




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































inter 82370 

"ICW2 vector address must be programmed now. 

(ICW2 INTERRUPT GENERATED) 

(ALLOW SERVICING 
OF ICW2 INTERRUPT) 

290164-53 

Other vector addresses may be programmed via ICW2 interrupt service routine. 

Figure 4·6. Initialization Sequence 

Certain internal setup conditions occur automatically 
within the interrupt bank after the first ICW (lCW1) 
has been issued. These are: 

- The edge sensitive circuit is reset, which means 
that following initialization, an interrupt request 
input must make a HIGH·to·LOW transition to 
generate an interrupt; 

- The Interrupt. Mask Register (IMR) is cleared; 
that is, all interrupt inputs are enabled; 

- IRQ7 input of each bank is assigned. priority 7 
(lowest); 

- Special Mask Mode is cleared and Status Read 
is set to IRR; 

- If no ICW4 is needed, then no Automatic-EOI is 
selected. 

4.6.2 VECTOR REGISTERS (VR) 

Each interrupt request input has a separate Vector 
Register. These Vector Registers are used to store 
the pre-programmed vector number corresponding 
to their interrupt sources. In order to guarantee prop­
er interrupt handling, all Vector Registers must be 
programmed with the predefined vector numbers. 
Since an interrupt request will be generated whenev­
er an ICW2 is written during the initialization se­
quence, it is important that the Vector Register of 
IRQ1.5 in Bank A should be initialized and the inter­
rupt service routine of this vector is set up before the 
ICW's are written. 
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4.6.3 OPERATION CONTROL WORDS (OCW) 

After the ICW's are programmed, the operations of 
each interrupt controller bank can be changed by 
writing into the OCW's as explained before. There is 
no special programming sequence required for the 
OCW's. Any OCW may be written at any time in or­
der to change the mode of or to perform certain op­
erations on the interrupt banks. 

4.6.3.1 Read Status and Poll Commands (OCW3) 

Since the reading of IRR and ISR status as well as 
the result of a Poll Command are available on the, 
same read-only Status Register, a special Read 
Status/Poll Command must be issued before the 
Poll/Interrupt Request/In-Service Status Register is 
read. This command can be specified by writing the 
required control word into OCW3. As mentioned ear­
lier, if both the Poll Command and the Status Read 
Command are enabled simultaneously, the Poll 
Command will override the Status Read. That is, af­
ter the command execution, the Status Register will 
contain the result of the Poll Command. 

4.7 Register Bit Definition 

INITIALIZATION COMMAND WORD 1 (ICW1) 
, 

Note that for reading IRR and ISR, there is no need 
to issue a Read Status Command to the OCW3 ev­
ery time the IRR or ISR is to be read. Once a Read 
Status Command is received by the interrupt bank, it 
"remembers" which register is selected. However, 
this is not true when the Poll Command is used. 

In the Poll Command, after the OCW3 is written, the 
82370 PIC treats the next read to the Status Regis­
ter as an interrupt acknowledge. This will set the ap­
propriate IS bit if there is a request and read the 
priority level. Interrupt Request input status remains 
unchanged from the Poll Command to the Status 
Read. 

In addition to the above read commands, the Inter­
rupt Mask Register (IMR) can also be read. When 
read, this register reflects the contents of the pre­
programmed OCW1 which contains information on 
which interrupt request(s) is(are) currently disabled. 

07 06 05 04 03' 02 01 DO 

I x I x I x I 1 I LTIM I x ISNGLI IC4 I 

I ~ 
~ o - NO ICW4 NEEDED 

1 - ICW4 NEEDED 
o - EDGE TRIGGERED 
1 - ,LEVEL TRIGGERED 

INITIALIZATION COMMAND WORD 2 (ICW2) 

o - EXTERNAL CASCADE 
(iCW3 NEEDED) 

1 - NO EXTERNAL CASCADE 
(iCW3 NOT NEEDED) 

CONTENT IS NOT RELEVANT TO THE ACTUAL 
OPERATION OF THE BANK BUT cAN BE READ 

,BY THE INTERRUPT SERVICE ROUTINE TO 
DETERMINE WHERE THE INTERRUPT VECTORS 

OF EACH BANK START. 

4-190 

290164-55 

290164~54 



inter 82370 

INITIALIZATION COMMAND WORD 3 (ICW3) 

ICW3 for Bank A: 

ICW3 for Bank B: 

ICW3 for Bank C: 

07 06 05 04 03 02 01 DO 

I 0 o ! 0 ! 0 !l:o!o!ol 
0- NO SLAVE CASCADED TO BANK A 
1 - THERE IS A SLAVE CASCADED 

TO TOUT2#/IRQ3# PIN 

07 06 05 04 03 02 01 DO 

IS151S141S131S121S111 x 1 s91 0 I 
I I I I I 

4 0 - NO CASCADED REQUEST TO IRQN 
1 - THERE IS A CASCADED REQUEST 

CONNECTED TO IRQN (I.E. THE 
CORRESPONDING INTERRUPT 
REQUEST INPUTS) 

07 06 05 04 03 02 01 DO 

o - 'NO CASCADED REQUEST TO IRQN 
1 - THERE IS A CASCADED REQUEST 

CONNECTED TO IRQN 

INITIALIZATION COMMAND WORD 4 (ICW4) 

07 06 05 04 03 02 01 DO 

I 0 I 0 I 0 'ISFNMI x I x I AEOII x I 
I 0 = NORMAL EOI ...... _-+ 1 =AUTOMATIC EOI 

290164-56 

290164-57 

290164-58 

L-_______ + 0 = NOT SPECIAL FULLY NESTED MODE 
1 = SPECIAL FULLY NESTED MODE 
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OPERATION CONTROL WORD 1 (OCW1) 

07 06 05 04 03 02 01 DO 

MI = 1 MASK SET (iNTERRUPT DISABLED) 
""---~ MI = 0 MASK RESET (INTERRUPT ENABLED) 

290164-60 

OPERATION CONTROL WORD 2 (OCW2) 

07 06 05 04 03 02 01 DO 

1 NON-SPECIFIC EOI COMMAND 

R I SL I EOI 

I I I 
o o L2 '~" I . = ,l,,,,",, """ 

TO BE ACTED UPON 

1 SPECIFIC EOI.COMMANo 
1. ROTATE ON NON-SPECIFIC EOI 
o ROTATE ON AUTO-EOI MODE (SET) 
o ROTATE ON AUTO-EOI MODE (CLEAR) 

o 
o 
1 
1 
o 
1 
1 
o 

o 
1 
o 
o 
o 
1 
1 
1 

1 ROTATE ON SPECIFIC EOI (L2-LO USED) 
o SET PRIORITY (L2-LO USED) 
o NO OPERATION 

OPERATION CONTROL WORD 3 (OCW3) 

07 06 05 04 03 02 01 DO 

ESMM SMM RIS 
o 0 NO ACTION o NO ACTION 
o 1 NO ACTION 1 - POLL COMMAND 1 NO ACTION 
1 0 RESET SPECIAL MASK 0- NO POLL COMMAND o READ IR REG. 
1 1 SET SPECIAL MASK 1 READ IS REG. 

290164-61 

290164-62 

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 this bit is set to 0, SMM bit becomes don't care. 

SMM - Special Mask Mode. If ESMM = 1 and SMM = 1, the interrupt controller bank will enter Special Mask 
Mode. If ESMM = 1 and SMM = 0, the bank will revert to normal mask mode. When ESMM = 0, SMM 
has no effect. 
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POLL/INTERRUPT REQUEST/IN-SERVICE STATUS REGISTER 

Poll Command Status 

Interrupt Request Status 

NOTE: 

07 06 05 04 03 02 01 DO 

a - NO PENDING INTERRUPT 
1 - PENDING INTERRUPT 

BINARY CODE OF 
THE HIGHEST PRIORITY 
LEVEL REQUESTING 

07 06 05 04 03 02 01 DO 

IIRQ711RQ611RQ511RQ411RQ311RQ211RQI IIRQO I 
IF IRQ BIT IS: a - NO REQUEST 

290164-63 

1 - REQUEST PENDING 
290164-64 

Although all Interrupt Request inputs are active LOW, the internal logical will invert the state of the pins so that when there 
is a pending interrupt request at the input, the corresponding IRQ bit will be set to HIGH in the Interrupt Request Status 
register. 

