














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































i n‘tel R 82C37A-5

Table 1. Pin Description

Symbol Type . Name and Function
Ve POWER: + 5 volt supply.
Vss GROUND: Ground.
CLK | CLOCK INPUT: Clock Input controls the internal operations of the

82C37A-5 and its rate of data transfers. The input may be driven at
up to 5 MHz for the 82C37A-5.

CS . | CHIP SELECT: Chip Select is an active low input used to select the
82C37A-5 as an I/0 device during the Idle cycle. This allows CPU
communication on the data bus.

RESET | RESET: Reset is an active high input which clears the Command,

: Status, Request and Temporary registers. it also clears the first/last
flip-flop and sets the. Mask register. Following a Reset the device is
in the Idle cycle.

READY | READY: Ready is an input used to extend the memory read and
write pulses from the 82C37A-5 to accommodate slow memories or
1/0 peripheral devices. Ready must not make transitions during its
specified setup/hold time.

HLDA | HOLD ACKNOWLEDGE: The active high Hold Acknowledge from
the CPU indicates that it has relinquished control of the system
busses. )

DREQO-DREQ3 | DMA REQUEST: The DMA Request lines are individual

asynchronous channel request inputs used by peripheral circuits to
obtain DMA service. In fixed Priority, DREQO has the highest priority
and DREQS has the lowest priority. A request is generated by
activating the DREQ line of a channel. DACK will acknowledge the
recognition of DREQ signal. Polarity of DREQ is programmable.
Reset initializes these lines to active high. DREQ must be
maintained until the corresponding DACK goes active.

DB0-DB7 170 DATA BUS: The Data Bus lines are bidirectional three-state signals
connected to the system data bus. The outputs are enabled in the
Program condition during the I/0 Read to output the contents of an
Address register, a Status register, the Temporary register or a
Word Count register to the CPU. The outputs are disabled and the
inputs are read during an 1/0 Write cycle when the CPU is
programming the 82C37A-5 control registers. During DMA cycles
the most significant 8 bits of the address are output onto the data
bus to be strobed into an external latch by ADSTB. In memory-to-
memory operations, data from the memory comes into the
82C37A-5 on the data bus during the read-from-memory transfer. In
the write-to-memory transfer, the data bus outputs place the data
into the new memory location.

IOR ) 170 170 READ: I/0 Read is a bidirectional active low three-state line. In
the Idle cycle, it is an input control signal used by the CPU to read
the control registers. In the Active cycle, it is an output control signal
used by the 82C37A-5 to access data from a peripheral during a
DMA Write transfer.

oW 1/0 1/0 WRITE: I/0 Write is a bidirectional active low three-state line. In
the Idle cycle, it is an input control signal used by the CPU to load
information into the 82C37A-5. In the Active cycle, it is an output
control signal used by the 82C37A-5 to load data to the peripheral
during a DMA Read transfer.
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Table 1. Pin Description (Continued)

Symbol

Type

Name and Function

m)|
Ui

1710

-END OF PROCESS: End of Process is an active low bidirectional

signal. Information concerning the completion of DMA services is
available at the bidirectional EOP pin. The 82C37A-5 allows an
external signal to terminate an active DMA service. Thisis
accomplished by pulling the EOP input low with an external EOP
signal. The 82C37A-5 also generates a pulse when the terminal
count (TC) for any channel is reached. This generates an EOP____
signal which is output through the EOP Line. The reception of EOP,
either internal or external, will cause the 82C37A-5 to terminate the
service, reset the request, and, if Autoinitialize is enabled, to write
the base registers to the current registers of that channel. The mask
bit and TC bit in the status word will be set for the currently active
channel by EOP unless the channel is programmed for
Autoinitialize. In that case, the mask bit remains unchanged. During
memory-to-memory transfers, EOP will be output when the TC for
channel 1 occurs. EOP should be tied high with a pull-up resistor if it
is not used to prevent errorieous end of process inputs.

AO-A3

170

ADDRESS: The four least significant address lines are bidirectional
three-state signals. In the Idle cycle they are inputs and are used by
the CPU to address the register to be loaded or read. In the Active
cycle they are outputs and provide the lower 4 bits of the output
address.

A4-A7

ADDRESS: The four most significant address lines are three-state
outputs and provide 4 bits of address. These lines are enabled only
during the DMA service.

HRQ

HOLD REQUEST: This is the Hold Request to the CPU and is used
to request control of the system bus. If the corresponding mask bit
is clear, the presence of any valid DREQ causes 82C37A-5 to issue
the HRQ. After HRQ goes active at least one clock cycle (TCY)
must occur before HLDA goes active.

DACKO0-DACK3

DMA ACKNOWLEDGE: DMA Acknowledge is used to notify the
individual peripherals when one has been granted a DMA cycle. The
sense of these lines is programmable. Reset initializes them to
active low.

AEN

ADDRESS ENABLE: Address Enable enables the 8-bit latch
containing the upper 8 address bits onto the system address bus.
AEN can also be used to disable other system bus drivers during
DMA transfers. AEN is active HIGH.

ADSTB

ADDRESS STROBE: The active high, Address Strobe is used to
strobe the upper address byte into an external latch.

MEMORY READ: The Memory Read signal is an active low three-
state output used to access data from the selected memory location
during a DMA Read or a memory-to-memory transfer.

MEMORY WRITE: The Memory Write is an active low three-state
output used to write data to the selected memory location during a
DMA Write or a memory-to-memory transfer.

PINS

PINS: This pin should always be at a logic HIGH level. An internal
pull-up resistor will establish a logic HIGH when the pin is left
floating. It is recommended, however, that PINS be connected to

Vce.
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FUNCTIONAL DESCRIPTION

The 82C37A-5 block diagram includes the major log-
ic blocks and all of the internal registers. The data
interconnection paths are also shown. Not shown
are the various control signals between the blocks.
The 82C37A-5 contains 344 bits of internal memory
in the form of registers. Figure 3 lists these registers
by name and shows the size of each. A detailed
description of the registers and their functions can
be found under Register Description.

Name Size Number
Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 16 bits 1
Status Register 8 bits 1
Command Register 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Register 4 bits 1
Request Register 4 bits 1

Figure 3. 82C37A-5 Internal Registers

The 82C37A-5 contains three basic blocks of control
logic. The Timing Control block generates internal
timing and external control signals for the 82C37A-5.
The Program Command Control block decodes the
various commands given to the 82C37A-5 by the mi-
croprocessor prior to servicing a DMA Request. It
also decodes the Mode Control word used to select
the type of DMA during the servicing. The Priority
Encoder block resolves priority contention between
DMA channels requesting service simultaneously.

DMA Operation

The 82C37A-5 is designed to operate in two major
cycles. These are called Idle and Active cycles.
Each device cycle is made up of a number of states.
The 82C37A-5 can assume seven separate states,
each composed of one full clock period. State 1 (S1)
is the inactive state. It is entered when the
82C37A-5 has no valid DMA requests pending.
While in S1, the DMA controller is inactive but may
be in the Program Condition, being programmed by
the processor. State 0 (S0) is the first state of a
DMA service. The 82C37A-5 has requested a hold
but the processor has not yet returned an acknowl-
edge. The 82C37A-5 may still be programmed until it
receives HLDA from the CPU. An acknowledge from
the CPU will signal that DMA transfers may begin.
S1, S2, S3 and S4 are the working states of the
DMA service. If more time is needed to complete a

82C37A-5

transfer than is available with normal timing, wait
states (SW) can be inserted between S2 or S3 and
S4 by the use of the Ready line on the 82C37A-5.
Note that the data is transferred directly from the
1/0 device to memory (or vice versa) with IOR and
MEMW (or MEMR and IOW) being active at the
same time. The data is not read into or driven out of
the 82C37A-5 in 1/0-to-memory or memory-to-1/0
DMA transfers.

Memory-to-memory transfers require a read-from
and a write-to-memory to complete each transfer.
The states, which resemble the normal working
states, use two digit numbers for identification. Eight
states are required for a single transfer. The first four
states (S11, S12, S13, S14) are used for the read-
from-memory half and the last four states (S21, S22,
S23, S24) for the write-to-memory half of the transfer.

IDLE CYCLE

When no channel is requesting service, the
82C37A-5 will enter the Idle cycle and perform “S1”
states. In this cycle the 82C37A-5 will sample the
DREQ lines every clock cycle to determine if any
channel is requesting a DMA service. The device will
also sample CS, looking for an attempt by the micro-
processor to write or_read the internal registers of
the 82C37A-5. When CS is low and HLDA is low, the
82C37A-5 enters the Program Condition. The CPU
can now establish, change or inspect the internal
definition of the part by reading from or writing to the
internal registers. Address lines AO--A3 are inputs to
the device and select which registers will be read or
written. The IOR and IOW lines are used to select
and time reads or writes. Due to the number and size
of the internal registers, an internal flip-flop is used
to generate an additional bit of address. This bit is
used to determine the upper or lower byte of the 16-
bit Address and Word Count registers. The flip-flop
is reset by Master Clear or Reset. A separate soft-
ware command can also reset this flip-flop.

Special software commands can be executed by the
82C37A-5 in the Program Condition. These com-
mands are decoded as sets of addresses with the
CS and IOW. The commands do not make use of
the data bus. Instructions include Clear First/Last
Flip-Flop and Master Clear. :

ACTIVE CYCLE

When the 82C37A-5 is in the Idle cycle and a non-
masked channel requests a DMA service, the device
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will output an HRQ to the microprocessor and enter
the Active cycle. It is in this cycle that the DMA serv-
ice will take place, in one of four modes:

Single Transfer Mode — In Single Transfer mode
the device is programmed to make one transfer only.

The word count will be decremented and the ad-

dress decremented or incremented following each
transfer. When the word count “rolls over” from zero
to FFFFH, a Terminal Count (TC) will cause an Auto-
initialize if the channel has been programmed to do
So.

DREQ must be held active until DACK becomes ac-
tive in order to be recognized. If DREQ is held active
throughout the single transfer, HRQ will go inactive
and release the bus to the system. It will again go
active and, upon receipt of a new HLDA, another
single transfer will be performed, in 8080A, 8085AH,
80C88, or 80C86 system this will ensure one full ma-
chine cycle execution between DMA transfers. De-
tails of timing between the 82C37A-5 and other bus
control protocols will depend upon the characteris-
tics of the microprocessor involved.

Block Transfer Mode — In Block Transfer mode
the device is activated by DREQ to continue making
transfers during the service until a TG, caused by
word count going to FFFFH, or an external End of
Process (EOP) is encountered. DREQ need only be
held active until DACK becomes active. Again, an
Autoinitialization will occur at the end of the service
if the channel has been programmed for it.

Demand Transfer Mode — In Demand Transfer
mode the device is programmed to continue making
transfers until a TC or external EOP is encountered
or unti DREQ goes inactive. Thus transfers may
continue until the 1/0 device has exhausted its data
capacity. After the 1/0 device has had a chance to
catch up, the DMA service is re-established by
means of a DREQ. During the time between services
when the microprocessor is allowed to operate, the
intermediate values of address and word count are
stored in the 82C37A-5 Current Address and Current
Word Count registers. Only an EOP can cause an
Autoinitialize at the end of the service. EOP is gener-
ated either by TC or by an external signal.

Cascade Mode — This mode is used to cascade
more than one 82C37A-5 together for simple system
expansion. The HRQ and HLDA signals from the ad-
ditional 82C37A-5 are connected to the DREQ and
DACK signals of a channel of the initial 82C37A-5.
This allows the DMA requests of the additional de-
vice to propagate through the priority network cir-
cuitry of the preceding device. The priority chain is
preserved and the new device must wait for its turn
to acknowledge requests. Since the cascade chan-
nel of the initial 82C37A-5 is used only for prioritizing
the additional device, it does not output any address
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or control signals of its dwn. These could conflict
with the outputs of the active channel in the added
device. The 82C37A-5 will respond to DREQ and

DACK but all other outputs except HRQ will be dis-
abled. The ready input is ignored.

Figure 4 shows two additional devices cascaded into
an initial device using two of the previous channels.
This forms a two level DMA system. More
82C37A-5s could be added at the second level by
using the remaining channels of the first level. Addi-
tional devices can also be added by cascading into
the channels of the second level devices, forming a
third level.

2ND LEVEL

" ISTLEVEL 02C37AS
— Hra oRea j+—] HRa
——{Hioa  oack —-] uioa

82C37A-5

DREQ j=——] HRQ
DACK | HLDA

INITIAL DEVICE
82C3TA-5

ADDITIONAL
DEVICES

231202-3

Figure 4. Cascaded 82C37A-5s

TRANSFER TYPES

Each of the three active transfer modes can perform
three different types of transfers. These are Read,
Write and Verify. Write transfers move data from and
1/Q device to the memory by activating MEMW and
IOR. Read transfers move data from memory to an
1/0 device by activating MEMR and IOW. Verify
transfers are pseudo transfers. The 82C37A-5 oper-
ates as in Read or Write transfers generating ad-
dresses, and responding to EOP, etc. However, the
memory and 1/0 control lines all remain inactive.
The ready input is ignored in verify mode.

Memory-to-Memory — To perform block moves of
data from one memory address space to another -
with a minimum of program effort and time, the
82C37A-5 includes a memory-to-memory transfer
feature. Programming a bit in the Command register
selects channels 0 to 1 to operate as memory-to-
memory transfer channels. The transfer is initiated
by setting the software DREQ for channel 0.-The
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82C37A-5 requests a DMA service in the normal
manner. After HLDA is true, the device, using four
state transfers in Block Transfer mode, reads data
from the memory. The channel 0 Current Address
register is the source for the address used and is
decremented or incremented in the normal manner.
The data byte read from the memory is stored in the
82C37A-5 internal Temporary register. Channel 1
then performs a four-state transfer of the data from
the Temporary register to memory using the address
in its Current Address register and incrementing or
decrementing it in the normal manner. The channel
1 current Word Count is decremented. When the
word count of channel 1 goes to FFFFH, a TC is
generated causing an EOP output terminating the
service.

Channel 0 may be programmed to retain the same
address for all transfers. This allows a single word to
be written to a block of memory.

The 82C37A-5 will respond to external EOP signals
during memory-to-memory transfers. Data compara-
tors in block search schemes may use this input to
terminate the service when a match is found. The
timing of memory-to-memory transfers is found in
Figure 12. Memory-to-memory operations can be
detected as an active AEN with no DACK outputs.

Autoinitialize — By programming a bit in the Mode
register, a channel may be set up as an Autoinitialize
channel. During Autoinitialize initialization, the origi-
nal values of the Current Address and Current Word
Count registers are automatically restored from the
Base Address and Base Word count registers of that
channel following EOP. The base registers are load-
ed simultaneously with the current registers by the
microprocessor and remain unchanged throughout
the DMA service. The mask bit is not altered when
the channel is in Autoinitialize. Following Autoinitial-
ize the channel is ready to perform another DMA
service, without CPU intervention, as soon as a valid
DREQ is detected. In order to Autoinitialize both
channels in a memory-to-memory transfer, both
word counts should be programmed identically. If in-
terrupted externally, EOP pulses should be applied
in both bus cycles.

Priority — The 82C37A-5 has two types of priority
encoding available as software selectable options.
The first is Fixed Priority which fixes the channels in
priority order based upon the descending value of
their number. The channel with the lowest priority is
3 followed by 2, 1 and the highest priority channel, 0.
After the recognition of any one channel for service,
the other channels are prevented from interfering
with that service until it is completed.

The second scheme is Rotating Priority. The last
channel to get service becomes the lowest priority
channel with the others rotating accordingly.

82C37A-5
18t 2nd 3rd
Service Service Service
highest 0 2 <a— service 3 -«— service
1 ¢—service 3 <a¢— request 0
2 _\o 1
lowest 3 1 2
231202-4

With Rotating Priority in a single chip DMA system,
any device requesting service is guaranteed to be
recognized after no more than three higher priority
services have occurred. This prevents any one
channel from monopolizing the system.

Compressed Timing — In order to achieve even
greater throughput where system characteristics
permit, the 82C37A-5 can compress the transfer
time to two clock cycles. From Figure 11 it can be
seen that state S3 is used to extend the access time
of the read pulse. By removing state S3, the read
pulse width is made equal to the write pulse width
and a transfer consists only of state S2 to change
the address and state S4 to perform the read/write.
S1 states will still occur when A8-A15 need updat-
ing (see Address Generation). Timing for com-
pressed transfers is found in Figure 14.

Address Generation — In order to reduce pin
count, the 82C37A-5 multiplexes the eight higher or-
der address bits on the data lines. State S1 is used
to output the higher order address bits to an external
latch from which they may be placed on the address
bus. The falling edge of Address Strobe (ADSTB) is
used to load these bits from the data lines to the
latch. Address Enable (AEN) is used to enable the
bits onto the address bus through a three-state en-
able. The lower order address bits are output by the
82C37A-5 directly. Lines AO-A7 should be connect-
ed to the address bus. Figure 11 shows the time
relationships between CLK, AEN, ADSTB, DBO-
DB7 and AO-A7.

During Block and Demand Transfer mode services,
which include multiple transfers, the addresses gen-
erated will be sequential. For many transfers the
data held in the external address latch will remain
the same. This data need only change when a carry
or borrow from A7 to A8 takes place in the normal
sequence of addresses. To save time and speed
transfers, the 82C37A-5 executes S1 states only
when updating of AB-A15 in the latch is necessary.
This means for long services, S1 states and Address
Strobes may occur only once every 256 transfers, a
savings of 255 clock cycles for each 256 transfers.

REGISTER DESCRIPTION

Current Address Register — Each channel has a
16-bit Current Address register. This register holds
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the value of the address used during DMA transfers.
The address is automatically incremented or decre-
mented after each transfer and the intermediate val-
ues of the address are stored in the Current Address
register during the transfer. This register is written or
read by the microprocessor in successive 8-bit

bytes. It may also be reinitialized by an Autoinitialize .

back to its original value. Autoinitialize takes place
only after an EOP.

Current Word Register — Each channel has a 16-
bit Current Word Count register. This register deter-
mines the number of transfers to be performed. The
actual number of transfers will be one more than the
number programmed in the Current Word Count reg-
ister (i.e., programming a count of 100 will result in
101 transfers). The word count is decremented after
each transfer. The intermediate value of the word
count is stored in the register during the transfer.
When the value in the register goes from zero to
FFFFH, a TC will be generated. This register is load-
ed or read in successive 8-bit bytes by the micro-
processor in the Program Condition. Following the
end of a DMA service it may ‘also be reinitialized by
an Autoinitialization back to its original value. Auto-
initialize can occur only when an EOP occurs. If it is
not Autoinitialized, this register will have a count of
FFFFH after TC.

Base Address and Base Word Count Registers
— Each channel has a pair of Base Address and
Base Word Count registers. These 16-bit registers
store the original value of their associated current
registers. During Autoinitialize these values are used
to restore the current registers to their original val-
ues. The base registers are written simultaneously
with their corresponding current register in 8-bit
bytes in the Program Condition by the microproces-
sor. These registers cannot be read by the micro-
processor.

Command Register — This 8-bit register controls
the operation of the 82C37A-5. It is programmed by
the microprocessor in the Program Condition and is
. cleared by Reset or a Master Clear instruction. The
following table lists the function of the command
bits. See Figure 6 for address coding.

Mode Register — Each channel has a 6-bit Mode

register associated with it. When the register is being

written to by the microprocessor in the Program

Condition, bits 0 and 1 determine which channel
" Mode register is to be written.

Request Register — The 82C37A-5 can respond to
requests for DMA service which are initiated by soft-
ware as well as by a DREQ. Each channel has a
request bit associated with it in the 4-bit Request
register. These are non-maskable and subject to pri-
oritization by the Priority Encoder network. Each
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register bit is set or reset separately under software
control or is cleared upon generation of a TC or ex-
ternal EOP. The entire register is cleared by a Reset.
To set or reset a bit, the software loads the proper
form of the data word. See Figure 5 for register ad-

Command Register
7 6 5 4 3 2 1 0 <«—BitNumber

LLTTT]

[ {0 Memaory-to-memory disable
1 Memory-to-memory enable

Channel 0 address hold disable
Channel 0 address hold enable
H bit0o=0

X = O

Controller enable
Controller disable

-0

Normal timing
Comp d timing
I bit0=1

xX =0

Fixed priority
Rotating priority

-0

Late write selection
Extended write selection
If bit3=1

DREQ sense active high
DREQ sense active low

- o

DACK sense active low
DACK sense active high

ﬁ[ilglL

- O

Mode Register
7 6 5 4 3 2 1 0 -<«—Bit Number

00 Channel 0 select
01 Channel 1 select
10 Channel 2 select
11 Channel 3 select

00 Verify transfer

01 Write transfer

10 Read transfer

11 lllegal

XX If bits 6 and 7=11

e o’

{ 0 Aut ion disable
—{ 3

Autoinitialization enable

{ 0 Address increment select
1 Address decrement select

Request Register
7 6 5 4 3 2 1 0 <——BIit Number

LI T T T T
N —

00 Select channel 0
01 Select channel 1
10 Select channel 2
11 Select channel 3
0
1

-

00 Demand mode select
01 Single mode-select
0 Block mode select
1 Cascade mode select

1
1

Don’t Care

Reset request bit
Set request bit

231202-5
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dress coding. In order to make a software request,
the channel must be in Block Mode.

Mask Register — Each channel has associated
with it a mask bit which can be set to disable the
incoming DREQ. Each mask bit is set when its asso-
ciated channel produces an EOP if the channel is
not programmed for Autoinitialize. Each bit of the 4-
bit Mask register may also be set or cleared sepa-
rately under software control. The entire register is
also set by a Reset. This disables all DMA requests
until a clear Mask register instruction allows them to
occur. The instruction to separately set or clear the
mask bits is similar in form to that used with the
Request register. See Figure 5 for instruction ad-
dressing.

7 6 5 4 3 2 1 0-«— Bit Number

LI T Tl
N—

00 Select channel 0 mask bit
01 Select channel 1 mask bit
10 Select channel 2 mask bit
11 Select channel 3 mask bit

0 Clear mask bit
1 Set mask bit

231202-6

Don't Care

All four bits of the Mask register may also be written
with a single command.

7 68 5 4 3 2 1 0-«—BitNumber

LTI 1T]

S—— l 0 Clear channel 0 mask bit

Don't Care 1 Set channel 0 mask bit
{ 0 Clear channel 1 mask bit
1 Set channel 1 mask bit

{ 0 Clear channel 2 mask bit
1 Set channel 2 mask bit

{0 Clear channel 3 mask bit
| 1 Set channel 3 mask bit
231202-7
Register | Operation —— jgnals
CS IOR IOW A3 A2 A1 A0
Command | Write o 1 0 1 0 0 O
Mode Write 0 1 o 1 0 1 1
Request | Write 0 1 o 1 0 0 1
Mask Set/Reset| 0 1 0 1 0 1 0
Mask Write o 1 0 11 1 1
Temporary | Read 0 O 1 1 1 0 1
Status Read 0 0 1 i 0 0 O

Figure 5. Definition of Register Codes

82C37A-5

Status Register — The Status register is available
to be read out of the 82C37A-5 by the microproces-
sor. It contains information about the status of the
devices at this point. This information includes which
channels have reached a terminal count and which
channels have pending DMA requests. Bits 0-3 are
set every time a TC is reached by that channel or an
external EOP is applied. These bits are cleared upon
Reset and on each Status Read. Bits 4-7 are set
whenever their corresponding channel is requesting
service.

7 6 5 4 3 2 1 0-«——BitNumber

[ T T T T 11
L1 channel 0 has reached TC
1 Channel 1 has reached TC
1 Channel 2 has reached TC
1 Channel 3 has reached TC

1 Channel 0 request
1 Channel 1 request
1 Channel 2 request
1 Channel 3 request

231202-8

Temporary Register — The Temporary register is
used to hold data during memory-to-memory trans-
fers. Following the completion of the transfers, the
last word moved can be read by the microprocessor
in the Program Condition. The Temporary register
always contains the last byte transferred in the previ-
ous memory-to-memory operation, unless cleared
by a Reset.

Software Commands — These are additional spe-
cial software commands which can be executed in
the Program Condition. They.do not depend on any
specific bit pattern on the data bus. The three soft-
ware commands are:

Clear First/Last Flip-Flop: This command is exe-
cuted prior to writing or reading new address or
word count information to the 82C37A-5. This ini-
tializes the flip-flop to a known state so that subse-
quent accesses to register contents by the micro-
processor will address upper and lower bytes in
the correct sequence.

Master Clear: This software instruction has the
same effect as the hardware Reset. The Com-
mand, Status, Request, Temporary, and Internal
First/Last Flip-Flop registers are cleared and the
Mask register is set. The 82C37A-5 will enter the
Idle cycle.

Clear Mask Register: This command clears the

mask bits of all four channels, enabling them to
accept DMA requests.
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Figure 6 lists the address codes for the software
commands:

intal.

