3+25 ns
67 Row Address Delay From CLK_ R .ns
168 .. Column Address Delay From CLK e 213 2T/3+25 ns
169 Address Float Delay From CLK | L Tof3 . T/3+30 ns
ROM and SRAM Signals . B e 7
t70 ROMCS Active from CLK . . 0 . _...30 . ns
AN _ROMGS TS8n, SEL inactive from CLK 0 .30 ns
72 CSn, SEL Active from CLK 0. .. -55 _ _.ns
173 ____ SRAM WE Active from CLK e . 0. _BO._ . Ts
t74 SRAM WE Inactive from CLK .0 4 ns
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82C100 AC Characteristics (Continued)

Symbol Parameter Min Max Units
DMA Controller Signals

180 DREQ Setup to CLK o ns

181 DREQ Hold to CLK ) T ng

182 ' AEN Ative from CLK 2T/3  2To/3+30 ns
183 AEN Inactive from GLK 2T/3 2To/3+30 ns

184 DACK Active from CLK g 100 ns

185 DACK Inactive from CLK 0 100 ns

186 Command Active from GLK 0 45 ns
187 Command Inactive from CLK a 45 ns
189 " ADO-AD15, A16-A19 Valid from CLK 0 80 ns
Interrupt Controlier Signals ' ) ) '

1112 INTR Active from IRQ 300 ns
113 INTR tnactive from CLK 0 45 ns
1116 INTR Vector Setup from CLK 30 hs
117 INTR Vector Hold from CLK “io K
118 IRQ, NMI Low Width 160 " “ns
1119 Command Recover Time 150 “ns
Notes:

1. Measured between 1.0V to 3.5V for 8088/8086 CPU
2, Measured betwesn 1.5V adn 3.0V for V20/¥30 CPU
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82C100 Timing Diagrams

[ < —
=

PWRGOOD '791
- 12 >l
sversT 3 ¥

sYsoix ~———As—o‘( J —— \—/_’T_J1
- B e —| M | :

RESET
o— 4!
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I C

Reset Signals

[e—ri1 114

o N A

123 id— 124—»‘ ‘-q— lq’-z—zrl e 127 ———>-{

-t } 25 ———or]

SYSCLK / i — 7 N
SLPCLK — Z 7 . -
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82C1060 Timing Diagrams {Continued)

SYSCLK S-/ '

30 3 -t~ 132—-) |- 133t 34— 135
S . i
RQ/GT i T REL

T1
SYSCLK

T4

IOCHRDY

READY

Ready Timing
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82C100 Timing Diagrams (Continued)
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82C100 Timing Diagrams (Continued)
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ALE
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82C100 Timing Diagrams (Continued)
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82C100 Timing Diagrams (Continued)
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82C100 Timing Diagrams (Continued)

T4 Tt T2 R K] ™
aock __ /X /X /S S/ /3
ALE ;N\
TREF ™\ S
MEMR \ \ V4
RAS \ —
(HIGH)
RS
MAQ-2 T v

Memory Refresh Cycle

i

Static RAM Timing
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82C100 Timing Diagrams (Continued)

SI|SU|SOISD|S1[52|53|$4i52153[$4
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82C100 Timing Diagrams {(Continued)
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ALE / \ /-—_\

Memory to Memory DMA Transfer
sYscLK ' / \ 7\ / \ .

JIRQ
NM? -

SLPCLK _g \ / \ / \ o\

Wake Up Sequence

SLPCLK by by I b : SLEEP MODE
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ow _\ -/ :
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100-PIN PLASTIC FLAT PACKAGE (RECTANGULAR) DIMENSIONS: mm (in)

l‘——— 200 (0.767) TYP -—r0

- - A
/g N b

‘ -li—_——- 1.8 {0.071) MAX

232 (0.912) _
! 26.0 (1.028) " =

’.

L
e
e S S ——

PIN #1

Ordering Information

. Order Number Package Type o7 S T
F82G100 T PEP-100 o -
Notes: ]

1. PFP = Plastic Flat Package
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CHIPS Regional Sales Offices

California, Irvine

Chips & Technalogles, Inc.
{714)852-8721
California, San Jose
Chips & Technologies, Inc.
{408) 437-8877

Georgia, Norcross

Chips & Technologies. Inc.
(404) 662-5098
Germany, Munich

Chips & Technalegies, Inc.
49.89.4510.0530

Iinois, llasca

Chips & Technolegies, Inc.

(312) 250-0075
Korea, Seoui
Chips & Technologies, Inc.

‘8225512723
Massachusetts, Burlingion
Chips & Technolagies, Inc.

(617,273-3500
Pennsylvania, Blue Beli
Chips & Technologies, Inc
(215) 540-2214

Texas, Dallas

Chips & Technologies, Inc.
(214) 702-9855

Taiwan, R.O.C.

Taipei

Chips & Technolegies, Inc. -
8862 717-5595

CHIPS International Distributors

CENTRAL AMERICA
Central America
Mexice, Guadalaiara
Sonika

5236-474-250

FAR EAST
Australia

Victoria, Burweod,
R&D Electronics
61-808-2911

Hong Kong

Kwun Teng, Hong Kong,
Wang's Kong King Ltd,
852-345-0121

India

Santa Clara, CA (USA)
Silicon Electronics
(408) 288-4408

Israel

Tal-Aviv

Cvs

9723-544-7475
Japan

Tokyo

ASCI Carporation
813-479-0486
Korea

Seoul .
Kostronics Enterprises
82256290557

Singapore

Singapore

Chartered Telmos Design
PTE LI, .
65778933

Taiwan, R.O.C.