In-Service Status 

07 06 05 04 03 02 01 DO 

1157 1156 1155 1154 1153 1152 I IS 1 1150 I 

IF IS BIT IS: a - NOT IN-SERVICE 
1 - REQUEST IS IN-SERVICE 

290164-65 

VECTOR REGISTER (VR) 

a-BIT VECTOR NUMBER 
290164-66 
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Table 4·4. Register Operational Summary 

Operational 
Description 

Fully Nested Mode 
Non-specific EOI Command 
Specific EOI Command 
Automatic EOI Mode. 
Rotate On Non-Specific 

EOI Command 
Rotate On Automatic 

EOI Mode 
Set Priority Command 
Rotate On Specific 

EOI Command 
Interrupt Mask Register 
Special Mask Mode 
Level Triggered Mode 
Edge Triggered Mode 
Read Register Command, IRR 
Read Register Command, ISR 
Read IMR 
Poll Command 
Special Fully Nested Mode 

4.8 Register Operational Summary 

For ease of reference, Table 4-4 gives a summary of 
the different operating modes and commands with 
their corresponding registers. 

5.0 PROGRAMMABLE INTERVAL 
TIMER 

5.1 Functional Description 

The 82370 contains four independently Programma­
ble Interval Timers: Timer 0-3. All four timers are 
functionally compatible to the Intel 82C54. The first 
three timers (Timer 0-2) have specific functions. 
The fourth timer, Timer 3, is a general purpose timer. 
Table 5-1 depicts the functions of each timer. A brief 
description of each timer's function follows. -

:rimer 

0 
1 

2 

3 

Table 5·1. Programmable 
Interval Timer Functions 

Output Function 

IR08 Event Based IR08 Generator 
TOUT1/REF# Gen. Purpose/DRAM 

Refresh Req. 
TOUT2/IR03# Gen. Purpose/Speaker 

OutlIR03# 
TOUT3# Gen. Purpose/IROO 

Generator 

Command Bits 
Words 

OCW-Default 
OCW2 EOI 
OCW2 SL, EOI, LO-L2 

ICW1,ICW4 IC4,AEOI 
OCW2 EOI 

OCW2 R,SL, EOI 

OCW2 LO-L2 
OCW2 R,SL, EOI 

OCW1 MO-M7 
OCW3 ESMM,SMM 
ICW1 LTIM 
ICW1 LTIM 
OCW3 RR,RIS 
OCW3 RR,RIS 

IMR MO-M7 
OCW3 P 

ICW1,ICW4 IC4, SFNM 

TIMER O-Event Based Interrupt Request 8 
Generator 

Timer 0 is intended to be used as an Event Counter. 
The output of this timer will generate an Interrupt 
Request 8 (IR08) upon a rising edge of the timer 
output (TOUTO). Normally, this timer is used to im­
plement a time-of-day clock or system tick. The Tim­
er 0 output is not available as an external signal. 

TIMER 1-General Purpose/DRAM Refresh 
Request 

The output of Timer 1, TOUT1, can be used as a 
general. purpose timer or as a DRAM Refresh Re­
quest signal. The rising edge of this output creates a 
DRAM refresh request to the 82370 DRAM Refresh 
Controller. Upon reset, the Refresh Request func­
tion is disabled, and the output pin is the Timer 1 
output. 

TIMER 2-General Purpose/Speaker OutIlRQ3# 

The Timer 2 output, TOUT2#, could be used to sup­
port tone generation to an external speaker. This pin 
is a bidirectional signal. When used as an input, a 
logic LOW asserted at this pin will generate an Inter­
rupt Request 3 (IR03#) (see Programmable Inter­
rupt Controller). 
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DATA BUFFER OUTO I EDGE I IR08 4 
8-BIT • & COUNTER 0 I DETECTOR I (INTERN 

INTERNAL BUS 
LOGIC +-

AL) 

J OUTl EDGE REFRESH I 
COUNTER 1 I DETECTOR CONTROLLER 

+- REF# 

CONTROL I REF# 
2-TO-l 

GATE WORD 1 MUX 
--+TOUT1/R 

REGISTER I TOUTl 
o .elect 

EF# 

OPEN COLLECTOR 
L-~EFENA 

(INTERNA 
BLE 
L) 

OUT2 
TOUT2#/ COUNTER 2 - ! .... IR03# 

TO IR03# (INTERNAL) 

-. CONTROL OUT3 .I EDGE I IROO WORD COUNTER 3 I DETECTOR J (INTERNA 
REGISTER II .... L) 

----t> TOUT3# 
CLKIN 

290164-67 

Figure 5-1. Block Diagram of Programmable Interval Timer 

TIMER 3-General Purpose/lnterrupt Request ° 
Generator 

The output of Timer 3 is fed to an edge detector and 
generates an Interrupt Request 0 (IROO)· in the 
82370. The inverted output of this timer (TOUT3#) 
is also available as an external signal for general 
purpose use. 

5.1.1 INTERNAL ARCHITECTURE 

The functional block diagram of the Programmable 
Interval Timer section is shown in Figure 5-1. Follow­
ing is a description of each block. 

DATA BUFFER & READ/WRITE LOGIC 

This part of the Programmable Interval Timer is used 
to interface the four timers to the 82370 internal bus. 
The Data Buffer is for transferring commands and 
data between the 8·bit internal bus and the timers. 

The Read/Write Logic accepts inputs from the inter­
nal bus and generates signals to control other func­
tional blocks within the timer section. 

CONTROL WORD REGISTERS I & II 

The Control Word Registers are write-only registers. 
They are used to control the operating modes of the 
timers. Control Word Register I controls Timers 0, 1 
and 2, and Control Word Register II controls Timer 
3. Detailed description of the Control Word Regis­
ters will be included in the Register Set Overview 
section. 

COUNTER 0, COUNTER 1, COUNTER 2, 
COUNTER 3 

Counters 0, 1, 2, and 3 are the major parts of Timers 
0, 1, 2, and 3, respectively. These four functional 
blocks are identical in operation, so only a single 
counter will be described. The internal block dia­
gram of one counter is shown in Figure 5-2. 

4-195 



inter 82370 

GATE n 
elK n OUT n 

290164-68 

Figure 5-2. Internal Block Diagram of a Counter 

The four counters share a common clock input 
(ClKIN), but otherwise are fully independent. Each 
counter is programmable to operate in a different 
mode. 

Although the Control Word Register is shown in the 
figure, it is not part of the counter itself. Its pro­
grammed contents are used to control the opera­
tions of the counters. 

The Status Register, when latched, contains the cur­
rent contents of the Control Word Register and 
status of the output and Null Count Flag (see Read 
Back Command). 

The Counting Element (CE) is the actual counter. It 
is a 16-bit presettable synchronous down counter. 

The Output latches (Ol) contain two 8-bit latches 
(OlM and Oll). Normally, these latches "follow" 
the contentof the CEo OlM contains the most signif­
icant byte of the counter and Oll contains the least 
significant byte. If the Counter latch Command is 
sent to the counter, Ol will latch the present count 
until read by the 80376 and then return to follow the 
CEo One latch at a time is enabled by the timer's 
Control logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit in­
ternal bus. Note that CE cannot be read. Whenever 
the count is read, it is one of the Ol's that is being 
read. 

When a new count is written into the counter, the 
value will be stored in the Count Registers (CR), and 
transferred to CEo The transferring of the contents 
from CR's to CE is defined as "loading" of the coun­
ter. The Count Register contains two 8-bit registers: 
CRM (which contains the most significant byte) and 
CRl (which contains the least significant byte). Simi­
lar to the Ol's, the Control logic allows one register 
at a time to be loaded from the 8-bit internal bus. 
However, both bytes are transferred from the CR's 
to theCE simultaneously. Both CR's are cleared 
when the Counter is programmed. This way, if the 
Counter has been programmed for one byte count 
(either the most significant or the least significant 
byte only), the other byte will be zero. Note that CE 
cannot be written into directly. Whenever a count is 
written, it is the CR that is being written. 

As shown in the diagram, the Control logic consists 
of three signals: GlKIN, GATE, and OUT. ClKIN 
and GATE will be discussed in detail inthe section 
that follows. OUT is the internal output of the coun­
ter. The external outputs of some timers (TOUT) are 
the inverted version of OUT (see TOUT1, TOUT2#, 
TOUT3#). The state of OUT depends on the mode 
of operation of the timer. 
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5.2 Interface Signals 

5.2.1 CLKIN 

ClKIN is an input signal used by all four timers for 
internal timing reference. This signal can be inde­
pendent of the 82370 system clock, ClK2. In the 
following discussion, each "ClK Pulse" is defined 
as the time period between a rising edge and a fail­
ing edge, in that order, of ClKIN. 

During the rising edge of ClKIN, the state of GATE 
is sampled. All new counts are loaded and counters 
are decremented on the falling edge of ClKIN. 