The 82C37A-5 will accépt programming from the

PROGRAMMING

Signals Operation host processor any time that HLDA is inactive; this is
A3 | A2 A1 Ao | OR | TOW true even if HRQ is active. The responsibility of the
10| 0|0] 0| 1 |ReadStatusRegister host is to assure that programming and HLDA are
T Tololol 1 0| Write Command Register mutually exclusive. Note that a problem can occur if
1ol ol 3T o T [ egal a I?MA request occurs, on an unmasked chanr]el
T o To 3 o Twieh v while the 82C37A-5 is being programmed. For in-
rita Request Register stance, the CPU may be starting to reprogram the
1]0}1]0] 0| 1 |Wegl two byte Address register of channel 1 when chan-
1]0]j1]0]) 1 0 | Write Single Mask Register Bit nel 1 receives a DMA request. If the 82C37A-5 is
1]o0j1]14j0 1 | lllegal enabled (bit 2 in the command register is 0) and
1o 1] 1] 1 0 | Write Mode Register channel 1 is unmasked, a DMA service will occur
1]1]ofof o 1 [ iegal after only one byte of the Address register has been
T l1lolol 1 0 | Clear Byte Pointer Flip-Flop reprogrammed. Thig can be avoided by disabling the
T 10| 1] 0] 1 |ReadTemporary Register controller (setting bit 2 in the command register) or
T o T3 T o | Mastor Gloar magklng the channel before programming any other
T 15 To o + Tegal registers. Once the programming is complete, the
controller can be enabled/unmasked.
1 1 1 0 1 0 Clear Mask Register
11|11 o 1 | legal
1 1 1 1 1 0 Write All Mask Register Bits
Figure 6. Software Command Codes
Ch Signals
annel Register Operation|— OF ToW Internal Flip-Flop | Data Bus DB0-DB7
CS IOR IOW A3 A2 A1 A0
0 Base and Current Address Write o 1 0 0 0 0 O 0 AO-A7
‘ ' 01 0 00 0O 1 AB-A15
Current Address ‘Read 0 o0 1 0 0 0 O 0 AO-A7
0 O 1 0 0 0 O 1 A8-A15
Base and Current Word Count|  Write 0 1 0O 0 0 0 1 0 WO0-W7
0o 1 0 0 0 0 1 1 W8-W15
Current Word Count Read 0o 0 1 0 O 0 1 0 WO0-W7
0 O 1 0 0 0 1 1 W8-W15
1 Base and Current Address Write 0o 1 0O 0 0 1 O 0 AO-A7
01t 0 00 1 0 1 AB-A15
Current Address Read [VR] 1 0 0 1 0 0 AO-A7
0 O i 0 0 10 1 A8-A15
Base and Current Word Count|  Write 0o 1 o o0 o0 1 1 0 WOo-w7
01 0 0 0 1 1 1 W8-w15
Current Word Count Read 0o o0 i 0 0 1 1 0 WO-W7
‘ 0 0 1 0 0 1 1 1 W8-W15
2 Base and Current Address Write o 1 0o 0 1 0 O 0 AO-A7
' - 01 0 0 100 1 AB-A15
Current Address Read 0 o0 i 01 0 0 0 AO-A7
0 O i 01 0 O 1 A8-A15
Base and Current Word Count|  Write 0o 1 0o 0 1 0 1 o] WO0-W7
: o 1 o 0 1 0 1 1 W8-W15
Current Word Count Read (V] 1 0 1 0 1 0 WOo-wW7
0O 0 1 0 1 0 1 1 W8-W15
3 Base and Current Address Write o 1 0O 0 1 1 0 0 AO-A7
01 0 o1 10 1 A8-A15
Current Address Read (V] 1 01 1 0 0 AO-A7
0o 0o 1 0110 1 A8-A15
Base and Current Word Count|  Write 0 1 o o0 1 1 1 0 WO0-W7
' . o 1 o o0 1 1 1 1 W8-W15
Current Word Count Read 00 1 0 1 1 1 0 WO0-W7
[V ] 1 0 1 1 1 1 W8-Wi15

Figure 7. Word Count and Address Register Command Codes
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After power-up it is suggested that all internal loca-
tions, especially the Mode registers, be loaded with

some valid value. This should be done even if some
channels are unused.

APPLICATION INFORMATION

Figure 8 shows a convenient method for configuring
a DMA system with the 82C37A-5 controller and an
8080A/8085AH microprocessor system. The multi-
mode DMA controller issues a HRQ to the processor
whenever there is at least one valid DMA request

82C37A-5

from a peripheral device. When the processor re-
plies with a HLDA signal, the 82C37A-5 takes con-
trol of the address bus, the data bus and the control
bus. The address for the first transfer operation
comes out in two bytes — the least significant 8 bits
on the eight address outputs and the most signifi-
cant 8 bits on the data bus. The contents of the data
bus are then latched into the 8-bit latch to complete
the full 16 bits of the address bus. After the initial
transfer takes place, the latch is updated only after a
carry or borrow is generated in the least significant
address byte. Four DMA channels are provided

- when one 82C37A-5 is used.

A
ADDRESS BUS A0-A15 >
1 ﬁ 7
AB-A15
Do q
: 8-BIT LATCH
I———-‘ sTe
Q
A0-A15 AEN A0-A3 A4-AT TS ADSTB <~
BUSEN
HL DBO-
HOLD WRQ . @ E = g E
o & = E
(V] ] QO O O . .
cLock ‘
RESET
MEMR [O— ¢
MEWW O CONTROL
Balo BUS
oW [o-
DB0-DB7
N2 A
SYSTEM DATA BUS )
231202-9
Figure 8. 82C37A-5 System Interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias ...... 0°Cto 70°C
Case Temperature ................. 0°Cto +75°C
Storage Temperature .......... —55°Cto +150°C
Voltage on Any Pin with v :

Respect to Ground. ... .... e —0.5Vto +7V
Power Dissipation....................... 1.0 Watt

D.C. CHARACTERISTICS
Ta = 0°C to 70°C, Tcasg =

intal.

NOTICE: This is a prbduction data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operat/ng Conditions”
may affect device reliability.

0°C to 75°C, Vgg = +5.0V £5%, GND = 0V

Symbol Parameter Min Typ Max Unit Test Conditions
VoH Output High Voltage 3.7 v lon= —1.0mA
VoL Output LOW Voltage 0.40 Vv loL=32mA
ViH Input HIGH Voltage 2.2 Vcec + 0.5 \
ViL Input LOW Voltage —-0.5 0.8 \"
I Input Load Current +10 pA | OV < VN < Voo
Lo Output Leakage Current +10 pA | OV < Vout £ Voo
Icc Ve Supply Current 10 mA | (Note 1)
lccs Standby Supply Current 10 pA HLDA = 0V, V)L =0V, .
‘ Vin = Voo
Co Output Capacitance 4 8 pF
C Input Capacitance ' 15 pF | fc = 1.0 MHz, Inputs = 0V
Co 1/0 Capacitance 10 18 pF
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‘A.C. CHARACTERISTICS—DMA (MASTER) MODE
Ta = 0°C to 70°C, Tasg = 0°C to 75°C, Voo = +5V £5%, GND = 0V

Symbol Parameter Min Max Unit
TAEL AEN HIGH from CLK LOW (S1) Delay Time 200 ns
TAET AEN LOW from CLK HIGH (SIj Delay Time 130 ns
TAFAB ADR Active to Float Delay from CLK HIGH 90 ns
TAFC READ or WRITE Float from CLK HIGH 120 ns
TAFDB DB Active to Float Delay from CLK HIGH 170 ns
TAHR ADR from READ HIGH Hold Time TCY-100 ns
TAHS DB from ADSTB LOW Hold Time 30 ns
TAHW ADR from WRITE HIGH Hold Time TCY-50 ns
TAK DACK Valid from CLK LOW Delay Time (Note 3) 170 ns
EOP HIGH from CLK HIGH Delay Time (Note 4) 170 ns
EOP LOW from CLK HIGH Delay Time 170 ns
TASM ADR Stable from CLK HIGH 170 ns
TASS DB to ADSTB LOW Setup Time ' 100 ns
TCH Clock High Time (Transitions <10 ns) ) 68 ns
TCL Clock LOW Time (Transitions <10 ns) 115 ns
Auto Initialize Enabled
TCY CLK Cycle Time 200 ns
TDCL CLK HIGH to READ or WRITE LOW Delay (Note 2) 190 ns
TDCTR READ HIGH from CLK HIGH 190 ns
(S4) Delay Time (Note 2)
TDCTW WRITE HIGH from CLK HIGH ' 130 ns
(S4) Delay Time (Note 2)
TDQ1 HRQ Valid from CLK HIGH Delay Time 120 ns
TEPS EOP LOW from CLK LOW Setup Time 40 ns
TEPW EOP Pulse Width 220 ns
TFAAB ADR Float to Active Delay from CLK HIGH 170 ns
TFAC READ or WRITE Active from CLK HIGH 150 ns
TFADB DB Float to Active Delay from CLK HIGH ' 200 ns
THS HLDA Valid to CLK HIGH Setup Time 75 ns
TIDH Input Data from MEMR HIGH Hold Time 0 ns
TIDS Input Data to MEMR HIGH Setup Time 170 ns
TODH Output Data from MEMW HIGH Hold Time 10 ns
TODV Output Data Valid to MEMW HIGH 125 ns
TQS DREQ to CLK LOW (S|, S4) Setup Time (Note 3) 0 ns
TRH CLK to READY LOW Hold Time 20 ns
‘TRS READY to CLK LOW Setup Time 60 ns
TSTL ADSTB HIGH from CLK HIGH Delay Time 130 ns
TSTT ADSTB LOW from CLK HIGH Delay Time 90 ns
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE
Ta = 0°C to 70°C, Tcasg = 0°C to 75°C, Vgg = +5V +5%, GND = OV

Symbol Parameter Min Max Unit
TAR ADR Valid or CS LOW to READ LOW 50 ns
TAW ADR Valid to WRITE HIGH Setup Time 130 ns
TCW CS LOW to WRITE HIGH Setup Time " 130 ns
TDW Data Valid to WRITE HIGH Setup Time 130 ns
TRA ADR or CS Hold from READ HIGH 0 ns
TRDE Data Access from READ LOW 140 ns
TRDF DB Float Delay from READ HIGH 0 70 ns
TRSTD Power Supply HIGH to RESET LOW Setup Time 500 ns
TRSTS RESET to First IOWR 2TCY ns
TRSTW RESET Pulse Width 300 ns
TRW READ Width 200 ns
TWA ADR from WRITE HIGH Hold Time 20 ns
TWC CS HIGH from WRITE HIGH Hold Time 20 ns
TWD - Data from WRITE HIGH Hold Time - 30 ns
TWWS Write Width ’ 160 ns
NOTES: -

1. Input frequency 5 MHz, when RESET, VN = 0V/V¢g, C = 0 pF.

2. The net IOW or MEMW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The
net TOR or MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns.

3. DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode for DREQ and
active low for DACK.

4. EOP is an open collector output. This parameter assumes the presence of a 2.2K pullup to Voo, .

A.C. TESTING INPUT/OUTPUT WAVEFORM

24

1.5X <« TEST POINTS — XI.S
] 0.45

231202-11
A.C. Testing: Inputs are driven at 2.4V for a Logic “1" and 0.45V
for a Logic “0.” All timing measurements are made at 1.5V.
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WAVEFORMS
SLAVE MODE WRITE TIMING
oW
= X Y
— TWC
TWWS | r—
ow N 4|
— ——TWA
TAW
A0-A3 }‘L INPUT VALID
TOW ] F_"WD
DB0-DB7 XL INPUT VALID .‘K
231202-12

Figure 9. Slave Mode Write

SLAVE MODE READ TIMING

N ‘ /

A0-A3 X ‘ ADDRESS MUST BE VALID ) ji(

L—— TAR TRA

1 ]

3 TRW -
o /
! X
TROE TROF
1 DATA OUT VALID
DBO-DB7

231202-13

Figure 10. Slave Mode Read
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WAVEFORMS (Continued)

DMA TRANSFER TIMING

O

TAEL [o—ip

TSTL |4 o e Ps
ADSTE J}-—
- e
i | 4 T [e—{ TASM —te{ |e——TAFAB
rase—H | -
mia - ADDRESS VALID I — ADORESS VALID
— .IE_L- Fﬂ' TOCTA fof —=| |e—TAFC
o8, WEwR —\ \ k— —\ -
- — ; JLz / Y
\ TDCL. TAK|
(FOR EXTENDED WRITE) |
INT EDP r }_
ore ANN\N\\\\\\\\S'17/7//7//0/// 44
231202-14
Figure 11. DMA Transfer
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WAVEFORMS (Continued)

MEMORY-TO-MEMORY TRANSFER TIMING

S0 sn L_J(L:} [ s22 s23 s2a i st FJ&_
rsn.’o——]- — TSTT e ] e TsTT
ADSTB ¢
.
TFAAB|— - ‘——‘ |-—nus ‘ TASM|e—t - k«—rlnns TAFAB——]
s T
A0-A7 ADDRESS VALID ) L ADDRESS VALI
TAFDBle— TAFDB
TFADB i/ |
N / — N o
DB0-DB7 M -AiSJ IN .7L AB-A15 — Zr ourt
TOCTR~-— . |-|traDB ! ‘
TFAC|——] - ToctL ! ToDV | |TooH
) TIOH = |-
TAFC
MEMR = TIDS |
TOCTW —=| |+
TFAC - = TocL = 7 TAFC
MEMW \ jl
—
TAK TAK
EoP
TEPS —=| fo— TEPS -~ |«
TEPW TEPW f=-t- —=|
BRSERANNN
T 1
231202-15
Figure 12. Memory-to-Memory Transfer
READY TIMING
s2 s3 sw sw s4
cLK
TOCL TDCTR ——f+——|
READ \
X
TOCL TDCL TDCTW ——] P—
WRITE \3 \
EXTENDED P
WRITE TRH——>| |+— —| |[=—TRH
TRS —| [«— —| |~—TRS
READY
i ' 231202-16

Figure 13. Ready
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WAVEFORMS (Continued)

COMPRESSED TRANSFER TIMING

AT

; r T
A0-A7 VALID
-

TOCL

—=| |=—TRH

TRS ——-l U,

VAN

INT TAK —| = [e— «| TAK

Eop

TEPS =) |-
TEPW [+— ————=

EXT

” R\ ///

231202-17
Figure 14. Compressed Transfer
'RESET TIMING
vcc r— ) A
/ l——~ - - TRSTD
TRSTW
RESET /L _‘Sr
TRSTS |
IOR OR IOW " L
231202-18
Figure 15. Reset
DATA SHEET REVISION REVIEW 1. The “PRELIMINARY” markings have been re-
: moved from the data sheet. The 82C37A-5 is no
The following list represents key differences be- longer a preliminary part.

tween this and the -004 data sheet. Please review 2. A section of the Functional Description describing
this summary carefully. 82C37A-5 operation with the 8085 CPU has been

deleted.
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8253/8253-5
PROGRAMMABLE INTERVAL TIMER

Hm MCS-85 Compatible 8253-5 : m Count Binary or BCD
m 3 Independent 16-Bit Counters m Single +5V Supply
m DC to 2.6 MHz m Available in EXPRESS

— Standard Temperature Range

m Programmable Counter Modes — Extended Temperature Range

The Intel 8253 is a programmable counter/timer device designed for use as an Intel microcomputer peripheral.
It uses NMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP.

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2.6 MHz. All modes of
operation are software programmable.

(™
le———— CLKO
DATA
0,0,{ 8 A Bus K ) <::> COUTER b GaTEO
BUFFER -
|——0uUT 0
— w
o, 2 Vee
RD ———q) WR
‘ CLK 1 pg 2 23[QwR
WR ———Q geap/ COUNTER 0,3 22[]AD
WRITE o le——— GATE1
Ay — o] Logic o,[d 4 21[1¢s
A ——— OUT 1 0,05 20[A,
—_
! p,[s 8253 19[4,
Y 0,07 18cik2
cs - | p,[] s 17 our2
ckod 9 16 [JGATE 2
outo[] 10 15 [dcLK 1
. CLk2 GATEO[] 1 14 [JGATE 1
“oro " k COUNTER GaTE2 ano[d 12 13Pour
REGISTER |[N——1 [N\ =2 g !
———— ouT 2 231306-2
Figure 2. Pin Configuration

INTERNAL BUS. /

Figure 1. Block Diagram

~J
231306-1

The complete document for this product is available from Intel’s Literature Center at 1-800-548-4725.

November 1986
Order Number: 231306-001 5-355
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m Compatible with All Intel and Most

PROGRAMMABLE INTERVAL TIMER

Other Microprocessors

m Handles Inputs from DC to 10 MHz
— 8 MHz 8254
— 10 MHz 8254-2

m Status Read-Back Command

8254

m Six Programmable Counter Modes

Three Independent 16-Bit Counters
Binary or BCD Counting

Single + 5V Supply
Available in EXPRESS

— Standard Temperature Range

The Intel 8254 is a counter/timer device designed to solve the common timing control problems in microcom-
puter system design. It provides three independent 16-bit counters, each capable of handling clock lnputs up
to 10 MHz. All modes are software programmable. The 8254 is a superset of the 8253.

The 8254 uses HMOS technology and comes in a 24-pin plastic or CERDIP package.

DATA
BUS
BUFFER

=

RD ———»0}
WR———»0

Ap ————»
Ay ——]

READ/
WRITE
LOGIC

o |

CONTROL
WORD
REGISTER

=

INTERNAL BUS

COUNTER
0

f<+——CLKO

| <¢———— GATE 0

}——— OUT 0

4

COUNTER
1

|——CLK 1

<¢—— GATE 1
——— OUT 1

P!

=

COUNTER
2

j+——CLK2

<—— GATE 2

— OUT 2

L

Figure 1. 8254 Block Diagram

231164-1

oot 247 Vee
Dg []2 23] WR
0; []3 22 RD
D44 21[7]¢Cs
Dy [s 20 [ A
0z 5 8 gsa WP
o7 18] cLK 2
Do []8 17[Jour2
ctko[]o 16 1 GATE 2
outo[J10 15[ CLk 1
GATEO [ 11 14| GATE 1
GND [ 12 13[]out1
231164-2

Figure 2. Pin Configuration

The complete document for this product is available from Intel’s Literature Cenler at 1-800-548-4725.

5-356
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82C54

CHMOS PROGRAMMABLE INTERVAL TIMER

E Compatible with all Intel and most

other microprocessors

m High Speed, “Zero Wait State”
Operation with 8 MHz 8086/88 and

80186/188 .

E Handles Inputs from DC
— 10 MHz for 82C54-2

@ Available in EXPRESS

— Standard Temperature Range
— Extended Temperature Range

Three independent 16-bit counters

Low Power CHMOS
—Ilcc = 10 mA @ 8 MHz Count
frequency

Completely TTL Compatible

Six Programmable Counter Modes
Binary or BCD counting

Status Read Back Command

Available in 24-Pin DIP and 28-Pin PLCC

The Intel 82C54 is a high-performance, CHMOS version of the industry standard 8254 counter/timer which is
designed to solve the timing control problems common in microcomputer system design. It provides three
independent 16-bit counters, each capable of handling clock inputs up to 10 MHz. All modes are software
programmable. The 82C54 is pin compatible with the HMOS 8254, and is a superset of the 8253.

Six programmable timer modes allow the 82C54 to be used as an event counter, elapsed time indicator,

programmable one-shot, and in many other applications.

The 82C54 is fabricated on Intel's advanced CHMOS Il technology which provides low power consumption
with performance equal to or greater than the equivalent HMOS product. The 82C54 is available in 24-pin DIP

and 28-pin plastic leaded chip carrier (PLCC) packages.

[\..

DATA
BUS
BUFFER

) 5

COUNTER
0

[<+——CLK 0
<——— GATE 0

[— OuT 0

| )

RD ——>0]

READ/
WRITE
LOGIC

INTERNAL BUS

COUNTER
1

f<<——CLK 1

<t——— GATE 1

—out1

a1

L1

CONTROL

i

WORD
REGISTER

o

COUNTER
2

|<+——CLK 2
<———— GATE 2

—— ouT 2

L~

231244-1

Figure 1. 82C54 Block Diagram

October 1994
Order Number: 231244-006

INDEX Ds D D7 NC Vcc WR RD
CORNER O 0 0 1.0 ;M
/ a 3 2 1 28 21 26
Da(]s 25[JNC
[X1m K3 24[1CTs
D2 |j 7 23] a1
Di1[]s 82C54 22[] A0
Do(] 9 21f]1cLk2
cxo[] 10 20[JouT2
Nc[] 1 19[] GATE2
L 12 13 14 15 16 17 18
U Uy
OUTO GATEO GND NC OUT1GATE1CLK1
231244-3

PLASTIC LEADED CHIP CARRIER

[\ ]
o; 1 24 Vee
Ds ]2 23] WR
os[]3 22[] RD
Ds[J4 21[7]¢Cs
D3 []s 20 A
02046 g5y WP
D []7 1BlJcLk2
Do 8 17 [Jour2
ctko]9 16 [ 1GATE 2
outo[]10 15JcLk1
GATEO ] 11 14 [ GATE 1
GND []12 13[Jout1
231244-2
Diagrams are for pin reference only.
Package sizes are not to scale.
Figure 2. 82C54 Pinout
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' Table 1. Pin Description
Symbol Pin Number Type Function
DIP PLCC
D7-Do 1-8 2-9 1710 Data: Bidirectional tri-state data bus lines,
connected to system data bus.
CLKO 9 10 | Clock 0: Clock input of Counter 0.
OouTo 10 12 (0] Output 0: Output of Counter 0.
GATE O 11 13 | Gate 0: Gate input of Counter 0.
GND 12 14 Ground: Power supply connection.
OUT 1 13 16 (0] Out 1: Output of Counter 1.
GATE 1 14 .17 | Gate 1: Gate input of Counter 1.
CLK 1 15 18 | Clock 1: Clock input of Counter 1.
GATE 2 16 19 | Gate 2: Gate input of Counter 2.
OuUT 2 17 20 0 Out 2: Output of Counter 2.
CLK 2 18 21 | Clock 2: Clock input of Counter 2.
Ay, Ao 20-19 23-22 | Address: Used to select one of the three Counters
: or the Control Word Register for read or write
operations. Normally connected to the system
address bus.
Aq Ao Seléects
0 0 Counter 0
0 1 Counter 1
1 0 Counter 2
1 1 Control Word Register
CS 21 24 | Chip Select: A low on this input enables the 82C54
to respond to RD and WR signals. RD and WR are
ignored otherwise.
RD 22 26 ‘ | Read Control: This input is low during CPU read
operations.
WR 23 27 | Write Control: This input is low during CPU write
. - operations.
Voo 24 28 Power: + 5V power supply connection.
NC 1,11,15,25 No Connect

FUNCTIONAL DESCRIPTION

General

The 82C54 is a programmable interval timer/counter

sired delay. After the desired delay, the 82C54 will
interrupt the CPU. Software overhead is minimal and
variable length delays can easily be accommodated.

Some of the other counter/timer functions common
to microcomputers which can be implemented with
the 82C54 are:

designed for use with Intel microcomputer systems.
Itis a general purpose, multi-timing element that can
be treated as an array of 1/0 ports in the system
software.

The 82C54 solves one of the most common prob-
lems in any microcomputer system, the generation
" of accurate time delays under software control. In-
stead of setting up timing loops in software, the pro-
grammer configures the 82C54 to match his require-
ments and programs one of the counters for the de-

5-358

Real time clock

Even counter

Digital one-shot
Programmable rate generator
Square wave generator
Binary rate multiplier
Complex waveform generator
Complex motor controller
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Block Diagram

DATA BUS BUFFER

This 3-state, bi-directional, 8-bit buffer is used to in-
terface the 82C54 to the system bus (see Figure 3).

le——cLko
TA
0700 l:n °°”g'5“ |«—— GATEO
BUFFER
R p—— OUT O

] 4

RD ———»0}
WR———>0F  peAty

j+——CLK 1

WHITE
Ao ——| LOGIC

Q:> COUNTER | GATE 1
1
A ’ —— OuT 1
] Lt
|e——cLx2
CONTROL
WORD COUNTER | e GaTE 2
REGISTER

l 1t

INTERNAL BUS

231244-4

Figure 3. Block Diagram Showing Data Bus
Buffer and Read/Write Logic Functions

READ/WRITE LOGIC

The Read/Write Logic accepts inputs from the sys-
tem bus and generates control signals for the other
functional blocks of the 82C54. Ay and Ag select
one of the three counters or the Control Word Regis-
ter to be read from/written into. A “low” on the RD
input tells the 82C54 that the CPU is reading one of
the counters. A “low” on the WR input tells the
82C54 that the CPU is writing either a Control Word
or an initial count. Both RD and WR are qualified by
CS; RD and WR are ignored unless the 82C54 has
been selected by holding CS low.

The WR# and CLK signals should be synchronous.
This is accomplished by using a CLK input signal to
the 82C54 counters which is a derivative of the sys-
tem clock source. Another technique is to externally
synchronize the WR# and CLK input signals. This is
done by gating WR# with CLK.