Taipei

Unien Technalogy Carp.
886-2-501-8170 .
Taipel

World Peace

Indlustriat Co., Ltd.
8B6-2-5053-6345

EUROPE

Belgiuzr, Bruxelles
Aurigma Belgium S.A/N.V.
32 (02)523-62-95
Finland, Helsinki

QY Fintrenic AB
35806926022

France, Le Chesnay
A2M

337139.54.91.13
Germany, Nettatal

Rein Elekironik GmbH

49 (021531 733-0

Italy, Balsamo

Moxel S.r.l.

39(02) 61.29.0521
Netherlands, Eindhoven
Auriema Nederland B.V,
31 {0) 40-816565

Spain, Madrid
Compania Electronica
de Tecnicas
Aplicadas, S.A.
34-1-754-3001 .
Spain, Barcelona
Compania Electronica
de Tecnicas
Aplicadas, S A,

" 34-3-300-7712

Switzerland, Dietkon

. DataComp AG

41017405140

United Kingdom, Berkshire,
Maidenhead

Katakana Limited
Maidenhead 44 628 75641

NORDIC COUNTRIES
Denmark, Berley
Nordisk Elektronik A/S
45-284-20-00 o
Norway, Hvaistad
Nardisk Elektronik A/S
4702846210
Sweden, Kisia
Nordisk Eleldronik A5,
468 703 4630
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CHIPS Sales Representatives

UNITED STATES
Alabanta, Huntsville

The Novus Group, Inc.
(205) 534-0044

Arizona, Scoitsdale
AZTECH Component Saies
(602) 991-6300
California, Santa Ciara
Magna Sales .

{408) 727-8753
California, San Diego
S.C. Cubed

(619) 481-0757
California, Thausand Oaks
8.C. Cubed

{805) 496-7307
California, Tustin

S.C. Cubed

(714} 7319206
Colorado, Wheat Ridge
Wescom Marketing, Inc.
(303) 422-5957

Florida, Casselberry
Dyne-A-Mark Corpaoration
(407) 831-2822

Florida, Clearwater
Dyne-A-Mark Corporation
(813)441-4702
Florida, Ft. Lauderdale

Oyneg-A-Mark Corporation . . __

(305) 771-6501
Georgia, Litburn

The Navus Group, [nc.
{404} 263-0320

{daho, Boise

Wescom Marketing, Inc.
(208) 335-6654

Iinois, Hofftman Estales .
Micro-Tex, Inc.

(312) 382-30¢1

Indiana, Carmel

Giesting & Associates
(317) 844-5222
Maryland, Arnapalis

ESS N )
(301)269-4234
Massachusetts, Waburn
Mill-Bern Assaclates, Inc.
(617)832-3311 _
Michigan, Comstock Park
Giesting & Assoclates
{616) 784-9437
Michigan, Livonia
Giesting & Associates
{313) 478-8106
Minnesota, Eden Prairie
High Technology Sales Assoc..
(612)944-7274

New Jersey, Bellmawr
TAL

{609} 933-2600

- New York, Commack

ERA, Incorporated

{518) 543-0510

North Carolina, Saleigh
The Novus (Group

_(919}833-7771

Ohio, Cincinnati
Giesting & Associates

. (5613)385-1105

©Ohio, Ciaveland

Giesting & Assaciates

{216) 261-87C5

T (412)983-5832

QOregon, Beaverton
1-Sguared Limited
(503}629-8555 | e
Pennsylvania, Pittsburgh
Giesting & Associates

Texas, Austin .
OM Sales :
(512)388-1151
Texas, Houston
OMSales

 (713) 7894426

Texas, Richardson _"
OM Sales B

(214) 650.6746

Utah, Salt Lake City

Wescorn Marketing, Inc.

" 801) 269-0419

Washington, Kirkland
L-Squared Limited
(206) B27-8555
Wisconsin, Waukesha
Micro-Tex, Ing.

" (414) 542-5352

CANADA

Ontaria, Kanata

Electro Source, Inc.

{613) 592-3214

Ontario, Rexdzle

Electra Source, Inc, .
{(416) B75-4490 I

- @Quebec, Pointe Claire
- Electro Sourge, Inc.

{514) 630-7846
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Chips and Technologies, Inc.
3050 Zanker Road, San Jose, CA 95134 408-434-0600 telex 272929 CHIPS UR

CHIPS, CHIPSet, NEAT, NEATsx, LeAPSet, LeAPSetsx, PEAK, CHIPS/280, CHIPS/250, CHIPS/230,
CHIPS/450, MICROCHIPS, CHIPSPak, CHIPSPort, CHIPSIink are trademarks of Ch:ps and Tech-
nologies, Inc. . —
IBM AT, XT, PS/2, Micro Channel, Personal System/2, Enhanced Graph:csAdapter Co[or Graphlcs
Adapter, IBM Color Display, IBM Monochrome Display are trademarks of International Business
Machines. -

Intel, iAPX 385 are trademarks of Intel Corporation.

Motorola is a trademark of Motorola.

Lotus is a trademark of Lotus Corporation. Microsoft is a trademark of Microsoft.

Copyright 1988, 1989 Chips and Technologies, Inc.

These data sheets are provided for the general information of the customer. Chlps and Technologles,
ine. reserves the right to modify these pararneters as necessary and customer should ensure that it
has the most recent revision of the data sheet. Chips makes no warranty for the use of its products
and bears no responsibility for any errors which may appearin this document. The customer should
be on notice that the field of personal computers is the subject of many patents held by different
parties. Customers should ensure that they take appropriate action so that thelr use of the products
does not infringe upon any patents, [t is the policy of Chips and Technelogies, Inc. to respect the
valid patent rights of third partles and not to infringe upon or assist others to Infringe upon such
rights.