5.2.2 TOUT1, TOUTU, TOUT3# 

TOUT1, TOUT2# and TOUT3# are the external 
output signals of Timer 1, Timer 2 and Timer 3, reo 
spectively. TOUT2# and TOUT3# are the inverted 
signals of their respective counter outputs, OUT. 
There is no external output for Timer O. 

If Timer 2 is to be used as a tone generator of a 
speaker, external buffering must be used to provide 
sufficient drive capability. 

The Outputs of Timer 2 and 3 are dual function pins. 
The output pin of Timer 2 (TOUT2#/IR03#), which 
is a bidirectional open·collector signal, can also be 
used as interrupt request input. When the interrupt 
function is enabled (through the Programmable In· 
terrupt Controller), a lOW on this input will generate 
an Interrupt Request 3# to the 82370 Programma­
ble Interrupt Controller. This pin has a weak internal 
pull-up resistor. To use the IR03# function, Timer 2 
should be programmed so that OUT2 is lOW. Addi­
tionally, OUT3 of Timer 3 is connected to an edge 
detector which will generate an Interrupt Request 0 
(IROO) to the 82370 after the rising edge of OUT3 
(see Figure 5-1). 

5.2.3 GATE 

GATE is not an externally controllable signal. Rath· 
er, it can be software controlled with the Internal 
Control Port. The state of GATE is always sampled 
on the rising edge of ClKIN. Depending on the 
mode of operation, GATE is used to enable/disable 
counting or trigger the start of an operation. 

For Timer 0 and 1, GATE is always enabled (HIGH). 
For Timer 2 and 3, GATE is connected to Bit 0 and 
6, respectively, of an Internal Control Port (at ad­
dress.61 H) of the 82370. After a hardware reset, the 
state of GATE of Timer 2 and 3is disabled (lOW). 

5.3 Modes of Operation 

Each timer can be independently programmed to 
operate in one of six different modes. Timers are 
programmed by writing a Control Word into the Con­
trol Word Register followed by an Initial Count (see 
Programming). 

The following are defined for use in describing the 
different modes of operation. 

ClK Pulse- A rising edge, then a falling edge, in 
that order, of ClKIN. 

Trigger-'- A rising edge of a timer's GATE input. 

Timer/Counter loading- The transfer of a count 
from Count Register 
(CR) to Count Element 
(CE). 

5.3.1 MODE O-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 counter. 

In this mode, GATE = HIGH enables counting; 
GATE = lOW disables counting. However, GATE 
has no effect on OUT. 

After the Control Word and initial count are written to 
a timer, 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 timer, it will be loaded 
on the next ClK pulse and counting will continue 
from the new count. If a two-byte count is written, 
the following happens: 

1: Writing the first byte disables counting, OUT is set 
lOW immediately (i.e. no ClK pulse required). 

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

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. 
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CW.l0 lSB_4,...-_________ _ 

WRITELJU 

ClK 

GATE ----------------

OUT ~_.L-________ ...I 

CW.:10 LSB-3 
, WRITE LJUI""""'----------

ClK 

GATE 

WRITE 

ClK 

GATE 

OUT ::-::JL.. _______ .:..-Jr-
ININININI I~I~~I 

290164-69 

NOTES: 
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 5-3. Mode 0 

If an initial count is written while GATE is lOW, the 
counter will 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. 

5.3.2 MODE 1-GATE RETRIGGERABLE 
ONE-SHOT 

In this mode, OUT will be initially HIGH. OUT will go 
lOW on the ClK pulse following a trigger to start the 

one-shot operation. The OUT signal will then remain 
lOW until the timer reaches zero. At this point, OUT 
will stay HIGH until the next trigger comes in. Since 
the state of GATE signals of Timer 0 and 1 are inter­
nally set to HIGH. 

After writing the Control Word and initial count, the 
timer is considered "armed". A trigger results in 
loading the timer and setting OUT lOW on the next 
ClK pulse. Therefore, an initial count of N will result 
in a one-shot pulse width of N ClK cycles. Note 
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CW:a12 LSB=3 

WR ~--------------------

CLK JlJl...JVl...I1JlI1JlJ1JlI1J" 
GATE ------;n---------1n-----

OUT =.:J 
I N I N I N I N I N I ~ I 

CW=12 LSB~3r-___________ _ 

WlI """'LJLJ 
CLK 

GATE -------1n ----In----------

OUT ~ IL-____ --II 
I N I N I N I N I N I ~ I ~ I I ~ I 

CLK 

GATE -------1n --------; n------

OUT 

I N I N I N I N I N I ~ I ~ I ~ I ~~ I ~~ I 
290164-70 

Figure 5-4. Mode 1 

that this one-shot operation is retriggerable; i.e. OUT 
will remain lOW for N ClK pulses after every trigger. 
The one-shot operation can be repeated without re­
writing the same count into the timer. 

If a new count is written to the timer during a one­
shot operation, the current one-shot pulse width will 
not be affected until the timer is retriggered. This is 
because loading of the new count to CE will occur 
only when the one-shot is triggered. 

5.3.3 MODE 2-RATE GENERATOR 

This mode is a divide-by-N counter. It is typically 
used to generate a Real Time Clock interrupt. OUT 
will initially be HIGH. When the initial count has dec-

remented to 1, OUT goes lOW for one ClK pulse, 
then OUT goes HIGH again. Then the timer reloads 
the initial count and the process is repeated. In other 
words, this mode is periodic since the same se­
quence is repeated itself indefinitely. For an initial 
count of N, the sequence repeats every N ClK cy­
cles. 

Similar to Mode 0, GATE=HIGH enables counting, 
where GATE = lOW disables counting. If GATE 
goes lOW during an output pulse (lOW), OUT is set 
HIGH immediately. A trigger (rising edge on GATE) 
will reload the timer with the initial count on the next 
ClK pulse. Then, OUT will go lOW (for one ClK 
pulse) N· ClK pulses after the new trigger. Thus, 
GATE can be used to synchronize the timer. 
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CW=14 LSB=3 

WRITE L.rU 
CLK 

GATE 

OUT 

I N I N I N I N I 
0 
3 

CW=14 LSB=3 

WRITE LJLJ 
ClK 

GATE 

OUT =:J 
I N I N I N I N I 

0 
3 

CW=14 
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GATE 

OUT~ 

I N I N I N I N I : 

NOTE: 

0 0 0 
3 2 3 

LJ 
L.J 

I ~ I ~ I I ~ I ~ I 

U 
I ~ I ~ I : 

o 
3 
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A GATE transition should not occur one clock prior to terminal count. 

Figure 5-5. Mode 2 

After writing a Control Word and initial count, the 
timer will be loaded on the next ClK pulse. OUT 
goes lOW (for one ClK pulse) N ClK pulses after 
the initial count is written. This is another way the 
timer may be synchronized by software. 

Writing a new count while counting does not affect 
the current counting sequence because the new 
count will not be loaded until the end of the current 
counting cycle. If a trigger is received after writing a 

new count but before the end of the current period, 
the timer will be loaded with the new count on the 
next ClK pulse after the trigger, and counting will 
continue with the new count. 

5.3.4 MODE 3-SQUARE WAVE GENERATOR 

Mode 3 is typically used for Baud Rate generation. 
Functionally, this mode is similar to Mode 2 except 
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for the duty cycle of OUT. In this mode, OUT will be 
initially HIGH. When half of the initial count has ex­
pired, OUT goes low for the remainder of the count. 
The counting sequence will be repeated, thus this 
mode is also periodic. Note that an initial count of N 
results in a square wave with a period of N ClK 
pulses. 

The GATE input can be used to synchronize the tim­
er. GATE=HIGH enables counting; GATE=lOW 
disables counting. If GATE goes lOW while OUT is 
lOW, OUT is set HIGH immediately (i.e. no ClK 
pulse is required). A trigger reloads the timer with the 
initial count on the next ClK pulse. 

After writing a Control Word and initial count, the 
timer will be loaded on the next ClK pulse. This al­
lows the timer to be synchronized by software. 

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 tim­
er 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. 

4-201 

There is a slight difference in operation depending 
on whether the initial count is EVEN or ODD. The 
following description is to show exactly how this 
mode is implemented. 

EVEN COUNTS: 

OUT is initially HIGH. The initial count is loaded on 
one ClK pulse and is decremented by two on suc­
ceeding ClK pulses. When the count expires (decre­
mented to 2), OUT changes to lOW and the timer is 
reloaded with the initial count. The above process is 
repeated indefinitely. 