82C54

CONTROL WORD REGISTER

The Control Word Register (see Figure 4) is selected
by the Read/Write Logic when Ay, Ag = 11. If the
CPU then does a write operation to the 82C54, the
data is stored in the Control Word Register and is
interpreted as a Control Word used to define the
operation of the Counters.

The Control Word Register can only be written to;
status information is available with the Read-Back
Command.

——CLK 0

DATA
0700 BUS COUNTER | o GATEO
BUFFER LN
——outo

RD ———=0y
WR——a Reao

WRITE
Ag ———| LOGIC

}——CLK

<——— GATE 1

INTERNAL BUS

A —sours
a1
N . {e——CLK2
W COUNTER |, Gate2
REGISTER /2

W 0ouT 2

— LT

231244-5

Figure 4. Block Diagram Showing Control Word
Register and Counter Functions

COUNTER 0, COUNTER 1, COUNTER 2

These three functional blocks are identical in opera-
tion, so only a single Counter will be described. The
internal block diagram of a single counter is shown
in Figure 5.

The Counters are fully independent. Each Counter
may operate in a different Mode.

The Control Word Register is shown in the figure; it

is not part of the Counter itself, but its contents de-
termine how the Counter operates.
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INTERNAL BUS

STATUS
LATCH

STATUS
REGISTER,

CONTROL
WORD
REGISTER

EIpES
Al

CONTROL
LoGIC

Olm oLy
=

CLKn OUTn

231244-6

Figure 5. Internal Block Diagram of a Counter

The status register, shown in the Figure, when
latched, contains the current contents of the Control
Word Register and status of the output and null
count flag. (See detailed explanation of the Read-
Back command.)

- The actual counter is labelled CE (for “Counting Ele-
ment”). It is a 16-bit presettable synchronous down
counter.

OLp and OL_ are two 8-bit latches. OL stands for
“Output Latch”; the subscripts M and L stand for
“Most significant byte” and “Least significant byte”
respectively. Both are normally referred to as one
unit and called just OL. These latches normally *“fol-
low” the CE, but if a suitable Counter Latch Com-
mand is sent to the 82C54, the latches “latch” the
present count until read by the CPU and then return
to “following” the CE. One latch at a time is enabled
by the counter’s Control Logic to drive the internal
bus. This is how the 16-bit Counter communicates
over the 8-bit internal bus. Note that the CE itself
cannot be read; whenever you read the count, it is
the OL that is being read.

Similarly, there are two 8-bit registers called CRy
and CR (for “Count Register”). Both are normally
referred to as one unit and called just CR. When a
new count is written to the Counter, the count is
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stored in the CR and later transferred to the CE. The
Control Logic allows one register at a time to be
loaded from the internal bus. Both bytes are trans-
ferred to the CE simultaneously. CRy and CR| are
cleared when the Counter is programmed. In this
way, if the Counter has been programmed for one
byte counts (either most significant byte only or least
significant byte only) the other byte will be zero.
Note that the CE cannot be written into; whenever a
count is written, it is written into the CR.

The Control Logic is also shown in the diagram. CLK.
n, GATE n, and OUT n are all connected to the out-
side world through the Control Logic.

82C54 SYSTEM INTERFACE

The 82C54 is treated by the systems software as an
array of peripheral 1/0 ports; three are counters and
the fourth is a control register for MODE program-
ming.

Basically, the select inputs Ag, Aq connect to the Ag,
A4 address bus signals of the CPU. The CS can be
derived directly from the address bus using a linear
select method. Or it can be connected to the output
of a decoder, such as an Intel 8205 for larger sys-
tems.

( BUS (16) Y
s |
3 CONTROL BUS S
] I
q DATABUS(8) _ §
A
A ap TS Do-D7 AD WR
82054 -
COUNTER COUNTER COUNTER
0 1 2
OUT GATE CLK' 'OUT GATE CLK' OUT GATE CLK

231244-7

Figure 6. 82C54 System Interface
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OPERATIONAL DESCRIPTION

General

After power-up, the state of the 82C54 is undefined.
The Mode, count value, and output of all Counters
are undefined.

How each Counter operates is determined when it is
programmed. Each Counter must be programmed
before it can be used. Unused counters need not be
programmed.

82C54

Programming the 82C54

Counters are programmed by writing a Control Word
and then an initial count. The control word format is
shown in Figure 7.

All Control Words are written into the Control Word
Register, which is selected when A4, Ag = 11. The
Control Word itself specifies which Counter is being
programmed.

By contrast, initial counts are written into the Coun-
ters, not the Control Word Register. The A4, Ag in-
puts are used to select the Counter to be written
into. The format of the initial count is determined by
the Control Word used.

Control Word Format

A,Ag=11 CS=0 RD=1 WR=0

D; Dg Ds D4

D3 D Dy Dg

['sc1 | sco| rw1 | Rwo | M2 | M1 [ mo | BOD |

Read/Write least significant byte first,
then most significant byte.

NOTE: Don't care bits (X) should be 0 to insure
compatibility with future Intel products.

SC — Select Counter: M — MODE:
SC1 SCo M2 M1 MO
0o Select Counter 0 0 0 0 Mode 0
Select Counter 1 0 0 1 Mode 1
1 0 Select Counter 2 X 1 0 Mode 2
1 1 Read-Back Command X 1 1 Mode 3
(See Read Operations) 1 0 0 Mode 4
RW — Read/Write: ! 0 ! Mode 5
RW1 RWO0
BCD:
0 0 |Counter Latch Command (see Read
Operations) 0 Binary Counter 16-bits
0 1 |Read/Write least significant byte only. 1 Binary Coded Decimal (BCD) Counter
0 |Read/Write most significant byte only. (4 Decades)

Figure 7. Control Word Format
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Write Operations

The programming procedure for the 82C54 is very
flexible. Only two conventions need to be remem-
bered:

1) For each Counter, the Control Word must be
written before the initial count is written.

2) The initial count must follow the count format
specified in the Control Word (least significant
byte only, most significant byte only, or least sig-
_nificant byte and then most significant byte).

Since the Control Word Register and the three
Counters have separate addresses (selected by the
A4, Ag inputs), and each Control Word specifies the
Counter it applies to (SCO, SC1 bits), no special in-

'inteL

struction sequence is required. Any programming
sequence that follows the conventions above is ac-
ceptable.

A new initial count may be written to a Counter at
any time without affecting the Counter’'s pro-
grammed Mode in any way. Counting will be affected
as described in the Mode definitions. The new count
must follow the programmed count format.

If a Counter is programmed to read/write two-byte
counts, the following precaution applies: A program
must not transfer control between writing the first
and second byte to another routine which also writes
into that same Counter. Otherwise, the Counter will
be loaded with an incorrect count.

Aq Ag Aq Ag
Control Word — Counter 0 1 1 Control Word — Counter 2 1 1
LSB of count— Counter 0 0 0 Control Word — Counter 1 1 1
MSB of count — Counter 0 0 0 Control Word — Counter 0 1 1
Control Word — Counter 1 1 1 LSB of count— Counter 2 1 0
LSB of count— Counter 1 0 1 MSB of count — Counter 2 1 0
MSB of count— Counter 1 0 1 LSB of count— Counter 1 0 1
Control Word — Counter 2 1 1 MSB of count— Counter 1 0 1
LSB of count — Counter 2 1 0 LSB of count— Counter 0 0 0
MSB of count— Counter 2 . 1 0 MSB of count — Counter 0 0 0
A4 Ao . Aq Ag

Control Word — Counter 0 1 1 Control Word — Counter 1 1 1
Counter Word — Counter 1 1 1 Control Word — Counter 0 1 1
Control Word — Counter 2 1 1 LSB of count— Counter 1 0 1
LSB of count— Counter 2 1 0 Control Word — Counter 2 1 1
LSB of count— Counter 1 0 1 LSB of count— Counter 0 0 0
LSB of count — Counter 0 0 0 MSB of count — Counter 1 0 1
MSB of count— Counter 0 0 0 LSB of count— Counter 2 1 0
MSB of count — Counter 1 0 1 MSB of count — Counter 0 0o 0
MSB of count— Counter 2 1 0 MSB of count — Counter 2 1 0

NOTE:

In all four examples, all counters are programmed to read/write two-byte counts.

These are only four of many possible programming sequences.

Figure 8. A Few Possible Programming Sequences

Read Operations
It is often desirable to read the value of a Counter
without disturbing the count in progress. This is easi-
ly done in the 82C54.

There are three possible methods for reading the
counters: a simple read operation, the Counter
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Latch Command, and the Read-Back Command.
Each is explained below. The first method is to per-
form a simple read operation, To read the Counter,
which is selected with the A1, AO inputs, the CLK
input of the selected Counter must be inhibited by
using either the GATE input or external logic. Other-
wise, the count may be in the process of changing
when it is read, giving an undefined result.
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COUNTER LATCH COMMAND

The second method uses the “Counter Latch Com-
mand”. Like a Control Word, this command is written
to the Control Word Register, which is selected
when A4, Ag = 11. Also like a Control Word, the
SCO, SC1 bits select one of the three Counters, but
two other bits, D5 and D4, distinguish this command
from a Control Word.

A4, Ag=11; CS=0; RD=1; WR=0
D7 Dg Ds Dy D3 D Dy Do
Isct|scol oo x[x]|x]x]

SC1, SCO - specify counter to be latched

SC1 SCO Counter
0 0 0
0 1 1
1 0 2
1 1 Read-Back Command

D5,D4 - 00 designates Counter Latch Command

X - don't care

NOTE:
Don't care bits (X) should be 0 to insure compatibility
with future Intel products.

Figure 9. Counter Latching Command Format

The selected Counter’s output latch (OL) latches the
count at the time the Counter Latch Command is
received. This count is held in the latch until it is read
by the CPU (or until the Counter is reprogrammed).
The count is then unlatched automatically and the
OL returns to “following” the counting element (CE).
This allows reading the contents of the Counters
“on the fly” without affecting counting in progress.
Multiple Counter Latch Commands may be used to

latch more than one Counter. Each latched Coun-.

ter’s OL holds its count until it is read. Counter Latch
Commands do not affect the programmed Mode of
the Counter in any way.

If a Counter is latched and then, some time later,
latched again before the count is read, the second
Counter Latch Command is ignored. The count read
will be the count at the time the first Counter Latch
Command was issued.

With either method, the count must be read accord-
ing to the programmed format; specifically, if the
Counter is programmed for two byte counts, two
bytes must be read. The two bytes do not have to be
read one right after the other; read or write or pro-

82C54

gramming operations of other Counters may be in-
serted between them.

Another feature of the 82C54 is that reads and
writes of the same Counter may be interleaved; for
example, if the Counter is programmed for two byte
counts, the following sequence is valid.

1. Read least significant byte.
2. Write new least significant byte.
3. Read most significant byte.
4. Write new most significant byte.

If a Counter is programmed to read/write two-byte
counts, the following precaution applies; A program
must not transfer control between reading the first .
and second byte to another routine which also reads
from that same Counter. Otherwise, an incorrect
count will be read.

READ-BACK COMMAND

The third method uses the Read-Back command.
This command allows the user to check the count
value, programmed Mode, and current state of the
OUT pin and Null Count flag of the selected coun-
ter(s).

The command is written into the Control Word Reg-
ister and has the format shown in Figure 10. The
command applies to the counters selected by set-
ting their corresponding bits D3,D2,D1 = 1.

AO,A1=11 CS5=0 AD=1 WA=

D; Dg  Ds D4 D3 D2 Dy Do
[ 1] 1 |count|sTATUS|CNT 2| ONT 1] ONTO] 0]

Ds: 0 = Latch count of selected counter(s)
Dg4: 0 = Latch status of selected counter(s)
Da: 1 = Select counter 2

Do: 1 = Select counter 1

D4: 1 = Select counter 0

Do: Reserved for future expansion; must be 0

. Figure 10. Read-Back Command Format

The read-back command may be used to latch multi-
ple_counter output latches (OL) by setting the
COUNT bit D5=0 and selecting the desired coun-
ter(s). This single command is functionally equiva-
lent to several counter latch commands, one for
each counter latched. Each counter’s latched count
is held until it is read (or the counter is repro-
grammed). That counter is automatically unlatched
when read, but other counters remain latched until
they are read. If multiple count read-back commands
are issued to the same counter without reading the
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count, all but the first are ignored; i.e., the count
which will be read is the count at the time the first
read-back command was issued.

The read-back command may also be used to latch .

status information of selected counter(s) by setting
STATUS bit D4=0. Status must be latched to be
read; status of a counter is accessed by a read from
that counter. .

The counter status format is shown in Figure 11. Bits
D5 through DO contain the counter's programmed
Mode exactly as written in the last Mode Control
Word. OUTPUT bit D7 contains the current state of
the OUT pin. This allows the user to monitor the
counter’s output via software, possibly eliminating
some hardware from a system.

D7 Dg  Ds D4 D3 D; Dy Do
NULL y

OUTPUT COUNT RW1|RWO|M2{M1|MO|BCD
D7 1 = Out Pinis 1

0 = Out Pinis 0
Dg 1 = Null count

0 = Count available for reading
Ds-Dg Counter Programmed Mode (See Figure 7)

Figure 11. Status Byte

NULL COUNT bit D6 indicates when the last count
written to the counter register (CR) has been loaded
into the counting element (CE). The exact time this
happens depends on the Mode of the counter and is
described in the Mode Definitions, but until the count
is loaded into the counting element (CE), it can't be
read from the counter. If the count is latched or read
before this time, the count value will not reflect the
new count just written. The operation of Null Count
is shown in Figure 12.

intal.

THIS ACTION: CAUSES:
A. Write to the control
. Null count=1

word register:[1]

B. Write to the count _
register (CR):(2] Null count=1

C. New count is loaded Null count=0
into CE (CR — CE);

[1} Only the counter specified by the control word will
have its null count set to 1. Null count bits of other
counters are unaffected.

[2] if the counter is programmed for two-byte counts
(least significant byte then most significant byte) null
count goes to 1 when the second byte is written.

Figure 12. Null Count Operation

If multiple status latch operations of the counter(s)
are performed without reading the status, all but the
first are ignored; i.e., the status that will be read is
the status of the counter at the time the first status
read-back command was issued.

Both count and status of the selected counter(s)
may be latched simultaneously by setting both
COUNT and STATUS bits D5,D4=0. This is func-
tionally the same as issuing two separate read-back
commands at once, and the above discussions ap-
ply here also. Specifically, if multiple count and/or
status read-back commands are issued to the same
counter(s) without any intervening reads, all but the
first are ignored. This is illustrated in Figure 13.

If both count and status of a counter are latched, the
first read operation of that counter will return latched
status, regardless of which was latched first. The
next one or two reads (depending on whether the
counter is programmed for one or two type counts)
return latched count. Subsequent reads return un-
latched count. )

Command
D; Dg Ds Dy D3 Dy Dy Dy

Description

Results

1 1 ojoj|j0j]0}1 0
Counter 0

Read back count and status of

Count and status latched
for Counter 0

1(1)J1{0]0]1}0]0

Read back status of Counter 1

Status latched for Counter 1

11111101 ]110}0

Read back status of Counters 2, 1

Status latched for Counter
2, but not Counter 1

Read back count of Counter 2

Count latched for Counter 2

Counter 1

Read back count and status of

Count latched for Counter 1,
but not status

Read back status of Counter 1

Command ignored, status
already latched for Counter 1 |

Figure 13. Read-Back Command Example
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CS|RD|WR | A¢|Ag )
0| 1 0 0 [ 0 [ Write into Counter 0
0 1 0 0 | 1 | Write into Counter 1
0 1 0 1 | 0 | Write into Counter 2
0 1 0 1 | 1 | Write Control Word
0] 0 1 0 | 0 | Read from Counter O
0| O 1 0 | 1 | Read from Counter 1
0|0 1 1 | 0 | Read from Counter 2
ol o 1 1 | 1 | No-Operation (3-State)
1 X X | X | X | No-Operation (3-State)
0 1 1 X | X | No-Operation (3-State)

Figure 14. Read/Write Operations Summary

Mode Definitions

The following are defined for use in describing the
operation of the 82C54.

CLK PULSE: a rising edge, then a falling edge, in
that order, of a Counter’s CLK input.

TRIGGER: a rising edge of a Counter’s GATE in-
put.

COUNTER LOADING: the transfer of a count from
the CR to the CE (refer to
the “Functional Descrip-
tion™)

MODE 0: INTERRUPT ON TERMINAL COUNT

Mode 0 is typically used for event counting. After the
Control Word is written, OUT is initially low, and will
remain low until the Counter reaches zero. OUT then
goes high and remains high until a new count or a
new Mode 0 Control Word is written into the Coun-
ter.

82C54

GATE = 1 enables counting; GATE = 0 disables
counting. GATE has no effect on OUT.

After the Control Word and initial count are written to
a Counter, the initial count will be loaded on the next
CLK pulse. This CLK pulse does not decrement the
count, so for an initial count of N, OUT does not go
high until N + 1 CLK pulses after the initial count is
written.

If a new count is written to the Counter, it will be
loaded on the next CLK pulse and counting will con-
tinue from the new count. If a two-byte count is writ-
ten, the following happens:

1) Writing the first byte does not disable counting.
OUT 'is set low immediately (no clock pulse re-
quired).

2) Writing the second byte allows the new count to
be loaded on the next CLK pulse.

3) When there is a count in progress, writing a new
LSB before the counter has counted down to 0
and rolled over to FFFFh, WILL stop the counter.
However, if the LSB is loaded AFTER the counter
has rolled over to FFFFh, so that an MSB now
exists in the counter, then the counter WILL' NOT
stop.

This allows the counting sequence to be synchroniz-
ed by software. Again, OUT does not go high until N

+ 1 CLK pulses after the new count of N is written. u
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If an initial count is written while GATE = 0, it will
still be loaded on the next CLK pulse. When GATE
goes high, OUT will go high N CLK pulses later; no
CLK pulse is needed to load the Counter as this has

already been done.

CW=10 LSB=4

[vlwlwlwlelslslelelmln

CW=10 LSB=3

OO IRERE:

CW=10 LSB=3 LSB=2

m |

GATE

-o
oo

our ___‘ ‘
[wlwfwlwlslalsielslsleE
231244-8
NOTE:
The Following Conventions Apply To All Mode Timing
Diagrams:

1. Counters are programmed for binary (not BCD)
counting and for Reading/Writing least significant byte
(LSB) only. .

2. The counter is always selected (CS always low).

3. CW stands for “Control Word”; CW = 10 means a
control word of 10, hex is written to the counter.

4. LSB stands for “Least Significant Byte” of count.

5. Numbers below diagrams are count values.

The lower number is the least significant byte.

The upper number is the most significant byte. Since
the counter is programmed to Read/Write LSB only,
the most significant byte cannot be read.

N stands for an undefined count.

Vertical lines show transitions between count values.

Figure 15. Mode 0
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MODE 1: HARDWARE RETRIGGERABLE
ONE-SHOT

OUT will be initially high. OUT will go low on the CLK
pulse following a trigger to begin the one-shot pulse,
and will remain low until the Counter reaches zero.
OUT will then go high and.remain high until the CLK
pulse after the next trigger.

Atfter writing the Control Word and initial count, the
Counter is armed. A trigger results in loading the
Counter and setting OUT low on the next CLK pulse,
thus starting the one-shot pulse. An initial count of N
will result in a one-shot pulse N CLK cycles in dura-
tion. The one-shot is retriggerable, hence OUT will
remain low for N CLK pulses after any trigger. The
one-shot pulse can be repeated without rewriting the
same count into the counter. GATE has no effect on
OuUT.

If a new count is written to the Counter during a one-
shot pulse, the current one-shot is not affected un-
less the Counter is retriggered. In that case, the
Counter is loaded with the new count and the one-
shot pulse continues until the new count expires.

CW=12 LSB=3

BRI A A R R R AR

cw=12 LSB=3

WR
aare N AT A

CW=12 LSB=2 LSB=4

o | | — |
) 0 0 FF FF | O [
|"l"|"|"l"'a|'|n|rrsz|a|:

231244-9

Figure 16. Mode 1
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» MODE 2: RATE GENERATOR

This Mode functions like a divide-by-N counter. It is
typicially used to generate a Real Time Clock inter-
rupt. OUT will initially be high. When the initial count
has decremented to 1, OUT goes low for one CLK
pulse. OUT then goes high again, the Counter re-
loads the initial count and the process is repeated.
Mode 2 is periodic; the same sequence is repeated
indefinitely. For an initial count of N, the sequence
repeats every N CLK cycles.

GATE = 1 enables counting; GATE = 0 disables
counting. If GATE goes low during an output pulse,
OUT is set high immediately. A trigger reloads the
Counter with the initial count on the next CLK pulse;
OUT goes low N CLK pulses after the trigger. Thus
the GATE input can be used to synchronize the
Counter.

After writing a Control Word and initial count, the
Counter will be loaded on the next CLK pulse. OUT
goes low N CLK Pulses after the initial count is writ-
ten. This allows the Counter to be synchronized by
software also. :

CW=14 1LSB=3

[vfwlwiwlsfeefelelils]

CW=14 LSB=3

WR
GATE \ '

out ’ \‘
oJojofofo|o]o
ININININ|JI2|2|JI2|||:\|

CW=14 LSB=4 LSB=5

e i B e B

NOTE:
A GATE transition should not occur one clock prior to
terminal count.

Figure 17. Mode 2

82C54

Writing a new count while counting does not affect
the current counting sequence. If a trigger is re-
ceived after writing a new count but before the end
of the current period, the Counter will be loaded with
the new count on the next CLK pulse and counting
will continue from the new count. Otherwise, the
new count will be loaded at the end of the current
counting cycle. In mode 2, a COUNT of 1 is illegal.

MODE 3: SQUARE WAVE MODE

Mode 3 is typically used for Baud rate generation.
Mode 3 is similar to Mode 2 except for the duty cycle
of OUT. OUT will initially be high. When half the ini-
tial count has expired, OUT goes low for the remain-
der of the count. Mode 3 is periodic; the sequence
above is repeated indefinitely. An initial count of N
results in a square wave with a period of N CLK
cycles.

GATE = 1 enables counting; GATE = 0 disables
counting. If GATE goes low while OUT is low, OUT is
set high immediately; no CLK pulse is required. A
trigger reloads the Counter with the initial count on
the next CLK pulse. Thus the GATE input can be
used to synchronize the Counter.

After writing a Control Word and initial count, the
Counter will be loaded on the next CLK pulse. This
allows the Counter to be synchronized by software
also.

Writing a new count while counting does not affect
the current counting sequence. If a trigger is re-
ceived after writing a new count but before the end
of the current half-cycle of the square wave, the
Counter will be loaded with the new count on the
next CLK pulse and counting will continue from the
new count. Otherwise, the new count will be loaded
at the end of the current half-cycle.

Mode 3 is implemented as follows:

Even counts: OUT is initially high. The initial count is
loaded on one CLK pulse and then is decremented
by two on succeeding CLK pulses. When the count
expires OUT changes value and the Counter is re-
loaded with the initial count. The above process is
repeated indefinitely.

Odd counts: OUT is initially high. The initial count
minus one (an even number) is loaded on one CLK
pulse and then is decremented by two on succeed-
ing CLK pulses. One CLK pulse after the count ex-
pires, OUT goes low and the Counter is reloaded
with the initial count minus one. Succeeding CLK
pulses decrement the count by two. When the count
expires, OUT goes high again and the Counter is
reloaded with the initial count minus one. The above
process is repeated indefinitely. So for odd counts,
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OUT will-be high for (N + 1)/2 counts and low for
(N —1)/2 counts.

intal.

1) Writing the first byte has no effect on counting.
2) Writing the second byte allows the new count to

be loaded on the next CLK pulse.
a T This allows the sequence to be “retriggered” by
software. OUT strobes low N+1 CLK pulses after
N ANAYANANANRNANANANANRAN AV AU the new count of N is written.
GATE
ouv-‘_, | [ | | | CW=18 LSB=3
[wlwlwiwlalslelelerslalslels| o .
CW=if LSB=S CLK "’\'\'\’\‘\'\’\"’\'
w L ,
GATE
« _MUUNUNNNUNUNUUUUUUL on = L
GATE
-] — —\_r BT HH ]
I"l"l"l"l:l:l:lzl”‘:lglglglg' CW=18 LSB=3
WR
CW=18 LSB=4
GATE
GATE \_I —_— " .
—_ out ! ‘ ‘
" — — — [wlwlwlwlslslelelelels
[viwlwfw]elolelelelslels]s I"I shelatalniolde
231244~ Cw=18 LSB=3 LSB=2
NOTE: LU W I U A |
A GATE transition should not occur one clock prlor to
terminal count. cLK ’\HHH”””H”H’
Figure 18. Mode 3 oATE
our ’ ‘ ‘
MODE 4: SOFTWARE TRIGGERED STROBE [vfw]wlwlslelolslslsle
: 231244-12
OUT will be initially high. When the initial count ex-

pires, OUT will go low for one CLK pulse and then
go high again. The counting sequence is “triggered”
by writing the initial count.

GATE = 1 enables counting; GATE = 0 disables
counting. GATE has no effect on OUT.

After writing a Control Word and initial count, the
Counter will be loaded on the next CLK pulse. This
CLK pulse does not decrement the count, so for an
initial count of N, OUT does not strobe low until
N + 1 CLK pulses after the initial count is written.

If a new count is written during counting, it will be
loaded on the next CLK puise and counting will con-
tinue from the new count. If a two-byte count is writ-
ten, the following happens:
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Figure 19. Mode 4

~ MODE 5: HARDWARE TRIGGERED STROBE

(RETRIGGERABLE)

OUT will initially be high. Counting is triggered by a
rising edge of GATE. When the initial count has ex-
pired, OUT will go low for one CLK pulse and then "
go high again.
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After writing the Control Word and initial count, the Signal Low
counter will not be loaded until the CLK pulse after a Status Or Going Rising High
trigger. This CLK pulse does not decrement the Modes Low
count, so for an initial count of N, OUT does not -
strobe low until N+ 1 CLK pulses after a trigger. 0 Disables - Enables
counting counting
A trigger results in the Counter being loaded with the 1 — 1) Initiates —
initial count on the next CLK pulse. The counting counting
sequence is retriggerable. OUT will not strobe low 2) Resets output
for N + 1 CLK pulses after any trigger. GATE has after next
no effect on OUT. clock
. . . . 2 1) Disables
If a new count is written during counting, the current counting Initiates Enables
counting sequence will not be affected. If a trigger 2) Sets output counting counting
occurs after the new count is written but before the immediately
current count expires, the Counter will be loaded high
with the new count on the next CLK pulse and -
counting will continue from there. 3 1) Disables »
counting Initiates . Enables
2) Sets output counting counting
CW=1A LSB=3 immediately
w L[ high
- 4 Disables — Enables
_]_\J_U—U_\J_U_\IU_U_U—U— counting counting
eate AT N~ ° 5 — Initiates —
- counting
or | |} Figure 21. Gate Pin Operations Summary
R HHHER
CW=1A LSB=3
_ MIN MAX
WR
U MODE | couNT| cOUNT
NN UL o | 1
oare T~ ﬁ‘l ‘_-‘ ' \ ____________ 1 1 o
— 2 2 0
out ’
LI 3 2 0
|"|"l"l"|"|“|‘}|3|§|2|?|3|§i 4 1 0
0 is equivalent to 216 for binary counting and 104 for
o U U UL BCD counting
are 777 NI AN\ Figure 22. Minimum and Maximum initial Counts
our -—-’ ‘ '
[rlwlwlwlwlslelelelalelels]
231244-13 .
Figure 20. Mode 5
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Operation Common to All Modes

Programming

When a Control Word is written to a Counter, all
Control Logic is immediately reset and OUT goes to
a known initial state; no CLK pulses are required for
this.

GATE

The GATE input is always sampled on the rising
edge of CLK. In Modes 0, 2, 3, and 4 the GATE input
is level sensitive, and the logic level is sampled on
the rising edge of CLK. In Modes 1, 2, 3, and 5 the
GATE input is rising-edge sensitive. In these Modes,
a rising edge of GATE (trigger) sets an edge-sensi-
tive flip-flop in the Counter. This flip-flop is then sam-
pled on the next rising edge of CLK; the flip-flop is
reset immediately after it is sampled. In this way, a

trigger will be detected no matter when it occurs—a_
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high logic level does not have to be maintained until
the next rising edge of CLK. Note that in Modes 2
and 3, the GATE input is both edge- and level-sensi-
tive. In Modes 2 and 3, if a CLK source other than

the system clock is used, GATE should be pulsed
immediately following WR of a new count value.

COUNTER

New counts are loaded and Counters are decre-
mented on the falling edge of CLK.

The largest possible initial count is 0; this is equiva-
lent to 216 for binary counting and 104 for BCD
counting. .

The Counter does not stop when it reaches zero. In
Modes 0, 1, 4, and 5 the Counter “wraps around” to
the highest count, either FFFF hex for binary count-
ing or 9999 for BCD counting, and continues count-
ing. Modes 2 and 3 are periodic; the Counter reloads
itself with the initial count and continues counting
from there.
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ABSOLUTE MAXIMUM RATINGS* NOTICE: This is a production data sheet. The specifi-

cations are subject to change without notice.

éggzzt;eerwgeerraatﬁjrf Under Bias.. _65° (:OC _,t_(: ggog *WARNING: Stressing the device beyond the “Absolute

Supply VOItage . .............000 —0.510 +8.0V Maximum Ratings” may cause permanent damage.-
PRl Vgl """""""""" + : These are stress ratings only. Operation beyond the

Operating Voltage .................. 4Vito +7V “Operating Conditions” is not recommended and ex-

Voltage onany Input.......... GND —2Vto +6.5V tended exposure beyond the “Operating Conditions”

Voltage on any Output . .GND—0.5V to Vg + 0.5V may affect device reliability.

Power Dissipation ..................oooil 1 Watt

D.C. CHARACTERISTICS
(TA=0°C to 70°C, Vcc=5V+ 10%, GND=0V) (Tp = —40°C to +85°C for Extended Temperature)

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage —0.5 . 0.8 Vv '
ViH Input High Voltage 2.0 Voo + 0.5 \;
VoL .| Output Low Voltage 0.4 \ loL = 2.5 mA
VoH Output High Voltage 3.0 \ loH = —25mA

' Ve — 04 \'/ loq = —100 pA
I Input Load Current +2.0 pA | ViN=Vgcto OV
loFL Output Float Leakage Current +10 nA VouTt=Vcc to 0.0V
Icc Vcc Supply Current 20 mA Clk Freq= 0 hﬁm—lezngSCfg
lccss Vcc Supply Current-Standby 10 pA CLKFreq = DC

CS = Vg

All Inputs/Data Bus Ve
All Outputs Floating

lccss1 Vcc Supply Current-Standby 150 RA CLKFreq = DC
CS = Vgg. All Other Inputs,
1/0 Pins = Vgnp, Outputs Open

CiN Input Capacitance 10 pF fo = 1 MHz
Cio 1/0 Capacitance 20 PF | Unmeasured pins
Cour | Output Capacitance 20 pF | returned to GND(5)
A.C. CHARACTERISTICS
(Ta = 0°C to 70°C, Vgg = 5V £10%, GND =0V) (Tp = —40°C to +85°C for Extended Temperature)
BUS PARAMETERS (Note 1)
READ CYCLE
Symbol Parameter 82C54-2 Units
Min Max
taR Address Stable Before RD J 30 ns
tsr CS Stable Before RD | 0 ns
tRA Address Hold Time After RD T 0 ns
tRR RD Pulse Width 95 ns
trD Data Delay fromRD | 85 : ns
tAD Data Delay from Address 185 ns
toF RD 1 to Data Floating 5 65 ns
tRv Command Recovery Time 165 ns
NOTE:

1. AC timings measured at Vo4 = 2.0V, VoL = 0.8V.
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE

Symbol Parameter 92054-2 Units
Min Max

taw Address Stable Before WR |, 0 ns
tsw CS Stable Before WR | 0 ns
twa Address Hold Time After WR T 0 ns
tww WR Pulse Width 95 ns
tow Data Setup Time Before WR T 95 ns
twp Data Hold Time After WR T 0 ns
tRv Command Recovery Time 165 : ns

CLOCK AND GATE
Symbol Parameter 82C64-2 Units

Min Max

toLk Clock Period 100 DC ns
tPwWH High Pulse Width 30 . ns
tpwiL Low Pulse Width 503) ns
TR Clock Rise Time 25 ns
te Clock Fall Time ’ 25 ns
tew Gate Width High 50 ns
taL Gate Width Low 50 ns
tas Gate Setup Time to CLK T 40 ns
tGH Gate Hold Time After CLK T . 500 ns
Top Output Delay from CLK | 100 ns
tong , Output Delay from Gate |, 100 ns
twe CLK Delay for Loading(4) 0 55 ns
twa Gate Delay for Sampling(4) -5 40 ns
two OUT Delay from Mode Write 240 ns
toL CLK Set Up for Count Latch —40 40 ns

NOTES:

2. In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 70 ns for the 82C54-2 of the
rising clock edge may not be detected.

3. Low-going glitches that violate tpwH, tpw may cause errors requmng counter reprogramming.

4. Except for Extended Temp., See Extended Temp. A.C. Characteristics below.

5. Sampled not 100% tested. T4 = 25°C.

6. If CLK present at Tywg min then Count equals N+2 CLK pulses, Twc max equals Count N+ 1 CLK pulse. Twc min to
Twc max, count will be either N+ 1 or N+ 2 CLK pulses.

7. In Modes 1 and 5, if GATE is present when writing a new Count value, at Twg min Counter will not be trlggered at Twg
max Counter will be triggered.

8. If CLK present when writing a Counter Latch or ReadBack Command, at Tg. min CLK will be reﬂected in count value
latched, at Tg max CLK will not be reflected in the count value latched. Writing a Counter Latch or ReadBack Command
between Tg min and Ty max will result in a latched count vallue which is * one least significant bit.

EXTENDED TEMPERATURE (Tp = —40°C to +85°C for Extended Temperature)

Symbol Parameter 82C54-2 Units
Min Max

twe CLK Delay for Loading —-25 25 ns

twa Gate Delay for Sampling —25 25 ns
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CLOCK AND GATE

WR
toL.
cLK
tan
GATE I
OUTPUT O |
L two
231244-17
* Last byte of count being written
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
INPUT/OUTPUT
M 20 2.0 ONbER ——-]
X :> TEST POINTS < >< Test " ==C, = 150 pF
0.8 0.8’ . I
0.45 =
- 231244-18 =
A.C. Testing: Inputs are driven at 2.4V for a logic “1” and 0.45V G = 150 pF 231244-19
for a logic “*0.” Timing measurements are made at 2.0V for a logic . CL L ud pr it
| 1" and 0.8V for a logic “0.” L ymc udes jig capacitance

REVISION SUMMARY
The following list represents the key differences be-
tween Rev. 005 and 006 of the 82C54 Data Sheet.

1. References to and specifications for the 8 MHz
82C54 are removed. Only the 10 MHz 82C52-2
remains in production.
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8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

m MCS-85 Compatible 8255A-5 m Direct Bit Set/Reset Capability Easing

m 24 Programmable I/0 Pins Control Application Interface

m Completely TTL Compatible m Reduces System Package Count

m Fully Compatible with Intel m Improved DC Driving Capability
Microprocessor Families m Available in EXPRESS

m Improved Timing Characteristics — Standard Temperature Range

— Extended Temperature Range

m 40 Pin DIP Package

(See Intel Packaging: Order Number: 240800-001,
Package Type P)

The Intel 8255A is a general purpose programmable 1/0 device designed for use with Intel microprocessors. It
has 24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of
operation. In the first mode (MODE 0), each group of 12 I/0 pins may be programmed in sets of 4 to be input
or output. In MODE 1, the second mode, each group may be programmed to have 8 lines of input or output. Of
the remaining 4 pins, 3 are used for handshaking and interrupt control signals. The third mode of operation
(MODE 2) is a bidirectional bus mode which uses 8 lines for a bidirectional bus, and 5 lines, borrowing one
from the other group, for handshaking.

+5v
0
T o
GrOowP | PoAT PA'I-?’ o 4 A a0 [] Pae
— A ( N Vv A \r 2% 7-PAQ a3 ] u|
CONTROL © PA2 E 2 39 : PAS
. [XIm E) 38 [] pas
L J pao (]« ar g PA7
m s a6 ] wr
GROUP e 35 [ ] meser
A :
‘l_“—") PORT ¢ <:_—’V> n"/.gc‘ ano []7 [0
UPPER se afJo
BI-DIRECTIONAL DATA BUS W
o N L K A e zPen
o7 BUFFER [\ o % pc7 E 10 8255A-5 31 ] oy
ece ] 11 30 [ os
INTERNAL GROVP
DATA BUS vo:rc Pc;/-?’t:o pCS [: 2 29 Ens
LOWER
o pca[]n 28] ] os
pco ] 1e 27 Jor
T pCt 15 267} vee
W ———ed] l pc2[] 16 25 [7] pa7
rErn eca[] v 26 D Poe
WA g} Qe aRowe <: S noE i 23[] pes
A ] R CONTROL @ poRT K :} Por-po o1 [] 22[7] rea
Ao ——————= ® a2} 20 21[] rea
RESET —— o} | —
- r 231308-2
Figure 2. Pin
T ) Configuration
[

231308-1
Figure 1. 8255A Block Diagram

The complete document for this product is available from Intel’s Literature Center at 1-800-548-4725.
September 1993
Order Number: 231308-004 5-375
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CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

m Compatible with all Intel and Most m Control Word Read-Back Capability
Other Microprocessors ' m Direct Bit Set/Reset Capability

m High Speed, “Zero Wait State”
Operation with 8 MHz 8086/88 and " ,iosr;“gu?g,g""e Capability on all I/0

80186/188 Available in 40-Pin DIP and 44-Pin PL!
W 24 Programmable 1/0 Pins m Avallable In 40-Fin an -Pin PLCC
m Available in EXPRESS

® Low Power CHMOS — Standard Temperature Range
m Completely TTL Compatible — Extended Temperature Range

The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose
programmable 1/0 device which is designed for use with all Intel and most other microprocessors. It provides
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation.
The 82C55A is pin compatible with the NMOS 8255A and 8255A-5.

In MODE 0, each group of 12 1/0 pins may be programmed in sets of 4 and 8 to be inputs or outputs. In
MODE 1, each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used
for handshaking and interrupt control signals. MODE 2 is a strobed bi-directional bus configuration.

The 82C55A is fabricated on Intel’s advanced CHMOS |l technology which provides low power consumption
with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin
DIP and 44-pin plastic leaded chip carrier (PLCC) packages.

N

=TT
« [ PAO
~rat
[ PA2
~ [ PA3
-EJ NC
PA4
&P Pas
PAG
PA7
WR

A4 42 41 40
= 39|71 Reser
GND g 8 38 oo
_ l ard]e kyd =1L]]
Ao 363 02
POWER GROUP pc7 1t 35003
SUPPLIES g
1E: ‘[____ oo wowr | ,‘_» '0:" :._») ".’/_c’.‘u Ne]12 820554 340 NC
1 contnoc M v pPcs 13 3P 04
PCS Y14 323 o5
pPca15 31 ps
L reoc]is 300 07
l pe1 cf17 200 vee
GROUP 18 19 20 21 22 23 24 25 26 27 28
!O:VC ,c',/.c:c. B8z8snRanssy
] 8252228388858
BI-DIRECTIONAL bﬂ: BUS . oata . R 231 256_3 1
o0 | airren [ v
wiEmAL cRove = N =L
oatasus | | A N Al 1o ez ]2 w[]es
T ) s (= o = wF
mo[]e Ny
t w]s swm
[ s 35 [ meser
B ————s} o] 300
W ——————eq] READ GROWP im0 af]o
WRITE GRowP .
N oo et [ || O — wds 2o
—— 7-po0
o . e T . =g gacs5A P>
ses O] 070
S— T i — g =
t e [0 [ 7o
pco [ e [Jor
. = [ Jvec
= = 2 [ eer
2312561 g w0
o[ [ e
Figure 1. 82C55A Block Diagram e 1f] e
a2 [] 20 nfJre
231256-2
Figure 2. 82C55A Pinout

Diagrams are for pin reference only. Package
sizes are not to scale.

The complete document for this product is available from Intel’s Literature Center-at 1-800-548-4725.

October 1995
5-376 Order Number: 231256-004
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MULTIFUNCTION MICROPROCESSOR

SUPPORT CONTROLLER

m Programmable Serial Asynchronous m Two 8-Bit Programmable Paraliel 1/0
Communications Interface for 5-, 6-, 7-, Ports; Port 1 Can Be Programmed for
or 8-Bit Characters, 1, 115, or 2 Stop Port 2 Handshake Controls and Event
Bits, and Parity Generation Counter Inputs

m On-Board Baud Rate Generator m Eight-Level Priority Interrupt Controller
Programmable for 13 Common Baud Programmable for 8085 or iAPX 86,
Rates up to 19.2 KBits/Second, or an iAPX 88 Systems and for Fully Nested
External Baud Clock Maximum of 1M Interrupt Capability
Bit/Second

m Programmable System Clock to 1 X,
m Five 8-Bit Programmable Timer/ 2 X,3 X,or5 X 1.024 MHz

Counters; Four Can Be Cascaded to

Two 16-Bit Timer/Counters

The Intel 8256AH Multifunction Universal Asynchronous Receiver-Transmitter (MUART) combines five com-
monly used functions into a single 40-pin device. It is designed to interface to the 8086/88, iIAPX 186/188, and
8051 to perform serial communications, parallel 1/0, timing, event counting, and priority interrupt functions. All
of these functions are fully programmable through nine internal registers. In addition, the five timer/counters
and two parallel 1/0 ports can be accessed directly by the microprocessor.

ADO[]1 40 [ ] Vee
ap1[]2 s[rw0o
' 3 38
ADO-AD4 CONTROL TO ALL INTERNAL Ap2 [ HP1
ADDRESS/ AraaTR FUNCTIONS AD3I[]4 37 P12
DATA AD4 []5 s [IP13
BUFFERS oBs []6 35 P1a
DB5-DB7 pBe []7 3a[]P15
2 POAT1 SYSTEM os7 (J8 3P
PARALLEL POAT 2 CLOCK  |e—cLk ALE ]9 2{p17
PORTS PRESCALER 7 10 s Fe
— 8256AH
| counvea | 1 WR 1 30 [Jp21
] |PRESCALER] . RESET (] 12 29 (P22
CS —b§
5 5 PORT 1 RATE es 28 [7p23
COUNTER/ COUNTER | GENERATOR WA [ 1a 27
WR—s pys TIMERS INPUTS INTA ) Pas
ALE—>| CONTROL INT (] 15 26 ) P2s
RESET—»{ LOGIC AxD EXTINT (] 16 25 P26
TNTA —1 L - TxD cLk 17 2427
INT = UART La—>- RxC RxC [ 18 23] Tx0
e TxC RxD (] 19 2[1E
INTERRUPT : —
# CONTROLLER [ EXTINT [«—CTs GND ] 20 21[] T8
' 230759-2
i 1. MUART Block Di 2307591 Figure 2. MUART Pin
igure 1. OCl| lagram Configuration

The complete document for this product is available from Intel’s Literature Center at 1-800-548-4725.
October 1994 ’
Order Number: 230759-002 5-377
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PROGRAMMABLE INTERRUPT CONTROLLER
(8259A/8259A-2)

m 8086, 8088 Compatible m Single + 5V Supply (No Clocks)

m MCS-80, MCS-85 Compatible m Available in 28-Pin DIP and 28-Lead
m Eight-Level Priority Controller RLCC Package  er sza1a60)

m Expandable to 64 Levels _ m Available in EXPRESS

m Programmable Interrupt Modes — Standard Temperature Range

m Individual Request Mask Capability — Extended Temperature Range

The Intel 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU.
It is cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin
DIP, uses NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input.

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority inter-
rupts. It has several modes, permitting optimization for a variety of system requirements.

The 8259A is fully upward compatible with the Intel 8259. Software originally written for the 8259 will operate
the 8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered).

DIP
iINTA INT —\
= ¢ 28 Pvee
wR({? 2704,
Ao[]3 26 [JINTA
F o, 25 [1IR?
A= ) 2a []1R6
DATA CONTROL LOGIC o,e 23 Bms
Dr‘°o<:> 8us <:> 07 gocen 2[P'R4
BUFFER | o,(s 2113
‘ . 0,9 20 [J1R2
0,0 19 R
S o, Qn 18 [ 1RO
caso (] 12 17 [JINT
ﬂ ﬁ cas1[} 3 16 [ $/EN
GND (] 14 15 []cas2
— 1RO
RD ——=Q : le—1R1 231468-2
WR——=q  READ/ le—IR2
WRITE  |-—¢ IN INTERRUPT|
LOGIC SERVICE PRIORITY C REQUEST [=—IR3 PLCC
Ay ——s] REG @stowm REG  |e—IR4 o 1«
ISR URRI e ins sielgi § 2l
i ~—IR6
3 R? 4 3 2 1 282726
' - os 5 o 253 R7
osC]s 241 IR6
047 23RS
CASO ——= o INTERRUPT MASK REG E;E : sz ;f g:ﬁ;
CASCADE (IMR) .
cas1 —| BuFFers |- o1 .10 203 IR2
COMPARATOR| oo 190 R
cAs2 = sgiRigiRigags
. 2029E8
-/zi.____j N 33°3;5
sp L INTERNAL BUS 231468-31
2314681 Figure 2. Pin
Configurations

Figure 1. Block Diagram

The complete document for this product is available from Intel’s Literature Center at 1-800-548-4725.
December 1988
5-378 Order Number: 231468-003
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82C59A-2

CHMOS Programmable Interrupt Controller

m Pin Compatible with NMOS 8259A-2 m 80C86/88 énd 8080/85/86/88
m Eight-Level Priority Controller Compatible

m Expandable to 64 levels m Fully Static Design

m Programmable Interrupt Modes m Single 5V Power Supply

m Low Standby Power—10 A m Available in 28-Pin Plastic DIP

(See Packaging Spec., Order #231369)

m Individual Request Mask Capability

The Intel 82C59A-2 is a high performance CHMOS version of the NMOS 8259A-2 Priority Interrupt Controller.
The 82C59A-2 is designed to relieve the system CPU from the task of polling in a multi-level priority interrupt
system. The high speed and industry standard configuration of the 82C59A-2, make it compatible with micro-

processors such as the 80C86/88, 8086/88 and 8080/85.

The 82C59A-2 can handle up to 8 vectored priority interrupts for the CPU and is cascadable to 64 without
additional circuitry. It is designed to minimize the software and real time overhead in handling muiti-level
priority interrupts. Two modes of operation make the 82C59A-2 optimal for a variety of system requirements.
Static CHMOS circuit design, requiring no clock input, insures low operating power. It is packaged in a 28-pin

plastic DIP.

iNTA INT

CONTROL LOGIC

DATA
0,-0, ()| sus
Te BUFFER

0

l y I
e e
WR 1
WR——po  READ/ . b
WRITE ¢ IN INTERRUPT R2
Locic SERVICE <:> PRIORITY <: REQUEST |4—IR3
REG RESOLVER REG  |4— R4
Ag =] (ISR) (RR) | g 15
4— IR6
_ <+ R7
cs -~ -~ r S
a0 €= seune @ INTERRUPT MASK REG
CAS1 ¢—P| BUFFER/ |¢—i (IMR)
COMPARATOR
cas2 ¢—>]
A
T INTERNAL BUS
SP/EN
231201-1

Figure 1. Block Diagram

October 1988
Order Number: 231201-004

csg 1 ~ 28 0v
wa(j2 204,
O[] 3 26 [JINTA
o, 25 [1IR7
o s 24 [JIR6
o6 23171Rs
o, 7 22[]Rs
D:C g B2C59A2 [71R3
0,(Q s 20 [J1R2
o,J w0 1911IR
o, On 18 [JIRO
caso[] 12 17 [Nt
casi1[]13 16 [ ] SF/EN
GND (] 14 15 {Jcas2
231201-2

Figure 2. Pin Configuration
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Table 1. Pin Description

Pin No.

Type

Name and Function

28

SUPPLY: + 5V Supply.

14

GROUND.

CHIP SELECT: A low on this pin enables RD and WR
communication between the CPU and the 82C59A-2. INTA
functions are independent of CS.

WRITE: A low on this pin when CS is low enables the
82C59A-2 to accept command words from the CPU.

READ: A low on this pin when CS is low enables the
82C59A-2 to release status onto the data bus for the CPU.

D7-Do

4-11

1/0

- BIDIRECTIONAL DATA BUS: Control, status and interrupt-

vector information is transferred via this bus.

CAS(-CAS;

12,13, 15

110

CASCADE LINES: The CAS lines form a private 82C59A-2
bus to control a multiple 82C59A-2 structure. These pins are
outputs for a master 82C59A-2 and inputs for a slave
82C59A-2.

]
~
2

16

110

SLAVE PROGRAM/ENABLE BUFFER: This is a dual
function pin. When in the Buffered Mode it can be used as an
output to control buffer transceivers (EN). When not in the
buffered mode it is used as an input to designate a master (SP
= 1) or slave (SP = 0).

17

INTERRUPT: This pin goes high whenever a valid interrupt
request is asserted. It is used to interrupt the CPU, thus it is
connected to the CPU’s interrupt pin.

IRo-IR7

18-25

INTERRUPT REQUESTS: Asynchronous inputs. An interrupt
request is executed by raising an IR input (low to high), and
holding it high until it is acknowledged (Edge Triggered Mode),
or just by a high level on an IR input (Level Triggered Mode).
Internal pull-up resistors are implemented on IRO-7.

INTA

26

INTERRUPT ACKNOWLEDGE: This pin is used to enable
82C59A-2 interrupt-vector data onto the data bus by a
sequence of interrupt acknowledge pulses issued by the CPU.