ODD COUNTS: 

OUT is initially HIGH. The initial count minus one 
(which is an even number) is loaded on one ClK 
pulse and is decremented by two on succeeding 
ClK pulses. One ClK pulse after the count expires 
(decremented to 2), OUT goes lOW and the timer is 
loaded with the initial count minus one again. Suc­
ceeding ClK pulses decrement the count by two. 
When the count expires, OUT goes HIGH immedi­
ately and the timer is reloaded with the initial count 
minus one. The above process is repeated indefi­
nitely. So for ODD counts, OUT will HIGH or 
(N + 1 )/2 counts and lOW for (N -1 )/2 counts. 
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CW_1S lSB.4r--______________ _ 

WRITE L..Jl-J 
ClK 

GATE 

OUT 

I ~ I I ~ I I ~ I 
CW_1S lSBmSr--______________ _ 

WRITE L..Jl-J 
ClK 

GATE 

OUT 

I ~ I 
CW_1S lSa-4r--_______ '--______ _ 

WRITE L..Jl-J 
ClK 

GATE LJ 
OUT 

290164-72 

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

Figure 5-6. Mode 3 

5.3.5 MODE 4-INITIAL COUNT TRIGGERED 
STROBE 

This mode allows a strobe pulse to be generated by 
writing an initial count to the timer. Initially, OUT will 
be HIGH. When a new initial count is written into the 
timer, the counting sequence will begin. When the 
initial count expires (decremented to 1), OUT will go 
lOW for one ClK pulse and then go HIGH again. 

Again, GATE = HIGH enables counting while 
GATE = lOW disables counting. GATE has no ef­
fect on OUT. 

After writing the Control Word and initial count, the 
timer 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 initial count is written. 

If a new count is written during counting, it will be 
loaded in the next ClK pulse and counting will con-
tinue from the new count. ' 
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CW=18 lSB=3 
WRITE LJUr-------------

ClK 

GATE 

OUT =::J 
I N I N I N I N I ~ o 

2 

u 
o I 0 I FF I FF I FF I 
1 0 FF FE FD 

CW=18 lSB=3 ___________ _ 

WRITELJU 

ClK 

GATE I 
OUT =::J u-

I N I N I N I N I gig I gig o I 0 I FF I 1 .0 FF 

WRITE 

ClK 

GATE ------------------

OUT~ 

I N I N I N I N I gig I ~ I g 
290164-73 

Figure 5-7. Mode 4 

If a two-byte count is written, the following will occur: 

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. 

OUT will strobe LOW N + 1 CLK pulses after the 
new count of N is written. Therefore, when the 
strobe pulse will occur after a trigger depends on the 
value of the initial count loaded. 

5.3.6 MODE 5-GATE RETRIGGERABLE 
STROBE 

Mode 5 is very similar to Mode 4 except the count 
sequence is triggered by the gate signal instead of 

by writing an initial count. Initially, OUT will be HIGH. 
Counting is triggered by a rising edge of GATE. 
When the initial count has expired (decremented to 
1), OUT will go LOW for one CLK pulse and then go 
HIGH again. 

After loading the Control Word and initial count, the 
Count Element will not be loaded until the CLK pulse 
after a trigger. This CLK pulse does not decrement 
the count. Therefore, for an initial count of N, OUT 
does not strobe LOW until N + 1 CLK pulses after a 
trigger. ' 
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CW= lA lSB=3,..-__________ _ 

WRITE lJl.-.J 
ClK 

OUT 

CW=lA lSB=3 ______________ _ 

WRITE lJl.-.J 
ClK 

GATE - - - - - - - - -l ~ - - - - - - - - - - - -

OUT =:J LJ 
ININININININI~I o I 0 I FF I 

1 0 FF 

. WRITE 
r-_~lSB=5r---__ ---~----

ClK 

GATE - ---- ---1[r---------'Jl-----

OUT ~ ~ 

I N I N I N I N I N I ~ I ~ I . ~ I ~ I == I ~~ I 
290164-74 

Figure 5·8. Mode 5 

The counting sequence is retriggerable. Every trig­
ger will result in the timer being loaded with the initial 
count on the next elK pulse. 

5.3.7 OPERATION COMMON TO ALL MODES 

If the new count is written during counting, the cur­
rent counting sequence will not be affected. If a trig­
ger occurs after the new count is written but before 
the current count expires, the timer will be loaded 
with the new count on the next elK pulse and a new 
count sequence will start from there. 

5.3.7.1 GATE 

The GATE input is always sampled on the rising 
edge of elKIN. In Modes 0, 2, 3 and 4, the GATE 
input is level sensitive. The logic level is sampled on 
the rising edge of elKIN. In Modes 1, 2, 3 and 5, the 
GATE input is rising edge sensitive. In these modes, 
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Summary of Gate Operations 

Mode GATE LOW or Going LOW 

0 Disable count 
1 No Effect 

2 1. Disable count 
2. Sets output HIGH 

immediately 
3 1. Disable count 

2. Sets output HIGH 
immediately 

4 Disable count 
5 No Effect 

a rising edge of GATE (trigger) sets an edge sensi­
tive flip-flop in the timer. The flip-flop is reset imme­
diately after it is sampled. This way, a trigger will be 
detected no matter when it occurs; i.e. a HIGH logic 
level does not have to be maintained until the next 
rising edge of ClKIN. Note that in Modes 2 and 3, 
the GATE input is both edge and level sensitive. 

5.3.7.2 Counter 

New counts are loaded and counters are decre­
mented on the falling edge of ClKIN. The largest 
possible initial count is O. This is equivalent to 2**16 
for binary counting and 10**4 for BCD counting. 

Note that the counter does not stop when it reaches 
zero. In Modes 0, 1, 4 and 5, the counter 'wraps 
around' to the highest count: either FFFF Hex for 
binary counting or 9999 for BCD counting, and.con­
tinues counting. Modes 2 and 3 are periodic. The 
counter reloads itself with the initial count and con­
tinues counting from there. 

The minimum and maximum initial count in each 
counter depends on the mode of operation. They 
are summarized below. 

Mode Min Max 

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

5.4 Register Set Overview 

The Programmable Interval Timer module of the 
82370 contains a set of six registers. The port ad­
dress map of these registers is shown in Table 5-2. 

GATE Rising HIGH 

No Effect Enable count 
1. Initiate count No Effect 
2. Reset output 

after next clock 
I nitiate count Enable count 

Initiate count Enable count 

No Effect Enable count 
Initiate count No Effect 

Table 5·2. Timer Register Port Address Map 

Port Address Description 

40H Counter 0 Register (read/write) 
41H Counter 1 Register (read/write) 
42H Counter 2 Register (read/write) 
43H Control Word Register I 

(Counter 0, 1 & 2) (write-only) 

44H Counter 3 Register (read/write) 
45H Reserved 
46H Reserved 
47H Control Word Register II 

(Counter 3) (write-only) 

5.4.1 COUNTER 0, 1, 2, 3 REGISTER 

These four 8-bit registers are functionally identical. 
They are used to write the initial count value into the 
respective timer. Also, they can be used to read the 
latched count value of a timer. Since they are 8-bit 
registers, reading and writing of the i6-bit initial 
count must follow the count format specified in the 
Control Word Registers; i.e. least significant byte 
only, most significant byte only, or least significant 
byte then most significant byte (see Programming). 

5.4.2 CONTROL WORD REGISTER I & II 

There are two Control Word Registers associated 
with the Timer section. One .of the two registers 
(Control Word Register I) is used to control the oper­
ations of Counters 0, 1 and 2 and the other (Control 
Word Register II) is for Counter 3. The major func­
tions of both Control Word Registers are listed be­
low: 
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- Select the timer to be programmed. 

- Define which mode the selected timer is to oper-
ate in. 

- Define the count sequence; Le. if the selected 
timer is to count as a Binary Counter or a Binary 
Coded Decimal (BCD) Counter. 

- Select the byte access sequence during timer 
read/write operations; Le. least significant byte 
only, most significant only, or least significant 
byte first, then most significant byte. 

Also, the Control Word Registers can be pro­
grammed to perform a Counter latch Command or a 
Read Back Command which will be described later. 

5.5 Programming 

5.5.1 INITIALIZATION 

Upon power-up or reset, the state of all timers is 
undefined. The mode, count value, and output of all 
timers are random. From this point on, how each 
timer operates is determined solely by how it is pro­
grammed. Each timer must be programmed before it 
can be used. Since the outputs of some timers can 
generate interrupt signals to the 82370, all timers 
should be initialized to a known state. 