Ao

27

AO ADDRESS LINE: This pin acts in conjunction with the CS,
WR, and RD pins. It is used by the 82C59A-2 to decipher
various Command Words the CPU writes and status the CPU
wishes to read. It is typically connected to the CPU A0
address line (A1 for 80C86, 80C88).
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FUNCTIONAL DESCRIPTION

Interrupts in Microcomputer Systems

Microcomputer system design requires that 1/0 de-
vices such as keyboards, displays, sensors and oth-
er components receive servicing in an efficient man-
ner so that large amounts of the total system tasks
can be assumed by the microcomputer with little or
no effect on throughput.

The most common method of servicing such devic-
es is the Polled approach. This is where the proces-
sor must test each device in sequence and in effect
““ask” each one if it needs servicing. It is easy to see
that a large portion of the main program is looping
through this continuous polling cycle and that such a
method would have a serious, detrimental effect on
system throughput, thus limiting the tasks that could
be assumed by the microcomputer and reducing the
cost effectiveness of using such devices.

A more desirable method would be one that would
allow the microprocessor to be executing its main
program and only stop to service peripheral devices
when it is told to do so by the device itself. In effect,
the method would provide an external asynchronous
input that would inform the processor that it should
complete whatever instruction that is currently being
executed and fetch a new routine that will service
the requesting device. Once this servicing is com-
plete, however, the processor would resume exactly
where it left off.

This method is called /nterrupt. It is easy to see that
system throughput would drastically increase, and
thus more tasks could be assumed by the micro-
computer to further enhance its cost effectiveness.

The Programmable Interrupt Controller (PIC) func-
tions as an overall manager in an Interrupt-Driven
system environment. It accepts requests from the
peripheral equipment, determines which of the in-
coming requests is of the highest importance (priori-
ty), ascertains whether the incoming request has a
higher priority value than the level currently being
serviced, and issues an interrupt to the CPU based
on this determination.

Each peripheral device or structure usually has a
special program or “routine” that is associated with
its specific functional or operational requirements;
this is referred to as a “service routine”. The PIC,
after issuing an Interrupt to the CPU, must somehow
input information into the CPU that can “point” the
Program Counter to the service routine associated
with the requesting device. This “pointer” is an ad-
dress in a vectoring table and will often be referred
to, in this document, as vectoring data.

82C59A-2

The 82C59A-2

The 82C59A-2 is a device specifically designed for
use in real time, interrupt driven microcomputer sys-

CPU-DRIVEN'
MULTIPLEXOR

— o/

\_[Q
RAM <:> <:> vo (1 ——]

ROM K:y 1/0 (2)

231201-3
Figure 3a. Polled Method
cPU  INT |«
RAM <::::S> <:::::: Pic |
RoM :i) <:> Vo (1)
e
A
| K=o —
231201-4

Figure 3b. Interrupt Method
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tems. It manages eight levels or requests and has
built-in features for expandability to other
82C59A-2’s (up to 64 levels). It is programmed by
the system’s software as an |/O peripheral. A selec-
tion of priority modes is available to the programmer
so that the manner in which the requests are proc-
essed by the 82C59A-2 can be configured to match
system requirements. The priority modes can be
changed or reconfigured dynamically at any time
during the main program. This means that the com-
plete interrupt structure can be defined as required,
based on the total system environment.

INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The interrupts at the IR input lines are handled by
two registers in cascade, the Interrupt Request Reg-

ister (IRR) and the In-Service Register (ISR). The:

IRR is used to store all the interrupt levels which are
requesting service; and the ISR is used to store all
the interrupt levels which are being serviced.

PRIORITY RESOLVER

This logic block determines the priorities of the bits

set in the IRR. The highest priority is selected and
strobed into the corresponding bit of the ISR during
NTA pulse.

INTERRUPT MASK hEGISTER (IMR)

The IMR stores the bits which mask the interrupt
lines to be masked. The IMR operates on the IRR.
Masking of a higher priority input will not affect the
interrupt request lines of lower priority.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input.
The Vpn level on this line is designed to be fully
compatible with the 8080A, 8085A, 80C88 and
80C86 input levels.

INTA (INTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 82C59A-2 to release vec-
toring information onto the data bus. The format of
this data depends on the system mode (uPM) of the
82C59A-2.

DATA BUS BUFFER
This 3-state, bidirectional 8-bit buffer is used to inter-
face the 82C59A-2 to the system Data Bus. Control

words and status information are transferred
through the Data Bus Buffer.
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The function of this block is to accept OUTput com-
mands from the CPU. It contains the Initialization
Command Word (ICW) registers and Operation
Command Word (OCW) registers which .store the
various control formats for device operation. This
function block also allows the  status of the
82C59A-2 to be transferred onto the Data Bus.

READ/WRITE CONTROL LOGIC

CS (CHIP SELECT)

A LOW on this input enables the 82C59A-2. No
reading or writing of the chip will occur unless the
device is selected.

WR (WRITE)

A LOW on this input enables the CPU to write con-
trol words (ICWs and OCWs) to the 82C59A-2.

RD (READ)

A LOW on this input enables the 82C59A-2 to send
the status of the Interrupt Request Register (IRR), In
Service Register (ISR), the Interrupt Mask Register
(IMR), or the Interrupt level onto the Data Bus.

Ao

This input signal is used in conjunction with WR and
RD signals to write commands into the various com-
mand registers, as well as reading the various status
registers of the chip. This line can be tied directly to
one of the address lines.

THE CASCADE BUFFER/COMPARATOR

This function block stores and compares the IDs of
all 82C59A-2’s used in the system. The associated
three 1/0 pins (CAS0-2) are outputs when the
82C59A-2 is used as a master and are inputs when
the 82C59A-2 is used as a slave. As a master, the
82C59A-2 sends the ID of the interrupting slave de-
vice onto the CAS0-2 lines. The slave thus selected
will send its preprogrammed subroutine address
onto the Data Bus during the next one or two con-
secutive INTA pulses. (See section “Cascading the
82C59A-2".)
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INTERRUPT SEQUENCE

The powerful features of the 82C59A-2 in a micro-
computer system are its programmability and the in-
terrupt routine addressing capability. The latter al-
lows direct or indirect jumping to the specific inter-
rupt routine requested without any polling of the in-

82C59A-2

durlng an interrupt depends on the type of CPU be-
ing used.

The events occur as follows in an MCS-80/85 sys-

tem:

1. One or more of the INTERRUPT REQUEST Lines
(IR7-0) are raised high, setting the corresponding

terrupting devices. The normal sequence of events IRR bit(s).

INTA INY

DATA —N, CONTROL LOGKC
0,0, 8us
BUFFER
e . T
b
_ }e—mo
RO ~——eq] le—1RY
—oq  READ/
= WRITE “—1 N INTERRUP Rz
LoGIC service |ANPRIORITY REQUEST [=-—IR3
Ag —— ReG \RESOLVERN{  REG  fa—Re
0SR) (IRRY oy
jo——R6
cs ———J R7
! | |
CASO =1 A INTERRUPT MASK REG
: CASCADE A (MR}
CASY «—ef BUFFER/ |*—
: COMPARATOR

CAS2

PN -————?

N

INTERNAL BUS

N

231201-5

Figure 4. 82C59A-2 Block Diagram

ADDRESS BUS (16)§ 5

S
FT
S

CONTROL BUS§

[
T}

DATA BUS(8) G

«—dlcaso 5 A D;=Dy RO WR INT iNTA
“smgg [ <« cas 1 82C59A-2
_ RQ %G 1R RQ RQ R 1RQ 1RQ
OS2 mm 7 6 5 4 3

ETTTIT

INTERRUPT REQUESTS

SLAVE PROGRESS /
ENABLE BUFFER 231201-8

Figure 5. 82C59A-2 Interface to Standard System Bus
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2. The 82C59A-2 evaluates these requests, and
sends an INT to the CPU, if appropriate.

3. The CPU acknowledges the INT and responds
with an INTA pulse. :

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the correspond-
ing IRR bit is reset. The 82C59A-2 will also re-
lease a CALL instruction code (11001101) onto

- the 8-bit Data Bus through its D7-0 pins.

5. This CALL instruction will initiate two more INTA
pulses to be sent to the 82C59A-2 from the CPU
group.

6. These two INTA pulses allow the 82C59A-2 to

~ release its preprogrammed subroutine address

- onto the Data Bus. The lower 8-bit address is re-
leased at the first INTA pulse and the higher 8-bit
address is released at the second INTA pulse.

7. This completes the 3-byte CALL instruction re-

leased by the 82C59A-2. In the AEOI mode the -

ISR bit is reset at the end of the third INTA pulse.
Otherwise, the ISR bit remains set until an appro-
priate EOl command is issued at the end of the
interrupt sequence.

The events occurring in an 80C86 system are the
same until step 4.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set and the correspond-
ing IRR bit is reset. The 82C59A-2 does not drive
the Data Bus during this cycle.

5. The 80C86 will initiate a second INTA pulse. Dur-
ing this pulse, the 82C59A-2 releases an 8-bit
pointer onto the Data Bus where it is read by the
CPU.

6. This completes the interrupt cycle. In the AEOI
mode the ISR bit is reset at the end of the second
INTA pulse. Otherwise, the ISR bit remains set
until an appropriate EOl command is issued at the
end of the interrupt subroutine.

If no interrupt is present at step 4 of either sequence
(i.e., the request was too short in duration) the
82C59A-2 will issue an interrupt level 7. Both the
vectoring bytes and the CAS lines will look like an
interrupt level 7 was requested.

When the 82C59A-2 PIC receives an interrupt, INT
becomes active and an interrupt acknowledge cycle
is started. If a higher priority interrupt occurs be-
tween the two INTA pulses, the INT line goes inac-
tive immediately after the second INTA pulse. After
an unspecified amount of time the INT line is activat-
ed again to signify the higher priority interrupt waiting
for service. This inactive time is not specified and
can vary between parts. The designer should be
aware of this consideration when designing a sys-
tem which uses the 82C59A-2. It is recommended
that proper asynchronous design techniques be fol-
lowed.
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MCS©®-80, MCS-85

This sequence is timed by three INTA pulses. During -
the first INTA pulse the CALL opcode is enabled
onto the data bus.
Content of First Interrupt
Vector Byte
D7 D6 D5 D4 D3 D2 D1 DO

CALLCODE[1 1 0 0 1 1 0 1

During the second INTA pulse the lower address of
the appropriate service routine is enabled onto the
data bus. When Interval = 4 bits As-A7 are pro-
grammed, while Ag—A4 are automatically inserted by
the 82C59A-2. When Interval = 8 only Ag and A7
are programmed, while Ag—As are automatically in-
serted.
Content of Second Interrupt

Vector Byte

IR Interval = 4

D7 D6 D5 D4 D3 D2 D1 DO
7| A7 A6 A5 1 1 1 0 0
6 | A7 A6 A5 1 1 0 0 0
5| A7 A6 A5 1 0 1 0 0
4 | A7 A6 A5 1 0 0 0 0
3 |A7 A6 A5 O 1 1 0 0
2 |A7 A6 A5 O 1 0 0 0
1| A7 A6 A5 O 0 1 0 0
0|A7 A6 A5 O 0 0 0 0
IR Interval = 8 |

D7 D6 D5 D4 D3 D2 D1 DO
7| A7 A6 1 1 1 0 0 0
6 | A7 A6 1 1 0 0 0 0
5| A7 A6 1 0 1 0 0 0
4 | A7 A6 1 0 0 0 0 0
3 |A7 A6 O 1 1 0 0 0
2 | A7 A6 O 1 0 0 0 0
1 |]A7 A6 O 0 1 0 0 0
0| A7 A6 O 0 0 0 0 0

During the third INTA pulse the higher address of the
appropriate service routine, which was programmed
as byte 2 of the initialization sequence (Ag ~ Aqs), is
enabled onto the bus.



Content of Third Interrupt
Vector Byte
D7 D6 D5 D4 D3 D2 D1 DO

[A15 | a14 | A13 | a12 [ a11 | a10 | A9 | A8 |

80C86, 80C88

80C86, 80C88 mode is similar to MCS-80 mode ex-
cept that only two Interrupt Acknowledge cycles are
issued by the processor and no CALL opcode is
sent to the processor. The first interrupt acknowl-
edge cycle is similar to that of MCS-80, 85 systems
in that the 82C59A-2 uses it to internally freeze the
state of the interrupts for priority resolution and as a
master it issues the interrupt code on the cascade
lines at the end of the INTA pulse. On this first cycle
it does not issue any data to the processor and
leaves its data bus buffers disabled. On the second
interrupt acknowledge cycle in 80C86, 80C88 mode
the master (or slave if so programmed) will send a
byte of data to the processor with the acknowledged
interrupt code composed as follows (note the state
of the ADI mode control is ignored and As—Aq4 are
unused in 80C86, 80C88 mode):

Content of Interrupt Vector Byte
for 80C86, 80C88 System Mode

D7 | D6 | D5 (D4 | D3 | D2 ( D1 | DO
IR7 | T7 [ T6 | T5 | T4 | T3 | 1 1 1
IR6 | T7 [ T6 | T5 | T4 | T3 | 1 1 0
IR | T7 | T6 | T5 | T4 | T3 | 1 0 1
IR4 | T7 | T6 | T5 | T4 | T3 | 1 0 0
IRB| T7 | T6 | T5 | T4 | T3 | O 1 1
IR | T7 | T6 | T5 | T4 | T3 | O 1 0
IR1 | T7 | T6 | T5| T4 | T3 | O 0 1
IRO|T7 | T6 | T5 | T4 | T3 | 0 0 0

PROGRAMMING THE 82C59A-2

The 82C59A-2 accepts two types of command
words generated by the CPU:

1. Initialization Command Words (ICWs): Before nor-
mal operation can begin, each 82C59A-2 in the
system must be brought to a starting point — by a
sequence of 2 to 4 bytes timed by WR pulses.

2. Operation Command Words (OCWs): These are
the command words which command the
82C59A-2 to operate in various interrupt modes.
These modes are:

a. Fully nested mode

b. Rotating priority mode

82C59A-2

c. Special mask mode
d. Polled mode

The OCWs can be written into the 82C59A-2 any-
time after initialization.

INITIALIZATION COMMAND WORDS
(ICWSs)

GENERAL

Whenever a command is issued with AO = 0'and D4
= 1, this is interpreted as Initialization Command
Word 1 (ICW1). ICW1 starts the initialization se-
quence during which the following automatically oc-
cur.

a. The edge sense circuit is reset, which means that
following initialization, an interrupt request (IR) in-
put must make a low-to-high transition to gener-
ate an interrupt.

b. The Interrupt Mask Register is cleared.
c. IR7 input is assigned priority 7.
d. The slave mode address is set to 7.

e. Special Mask Mode is cleared and Status Read is
set to IRR.

f. If IC4 = 0, then all functions selected in ICW4 are
set to zero. (Non-Buffered mode*, no Auto-EOI,
MCS-80, 85 system).

*NOTE:
Master/Slave in ICW4 is only used in the buffered
mode.

INITIALIZATION COMMAND WORDS 1 AND 2
(ICW1, ICW2)

As—-Aqs: Page starting address of service routines. .
In an MCS 80/85 system, the 8 request levels will
generate CALLs to 8 locations equally spaced in
memory. These can be programmed to be spaced
at intervals of 4 or 8 memory locations, thus the
8 routines will occupy a page of 32 or 64 bytes,
respectively.

The address format is 2 bytes long (Ag—A45). When
the routine interval is 4, Ag—A4 are automatically in-
serted by the 82C59A-2, while As-A4s are pro-
grammed externally. When the routine interval is 8,
Ao-As are automatically inserted by the 82C59A-2,
while Ag-Aq5 are programmed externally.

The 8-byte interval will maintain compatibility with
current software, while the 4-byte interval is best for
a compact jump table.

In an 80C86, 80C88 system A{5—-A4 are inserted in
the five most significant bits of the vectoring
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byte and the 82C59A-2 sets the three least signifi-
cant bits according to the interrupt level. Ajg—As are
ignored and ADI (Address Interval) has no effect:

LTIM: If LTIM = 1, then the 82C59A-2 will operate
in the level interrupt mode. Edge detect logic
on the interrupt inputs will be disabled.

ADI:  CALL address interval. ADI = 1 then inter-
val = 4; ADI = 0 then interval = 8.

SNGL: Single. Means that this is the only 82C59A-2
in the system. If SNGL = 1 no ICW3 will be
issued.

IC4: If this bit is set — ICW4 has to be read. If
ICW4 is not needed, set IC4 = 0.

INITIALIZATION COMMAND WORD 3 (ICW3)

This word is read only when there is more than one
82C59A-2 in the 'system and cascading is used, in
which case SNGL = 0. It will load the 8-bit slave
register. The functions of this register are:

a. In the master mode (either when SP = 1, or in
buffered mode when M/S = 1 in ICW4) a “1” is
set for each slave in the system. The master then
will release byte 1 of the call sequence (for MCS-
80/85 system) and will enable the corresponding
slave to release bytes 2 and 3 (for 80C86, 80C88
only byte 2) through the cascade lines.

intal.

b. In the slave mode (either when SP = 0, or if BUF
= 1 and M/S = 0 in ICW4) bits 2-0 identify the
slave. The slave compares its cascade input with
these bits and, if they are equal, bytes 2 and 3 of
the call sequence (or just byte 2 for 80C86,
80CB88 are released by it on the Data Bus.

INITIALIZATION COMMAND WORD 4 (ICW4)
SFNM: If SFNM = 1 the special fully nested mode
is programmed.

BUF: If BUF = 1 the buffered mode is pro-
grammed.. In buffered mode SP/EN be-
comes an enable output and the master/
slave determination is by M/S.

M/S: If buffered mode is selected: M/S = 1

means the 82C59A-2 is programmed to be a

master, M/S = 0 means the 82C59A-2 is

programmed to be a slave. If BUF = 0, M/S

has no function.

If AEOI = 1 the automatic end of interrupt

mode is programmed. )

uPM:  Microprocessor mode: uPM = 0 sets the
82C59A-2 for MCS-80, 85 system operation,
rPM = 1 sets the 82C59A-2 for 80C86 sys- -
tem operation.

AEOI:

a
2
L

NO (SINGL = 1)

YES (S8NGL = 0)

Icw3 I

NO (ic4 = 0)

18 ICW4
NEEDED

YES (IC4 = 1)

icw4 ]

READY TO El
INTERRUPT REQUESTS

ACCEPT

231201-9

Figure 6. Initialization Sequence
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Icwi
Ay Dy Dg Dg D, Dy D, D, Do

| 0 [A7 Asl Ag
l . I_, 1=1CW4 NEEDED
0=NO ICW4 NEEDED

1 =SINGLE
0 =CASCADE MODE

1 LTIM SNGL

ic4 I

CALL ADDRESS INTERVAL
1=INTERVAL OF 4
0 =INTERVAL OF 8

1=LEVEL TRIGGERED MODE
0 =EDGE TRIGGERED MODE

A;=Ag OF INTERRUPT
VECTOR ADDRESS
(MCS=80 /85 MODE ONLY)

Ayg—Ag OF INTERRUPT
VECTOR ADDRESS
(MCS=-80 /85 MODE ONLY)
T,=Tz OF INTERRUPT
VECTOR ADDRESS
(80C86 /80C88 MODE)

1CW3 (MASTER DEVICE)

Ay D, Dg Dy D, Dy D, Dy Dy
||[s,|se ss | 4 5515215'|S°I
I | | | | ( | J 1 =IR INPUT HAS A SLAVE
0=IR INPUT DOES NOT HAVE
A SLAVE

ICW3 (SLAVE DEVICE)
D; Dg D5 Dy Dy D Dy Dy

[[TTLTEL

o

S
o

SLAVE ID(1)

2[{3]4|5]6]7
1]0f1
11
11

o

olofe|o
olof-|~-

0]1]0
1]1|0
ojof1

icw4
Ay D, Dg Dy D, Dy D, Dy Dy

o [ o

SFNM| BUF [ M/s AEOII»PM

1=80C86 /80C88 MODE
0=MCS-80 /85 MODE

1=AUTO EOI
0 =NORMAL EOI

[0 [ _x_] NON-BUFFERED MODE
[ 1 | 0 | BUFFERED MODE / SLAVE
[+ [ 1} BUFFERED MODE /MASTER

1=SPECIAL FULLY NESTED MODE
O=NOT SPECIAL FULLY NESTED

231201-10

NOTE:
Slave ID is equal to the corresponding master IR input.

Figure 7. Initialization Command Word Format
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OPERATION COMMAND WORDS
(OCWws)

After the initialization Command Words (ICWs) are
programmed into the 82C59A-2, the chip is ready to
accept interrupt requests at its input lines. However,
during the 82C59A-2 operation, a selection of algo-
rithms can command the 82C59A-2 to operate in
various modes through the Operation Command
Words (OCWs).

OPERATION CONTROL WORDS (OCWSs)

OoCw1 .
A0 D7 D6 D5 D4 D3 D2 D1 DO

[1] [mM7 M6 M5 M4 M3 M2 M1 MO|

ocw2
[o] [rR st EO 0 0 L2 L1 Lo]

ocws
[o] [o EsMM swM 0 1 P RR RiS]

OPERATION CONTROL WORD 1 (OCW1)

OCWI1 sets and clears the mask bits in the interrupt
Mask Register (IMR). M7—Mp represent the eight
mask bits. M = 1 indicates the channel is masked
(inhibited), M = 0 indicates the channel is enabled.

OPERATION CONTROL WORD 2 (OCW2)

R, SL, EOl — These three bits control the Rotate
and End of Interrupt modes and combinations of the
two. A chart of these combinations can be found on
the Operation Command Word Format.

Lo, L, Lo—These bits determine the interrupt level
acted upon when the SL bit is active.

OPERATION CONTROL WORD 3 (OCW3)

ESMM — Enable Special Mask Mode. When this bit
is set to 1 it enables the SMM bit to set or reset the
Special Mask Mode. When ESMM = 0 the SMM bit
becomes a “don’t care”.

SMM — Special Mask Mode. If ESMM = 1 and
SMM = 1 the 82C59A-2 will enter Special Mask
Mode. If ESMM = 1 and SMM = 0 the 82C59A-2
will revert to normal mask mode. When ESMM = 0,
SMM has no effect.
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This mode is entered after initialization unléss anoth-
er mode is programmed. The interrupt requests are
ordered in priority form O through 7 (0 highest).
When an interrupt is acknowledged the highest pri-
ority request is determined and its vector placed on
the bus. Additionally, a bit of the Interrupt Service
register (ISO-7) is set. This bit remains set until the
microprocessor issues an End of Interrupt (EOI)
command immediately before returning from the
service routine, or if AEOI (Automatic. End of Inter-
rupt) bit is set, until the trailing edge of the last INTA.
While the IS bit is set, all further interrupts of the
same or lower priority are inhibited, while higher lev-
els will generate an interrupt (which will be acknowl-
edged only if the microprocessor internal interrupt
enable flip-flop has been re-enabled through soft-
ware).

FULLY NESTED MODE

After the initialization sequence, IR0 has the highest
priority and IR7 the lowest. Priorites can be
changed, as will be explained, in the rotating priority
mode.

END OF INTERRUPT (EOI)

The In Service (IS) bit can be reset either automati-
cally following the trailing edge of the last in se-
quence INTA pulse (when AEOQI bit in ICW4 is set) or
by a command word that must be issued to the
82C59A-2 before returning from a service routine
(EOI command). An EOl command must be issued
twice if in the Cascade mode, once for the master
and once for the corresponding slave.

There are two fdrms of EOl command: Specific and

" Non-Specific. When the 82C59A-2 is operated in

modes which preserve the fully nested structure, it
can determine which IS bit to reset on EOl. When a
Non-Specific EOl command is issued the 82C59A-2
will automatically reset the highest IS bit of those
that are set, since in the fully nested mode the high-
est IS level was necessarily the last level acknowl-
edged and serviced. A non-specific EOI can be is-
sued with OCW2 (EOl = 1, SL = 0, R = 0).

When a mode is used which may disturb the fully
nested structure, the 82C59A-2 may no longer be
able to determine the last level acknowledged. In
this case a Specific End of Interrupt must be issued
which includes as part of the command the IS level
to be reset. A specific EOI can be issued with OCW2
(EOI = 1,SL = 1, R = 0, and LO-L2 is the binary
level of the IS bit to be reset).

It should be noted that an IS bit that is masked by an .
IMR bit will not be cleared by a non-specific EOI if
the 82C59A-2 is in the Special Mask Mode.



In 82C59A-2
®
ocw
Ay D, Dg Dy D, Dy D, D, D
Ll IM7IM5|M5IM4lM3IM2IM\ lMOI
L] ] ] [ ] ] INTERRUPT MASK
1=MASK SET
0=MASK RESET
ocw2
Ay D, Dg Dy D, Dy D, D Dy
== ol
IR LEVEL TO BE
ACTED UPON
Ol1|2]|3|4|5]|6]|7
ofr]oj1]of1]o}1
ofoji1frjojoli]
ojojofofri1]r]
0Jo] 1] NON SPECIFIC EOI COMMAND END OF INTERRUPT
0[1]1] SPECIFIC EOI COMMAND
1[0[ 7] ROTATE ON NON-SPECIFIC EOI COMMAND
T[0]0] ROTATE IN AUTOMATIC EO! MODE (SET) AUTOMATIC ROTATION
0]0]0| ROTATE IN AUTOMATIC EO! MODE (CLEAR)
1[1] 1] *ROTATE ON SPECIFIC EOI COMMAND TATO
111[0] *SET PRIORITY COMMAND , SPECIFIC ROTATION
. 0[1]0] NO OPERATION
*L0~-L2 ARE USED
ocw3
Ay D, Dg Dy D, Dy D, D, D, ,
I o l ) |£suulsuu| ) I 1 | P|RR]RISI
READ REGISTER COMMAND
o | 1 0 1
o [ o 1 1
READ°|'D: :EAD IS
REG EG ON
NO ACTION NEXT RD | NEXT RD
PULSE PULSE
1=POLL COMMAND
0=NO POLL COMMAND
SPECIAL MASK MODE
o | 1 0 1
o | o 1 1
RESET SET
SPECIAL SPECIAL
NO AcTioN MASK MASK
231201-11

Figure 8. Operation Command Word Format
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AUTOMATIC END OF INTERRUPT (AEOI) MODE

If AEOI = 1 in ICW4, then the 82C59A-2 will operate
in AEOI mode continuously until reprogrammed by
ICWA4. In this mode the 82C59A-2 will automatically
perform a non-specific EOl operation at the trailing
edge of the last interrupt acknowledge pulse (third
pulse in MCS-80/85, second in 80C86/88). Note
that from a system standpoint, this mode should be
used only when a nested multilevel interrupt struc-
ture is not required within a single 82C59A.

The AEOI mode can only be used in a master
82C59A and not a slave. :

AUTOMATIC ROTATION

(Equal Priority Devices)

In some applications there are a number of interrupt-
ing devices of equal priority. In this mode a device,
after being serviced, receives the lowest priority, so

a device requesting an interrupt will have to wait, in

the worst case until each of 7 other devices are
serviced at most once. For example, if the priority
and “in service” status is:

Before Rotate (IR4 the highest priority requiring
service) )
IS7 1S6 1S5 1S4 1S3 1S2 I1S1 1SO

“s”status |0 |1]0o[1]of[o]0]0]
- Lowest Highest

Priority Priority

oy l
PriorityStatus | 7 |6]5[4[a]2]1] 0|

After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

IS7 1S6 1S5 1S4 IS3 1S2 IS1 IS0

“is"status |0 |1]ofofofo]o]o]
Highest Lowest
Priority Priority
J .
Proity Status [ 2[1] 0| 7 [6]5[4]3]

There are two ways to accomplish Automatic Rota-
tion using OCW?2, the Rotation on Non-Specific EOI
Command (R = 1, SL = 0, EOl = 1) and the Ro-
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tate in Automatic EOl Mode which is set by (R =
SL = 0, EOl = 0) and cleared by (R = 0, SL =
EOI = 0).-

SPECIFIC ROTATION

(Specific Priority)

The programmer can change priorities by program-
ming the bottom priority and thus fixing all other pri-
orities; i.e., if IR5 is programmed as the bottom prior-
ity device, then IR6 will have the highest one.

The Set Priority command is issued in OCW2 where:
R = 1, SL = 1; LO-L2 is the binary priority level
code of the bottom priority device.

Observe that in this mode internal status is updated
by software control during OCW2. However, it is in-
dependent of the End of Interrupt (EOI) command
(also executed by OCW?2). Priority changes can be
executed during an EOI command by using the Ro-
tate on Specific EOl command in OCW2 (R = 1, SL
= 1, EOl = 1 and LO-L2 = IR level to receive
bottom priority).

INTERRUPT MASKS

Each Interrupt Request input can be masked individ-
ually by the Interrupt Mask Register (IMR) pro-
grammed through OCW1. Each bit in the IMR masks

. one interrupt channel if it is set (1). Bit 0 masks IR0,

Bit 1 masks IR1 and so forth. Masking an IR channel
does not affect the other channels operation.

SPECIAL MASK MODE

Some applications may require an interrupt service
routine to dynamically alter the system priority struc-
ture during its execution under software control. For
example, the routine may wish to inhibit lower priori-
ty requests for a portion of its execution but enable
some of them for another portion.

The difficulty here is that if an interrupt Request is
acknowledged and an End of Interrupt command did
not reset its IS bit (i.e., while executing a service
routine), the 82C59A-2 would have inhibited all lower
priority requests with no easy way for the routine to
enable them.

That is where the Special Mask Mode comes in. In
the special Mask Mode, when a mask bit is set in
OCW 1, it inhibits further interrupts at that level and
enables interrupts from all other levels (lower as well
as higher) that are not masked.
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Thus, any interrupts may be selectivity enabled by
loading the mask register.

The special Mask Mode is set by OCW3 where:
SSMM = 1, SMM = 1, and cleared where SSMM =
1, SMM = 0.

POLL COMMAND

In Poll mode the INT output functions as it normally
does. The microprocessor should ignore this output.
This can be accomplished either by not connecting
the INT output or by masking interrupts within the
microprocessor, thereby disabling its interrupt input.
Service to devices is achieved by software using a
Poll command.

The Poll command is issued by setting P = “1” in
OCWS3. The 82C59A-2 treats the next RD pulse to

82C59A-2

the 82C59A-2 (i.e., RD = 0, CS = 0) as an interrupt
acknowledge, sets the appropriate IS bit if there is a
request, and reads the priority level. Interrupt is fro-
zen from WR to RD.

The word enabled onto the data bus during RD is:

D7 D6 D5 D4 D3 D2 D1 DO
I — — — — W2 Wi Wo|
WO-w2:
Binary code of the highest priority level requesting
service.

I: Equal to a “1” if there is an interrupt.

This mode is useful if there is a routine command
common to several levels so that the INTA se-
quence is not needed (saves ROM space). Another
application is to use the poll mode to expand the
number of priority levels to more than 64.

LTIM BIT ‘
0=EDGE TO OTHER PRIORITY CELLS CLR ISR
1=LEVEL CLR
Q ISR BIT
SET
PRIORITY
7 T & SET ISR
< ! | IN SERVICE RESOLVER
LATCH
CONTROL
PLOGK:
REQUEST 4
LATCH 1
NON
b a MASK MASKED
LATCH REQ
. 1#- [+ qQ —4D Q )
Mcs-ao,as[ INTA
MODE | FReeze H .
o CcLr H
80CB6 /a&ggg —e o INTERNAL
FREEZE - <7 DATA BUS
4 Q x2a
™
g o pad
o 4
= =
231201-12
NOTES:
1. Master Clear active only during ICW1
2. Freeze/ is active during INTA/and poll sequences only
3. Truth Table for D-Latch
c| o| a | operaTiON
1 | Di | Di | FOLLOW
0l X | Qn-1 HOLD
Figure 9. Priority Cell—Simplified Logic Diagram
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READING THE 82C59A-2 STATUS

The input status of several internal registers can be
read to update the user information on the system.
The following registers can be read via OCW3 (IRR
and ISR or OCW1 [IMR]).

Interrupt Request Register (IRR): 8-bit register which
contains the levels requesting an interrupt to be ac-
knowledged. The highest request level is reset from
the IRR when an interrupt is acknowledged. (Not af-
fected by IMR).

In-Service Register (ISR): 8-bit register which con-
tains the priority levels that are being serviced. The
ISR is updated when an End of Interrupt Command
is issued.

Interrupt Mask Register. 8-bit register which con-
tains the interrupt request lines which are masked.

The IRR can be read when, prior to the RD pulse, a
Read Register Command is issued with OCW3 (RR
=1,RIS = 0)

The ISR can be read when, prior to the RD pulse, a
Read Register Command is issued with OCW3 (RR
=1,RIS = 1):

There is no need to write an OCW3 before every
status read operation, as long as the status read
corresponds with the previous one; ie. the
82C59A-2 “remembers” whether the IRR or ISR has
been previously selected by the OCW3. This is not
true when poll is used.

After initialization the 82C59A-2 is set to IRR.

For reading the IMR, no OCW3 is needed. The out-
put data bus will contain the IMR whenever RD is
active and AO = 1 (OCWA1).

Polling overrides status read when P = 1, RR = 1

intal.

EDGE AND LEVEL TRIGGERED MODES

This mode is programmed using bit 3 in ICW1.

If LTIM = ‘0’, an interrupt request will be recognized
by a low to high transition on an IR input: The IR
input can remain high without generating another in-
terrupt.

If LTIM = *1°, an interrupt request will be recognized
by a ‘high’ level on IR Input, and there is no need for
an edge detection. The interrupt request must be
removed before the EOl command is issued or the
CPU interrupt is enabled to prevent a second inter-
rupt from occurring.

The priority cell diagram shows a conceptual circuit
of the level sensitive and edge sensitive input circuit-
ry of the 82C53A-2. Be sure to note that the request
latch is a transparent D type latch.

In both the edge and level triggered modes the IR
inputs must remain high until after the falling edge of
the first INTA. If the IR input goes low before this
time a DEFAULT IR7 will occur when the CPU ac-
knowledges the interrupt. This can be a useful safe-
guard for detecting interrupts caused by spurious
noise glitches on the IR inputs. To implement this
feature the IR7 routine is used for “clean up” simply
executing a return instruction, thus ignoring the inter-
rupt. If IR7 is needed for other purposes a default
IR7 can still be detected by reading the ISR. A nor-
mal IR7 interrupt will set the corresponding ISR bit, a
default IR7 won't. If a default IR7 routine occurs dur-
ing a normal IR7 routine, however, the ISR will re-
main set. In this case it is necessary to keep track of
whether or not the IR7 routine was previously en-
tered. If another IR7 occurs it is a default.

in OCW3.
" —\_# k \?_/_
90C88/00Ce8 8080/8085
v £ I
e/ N\ /
90C96/80CS8
INTA /
VS
mlg cmu&% *EDGE TRIGGERED MODE ONLY k‘n‘ﬂ‘n 231201-13
Figure 10. IR Triggering Timing Requirements
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THE SPECIAL FULLY NESTED MODE

This mode will be used in the case of a big system
where cascading is used, and the priority has to be
conserved within each slave. In this case the fully
nested mode will be programmed to the master (us-
ing ICW4). This mode is similar to the normal nested
mode with the following exceptions:

a. When an interrupt request from a certain slave is
in service this slave is not locked out from the
master’s priority logic and further interrupt re-
quests from higher priority IR’s within the slave
will be recognized by the master and will initiate
interrupts to the processor. (In the normal nestled
mode a slave is masked out when its request is in
service and no higher requests from the same
slave can be serviced.)

b. When exiting the Interrupt Service routine the
software has to check whether the interrupt serv-
iced was the only one from that slave. This is
done by sending a non-specific End of Interrupt
(EOI) command to the slave and then reading its
In-Service register and checking for zero. If it is
empty, a non-specific EOl can be sent to the mas-
ter too. If not, no EQI should be sent.

BUFFERED MODE

When the 82C59A-2 is used in a large system where
bus driving buffers are required on the data bus and
the cascading mode is used, there exists the prob-
lem of enabling buffers.

The buffered mode will structure the 82C59A-2 to
send an enable signal on SP/EN to enable the bufi-
ers. In this mode, whenever the 82C59A-2’s data
bus outputs are enabled, the SP/EN output be-
comes active.

82C59A-2

This modification forces the use of software pro-
gramming to determine whether the 82C59A-2 is a
master or a slave. Bit 3 in ICW4 programs the buff-
ered mode, and bit 2 in ICW3 determines whether it
is a master or a slave.

CASCADE MODE

The 82C59A-2 can be easily interconnected in a
system of one master with up to eight slaves to han-
dle up to 64 priority levels.

The master controls the slaves through the 3 line
cascade bus. The cascade bus acts like chip selects
to the slaves during the INTA sequence.

In a cascade configuration, the slave interrupt out-
puts are connected to the master interrupt request
inputs. When a slave request line is activated and
afterwards acknowledged, the master will enable the
corresponding slave to release the device routine
address during bytes 2 and 3 of INTA. (Byte 2 only
for 80C86/80C88). :

The cascade bus lines are normally low and will con-
tain the slave address code from the trailing edge of
the first INTA pulse to the trailing edge of the third
pulse. Each 82C59A-2 in the system must follow a
separate initialization sequence and can be pro-
grammed to work in a different mode. An EOIl com-
mand must be issued twice: once for the master and
once for the corresponding slave. An address de-
coder is required to activate the Chip Select (CS)
input of each 82C59A-2.

‘The cascade lines of the Master 82C59A-2 are acti-

vated only for slave inputs, non slave inputs leave
the cascade line inactive (low).

ADDRESS BUS (16} (

CONTROL BUS

[
l

DATA BUS (8)

y
| I ’ Imn\m
)

=

CS Ay D07 INTA INT
caso

8205042
Cas? MASTER

2
SPIENMI M6 M5 M4

5 4

T
INTERRUPT REQUESTS

231201-14

Figure 11. Cascading the 82C59A-2
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ...... 0°Cto 70°C
Storage Temperature .......... —65°Cto + 150°C
Supply Voltage (w.r.t.ground) ........ —0.5t0 7.0V

Input Voltage (w.r.t. ground) ...—0.5to Vgg + 0.5V
Output Voltage (w.r.t. ground).. —0.5 to Vgg + 0.5V
Power Dissipation....................... 0.9 Watt

intgl.

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

D.C. CHARACTERISTICS Tp = 0°Cto 70°C, Vg = 5V £10%

Symbol Parameter Min Max Units Test Conditions
lccs Standby Supply Current 10 rA VIN = Vg or GND
AllIR = GND
Outputs Unloaded
Vce = 5.5V
lcc Operating Supply Current 5 mA (Note)
ViH Input High Voltage 2.2 Voc + 0.5 V. '
ViL Input Low Voltage —-0.5 0.8 v
VoL Output Low Voltage 0.4 Vv loL=25mA
VoH Output High Voltage 3.0 v loH = —2.5mA
Ve —0.4 loy = —100 pA
i Input Leakage Current +1.0 pA OV < V|N £ Ve
Lo Output Leakage Current +10 RA 0V < Vout < Ve
lur - IR Input Leakage Current —300 pA ViN=0
+10 VIN = Voo
NOTE:
Repeated data input with 80C86-2 timings.
CAPACITANCE T, = 25°C; Vo = GND = OV
Symbol Parameter Min Max Units Test Conditions
CiN Input Capacitance 7 pF fc = 1 MHz
Ci/o 1/0 Capacitance 20 pF Unmeasured pins at GND
Cout Output Capacitance 15 pF
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A.C. CHARACTERISTICS T4 = 0°Cto 70°C, Vg = 5V £10%

TIMING REQUIREMENTS

82C59A-2

Symbol Parameter 82C59A-2 Units Test Conditions
Min Max
TAHRL AOQ/TS Setup to RD/INTA | 10 ns
TRHAX AO/CS Hold after RD/INTA T 5 ns
TRLRH RD/INTA Pulse Width 160 ns
TAHWL AO/CS Setupto WR | 0 ns
TWHAX AO/CS Hold after WR T 0 ns
TWLWH WR Pulse Width 190 ns
TDVWH Data Setup to WR T 160 ns
TWHDX Data Hold after WR T 0 ns
TJLJH Interrupt Request Width (Low) 100 ns (See Note)
TCVIAL Cascade Setup to Second or Third 40 ns
INTA J (Slave Only)
TRHRL End of RD to next RD 160 ns
End of INTA to next INTA within
an INTA sequence only
TWHWL End of WR to next WR 190 ns
*TCHCL End of Command to next Command 400 ns
(Not same command type)
End of INTA sequence to next
INTA sequence.

*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 400 ns (i.e. 8085A = 1.6
s, 8085-A2 = 1 ps, 80C86 = 1 us, 80C86-2 = 625 ns)
I 15 I

NOTE:

This is the low time required to clear the input latch in the edge triggered mode.
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TIMING RESPONSES

Symbol Parameter 8259A-2 Units | Test Conditions**
Min Max
TRLDV Data Valid from RD/INTA] 120 ns 1
TRHDZ Data Float after RD/INTA 1 10 85 ns 2
TJHIH Interrupt Output Delay 300 ns 1
TIALCV Cascade Valid from First INTA J, 360 ns 1
(Master Only)
TRLEL Enable Active fromRD | or INTA | 110 ns 1
TRHEH Enable Inactive from RD T or INTA T 150 ns 1
TAHDV Data Valid from Stable Address 200 ns 1
TCVDV Cascade Valid to Valid Data 200 ns 1
**Test Condition Definition Table
TEST CONDITION | V1 R1 R2 C1
1 1.7V 5230 OPEN 100 pf
2 45V | 1.8kQ | 1.8kQ 30 pf

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT OUTPUT

VIH + 0.4V 2.4v
X X

VIL= 0.4V 0.45v

231201-15

AC. Testing: All input signals must switch between V| — 0.4V
and V|4 + 0.4V. Input Rise and Fall Times must be < 15 ns. All

A

OUTPUT - TEST POINT

’ FROM
DEVICE UNDER TEST
Ci*

. timing measurements are made at 2.4V and 0.45V. *Includes Stray and 231201-16
Jig Capacitance
WAVEFORMS
WRITE
wh \ TWLWH y—
N JZ
TAMWL |o—o —1e TWHAX
cs
ADDAESS 8US
Ao
TOVWH —o| TWMHDX
DATA sUS 4 P
231201-17
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WAVEFORMS (Continued)

READ/INTA

_FD_ TALAK
NTA 4
\ 7

L .
— TALEL — TRHEN
fe— TAHRL ——t TRHAX
[ ]
ADDRESS BUS

Ao
: TRLOV — TRHDZ  |o——
} TAHDV s
DATABUS » == = o= o e o o o o o o o e = ——— .q ______
N

OTHER TIMING

RD
INTA
WR

u .

231201-18

533

RD

NTA
WR

231201-19
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82C50A-2 intel .

WAVEFORMS (Continued)
INTA SEQUENCE
T N —{ | TUHH
H M ‘. e
TILJH

INT @J\_A_
- ®
TCVIAL — ,E—_/ TCVIAL

Vi

—{ Tevov |—
7 \

co2
—! TaLey

231201-20

NOTES:
1. Interrupt output must remain HIGH at least until leading edge of first INTA.
2. Cycle 1 in 80C86 and 80C88 systems, the Data Bus is not active.

DATA SHEET REVISION REVIEW

The following changes have been made since revision 003 of the 82C59A-2 data sheet.

1. Preliminary was removed.

2. A reference to PLCC packaging was removed.

3. The first paragraph of the Poll Command section was rewritten to clarify the status of the INT pin.

4. A paragraph was added to the Interrupt Sequence section to indicate the status of the INT pin during
multiple interrupts.
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Operations

Contact Debounce

Scanned Keyboard Mode
Scanned Sensor Mode
Strobed Input Entry Mode
8-Character Keyboard FIFO

2-Key Lockout or N-Key Rollover with

8279/8279-5
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

Simultaneous Keyboard Display

W Dual 8- or 16-Numerical Display

Single 16-Character Display

Right or Left Entry 16-Byte Display

RAM

Mode Programmable from CPU
Programmable Scan Timing

Interrupt Output on Key Entry

Available in EXPRESS

— Standard Temperature Range
— Extended Temperature Range

The Intel 8279 is a general purpose programmable keyboard and display /0 interface device designed for use
with Intel microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix.
The keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall
effect and ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are
debounced and strobed in an 8-character FIFO. If more than 8 characters are entered, overrun status is set.
Key entries set the interrupt output line to the CPU.

The display portion provides a scanned display interface for LED, incandescent, and other popular display
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The
8279 has 16x8 display RAM which can be organized into dual 16x4. The RAM can be loaded or interrogated
by the CPU. Both right entry, calculator and left entry typewriter display formats are possible. Both read and

write of the display RAM can be done with auto-increment of the display RAM address.

1

cPy |
INTERFACE

L]

T

<3

Ao

| RESET

CLK

RLos

SHIF T | e

CNTL'STB | +—ur

OUT Ag3 2 >
OUT Bg3 4 >

BD

L

| I

Figure 1. Logic Symbol

AL N~ (Ve
RL3[ 2 39 [JRL,
cx[3 ® [JRLo
Ra[] 4 37 {JcNTLISTB
RLs[ 5 36 [SHIFT
KEY DATA Rtsd 6 35 [Ist,
RLe ] 7 34 Ost,
RL; Q8 330 sty
RESET[] 9 32 st
ﬁTag w0 %7 3 go:'r Bo
WA 30 Jout 8,
08, [ 12 29 [JouTte,
08,13 28 [Jour 8,
o8, 14 27[JouT A
o8,(] 15 26 [JouT A,
o8,(] 16 25 [J0UT A,
| DISPLAY os; ] 17 24 :OUT A3
DATA
osg[J 18 23185
o8, 19 2[]cF
ves [ 20 21004,
290123-2
2901231 Figure 2. Pin Configuration

The complete document for this product is available from Intel’s Literature Center at 1-800-548-4725.

September 1987
Order Number: 290123-002
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NORTH AMERICAN SALES OFFICES
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Intel Corp.
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Tel: (800) 628-8686
FAX: (602) 244-0446

CALIFORNIA

Intel Corp.
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Suite

Calabasas, CA 1302
Tel: (800) 628-8686
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Intel Corp.
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Suite 140
Sacramento 95821
Tel: (800) 628-8686
FAX: (916) 979-7011

Intel Corp.
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3rd Floor

Suite 4A

San Dlogo 92123

Tel: (800) 628-8686
FAX: (619) 467-2460
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1781 Fox Drive

San Jose 95131

Tel: (800) 628-8686
FAX: (408) 441-9540
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: 910-931-22

FAX: (303) 322-8670
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FLORIDA

Intel Corp.

600 West Hillsboro Bivd.
Suite 34

Deemeld Beach 33441
Tel: (800) 628-8686
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Tel: (800) 628-8686
FAX: (407) 660-1283
GEORGIA
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IDAHO
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605-9762
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FAX: (301) 206-3678
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Tel (800) 628-8686
FAX: (508) 266-3867

MICHIGAN

Intel Corp.
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Tel: (800) 628-8686

FAX: (313) 851-8770
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Suite 360
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FAX: (612) 831-6497
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Tel: 800) 628-8686

FAX: (513) 890-8658
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Intel Corp.
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Suite 200
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400 North Executive Drive
Suite 401

Brookfield 53
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999 Canada Place
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NORTH AMERICAN DISTRIBUTORS

ALABAMA

CALIFORNIA
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Huntsville 35802
Tel: (205) 890-0302
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9131 Oakdale Avenue
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Tel: (818) 776-1333
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FAX: (618) 277-6136

Hamilton Hallmark
21150 Califa Street
Woodland Hills 91367
Tel: (818) 534-0404
FAX: (818) 594-8234

Hamilton Hallmark
580 Menlo Drive
Suite 2

Rocklin 95762
Tel: (915) 624-9781
FAX: (916) 961-0922

Ploneer Standard
5126 Clareton Drive
Suite 106

ite 1
Agoura Hills 91301
Tel: (818) 865-5800

Ploneer Standard

217 Technology Drive
Suite 110

Irvine 92718

Tel: (714) 753-5090
Ploneer Technologies
134 Frlo Roblas

San Jose 95134
Tel: (403) 954-9100
FAX: (4oa) 954 9113

Ploneer
4370 La Jolla Village
Dri

ve
San Diego 92122
Tel: (619) 546-4906

5gllo Electronics

70 Barranca Pkwy
Irvine 92713

Tel: (714) 753-9953
FAX: (714) 753-9877

Wyle Electronics
15360 Barranca Pkwy

Suity

Irvine

Tel: (714) 753 9953
FAX: (714) 753-9877

ncho Cordova 95742
Tel (916) 638-5282
FAX: (916) 638-1491

9552 Choaapeate D
ake Dr.
$San Diego 92123
Tel: (619) 565-9171
FAX: (61 )365—0512

Wyle Electro

3000 Bowers Avsnue
Santa Clara 95051
Tel: (408) 727-2500
FAX: (408) 727 5896

%72 covﬁn Avsnue ‘

Irvine 927

Tel: (714) 863-9953
FAX: (714) 263-0473
Wyle Electronics
26010 Mureau Road
Suite 150
Calabasas 91302
Tel: (818) 880-9000
FAX: (818) 880-5510

Zous Arrow

Electronics
6276 San Ignacio
Avenue

95119
o (40 629-4689
FAX: (408) 629-4792

Zous Arrow

Tel: (714) 581-4622
FAX: (714) 454-4355

COLORADO

Anthem Electronics
373 Inverness Dr. S.
Englewood 80112
Tel: (303) 790-4500
FAX: (303) 790-4532

Arrow/Schweber
Electronics

61 Inverness Dr East
Suite 105
Englewood 80112
Tel: (303) 799-0258
FAX: (303) 799-0730

Avnet Computer
9605 Maroon Circle
Englewood 80111

Tel: (800) 426-7999

Hall-Mark Computer
9605 Maroon Circle
Englewood 80111
Tel: (800) 409-1483

Hamilton Hallmark
12503 East Euclid Dr

Suite 20

Englewood 80111

Tel: (303) 790-1662

FAX: (303) 790-4991

Hamilton Hallmark
710 Wooten Road
Saorado Spr

S
80915 pring

Tel (7 1 9&637-0055

Pioneer Technologies
Bssoow Greenwood Plaza

Suite 201
Englewood 80111
Tel: (303) 773-8090

\'Isyh Electronics

451 East 124th Avenue
Thomnton 80241

Tel: (303) 457-9953
FAX: (303) 457-4831

CONNECTICUT
Anthem Electronics
61 Mattatuck Heights
Road
Waterburg 06705
Tel: (208% 575-1575
FAX: (203) 596-3232
ber
860 N. Main St. Ext.
Walun rd 06492

203) 265.7741
i (203) 265-7088

s Commt,
ver e Ctr

DS Fedora 0

Tel: (800) 409-1483

Hamliton Halimark
125 Cornmen:e Court,

. Electronics

T l 71-
A ((202!) 272-1704

Plonm Standard
2 Trap Falls Road

Shelton 06484

Tel: (203) 929-5600
FLORIDA

Anthem Electronics

- 5200 NW 3rd Avenue

Suite 206
R. Lauderdale 33309
Tel: (305) 484-0990

32701
o {HE 73 2

- FAX: (81 7964880

Arrow/Schweber
Electronics

400 Falrway Drive
Suite 1

Deerﬂeld Beach 33441
Tel: (305) 429-8200
FAX: (305) 428-3991

Arrow/Schweber
Electronics
37 8 ne Drive
Suite 3101

Lake Mary 32746
Tel: (407 333-9300
FAX: (407) 333-9320
AmISeh\nbu

Electronics
. 4010 Boy Scout Dr.