Counters are programmed by writing a Control Word 
into their respective Control Word Registers. Then, 
an Initial Count can be written into the correspond­
ing Count Register. In general, the programming pro­
cedure is very flexible. Only two conventions need to 
be remembered: 

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

2. The 16-bit initial count must follow the count for­
mat specified in the Control Word (least significant 
byte only, most significant byte only, or least signifi­
cant byte first, followed by most significant byte). 

Since the two Control Word Registers and the four 
Counter Registers have separate addresses, and 
each timer can be individually selected by the appro­
priate Control Word Register, no special instruction 
sequence is required. Any programming sequence 
that follows the conventions above is acceptable. 

A new initial count may be written to a timer at any 
time without affecting the timer's programmed mode 
in any way. Count sequence will be affected as de­
scribed in the Modes of Operation section. Note that 
the new count must follow the programmed count 
format. 

If a timer is previously 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 the same timer. Otherwise, the read/ 
write will result in incorrect count. 

Whenever a Control Word is written to a timer, all 
control logic for that timer(s) is immediately reset 
(i.e. no ClK pulse is required). Also, the correspond­
ing output in, TOUT #, goes to a known initial state. 

5.5.2 READ OPERATION 

Three methods are available to read the current 
count as well as the status of each timer. They are: 
Read Counter Registers, Counter latch Command 
and Read Back Command. Below is a description of 
these methods. 

READ COUNTER REGISTERS 

The current count of a timer can be read by perform­
ing a read operation on the corresponding Counter 
Register. The only restriction of this read operation 
is that the ClKIN of the timers must be inhibited by 
using external logic. Otherwise, the count may be in 
the process of changing when it is read, giving an 
undefined result. Note that since all four timers are 
sharing the same ClKIN signal, inhibiting ClKIN to 
read a timer will unavoidably disable the other timers 
also. This may prove to be impractical. Therefore, it 
is suggested that either the Counter latch Com­
mand or the Read Back Command can be used to 
read the current count of a timer. 

Another alternative is to temporarily disable a timer 
before reading its Counter Register by using the 
GATE input. Depending on the mode of operation, 
GATE = lOW will disable the counting operation. 
However, this option is available on Timer 2 and. 3 
only, since the GATE signals of the other two timers 
are internally enabled all the time. 

COUNTER LATCH COMMAND 

A Counter latch Command will be executed when­
ever a special Control Word is written into a Control 
Word Register. Two bits written into the Control 
Word Register distinguish this command from a 'reg­
ular' Control Word (see Register Bit Definition). Also, 
two other bits in the Control Word will select which 
counter is to be latched. . 

Upon execution of this command, the selected 
counter's Output latch (Ol) latches the count at the 
time the Counter latch Command is received. This 
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count is held in the latch until it is read by the 80376, 
or until the timer is reprogrammed. The count is then 
unlatched automatically and the OL returns to "fol­
lowing" 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 count is held 
until it is read. Counter Latch Commands do not af­
fect the programmed mode of the timer in any way. 

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

In any event, the latched count must be read ac­
cording to the programmed format. Specifically, if 
the timer is programmed for two-byte counts, two 
bytes must be read. However, the two bytes do not 
have to be read right after the other. Read/write or 
programming operations of other timers may be per­
formed between them. 

Another feature of this Counter Latch Command is 
that read and write operations of the same timer 
may be interleaved. For example, if the timer is pro­
grammed for two-byte counts, the following se­
quence 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 timer 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 timer. Otherwise, an incorrect count 
will be read. 

READ BACK COMMAND 

The Read Back Command is another special Com­
mand Word operation which allows the user to read 
the current count value and/or the status of the se­
lected timer(s). Like the Counter Latch Command, 
two bits in the Command Word identify this as a 
Read Back Command (see Register Bit Definition). 

The Read Back Command may be used to latch 
multiple counter Output Latches (OL's) by selecting 
more than one timer within a Command Word. This 
single command is functionally equivalent to several 
Counter Latch Commands, one for each counter to 

be latched. Each counter's latched count will be 
held until it is read by the 80376 or until the timer is 
reprogrammed. The counter is automatically un­
latched when read, but other counters remain 
latched until they are read. If multiple Read Back 
commands are issued to the same timer without 
reading the count, all but the first are ignored; i.e. the 
count read will correspond to the very first Read 
Back Command issued. 

As mentioned previously, the Read Back Command 
may also be used to latch status information of the 
selected timer(s). When this function is enabled, the 
status of a timer can be read from the Counter Reg­
ister after the Read Back Command is issued. The 
status information of a timer includes the following: 

1. Mode of timer: 

This allows the user to check the mode of opera­
tion of the timer last programmed. 

2. State of TOUT pin of the timer: 

This allows the user to monitor the counter's out­
put pin via software, possibly eliminating some 
hardware from a system. 

3. Null Count/Count available: 

The Null Count Bit in the status byte indicates if 
the last count written to the Count Register (CR) 
has been loaded into the Counting Element (CE). 
The exact time this happens depends on the 
mode of the timer and is described in the Pro­
gramming section. Until the count is loaded into 
the Counting Element (CE), it cannot be read from 
the timer. If the count is latched or read before 
this occurs, the count value will not reflect the 
new count just written. 

If multiple status latch operations of the timer(s) are 
performed without reading the status, all but the first 
command are ignored; i.e. the status read in will cor­
respond to the first Read Back Command issued. 

Both the current count and status of the selected 
timer(s) may be latched simultaneously by enabling 
both functions in a single Read Back Command. 
This is functionally the same as issuing two separate 
Read Back Commands at once. Once again, if multi­
ple read commands are issued to latch both the 
count and status of a timer, all but the first command 
will be ignored. 

If both count and status of a timer are latched, the 
first read operation of that timer will return the 
latched status, regardless of which was latched first. 
The next one or two (if two count bytes are to be 
read) read operations return the latched count. Note 
that subsequent read operations on the Counter 
Register will return the unlatched count (like the first 
read method discussed). 
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5.6 Register Bit Definitions 

COUNTER 0, 1, 2, 3 REGISTER (READ/WRITE) 

Port Address Description 

40H Counter 0 Register (read/write) 
41H Counter 1 Register (read/write) 
42H Counter 2 Register(read/write) 
44H Counter 3 Register (read/write) 
45H Reserved 
46H. Reserved 

Control Word Register I 

07 06 05 

SELECT COUNTER: 
00 SELECT COUNTER 0 
01 SELECT COUNTER 1 
10 SELECT COUNTER 2 
11 READ BACK COMMAND 

FOR COUNTER 0-2 

04 

07 

READ/WRITE: 

03 

06 

02 

00 COUNTER LATCH COMMAND 
01 READ/WRITE LSB BYTE ONLY 
10 READ/WRITE MSB BYTE ONLY 

05 04 03 

01 DO 

0- 16-BIT BINARY 
COUNTER 

1 - BCD COUNTER 
(4 DECADES) 

11 READ/WRITE LSB, THEN MSB BYTE 

MODE: 
000 MODE 0 

·001 MODE 1 
Xl0 MODE 2 
Xl1 MODE 3 
100 MODE 4 
101 MODES 

290164-76 

82370 

02 

Note that these 8-bit registers are for writing and 
reading of one byte of the 16-bit count value, either 
the most significant or the least significant byte. 

CONTROL WORD REGISTER I & II (WRITE­
ONLY) 

Port Address Description 

43H Control Word Register I 
(Counter 0, 1, 2 (write-only) 

47H Control Word Register II 
(Counter 3) (write-only) 

01 

02. LSB OF COUNT BYTE 

MSB OF COUNT BYTE 
290164-75 

Control Word Register II 

07 06 05 

SELECT COUNTER: 
00 SELECT COUNTER 3 
01 RESERVED 
10. RESERVED 
11 READ BACK COMMAND 

FOR COUNTER 3 

04 

READ/WRITE: 

03 02 

00 COUNTER LATCH COMMAND 
01 READ/WRITE LSB BYTE ONLY 
10 READ/WRITE MSB BYTE ONLY 

01 DO 

0- 16-BIT BINARY 
COUNTER 

1 - BCD COUNTER 
(4 DECADES) 

11 READ/WRITE LSB, THEN MSB BYTE 

MODE: 
000 MODE 0 
001 MODE 1 
Xl0 MODE 2 
Xl1 MODE 3 
100 MODE 4 
101 MODE 5 

290164-77 
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COUNTER LATCH COMMAND FORMAT 

(Write to Control Word Register) 

07 06 05 04 03 02 01 DO 

00 COUNTER 0 (OR 3) 
01 COUNTER 1 
10 COUNTER 2 
11 READ BACK COMMAND 

x I x I 

READ BACK COMMAND FORMAT 

(Write to Control Word Register) 

07 

STATUS FORMAT 

06 05 04 03 02 01 

0- LATCH COUNT 
1 - DO NOT LATCH 

COUNT 

0- LATCH STATUS 
1 - DO NOT LATCH 

STATUS 

a - COUNTER NOT 
SELECTED 

1 - COUNTER IS 
SELECTED 

(Returned from Read Back Command) 

07 06 05 04 03 

0- COUNT AVAILABLE 
FOR READING 

1 - NULL COUNT 

4-209 

02 01 
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DO 

DO 

COUNTER 
MODE 

290164-79 
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6.0 WAIT STATE GENERATOR 

6.1 Functional· Description 

The 82370 contains a programmable Wait State 
Generator which can generate a pre-programmed 
number of wait states during both CPU and DMA . 
initiated bus cycles. This Wait State Generator is ca­
pable of generating 1 to 16 wait states in non-pipe­
lined mode, and 0 to 15 wait states in pipelined 
mode. Depending on the bus cycle type and the two 
Wait State Control inputs (WSC 0-1), a pre-pro­
grammed number of wait states in the selected Wait 
State Register will be generated. 