Sulte 29

Tel 13 87341030

FAX: (813) 873-0077

Avnet Cmnputor

541 S. Orlando Ave.

Sulte 203

Maitland 32751

Tel: (800) 426-7999

Hall-Mark Computer

10491 72nd St. North

Largo 34647

Tel: (800) 409-1483

Hall-Mark Computer

13700 58th St. North

Suite

Clearwater 34620

Tel: (800) 409-1483

I-hmlnon Hnllmark
53rd Street

Sulle 105407

F. Lauderdale 33309

Tel (305&484-5482
'AX: (305) 484-2995
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Hamiiton Hallmark
10491 72nd St. North
34647

Largo
Tor e (813) 541-7440
FAX: (813) 544-4394

Hamilton Hallmark

7
Tel: (407) 657-3300
FAX: (407) 678-4414

zlonur Technologles
337 hﬁmhlaka Bivd
Suite 1

Alta Monle Spgs 32701
Tel: (407) 834-9090
FAX: (407) 834-0865

Pioneer Technologies
Grolg:

674 South Military Trail
Deerfield Beach 33442
Tel: (30! 0%428-8877
FAX: (305) 481-2950
Wyle Electronics

1000 112th Circle North
St. Petersburg 33716
Sulte 800

ul
Tel: (813) 579-1518
FAX: (813) 579-1518

Zeus Arrow
Electronics

37 Skyline Drive
Bldg D., Suite 3101
Lake Mary 32746
Suite 800

Tel: (407) 333-3055
FAX: (407) 333-9681

GEORGIA

Anthem Electronics
2400 Pleasant Hill Rd
es 9 & 1

Tel (404) S1-3900
FAX: (404) 931-3902

Arrow/Schweber
Electronics

4250 E Rivergreen Pkwy
Suite E

Duluth 30136

Tel: (404) 497-1300

FAX: (404) 476-1493

Avnet Computer
3425 Corporale Way
Suite G -

Duluth 30136

Tel: (800) 426-7999

Hall-Mark Computer
3425 Corporate Way
Suite G

Duluth 30136

Tel: (800) 409-1483

Hamiiton Hallmark
3425 Corporate Way
Suite G & A

Duluth 30136

Tel: (404) 623-5475
FAX: (404) 623-5490

Plonuv Technologies

25 Rivergreen Pkwy
Duluth 3013

Tel: (404) 623-1003
FAX: (404) 623-0665

Wyle Electronics
6025 The Comers Pkwy
Suite 111

Norcross 30092

Tel: (404) 441-9045
FAX: (404) 441-9086
ILLINOIS

Anthem Electronics
1300 Remington Road
Suite A

Schaumberg 60173
Tel: (708% -0200
FAX: (708) 885-0480

Arrow/Schweber

Electronics

1140 W Thomdale Rd
Htasca 6

Tel: (708) 250-0500

Avnet Computer
1124 Thomdale Ave
Bensenville 60106
Tel: (800) 426-7999

mn-mrk Computer
1124 Thomdale Ave

Bensenville 60106

Tel: (800) 409-1483

Hamilton Hallmark
1130 Thorndale Ave
Bensenville 60106

Tel: (800) 426-7999

MTI] Systems Sales
1140 West Thorndale
Avenue

ltasca 60143

Tel: (708) 250-8222
FAX: (708) 250-8275

Ploneer Standard
21 {tl Exsw(lve Drive
uite

Addiso

Tel: (708) 495-9680

FAX: (708) 495-0831

A
ral

Suite 140

Addison 60101
Tel: (800) 853-9953
Zeus Arrow

Electronics

1140 W Thorndale Ave
ltasca 60143

Tel: (708) 250-0500

INDIANA

Arrow/Schweber
Electronics

7108 Lakeview
Parkway West Drive
Indianapolis 46268
Tel: (317) 299-2071
FAX: (317) 299-2379

Avnet Computer
655 West Carmel Drive
Suite 160
Carm
Te: (BOO) 426 7999

Hall-Mnrk Computer
655 West Carmel Drive

Carmel 46032
Tel: (800) 409-1483
Hamitton Hallmark

655 West Carmel Drive
Suite 16

Carmel 46032
Tel: (31 575-3500
FAX: (317) 575-3535

Ploneer Standard
9350 Priority Way W Dr
lnd«ana lI3462 0
Tel: (31 ;573-0880
FAX: (317) 573-0979

KANSAS
Arrow/Schweber

Tor (933 e AT-0542
FAX: (913) 541-0328

Hall-Mark Computer
10809 Lakeview Ave
Lenexa 66219

Tel: (800) 409-1483

Hamiiton Hallmark
10809 Lakeview
Avenue

66215
Ly 1913) B88-4747
FAX: (913) 888-0523

MARYLAND
Anthem Eloetr':nlu

Tel: (800) 239-6039
Arrow/Schweber
Electronics

9800J Patuxent Woods
Drlve

Tsl( 1) 6-7800
FAX: (301) 506-7821

Avnet Computer
7172 Columbia
Gateway Drive
Suite G

Columbla 21045
Tel: (800) 426-7999

Hall-Mark Computer
7172 Columbia
Gateway Drive

Suite G

Columbia 21046

Tel: (800) 409-1483

Hamliton Hallmark
liR 0240 Old Columbia
Columbia 21046

Tel: (410) 988-9800
FAX: (410) 381-2036
North Atlantic

Col mbia 21

Tel: (301) 312-5800
FAX: (301) 312-5850

Ploneer Technologles

Groug

15810 Gaither Road
Gaithersburg 20877
Tel: (301) 921-0660
FAX: (301) 670-6746

Wyle Electronics
9101 Guilford Road
Suite 120

Columbia 21046
Tel: (301) 490-2170
FAX: (301) 490-2190

MASSACHUSETTS

Anthem Electronics
200 Research Drive
Wilmington 01887
Tel: (508) 657-5170
FAX: (508) 657-6008

Arrow/Schweber
Electronics

25 Upton Drive
Wilmington 01887
Tel: (508) 658-0900
FAX: (508) 694-1754

Avnet Computer

10D cgnlennlal Drive
Ter (a0t 4z

Tel: (800) 426-7999

Hall-Mark Computer
10 D Centennial Drive

Peabody 01960

Tel: (aog) 409-1483
Hamilton Hallmark
10D Cenlennial Drive

Tel: (503) 5317430
FAX: (508) 532-9802

Ploneer Standard
44 Hartwell Avenue
Lexington 02173
Tel: (617) 861-9200
FAX: (617) 863-1547

Wyle Electronics

5 kPardeve
Tel (61 271-99
AX: (617) 275-3809

MICHIGAN
Arrow/Schweber
Electronics
|f“4720 Helm Street

Tel: (31 i& 2290
FAX: (313) 462-2686
Avnet Computer
41650 Garden Brk Rd
Sulte 120

Novi 48375

Tel: (800) 426-7999
Hall-Mark Computer
41650 Garden Brk Rd
Sutte 120

Nowvi 48375

Tel: (800) 409-1483

Hamilton Hallmark
gﬂ :1 Plymouth Oaks

Blymouth 48170
Tel: (313) 416-5806
FAX: (313) 416-5811

Hamilton Hallmark
41650 Garden Brk Rd
Suite 100

Novi 49418

Tel: (313) 347-4271
FAX: (313) 347-4021

Ploneer Standard
4505 Broadmoor S.E.
Grand Rapids 49512
Tel: (616) 698-1800
FAX: (616) 698-1831

Pioneer Standard
;f‘}dso Plymouth Oaks

Plymouth 48170
Tel: (313) 525-1800
FAX: (313) 427-3720

MINNESOTA

Anthem Eloctronics
7646 Golden Triangle

Drive

Eden Prairie 55344

Tel: (612) 944-5454

FAX: (612) 944-3045

Arrow/Schweber
Electronics

nl
10100 Vlklng Drive
Suite 1

Eden Pralrie 553

Tel: (612) 941-5250
FAX: (612) 942-7803

Avnet Computer
9800 Bren Roaqd East
Suite 410

Minnetonka 55343
Tel: (800) 426-7999

Hall-Mark Computer
9800 Bren Road East
Suite 410

Minnetonka 55343

Tel: (800) 409-1483

Hamilton Hallmark
9401 11::3\93 Ave South

Bloomington 55431
Tel: (612) 881-2600
FAX: (612) 881-9461

Ploneer Standard
7625 Golden Triangle
Drl

Eden Pvalrie 65344

Tel: (612) 944-3355
FAX: (612) 944-3794

Wyle Electronics
1325 East 78th Street
Sutte 1
Bloomlnégon 55425

ol: (612) B53-2280
FAX: (612) 853-2298

MISSOURI
Arrow/Schweber
Electronics

2380 Schuetz Road
St. Louls 63141

Tel: (314) 567-6888
FAX: (314) 567-1164

Avnet Col
3783 Rldef raln South

Tel: (aogy 426-7999

Hall-Mark Computer
3783 Rider Trall South

Earth City 63045

Tel: (802}’ 409-1483
Hamilton Hallmark
3783 Rider Trall South

Earth nrsacus
Tel: (314) 291-5350
FAX: (314) 291-0362

NEW HAMPSHIRE

Avnet Computel
2 Executive Park Drive
Bedford 03102

Tel: (800) 426-7999

NEW JERSEY

Anthem Electronics
hapin Road, Unit K

07
Tel: (201)227-
FAX: (201) 227 9246
Arrow/Schweber

Electronics
4 East Stow Road
Unit 11

ni
Mariton 08053

Tel: (609) 596-8000
FAX: (609) 596-9632

Arrow/Schweber
ectronics

El n

43 Route 46 East
Pine Brook 07058
Tel: (201) 227-7880
FAX: (201) 227-2064

Avnet Computer
1-B Keystone Avenue
Buildln 36

nz ill 08003
Tel (800) 426-7999
Hall-Mark Computer
1-B eysione Avenue
Buildin,

Gherry Ll 08003
Tel: (800) 409-1483

Hall-Mark Computer
10 Lanidex Plaza West
Parsippany 07054

Tel: ( )409 -1483

Hamilton Hallmark
1 Keystone Avenue
Bt s

o (B09) 4244
FAX (609) 751-2552
Hamiiton Hallmark
.1: 0 Lanidex l;%zg‘ West
Tel: (5 01) §15-
FAX: (201) 5154601

MTI Systems Sales
43 Houls 46 Eas\

ebrook 0
Tel: (201) ssz-s?so
FAX: (201) 539-6430
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PloneerStandard
14-A Madison Road
Fairfield 07006

Tel: (201) 575-3510
FAX: (201) 575-3454

11g Route 46. Bld F

Mountain Lakes 07046
Tel: (201) 402-4970

NEW MEXICO

Aufgam Electronics,

3411 Bryn Mawr N.E.
uerque 87101

Tel LZQZ-

FAX (505) 275-6392

Avnet Computer
7801 Academy Road
%lglding 1, Suite 204

uerque 87109
Tel:"ﬂaooWas-nss

Ploneer Standard
60 Crossway Pk West
V‘oocb7 ury, Long Island

Tel: (516) 921-8700
FAX: (516) 921-2143
gt St
Fairport 14450
ol (715) 381-7070
FAX: (716) 381-5955
Zeus Arrow

Tel: (914) 937-7400
FAX: (914) 937-2553

Hall-Mark Computer
n Dfarbom Pk Lane

Worthington 43085
Tel: (800) 409-1483
Hamiiton Hallmark
5321 Ha er Road
Tel (216) 4984 100
FAX: (216) 248-4803
Hamiiton Halimark
7 Dearborn Pk Lane

Suite L

Worthington 43085
Tel: (61 )sss -3313
FAX: (614) 888-0767

MTI Systems Sales
NORTH CAROLINA 23404 Commerce Pk
Anth . H d 44122
4305 Greenwood Tel: (216) 464-6688

NEW YORK Tel (819) 782-3550
Anthem El [

47 Mall Drive Electronics
Commack 11725 5240 Greensdairy
Tel: (515) aea 600 Road

FAX: (516) 493-2244
Electronics

3375 Brighton Henrietta
Townline Road

Rochesterueza
Tel: (716) 427-0300
FAX: (716) 427-0735
Anowlsdwubor
Electronics

20 Oser Avenus

Hat uge 11788
Tel: (516) 231-1000
FAX: (516) 231-1072:

Avnet Computer
2 Penn Plaza
Suite 1245

New York 10121

Tel: (800) 426-7999
Avnet Comput

1057 E Henrletta Road
Rochester 14623

Tel: (&OO) 426-7999
Hall-Mark Computer
2 Penn Plaza

New York 10121

Tel: (800) 409-1483
Hall-Mark Computer
1057 E Henrielta Road

Rochester 14623
Tel: (800) 409-1483

Hamilton Hallmark
933 Motor Parkway
Hat uge 11788
Tel: ( 6) 434-7470
FAX: (516) 434-7491

Hamilton Hallmark
1057 E Henrietta Road

Raleigh 27604
Tel: ( i9) 876-3132
FAX: (919) 878-9517

Avnet Computer
4421 Stuart Andrew
Boulevard

Suite 600
Charlotte 28217
Tel: (800) 426-7999

Hall-Mark Computer
3510 Spring Forest Rd
Suite B

Ralelgh 27604

Tel: (800) 409-1483
Hamilton Hallmark
3510 Spring Forest Rd
Suite B

Ralel g 27604

Tel: (800) 409-1483
Hamiiton Hallmark
5234 Greens Dairy Rd

Raleigh 27604

Tel: (919) 878-0819
Ploneer Technologles
zzoogsaleway Ctr. Bivd
Suite 2

Moms
Tel: (919) 460-1530

OHIO
Arrow/Schweber

Electronics
sszta (éochran Road

For (216) See-3090
FAX: (216) 248-1106 _

Rochester 14623
Tel: (716) 475-9130
FAX: (716) 475-9119

Hamilton Hallmark
3075 Veterans

e A
Ronkonkomv;yi 1779
Tel: (516) 737-0600
FAX: (516) 737-0838

MTI Systems Sales
1 Penn Plaza

250 Wasl 34th Street
New York 10119
Tel: (212) 643-1280
FAX: (212) 643-1288

Ploneer Standard
68 Corporate Drive
Binghamton 13904
Tel: (607) 722-9300
FAX: (607) 722-9562

FAX: (216) 464-3564

Ploneer Standard
4433 Inlerpolnl Bivd

Day

a!“ (513)
FAX: (513) 236—8133
Ploneer Standard

Tel: (216) 567-3600
FAX: (216) 663-1004

Wyle Electronics
6835 Cochran Rd.

Solon 44139

Tel: (216) 248-9996
OKLAHOMA
Arrow/Schweber
Electronics

12101 East 51st Street
S lt 106

Tor (9 a) Sa2.753
FAX: (918) 2540017

Hamiiton Hallmark
5411 S, 125th E. Ave
Suite 305

Tulsa 74

Tel: (918) 254 6110
FAX: (918) 254-6207

Ploneer Standard
9717 East 42nd Street
Suite 105

Tulsa 74146

Tel: (918) 665-7840
FAX: (918) 665-1891

OREGON

Almac Arrow
Electronics

9500 S.W. Nimbus Ave
Suite €

Beavel

rton 97008
Tel: (503) 620-8090
FAX: (503) 645-0611

Anthem Electronics
Electronics 9090 SW Gemini Drive
8200 97005
Village Drive Tel: (503) 643-1114
Ce'nlg;lgle é?ggss FAX: (503) 626-7928
Tel ..
Avnet Computer
FAX: (513) 435-2049 9750 SW Nimbuis Ave.
Avnet C
7764 Washington Tel: (800) 426-7999
oy isies ot Mk Compur
i ve.
Tel: (800) 426-7993 Beaverton 97005
Avnet Computer Tel: (800) 409-1483
gfzg’gg Park Drive Hamiiton Hallmark
Independence 44131 37;;0 esrgnNgl%uss Ave.
% v
Tel: (800) 426-7999 Yok (203) 526.6800
Hall-Mark Computer FAX: (503) 641-5939

5821 Haq:er Road
Solon 4413
Tel: (800) 409-1483

Pioneer Technologles

8905 Southwest

Numbus Ave.

Suite 160

Beaverton 97005

Tel: (505%626-7300
: 6-5300

th Electronics
640 Sm-mhlne Court
Building G

ulte 2t

Beaverton 97005

el: (503) 643-7900
AX: (503) 646-5466

PENNSYLVANIA
Anthem Electronics
355 Business Ctr Drive
Horsham 19044

Tel: (215) 443-5150
FAX: (215) 675-9875
Avnet Computer
213 Executive Drive
Suite 320

Mars 16046

Tel: (800) 426-7999
Arrow/Schweber

Electron
2681 Mosside Bivd
Suite 204

Monroeville 15146

Tel: (412) 856-9490
Ploneer Technologles
Grou

ul
o (415) 7552300
FAX: (412) 963-8255

ZIonur Technologies
500 l':Pntevprlse Road
Keith Valley Bus.Ctr
Horsham 19044

Tel: (215) 674-4000

W e Electronics
ves Dnva

11
Marllon 08053-3185
Tel: (609) 985-7953
FAX: (609) 985-8757

TEXAS

Anthem Electronics
651 N. Plano Road
Suite 4C
Richardson 75081
Tel: (214) 238.7100
FAX: (214) 238-0237
Anthem Electronics
14050 Summit Drive
Suite 119

Tel: (612) 388-0049

8..

R (51)2) 388-0271

Brake Cir lil, Bldg M1
11500 Metric Boulevard
Suite 160

Austin 78758

Tel: (512) 835-4180
FAX: (512) 832-5921

Arrow/Schweber
Electronics

3220 Commander Drive
Carroliton 75006

Tel: (214) 380-6464
FAX: (214) 248-7208

Electronics
19416 Park Row
Suite

Houston 77084
Tel: (713) 647-6868

. FAX: (713) 492-8722

Avnet (:ompmor
4004 Beltline
Suite 200

Dallas 75244

Tel: (800) 426-799

?ga?mnhf West
C
Sulte 525 o

Houston 77008

Tel: (800) 426-7999

Halhu}r:cf‘:ompm.r

Austin 78727

Tel: (300) 409-1483
Hall-Mark Computer

4004 Beltline Road

Sulte 200

Dallas
Tel: (800) 409-1 483

Hali-Mark Computer
:‘235 North Loop West

ouston 77008
Tel: (800) 409-1483

Hamilton Hallmark
12211 Technology

uleval
Austin 78727
Tel: (512) 258-8848
FAX: (512) 258-3777

Hamiiton Hallmark
11420 Page Mill Road
Dallas 75243

Tel: (214) 653-4300
FAX: (214) 553-4395

Hamilton Hallmark
8000 West,

Houston 77063
Tel: (113) 781-6100
FAX: (713) 953-8420

Ploneer Standard
1026D Kramer Lane

Austin 7!

Tel: (512% -4000
FAX: (512) 835-9829
Ploneer Standard
13765 Bela‘zload
Tel (214) 263-3168
FAX: (214) 490-6419
Pioneer Standard
10530 Rockley Road
Suite 100

Houston 77099

Tel: (713) 495-4700

. FAX: (713) 495-5642

Wyle Electronics
1810 Greenville Ave
Richardso! 81

n 750
“Tel: (214) 595.9953

FAX: (214)644 5064

Wyle Elect
9208 Walerlord Center
Bivd

Suite 150

Austin 78750

Tel: (512) 345-8853
FAX: (512) 345-9330

Wyle Elactronlcs
2901 Wilcrest

Suite 120

Houston 77099

Tel: (713) 879-9953
FAX: (713) 879-9953

Zeus Arrow

Electronics

3220 Commander Dr

Carroliton 75006

Tel: (214) 380-4330
FAX: (214) 447-2222

UTAH

Anthem Electronics
1279 West 2200 South
Salt Lake City 84119
Tel: (801) 973-8555
FAX: (801) 973-8909

Arrow/Schweber
Electronics

1946 West Parkway
Boulevard

Salt Lake City 84119
Tel: (801) 973-6913
FAX: (801) 972-0200
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Avnet Computer
1100 Easl 6600 South

Suite
Salt Lake City 84121
Tel: (800) 426-7999

Hall-Mark 00mputor
1100 Eggl 6600 South

Salt Lake cgg

Tel: (800) 409-1483
Hamilton Hallmark
1100 East 6600 South

Salt Lake cgg 84121
Tel: (801) 266-2022
FAX: (801) 263-0104

Wyle Electronics

1325 West 2200 South

Suite E

Waest Valley 84119
Tel: (801) 974-9953
FAX: (801) 972-2524

WASHINGTON
Almac Arrow
Electronics

14360 S.E. Eastgate
War

Bellevue 98007

Tel: (206) 643-9992
FAX: (206) 643-9709

Anthem Electronics
19017 120th Ave N.E.
Suite 102

Bothell 98011

Tel: (206) 483-1700
FAX: (206) 486-0571
Avnet Computer
8630 154th Ave. NE
Redmond 9

Tel: (800) 426-7999

Hamiiton Hallmark
8630 154th Avenue
Redmond 98052
Tel: (206) 881-6697
FAX: (206) 867-0159

Ploneer Technologles
2800 156th Ave S.E.
Sutte 100

Bellevue 98007

Tel: (206) 644-7500

Wyle Electronics
15385 NE 90th St
Redmond 98052
Tel: (206) 881-1150
FAX: (206) 881-1567

WISCONSIN

Arrow/Schweber
Electronics

200 N. Patrick

Suite 100

Brookfield 53045
Tel: (414) 792-0150
FAX: (414) 792-0156

Avnet Computer
2440 South 179th St
New Berlin 53416
Tel: (800) 426-7999

Hall-Mark Computer
2440 South 179th St

New Berlin 53146

For (800) 409-1483
Hamilton Hallmark
2440 Soulh 179th St

46
oy ( -7844
FAX: (414) 7979280

Pioneer Standard
120 Bishops Way
Suite 163

Brookfield 53005
Tel: (414) 780-3600
FAX: (414) 780-3613

Wyle Ehct nics
North Patrick
Bulldlng 7 Sune 150

Brookfield 53045
Tel: (414) 879-0434
FAX: (414) 879-0474

ALASKA

Avnet Computel
1s 4%0 W Benson Blvd

Tel: (aoog 426-7999

CANADA
ALBERTA

Avnet Computer
1144 29th Avenue NE
Suite 108

Calgargo 2E 7P1

Tel: (800) 387-3406

Ploneer/Ploneer
Calgary T2E 7S8
Tel: (4%3) 291-1988
FAX: (403) 295-8714
BRITISH COLUMBIA

Almac Arrow
Electronics
8544 Baxler P‘l%_ce

Bumal 8
., Tel (604) 421 -2333

FAX: (604) 421-5030
Hamilton Halimark
8610 Commeme Court
Bumaby VSA
Tel (604) 420-4101

FAX: (604) 420-5376
Ploneer/Pioneer

Tel: (604) 273-5575
FAX: (604) 273-2413

MANITOBA
Pioneer/Pioneer

540 Marjorie Street
Winnipeg R3H 0S89

ONTARIO
Arrow/Schweber
Electronics
36 Antares Drive

E TW5
Tobien (613) 226-6903
FAX: (613) 723-2018

Arrow/Schweber
Electronics

1093 Meyersbde Unlt 2
Mississauga L5T

Tel: (416) swzmo
FAX: (416) 670-5863

Avnet Computer
Canada System
%;Ineerlng Grov?
15 Supeﬂor Bl
ississuaga L5T 2L1
Tel (800) 387-3406

Avnet Computer
190 Colonade Road
Nepean K2E 7J5
Tel: (800) 387-3406

Canada System
Engineering Group
151 Superior Boulevard
Misslssuaga LsT2L1
Tel: (800) 387-3406

Hamilton Hallmark
151 S r B

Unit 1

Mississauga L5T 2L1
Tel: (416) 564-6060
FAX: (416) 564-6033

Hamilton Hallmark
9 Colonade Road
eP E 7J5

Tel: (613) 226-1700

FAX: (613) 226-1184

Ploneer/Ploneer
3415 American Drive
Mississauga L4V 1T6
Tel: (416) 507-2600
FAX: (416) 507-2831

Pioneer/Pioneer
155 Colonnade Rd., S.
Sune 17

er E 7K3
Te (613) 226-8840
13) 226-6352

QUEBEc

Arrow/Schweber
Electron|

1100 SIreel Regis Bivd

Dorval
Tel: (514) a1
FAX: (514) 421-7430

Gates Arrow

Electronics

500 Boul.

SI»Jean-wBaElIsls Ave.