The Wait State Generator can also be disabled to 
allow the use of devices capable of generating their 
own READY# signals. Figure 6-1 is a block diagram 
of the Wait State Generator. 

6.2 Interface Signals 

The following describes the interface signals which 
affect the operation of the Wait State Generator. 
The READY #, WSCO and WSC1 signals are inputs. 
READYO# is the ready output signal to the host 
processor. 

6.2.1 READY # 

READY# is an active LOW input signal which indi­
cates to the 82370 the completion of a bus cycle. In 
the Master mode (e.g. 82370 initiated DMA transfer), 
this signal is monitored to determine whether a pe­
ripheral or memory needs wait states inserted in the 
current bus cycle. In the Slave mode, it is used (to­
gether with the ADS# signal) to trace CPU bus cy­
cles to determine if the current cycle is pipelined. 

6.2.2 READYO # 

READYO# (Ready Out#) is an active LOW output 
signal and is the output of the Wait State Generator. 
The number of wait states generated depends on 
the WSC{0-1) inputs. Note that special cases are 
handled for access to the 82370 internal registers 
and for the Refresh cycles. For 82370 internal regis­
ter access, READYO# will be delayed to take into 
the command recovery time of the register. One or 
more wait states will be generated in a pipelined cy­
cle. During refresh, the number of wait states will be 
determined by the preprogrammed value in the Re­
fresh Wait State Register. 

In the simplest configuration, READYO# can be 
connected to the READY # input of the 82370 and 
the 80376 CPU. This is, however, not always the 
case. If external circuitry is to control the READY # 
inputs as well, additional logic will be required (see 
Application Issues). 

6.2.3 WSC(O-1) 

These two Wait State Control inputs, together with 
the M/IO# input, select one of the three pre-pro­
grammed 8-bit Wait State Registers which deter­
mines the number of wait states to be generated. 
The most significant half of the three Wait State 
Registers corresponds to memory accesses, the 
least significant half to liD accesses. The combina­
tion WSC{0-1) = 11 disables the Wait State Gener­
ator. 

INTERNAL WAIT STATE 
REQUIREMENT 

READYO# 

WSCO 
WSCI 

M/IO# 

07 04 03 DO 

REGISTER MEMORY 0 I/O 0 

SELECT 
MEMORY 1 I/O 1 LOGIC 

MEMORY 2 I/o 2 

(RESERVED) REFRESH ADS#, 
READY# 

PROGRAMMABLE WAIT STATE 
REGISTERS 

Figure 6-1. Wait State Generator Block Diagram 
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6.3 Bus Function 

6.3.1 WAIT STATES IN NON-PIPE LINED CYCLE 

The timing diagram of two typical non-pipelined cy­
cles with 82370 generated wait states is shown in 
Figure 6-2. In this diagram, it is assumed that the 
internal registers of the 82370 are not addressed. 
During the first T2 state of each bus cycle, the Wait 
State Control and the MIIO# inputs are sampled to 
determine which Wait State Register (if any) is se­
lected. If the WSC inputs are active (Le. not both are 
driven HIGH), the pre-programmed number of wait 
states corresponding to the selected Wait State 
Register will be requested. This is done by driving 
the READYO# output HIGH during the end of each 
T2 state. 

The WSC (0-1) inputs need only be valid during the 
very first T2 state of each non-pipelined cycle. As a 
general rule, the WSC inputs are sampled on the 
rising edge of the next clock (82384 ClK) after the 
last state when ADS# (Address Status) is asserted. 

The number of wait states generated depends on 
the type of bus cycle, and the number of wait states 
requested. The various combinations are discussed 
below. 

1. Access the 82370 internal registers: 2 to 5 wait 
states, depending upon the specific register ad­
dressed. Some back-to-back sequences to the Inter­
rupt Controller will require 7 wait states. 

T1 T2 T2 

CLK2 

CLK 

2. Interrupt Acknowledge to the 82370: 5 wait states. 

3. Refresh: As programmed in the Refresh Wait 
State Register (see Register Set Overview). Note 
that if WCS (0-1) = 11, READYO# will stay inac­
tive. 

4. Other bus cycles: Depending on WCS (0-1) and 
M/IO# inputs, these inputs select a Wait State Reg­
ister in which the number of wait states will be equal 
to the pre-programmed wait state count in the regis­
ter plus 1. The Wait State Register selection is de­
fined as follows (Table 6-1). 

Table 6-1. Wait State Register Selection 

M/IO# WSC(O-1) Register Selected 

0 00 WAIT REG 0 (1/0 half) 
0 01 WAIT REG 1 (1/0 half) 
0 10 WAIT REG 2 (1/0 half) 
1 00 WAIT REG 0 (MEM half) 
1 01 WAIT REG 1 (MEM half) 
1 10 WAIT REG 2 (MEM half) 
X 11 Wait State Gen. Disabled 

The Wait State Control signals, WSC (0-1), can be 
generated with the address decode and the Readl 
Write control signals as shown in Figure 6-3. 

T1 T2 T2 T2 

A(1-23) ~ ____ ~ __ ---+------~----~----~------~----~ 
1.4/10# 

BLE#, BHE# I'-----~-----+-----'I'----~----~-----~---~ 

WSC(O -1) -H:Hl:Hl~!:[=}-r----+EHm~K=)-t-----+-----+ 
ADS# 

READYO# 

TWO WAIT STATES 
290164-82 

Figure 6-2. Wait States in Non-Pipelined Cycles 
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Address Decode ~ .• 
W/R#--+~WSC(O-l) 

290164-83 

Figure 6·3. WSC (0-1) Generation 

Note that during HALT and SHUTDOWN, the num­
ber of wait states will depend on the WSC (0-1) 
inputs, which will select the memory half of one of 
the Wait State Registers (see CPU Reset and Shut­
down Detect). 

6.3.2 WAIT STATES IN PIPELINED CYCLES 

The timing diagram of two typical pipelined cycles 
with 82370 generated wait states is shown in Figure 
6-4. Again, in this diagram, it is assumed that the 
82370 internal registers are not addressed. As de­
fined in the timing of the 80376 processor, the Ad­
dress (A1-23), Byte Enable (BHE#, BLE#), and 
other control signals (M/IO#, ADS#) are asserted 
one T-state earlier than in a non-pipelined cycle; i.e. 
they are asserted at T2P. Similar to the non-pipe­
lined case, the Wait State Control (WSC) inputs are 
sampled in the middle of the state after the last state 
the ADS # signal is asserted. Therefore, the WSC 
inputs should be asserted during the T1 P state of 
each pipelined cycle (which is one T -state earlier 
than in the non-pipelined cycle). 

T1p T2 T2p 

CLK2 

ClK 

A(l - 23) 
M/IOH 

BLE#.BHE# 

WSC(O-1) 

ADS# 

READY# 

READYOH 

ONE WAIT STATE 

The number of wait states generated in a pipelined 
cycle is selected in a similar manner as in the non­
pipelined case discussed in the previous section. 
The only difference here is that the actual number of 
wait states generated will be one less than that of 
the non-pipelined cycle. This is done automatically 
by the Wait State Generator. 

6.3.3 EXTENDING AND EARLY TERMINATING 
BUS CYCLE 

The 82370 allows external logic to either add wait 
states or cause early termination of a bus cycle by 
controlling the READY # input to the 82370 and the 
host processor. A possible configuration is shown in 
Figure 6-5. 

80376 

READY# 

EXTERNAL READY# 
(EARLY TERMINATION) 82370 

~""--I READYO# 

L---------I READY# 

290164-85 

Figure 6·5. External 'READY' Control Logic 

Tlp T2 T2 T2p 

TWO WAIT STATES 
290164-84 

Figure 6·4. Wait States in Pipelined Cycles 
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The EXT. ROY # (External Ready) signal of Figure 6-
5 allows external devices to cause early termination 
of a bus cycle. When this signal is asserted LOW, 
the output of the circuit will also go LOW (even 
though the READYO# of the 82370 may still be 
HIGH). This output is fed to the READY # input of 
the 80376 and the 82370 to indicate the completion 
of the current bus cycle. 

Similarly, the EXT. NOT READY (External Not 
Ready) signal is used to delay the READY # input of 
the processor and the 82370. As long as this signal 
is driven HIGH, the output of the circuit will drive the 
READY# input HIGH. This will effectively extend the 
duration of a bus cycle. However, it is important to 

11 T2 11 

ClK2 

ClK 

note that if the two-level logic is not fast enough to 
satisfy the READY # setup time, the OR gate should 
be eliminated. Instead, the 82370 Wait State Gener­
ator can be disabled by driving both WSC (0-1) 
HIGH. In this case, the addressed memory or 1/0 
device should activate the external READY # input 
whenever it is ready to terminate the current bus 
cycle. 

Figures 6-6 and 6-7 show the timing relationships of 
the ready signals for the early termination and exten­
sion of the bus cycles. Section 6-7, Application Is­
sues, contains a detailed timing analysis of the ex­
ternal circuit. 

T2 T2 T2 Tx 

A(1-23) ~ ____ +-____ ~ ____ -+ ______ ~ ____ +-____ ~ ____ ~ 
1.1/10# 

BlE#, BHE# I'----+---...IJI---+----+-----l---"'I'---~ 

ADS# 

READYO# 
TWO WAIT STATES 

290164-86 

Figure 6-6. Early Termination of Bus Cycle By 'READY #' 

11 T2 T2 T2 T2 Tx Tx 

ClK2 

elK 

A(l - 23) ir-----+----+----+----f----lit-----+------+ 
1.1/10# 

BlE#, BHE# 
ADS# 

READY# ~m~XE:m"r-I--r--1,'---~ 
READYO# 

290164-87 

Figure 6-7. Extending Bus Cycle by 'READY#' 

4-213 



intJ 82370 

Due to the following .implications, it should be noted 
that early termination of bus cycles in which 82370 
internal registers are accessed is not recommended. 

1. Erroneous data may be read from or written into 
the addressed register. 

2. The 82370 must be allowed to recover either be­
fore HLDA (Hold Acknowledge) is asserted or before 
another bus cycle into an 82370 internal register is 
initiated. 

The recovery time, in clock periods, equals the re­
maining wait states that were avoided plus 4. 

6.4 Register Set Overview 

Altogether, there are four 8-bit internal registers as­
sociated with the Wait State Genertor. The port ad­
dress map of these registers is shown below in Ta­
ble 6-2. A detailed description of each follows. 

Table 6-2. Register Address Map 

Port Address Description 

72H Wait State Reg 0 (read/write) 
73H Wait State Reg 1 (read/write) 
74H Wait State Reg 2 (read/write) 
75H Ref. Wait State Reg (read/write) 

WAIT STATE REGISTER 0,1,2 

These three 8-bit read/write registers are functional­
ly identical. They are used to store the pre-pro­
grammed wait state count. One half of each register 
contains the wait state count for I/O accesses while 
the other half contains the count for memory ac­
cesses. The total number of wait states generated 
will depend on the type of bus cycle. For a non-pipe­
lined cycle, the actual number of wait states request­
ed is equal to the wait state count plus 1. For a 
pipelined cycle, the number of wait states will be 
equal to the wait state count in the selected register. 
Therefore, the Wait State Generator is capable of 
generating 1 to 16 wait states in non-pipelined 
mode, and 0 to 15 wait states in pipelined mode. 

Note that the minimum wait state count in each reg­
ister is O. This is equivalent to 0 wait states for a 
pipelined cycle and 1 wait state for a non-pipelined 
cycle. 

REFRESH WAIT STATE REGISTER 

Similar to the Wait State Registers discussed above, 
this 4-bit register is used to store the number of wait 
states to be generated during a DRAM refresh cycle. 

Note that the Refresh Wait State Register is not se­
lected by the WSC inputs. It will automatically be 
chosen whenever a DRAM refresh cycle occurs. If 
the Wait State Generator is disabled during the re­
fresh cycle (WSC (0-1) = 11), READYO# will stay 
inactive and the Refresh Wait State Register is ig­
nored. 

6.5 Programming 

Using the Wait State Generator is relatively straight­
forward. No special programming sequence is re­
quired. In order to ensure the expected number of 
wait states will be generated when a register is se­
lected, the registers to be used must be pro­
grammed after power-up by writing the appropriate 
wait state count into each register. Note that upon 
hardware reset, all Wait State Registers are initial­
ized with the value FFH, giving the maximum num­
ber of wait stales possible. Also, each register can 
be read to check the wait state count previously 
stored in the register. 

6.6 Register Bit Definition 

WAIT STATE REGISTER 0, 1, 2 

Port Address Description 

72H Wait State Register o (read/write) 
73H Wait State Register 1 (read/write) 
74H Wait State Register 2 (read/write) 

L-___ ----L-+ I/o WAIT 

STATE COUNT 

'-----........ -+ MEMORY WAIT STATE COUNT 

290164-88 

REFRESH WAIT STATE REGISTER 

Port Address: 75H (Read/Write) 

'--------'---+ REFRESH WAIT 
STATE COUNT 

290164-89 
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6.7 Application Issues 

6.7.1 EXTERNAL 'READY' CONTROL LOGIC 

As mentioned in section 6.3.3, wait state cycles gen­
erated by the 82370 can be terminated early or ex­
tended longer by means of additional external logic 
(see Figure 6-5). In order to ensure that the 
READY # input timing requirement of the 80376 and 
the 82370 is satisfied, special care must be taken 
when designing this external control logic. This sec­
tion addresses the design requirements. 

A simplified block diagram of the external logic along 
with the READY # timing diagram is shown in Figure 
6-8. The purpose is to determine the maximum delay 

time allowed in the external control logic in order to 
satisfy the READY # setup time. 

First, it will be assumed that the 80376 is running at 
16 MHz (Le. CLK2 is 32 MHz). Therefore, one bus 
state (two CLK2 periods) will be equivalent to 
62.5 ns. According to the AC specifications of the 
82370 the maximum delay time for valid READYO# 
Signal 'is 31 ns after the rising edge of CLK2 in the 
beginning of T2 (for non-pipe lined cycle) or T2P (for 
pipelined cycle). Also, the minimum READY # setup 
time of the 80376 and the 82370 should be 19 ns 
before the rising edge of CLK2 at the beginning of 
the next bus state. This limits the total delay time for 
the external READY # control logic to be 12.5 ns 
(62.5-31-19) in order to meet the READY# setup 
timing requirement. 

EXT. READY# EXT. NOT READY 

80376-16 
82370 

READY 
READY# 

l 
CONTROL READYO# 

LOGIC 

READY# 

~-------------A--------------~ 

CLK2 

READYO# -+--------1--''-----+----;---

A = PHI1 + PH12 = 62.5 ns 
B = Maximum READYO# Valid Delay = 35 ns 
C = READY # Setup Time = 20 ns 
D = Maximum Ready Control Logic Delay = A - B - C = 7.5 ns 

Figure 6-8. 'READY' Timing Consideration 
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7.0 DRAM REFRESH CONTROLLER 

7.1 Functional Description 

The 82370 DRAM Refresh Controller consists of a 
24-bit Refresh Address Counter and Refresh Re­
quest logic for DRAM refresh operations (see Figure 
7-1). TIMER 1 can be used as a trigger signal to the 
DRAM Refresh Request logic. The Refresh Bus Size 
can be programmed to be 8- or 16-bit wide. Depend­
ing on the Refresh Bus Size, the Refresh Address 
Counter will be incremented with the appropriate val­
ue after every refresh cycle. The internal logic of the 
82370 will give the Refresh operation the highest 
priority in the bus control arbitration process. Bus 
control is not released and re-requested if the 82370 
is already a bus master. 