Quebec H2| 5R9

Tel: (418) 871-75

FAX: (418) 871 »6816

Avnet Computer

7575 Trans Canada

Suite 60

St Laursm H4T 1V6

Tel: (800) 265-1135

Hamilton Hallmark

7575 Transcanada Hwy
uite 600

Street Laurent H4T 2V6

Tel: (514) 335-

FAX: (514) 335-2481

thrlPlomr

|4
Tor (514) 737-9700
FAX: (514) 737-5212
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EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Elbatex GmbH

Eitn 6

A-1231 Wien

Tsl (43 1 866 420
AX: (43) 1 866 42372

8poﬂ|o Elektronic
Helligentstadter Str. 52
A- Wie n

6500
(4%) 1369 2273
BELGIUM

Inelco

Ave Croix de Guerre 94
1120 Bruxelles

Tel: (32) 2 244 2811
FAX: (32) 2 216 3304

Keiberg 2
Minervastraat, 14/B2
1930 Zaventem

Tel: (32) 2 725 4660
FAX: (32) 2 725 4511

CHS
Budasteenweg 2
1830 Machelen
Tel: (3%%2 255 0700
FAX: (32) 2 252 5900
CZECH REPUBLIC
Elbatex
Prechodnl 1
CS-14000 Praha 4
Tel: (42 2 692 8087
FAX: (42) 2 471 8203
DENMARK
Avnet Nortec A/S
Transformervej 17
DK-2730 Herlev
Tel: (45) 4284 2000
FAX: (45) 4492 1552

Farnell Eloct Sves AS
Nave

Glo
Tel (4 5254 6645
FAX: (45) 4245 7624

ESTONIA

Métrologle

Tour d'Asnléves

4, Avenue Laurent Cely
06 Asnl léres Cedex

T I 9000
A (s(gg) 1 4791 0561

Tekelec
cné des Bruydres
5, Rue Carle Vemsl-BPz
92310 Sévres
Tel (33) 14623 2425
AX: (33) 14507 2191

l ico

135 Ave Louis Roche
92621 Gennevilliers
Tel: (33) 1 4185 4949
FAX: (33) 1 4798 0543

CHS
11 Rue de Cambral
75019 Paris
Tel: (33) 1 4005 2800
FAX: (33) 1 4034 3734

GERMANY

Avn
Staalélgmbsnlng 12

Tel: (49) 89 451 1001
FAX: (49) 89 45110129

Jermyn GmbH
o

Tel: (49) 6431 5080
FAX: (49) 6431 5082 89

le GmbH
elne rnsse 15

Tel (4%89 742 170
FAX: (49) 89 7421 7111

FAX (49) 4108 1297

Raab Karcher

Elektronik GmbH

Loetscher Weg 66

41334 Nettet:

Tel: (49) 2153 7330
FAX: (49) 2153 7335 13

1o El .

gl‘(lgd.;emh tee 21AFs Max-Planck Strausse 13

EEQ0: 63303 Dreleich

Tal n Tal (45 &ems 304343

Tel: (372) 2 527 349 AX: (49) 6103 30 4425

FAX: (372) 2 527 556 GREECE

FINLAND

Computer 2000 Al qroupoleos 2a

Pynyntitte 3 Kalithea

P.O. Box 44 Tel (30) 1951 0922

?F-D(SS:? 5885910331 FAX: (30) 1 959 3160
Pouliadis Assoc. Corp.

FAX: (358) 0 867 33343 Aristotelous Street 3 ®

Avnet Nortec O S;grou Av. 150

ltalahdenkatu 2 Athens

210 Helsinki Tel: (30) 1 924 2072
Tel (358) 0 670 277 FAX: (30) 1 924 1066
FAX: (358) 0 692 2326 HUNGARY
Farnell Elect Svcs O.Y.
PL.25 Elbatex
kalu 5 Gabor Takacs
Helsinki Vaci u, 202
Tel (358)0793 100 H-1138

FAX: (358) 0 701 9892
FRANCE

Arrow Electronique
73-79 Rue des Solets
smc 585

94663
Tel: (33) B 96rsaa7e
FAX: (33) 1 4978 0596

Avnet EMG SA
79, Rue Pierre Sémard
92310 Chatillon
(33; 4965 2
FAX (33) 1 4965 2769

Budspest
Tel: (36) 1 140 9194
FAX: (36) 1 120 9478

{RELAND
Mlcm Markntlng
qlln\yon Terr. Dundrum

or (353) 1298 9400
FAX: (353) 1 298 9828

Arrow Electronics

Unlt 7 - Newland Bus Pk

Nass Hg;d - Condalkin
(353 1627 1949

FAX (353) 1 459 5490

ISRAEL

Eastronics Limited
Rozanis 11-POB 39300
Ban.u:h

Tel: (972) 3 6453 7
FAX: (972) 3 6458 666

ITALY

Avnot EMG

Vla Novara. 570

Tal (33%2 38 103 100

238002 988

anll Elect Svcs SPA

Viale Milanofiori E/5
-20090

3 524
Tal: (39) 2 824 701
FAX: (30) 2 824 2631

Tel: (39) 3thun 431
FAX: (39) 2 6610 1385

Telcom
Via Lorenteggio 270/A
20152 Milano

Tel: (39) 2 4830 2640
AX: (39) 2 4830 2010

l.lf-boa
Via Galileo Ferraris 2
20147 Saronno

Tel: (39) 2 9670 1592
FAX: (39) 2 9670 3113

LATVIA

Avnet Baltronic

Maskavas lela 40/42

New Bldgn Room 513
1018 Ri

Lv
Tel: (371) Zggﬁ 109
FAX: (371) 2211 109

NETHERLANDS

Datelcom B.V.

b dae 22
E Houten
) 34

Tel: (31) 3403 57222
FAX: (31) 3403 57220
Diode Components
Co baan

NG Nleuwe?eln
Tel (31) 34029
AX: (31) 3402 3 5924

Konlng on Hartman
Energleweg

2627 AP Delft
Tel: (31)15 609 906
FAX: (31) 15 619 194

NORWAY

Avnet Nortec A/S

Postbox 123

N-1364 Hvalst

Tel (4 66 846 210
66 846 545

vompuur System

Integrated A/S

P x 198

Hvamsvingen 24

N-2013 Skjetten

Tel: (47) 63 845 411

FAX: (47) 63 845 310

Farnell Elect Svcs A/S
Postbox 120 Furuset
Karihau%vsel 89

N-100 o

Tel (47 22 321270
66 846 545

POLAND

Elbat
gLL Hou 29/31 M
48] 2 623 060209
( 4& 623 0605
PORTUGAL
Arrow/ATD Elect. LDA
Quinta Grande,
Lote 20 - R/C DTO
2700 Amadora
Tel: (351) 1 471 4182
FAX: (351) 1 471 5886

RUSSIA

Marvel

49 Spalemnaya Street
193015 St. Petersburg
Tel: (7) 812 274 3210
FAX: ( 812 274 3708

3 Kromllsldy Val Street
Section 2

109044 Moscow
Tel: (7) 095 276 4718
FAX: (7) 095 276 4714

usskaya Street
630058 Novosibirsk
383 235 6672
FAX: 383 233 1788
Comal
126 PeMMumlskaya st

loscow
Tel: %0! 5 465 4763
FAX: (7) 095 465 9034

: (966) 1 477
FAX: (966) 1 479 2588
SLOVAKIA

Elbatex
Topololanska 23
SK-85105 Bratislava
Tel: (42) 7 831 320
FAX: (42) 7 831 320

SLOVENIA
E:Imox

SLeg-M 117 Lubllana
Tel: (30) 61 191 126
FAX: (30) 61 192 398
SOUTH AFRICA
EBE

178 Erasmus Street
Meyerspa

Pretovla 0184

Tel: (27;12 803 7680
FAX: (27) 12 803 8294
SPAIN

Arrow/ATD Electronica
Albasanz 75-3
28037 Madrid
Tel: (34) 1 304 1534
FA)( (34) 1327 2778

rologla
Avda. Industria, 32-2
28100 Alcobendas

Madrid
Tol: (34) 1 661 1142
FAX: (34) 1 661 6755

Tel: (34) 1 555 3686
FAX: (34) 1 556 7159

SWEDEN
Avnet Computer AB
Box 1392
En lundavﬁqern

1 41 Sol
Tol: (46) 8 629 1400
FAX: (46) 8 627 5165

Tsl (45 76 708 1800
AX: (46) 8 836 918

F-rnoll Elect Svcs AB
Ankdammsgatan 32

6 Solna
Fot (45) 8 830 020
FAX: (46) 8 825 770

SWITZERLAND
Elbatex AG
Hardstrasse 7
CH-5430 Wettingen
Tel: (41) 56 275 000

FAX: (41) 56 271 240
Fabrimex AG

Cherstrasse 4
CH-8152 Opfikon-

Tel: (41) 1 874 6262
FAX: (41) 1 874 6200

IMITEC

rasse
85 Winkel-Ruti
Tel (1) 1 862 0055
FAX: (41) 1862 0265

' CH-8304 Wallisellen

Tol: (41) 18328111
FAX: (41) 1 830 7550

TURKEY

o
Tol: (90) 212 599 3050
FAX: (90) 212 598 5353

Info
Buyukdere Cad. 107/3
guom Han Gayemape
Istanbul
Tel (902) 1 2 275 0780
FAX: (902) 1 2 272 3427

UNITED KINGDOM

Arrow/MMD

3 Bennet Court
Bennet Road

Reading RG2 0QX
Tel: (44) 734 313 232
FAX: (44) 734 313 255

Avnet Access
Jubllee House
Jubl

ee
Letchworth SG6 1QH
Tel (44) 462 488 500
AX (44) 462 488 567
§¥is Sighing Gont
e Sterling Centre
Roag

Eastem

Bracknell RGl 2 2PW

Tel: (44) 344 55 333
FAX: (44) 344 867 270

B‘X:och Electronics

Cedarwood

Chlneham Park .
ﬁoke RG12 1RW

Tel ) 256 707 107
s (44) 256 707 162
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EUROPEAN DISTRIBUTOFISIFIEPRESENTATIVES

Datrontech PLC

42-44 Birchett Road

Aldershot

Hants GU11 1LU

Tel: (44) 252 303 333

FAX: (44) 252 303 444

Matrologle UK Ltd.

Metrologie House

glx'g'gl oadbe HP11
ycom

26k

Tel: (44) 494 526 271
FAX: (44) 494 521 860

BELGIUM

Intel Corporation S.A.
Avenue Winston
Churchill 11

1180 Brussels

Tel: 32-2-347-0666
FAX: 32-2-347-0585

BELORUSSIA

ntel Microelectronics
nBolams L d

IHoé Mlnsk Admln Bldg

2 im k
Son Bpe 17550057
FAX: 375-172-2000257

FINLAND

Intel Finland OY
Albertinkatu 36A, Sth

Floor

00181 Helsinki

Tel: (358) 0 400 2179
FAX: (358) 0 400 3787

AUSTRALIA

Intel Australia
Level 2,8 WestPty
North Sydnay NSwW,
2060

Tel: 61 2 9937-5800
BRAZIL

Intel Semicondutores

Tel: 55-11 '505-2296
FAX: 55 11 505-1737

HONG KONG

Intel Semicon. Ltd.
32/F Two Pacific Place
88 Queensway Central

TeI %52 2844 4555
FAX: 852 2868 1989

INDIA
intel Asia Electron., Inc.
Pla

St. Mark's Road
Bangalore 560001

91 80 221 5065
FAX 91 80 227 5067

CHS

Copse Road

St Johns. Wokln

Surrax‘1 1S,

Tel: (44) 433 723 411
FAX: (44) 483 729 974

UKRAINE

Kvasar Micro
Popudrenko Str. 52
253094 Kiev

Tel: (7) 044 516 8496
FAX: (7) 044 516 8608

(Cont’d)

UNITED ARAB
EMIRATES

Graytech
P.O. Box 50718
Dubal

Tel: (971) 434 6952
FAX: (971) 434 6546

-ﬂ:;nbo Electronics Co.
Al Wahalbl Bullding

Al Garhoud

P.O. Box 3426

Dubal

Tel: (971) 4 882 4888
FAX: (971) 4 821 839

'EUROPEAN SALES OFFICES

FRANCE

Intel Corp. S.A.R.L.
1B gual de Grenelle

75725 Paris Decex 15

Tel: (33) (1) 45717171

FAX: (33) (1) 45717000

GERMANY

ntel GmbH

Dornacher Strasse 1

D-85622 Feldkirchen

Muenchen

I'el (49) 89/99143-0
AX: (49) 89/9043948

Intal GmbH

‘Wandersmannstrasse

64

5205 Wiesbaden
Tel (49) 611-977030
FAX: (49) 611-731543

ISRAEL

Intel Semiconductor
Atidim Industrial Park
P.O. Box 43202
Tel-Aviv 61430

Tel: (972) 3 548-3222
FAX: (972) 3 491870

JAPAN

Intel Japan K.K.
Hachioji Office
Hachlolil on Bldg. 4f
4-17-

Hachioji-s|

Tel: 81426 48 8770
FAX: 81 426 48 8775

Intel Japan K.K.
Osaka Sales Office
Byokuchi-Eki Bldg.
2-4-1 Terauchi
Toyonaka-shi, Osaka,

Tel: 81 6 863 1091
FAX: 81 6 863 1084

lntol Jﬂmn K.K.

Holel New Otani

Garden Court 10f

4-1 Klolcho Chiyadaku
ol

kyo, 102
Tel: 81 3 5210 0670
FAX: 81 35210 0678

-

ITALY

Intel Corp. ltalia S.P.A.
Milanofiori Palazzo E/4
20094 Assago

Milai
Tel: (38) (2) 575441
FAX: (39) (2) 57501221

POLAND

Intel Poland
Developments Inc.
UL Hankiewicza 2
02-103 Warszawa
Tel: 48 2 658 42 46
FAX: 48 2 658 45 47

Intel Technologles
PR Lavrentyeva 6, App.

630090, Novosibirsk,

Tel 7-3832-39-6231
'AX: 7-3832-39-6231

SPAIN

Intel Corp. lberia
C/Zubarand :d&i 1ZabA

562
FAX: 341) 310 5460
SWEDEN

FAX: 7-812-119-6213

Intel Japan K.K.
Shinyokohama Office

Kawaasa Bldge

11-5, Shin-Yokohama
2-Chome

Kohoku-Ky, Yokohama
Kanagawa-ken, 222
Tel: 81 45 474 7679
FAX: 81 45 474 7660

Intel Japan K.K.
laﬁel]i S?__umel Kurosaki

1 93 622 8700
FAX 8193 622 8720
Intel Jﬂnn K.K.
c/o NPNX
1580 Yamamoto
Tateyama-shi
Chiba-ken, 294

Tel: 81 849 45 8121
FAX: 81 849 458124

intel Sweden A.B.

RUSSIA 3°".‘°.3“ -
Intel Technologie: entralvagen
Koot SR
121357 Moscow Tel: (46) 8 705 5600
Tel: 7-503-956-4900 FAX: (46) 8 278085
FAX: 7-503-056-4905 UKRAINE

itel Tochnologles Intel Ukraine
191011 &t P Mi
- 121357 Moscow Kmm"neiskaya /2
Tel: 7-812-119-6072 a3 78, H Enimnce 1

Tel 380-44 -244-3644
FAX: 380-44-244-3642

INTERNATIONAL SALES OFFICES

KOREA

Intel Korea, Ltd.
4th Floor, Dae Han
Inbestements & Trust

FAX: 822 767 2509
MEXICO
Intel Tecnologia de

Mexico,S A. de C.V.
Av. Mexico No. 2798-

B, S.H.
Guadalajara, Jal.
44680
Tel: 523-640-1259
FAX: 523-642-7661
Intel Tecnologia de
Me e C.V.
Prolog. Paseo de la
Reforma
No. 600 PH 312
Edificio Plaza Reforma
Col. Pena Blanca
Santa Fe

01210 Mexico, D.F..
Tel. 525-259-7531

UNITED KINGDOM
Intel Corp. (U.K.) Ltd.
Pipers Wa

?wlndon, &Iﬂshlre SN3
Tel: (44) (01793)

FAX: (44) (01793
6414}0 ) )

SWEDEN

Intol Sweden A.B.
Dalvagen 24

171 36 Solna

Tel: (46) 8 705 5600
FAX: (46) 8 278085
UNITED KINGDOM
|m.| cov?: (U.K) Ltd.
‘Sg‘l'ndon, vxnhshlre SN3
Tel: 44 (01793 )596000

FAX: 44 (0179
641440

SINGAPORE

Intel Singapore
Tochnology, Ltd,
391 Orchard Road

014-02 Tower A

FAX 65 252 1097
SOUTH AFRICA

Intal Somh Africa
P.O. 1162
Auckland Park 2006
Tel: 27-11-482-8154
FAX: 27-11-482-8153
TAIWAN

Intel Tochnology (Far
East) Lid. o {
8th Fir,Bank Twr Bld,
No. 205 Tun Hwa N. Rd
Talpei

Tel: 886 2 716 9660
FAX: 886 2 717 2455
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ARGENTINA

DAFSYS Consulting SA
Chacabuco, 90-6 Piso
1069 Buenos Alres

Tel: 54 1 342 7726

FAX: 54 1 334 1871

B rt:!‘:'ECIl Iri fon SA
ernal e en
972-28 g0y

1304 Buenos Alres

Tel: 54 1 300 2013

FAX: 54 1 304 2018
AUSTRALIA

Hardle Technologles
205 Middleborough Road
Box Hill, Victoria 3128

BRAZIL

Hitech
Av. Eng. Luiz Carlos
Berri

r 1901
Tel: 55 11 505 5277
FAX: 65 11 505 2914

Itaucol

Av. Dr. Hugo Beolchi
-900-Terraco-Predio D
Sao Paulo - SP Brazil
Cep: 13213 000

Tel: 55 11 584 3704
FAXL 55 11 584 3719

CHILE

DTS
Rosas 1444

Santiago
Tel: 562 697 0991
FAX: 562 699 3316

COLOMBIA

Dimser Ingenieria Ltda
Avenida El Dorado No.
84A-55 Loc. 130

Dorado

Plaza
Santa Fe de Bogota D.C.
Tel: 571 295 3642
FAX: 571 295 5998
ETEK Eloctronlcs corp
6353 W. Rogers Circle
Suite 3

Boca Raton 334
Tel: 407 997 6277
FAX: 407 997 5467

INTERNATIONAL
DISTRIBUTORS/REPRESENTATIVES

HONG KONG

Novel Prodslon
Machlno?

Room 72 TraJe Square
681 Cheung Sha Wan Rd

Cable NVTNCINDHK
H K.Components Agent

SGIF Mslru za, Tower 1
oad

Tel: 852 487 8826
TLX: 30398 COMAG HX
FAX: 852 487 1268

Novel Precision
lachinery Co., Ltd.

., Ltd.
Rm 728Trade St;‘auam

# 681 Cheung Sha Wan
Road

Kowloon

Tel: 852 360 8999

TLX: 32

FAX: 852 725 3695
Cable: NVTNCINDHK
HK.

INDIA

SES Computers and
Technologies Pvt., Ltd.

G
alace
Orchards

8481
'AX 91 80 334 3685

SA}()?XG% Int’l PEvl Iéld
ng En,

101 ool Stroet g

re 0106

Tel: 65 227 1962

FAX: 65 227 1963

PEAC Electronics and
Chemicals Pwt,, Ltd.
120 Hill View Ave.

03-05 Kewalram Hill View
Singapore 2366

Tel: 65 763 6889

FAX: 65 763 6819

Priya international, Ltd.
D-Gy;nd Floor '

Devatha Plaza
31/132 Hesldencg Road
560 02!

:!an%alom
Tel: 91 80 221 4027
FAX: 91 80 221 4150

JAMAICA

M.C. Systems

10-12 Grenada Crescent
Kingston §

Tel: 809-926-0104

FAX: 809-929-5678
JAPAN

Asahli Electronics Co.

KMM Building 2-14-1
Asano

Kokurakita-ku

Kital ushu-shl 802
Tel: 3 511 6471
FAX: 81 93 551 7861

C. ltoh Techno-Sclence
C. ifoh Bidg.
2-5-1 Kita-,

FAX 813497 4879
:)Ia Semicon Systems,

Wacore
Sota ”"““"'%'“K“ 154

Tel:
FAX: 81 3 487 8088

Okaya Koki

2-4-18 Sakae

Naka-ku, Nagoya-shi 460
Tel: 81 52 204 2916
FAX: 81 52 204 2901

Ryoyo Eloctro Corp.

Kon

-12 22 Tsuk||i
Chuo-ku, Tokyo 104
Tel: 81 3 3546 5011
FAX: 81 3 3546 5044
KOREA

Samsung Electronics
15th Fir, Severance Bidg.
-11, 5-KA,

Namdaemoon Ro
Chun -Ku

Seoul 100-095
Tel: 82 2 259 4755
FAX: 82 2 259 2482

an Baek Electronics

Yof'l'g San Electronic

Office

3F/RM 303

;l 6-58, 3-KA, Han Gang
u

Yong San-Ku, Seoul

MEXICO

chcov pel, SouthA. de

Fco. Pimentel No. 98

Fax: 525 703 1772

Dicopel Inc.
2256 Malin Street

Suite 18

Chula Vista, CA 91911
USA.

Te;: (619) 423-3302
FAX: (619) 423-3394

NEW ZEALAND
Emall Electronics
36 Olive Road

3 1
FAX: 64 9 592 681
PAKISTAN

Global S

R.B.S Il Floor
Awami Complex
Garden Town
Tel: 42 865 173
FAX: 42 871 528

SAUDI ARABIA

AAE s‘mm, Inc.
642 N. Pastoria Avenue
ﬁgrxmyvale CA 94086

Tel: 408 732 1710
FAX: 408 732 3095
TLX: 494 3405 AAE SYS

SINGAPORE

PEAC Electronics and
Chemicals, PTE, Ltd.
120 Hillview Ave.

-05 Kewalram Hill View
Slngapore 2366

SAl Services
International PTE,
19-01A, Tong Eng
Bullding

Singapore 0106
Eloctrohl;le Resources,

y Road #04-01
336

: 5654

FAX: 65 289 5327
SOUTH AFRICA
Electronic Buliding
Elements
;‘78 Emsm#'sPSler'eerg

o) rsfa retol
Telzy;7 2 803 7680
FAX: 2712 803 8294
TAIWAN

gxr.lrntcox Technology
11/F, 75 Sec. 3
grd.ln&smng Eest Road
URUGUAY

Interfase SouthA.

FAX: 538 249 3040

YUGOSLAVIA

H R. Microelectronics
‘de la Cruz Bivd

Sult 190

ls‘anta Clara, CA 95050

Tel: (401;) 988-0286

87452
FAX: (408) 988-0306

MOUNTAIN VIEW, CA
g;ovors rest of Latin
merica)

Intectra
2629 Terminal Boulevard
Mt. View, CA 94043

u.
Tel: (415 967-8818
FAX: (415) 967-8838



In

NORTH AMERICAN SERVICE OFFICES

ALABAMA
Birmingham
Huntsville

ALASKA
Anchorage

ARIZONA

Phoenix

Tucson
ARKANSAS

North Little Rock

CALIFORNIA
Concord
Los Angeles
Ontario
Orange
Redwood City
Sacramento
San Diego
San Francisco
Van Nuys
COLORADO
Colorado Springs
Denver
CONNECTICUT
E. Windsor
Middlebury
FLORIDA

Ft. Lauderdale
Jacksonville

GEORGIA
Atlanta

HAWAII
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Peripheral Components

Peripheral components range from chip sets for PCI Local Bus and Extended!
Industry Standard Architecture (EISA) to controllers for Cache, Direct Memory
Access (DMA), Floppy Disk and Keyboard.

This databook contains datasheets which include comprehensive charts covering

symbols and functions, block diagrams and operational and fanctional descriptions.
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