7.2 Interface Signals 

7.2.1 TOUT1/REF# 

The dual function output pin of TIMER 1 
(TOUT1/REF#) can be programmed to generate 
DRAM Refresh signal. If this feature is enabled, the 
rising edge of TIMER 1 output (TOUT1 #) will trigger 
the DRAM Refresh Request logic. After some delay 
for gaining access of the bus, the 82370 DRAM Con­
troller will generate a DRAM Refresh signal by driv­
ing REF # output lOW. This Signal is cleared after 
the refresh cycle has taken place, or by a hardware 
reset. 

un TO 
(lNT ERNAL) DRAM 

REFRESH 
CONTROLLER 

If the DRAM Refresh feature is disabled, the 
TOUT1 IREF # output pin is simply the TIMER 1 out­
put. Detailed information of how TIMER 1 operates 
is discussed in section 6-Programmable Interval 
Timer, and will not be repeated here. 

7.3 Bus Function 

7.3.1 ARBITRATION 

In order to ensure data integrity of the DRAMs, the 
82370 gives the DRAM Refresh signal the highest 
priority in the arbitration logic. It allows DRAM Re­
fresh to interrupt DMA in progress in order to per­
form the DRAM Refresh cycle. The DMA service will 
be resumed after the refresh is done. 

In case of a DRAM Refresh during a DMA process, 
the cascaded device will be requested to get off the 
bus. This is done by de-asserting the EDACK signal. 
Once DREQn goes inactive, the 82370 will perform 
the refresh operation. Note that the DMA controller 
does not completely relinquish the system bus dur­
ing refresh. The Refresh Generator simply "steals" 
a bus cycle between DMA accesses. 

Figure 7-2 shows the timing diagram of a Refresh 
Cycle. Upon expiration of TIMER 1, the 82370 will try 
to take control of the system bus by asserting 
HOLD. As soon as the 82370 see HlDA go active, 
the DRAM Refresh Cycle will be carried out by acti­
vating the REF # Signal as well as the address and 
control signals on the system bus (Note that REF # 
will not be active until two ClK periods HlDA is as­
serted). The address bus will contain the 24-bit ad-

INTERNAL 
DMA 

HANDSHAKE DMA 
CONTROLLER H EDGE .~ 

DETECTOR 

I 24- BIT ~ 
ARBITRATION 

LOGIC 
ADDRESS 
COUNTER 

I TO DMA 

I 
CONTROLLER 

24- BIT (INTERNAL) 
REFRESH 

REF# 
2-TO-l ADDRESS 1 MUX 

Toun 
o select TOUn/REF # 

f 
REFRESH ENABLE (INTERNAL) 

290164-91 

Figure 7·1. DRAM Refresh Controller 
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dress currently in the Refresh Address Counter. The 
control signals are driven the same way as in a 
Memory Read cycle. This "read" operation is com­
plete when the READY# signal is driven lOW. 
Then, the 82370 will relinquish the bus by de-assert­
ing HOLD. Typically, a Refresh Cycle without wait 
states will take five bus states to execute. If "n" wait 
states are added, the Refresh Cycle will last for five 
plus "n" bus states. 

How often the Refresh Generator will initiate a re­
fresh cycle depends on the frequency of ClKIN as 
will as TIMER 1 's programmed mode of operation. 
For this specific application, TIMER 1 should be pro­
grammed to operate in Mode 2 to generate a con­
stant clock rate. See section 6-Programmable In­
terv~1 Timer for more information on programming 
the timer. One DRAM Refresh Cycle will be generat­
ed each time TIMER 1 expires (when TOUT1 chang­
es from lOW to HIGH). 

The Wait State Generator can be used to insert wait 
states during a refresh cycle. The 82370 will auto­
matically insert the desired number of wait states as 
programmed in the Refresh Wait State Register (see 
Wait State Generator). 

Tx Tx TI 

ClK2 

ClK 

HOLD +-__ ..../1 

7.4 Modes of Operation 

7.4.1 WORD SIZE AND REFRESH ADDRESS 
COUNTER 

The 82370 supports 8- and 16-bit refresh cycle. The 
bus width during a refresh cycle is programmable 
(see Prowamming). The bus size can be pro­
wammed ~Ia the Refresh Control Register (see Reg­
Ister Overview). If the DRAM bus size is 8- or 16-bits 
the Refresh Address Counter will be incremented by 
1 or 2, respectively. 

The Refresh Address Counter is cleared by a hard­
ware reset. 

7.5 Register Set Overview 

The Refresh Generator has two internal registers to 
control its operation. They are the Refresh Control 
Register and the Refresh Wait State Register. Their 
port address map is shown in Table 7-1 below. 

TI T1 T2 Ti 

HlDA +-----1-~I_-~ 

A(1-23),MjIO# ~~~~~~XX~~--t---t==j===);----+ BlE#,DjC# 
WjR#,BHE# 

TOUT1 

REF# +----+---+----1----1 
1'---+--.....11 

Figure 7-2. 82370 Refresh Cycle 
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Table 7-1. Register Address Map 

Port Address Description 

1CH Refresh Control Reg. (read/write) 
75H Ref. Wait State Reg. (read/write) 

The Refresh Wait State Register is not part of the 
Refresh Generator. It is only used to program the 
number of wait states to be inserted during a refresh 
cycle. This register is discussed in detailed in section 
7 (Wait State Generator) and will not be repeated 
here. 

REFRESH CONTROL REGISTER 

This 2-bit register serves two functions. First, it is 
used to enable/disable the DRAM Refresh function 
output. If disabled, the output of TIMER 1 is simply 
used as a general purpose timer. The second func­
tion of this register is to program the DRAM bus size 
for the refresh operation. The programmed bus size 
also determines how the Refresh Address Counter 
will be incremented after each refresh operation. 

7.6 Programming 

Upon hardware reset, the DRAM Refresh function is 
disabled (the Refresh Control Register is cleared). 
The following programming steps are needed before 
the Refresh Generator can be used. Since the rate 
of refresh cycles depends on how TIMER 1 is pro­
grammed, this timer must be initialized with the de-. 
sired mode of operation as well as the correct 
refresh interval (see Programming Interval Timer). 
Whether or not wait states are to be generated dur­
ing a refresh cycle, the Refresh Wait State Register 
must also be programmed with the appropriate val­
ue. Then, the DRAM Refresh feature must be en­
abled and the DRAM bus width should be defined. 
These can be done in one step by writing the appro-

priate control word into the Refresh Control Register 
(see Register Bit Definition). After these steps are 
done, the refresh operation will automatically be in­
voked by the Refresh Generator upon expiration of 
Timer 1. 

In addition to the above programming steps, it 
should be noted that after reset, although the 
TOUT1/REF# becomes the Time 1 output, the 
state of this pin in undefined. This is because the 
Timer module has not been initialized yet. Therefore, 
if this output is used as a DRAM Refresh signal, this 
pin should be disqualified by external logic until the 
Refresh function is enabled. One simple solution is 
to logically AND this output with HLDA, since HLDA 
should not be active after reset. 

7.7 Register Bit Definition 

REFRESH CONTROL REGISTER 

Port Address: 1 CH (Read/Write) 

8.0 RELOCATION REGISTER AND 
ADDRESS DECODE 

8.1 Relocation Register 

All the integrated peripheral devices in the 82370 
are controlled by a set of internal registers. These 
registers span a total of 256 consecutive address 
locations (although not all the 256 locations are 
used). The 82370 provides a Relocation Register 
which allows the user to map this set of internal reg­
isters into either the memory or I/O address space. 
The function of the Relocation Register is to define 
the base address of the internal register set of the 
82370 as well as if the registers are to be memory­
or I/O-mapped. The format of the Relocation Regis­
ter is depicted in Figure 9-1. 

MUST BE ZERO 
00 REf. DISABLED 
01 INTEL RESERVED 
10 BUS SIZE = 16 
11 BUS SIZE =8 

290164-93 
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07 06 05 04 03 02 01 DO 

FOR I/O MAPPED:AI5-A9 
FOR MEMORY MAPPED: A23-A 16 

o -I/o MAPPED 
I-MEMORY 

MAPPED 
290164-94 

Port Address: 7FH (Read/Write) 

Figure 8·1. Relocation Register 

Note that the Relocation Register is part of the inter· 
nal register set of the 82370. It has a port address of 
7FH. Therefore, any time the content of the Reloca­
tion Register is changed, the physical location of this 
register will also be moved. Upon reset of the 82370, 
the content of the Relocation Register will be 
Cleared. This implies that the 82370 will respond to 
its 1/0 addresses in the range of OOOOH to OOFFH. 

8.1.1 I/O-MAPPED 82370 

As shown in the figure, Bit 0 of the Relocation Regis­
ter determines whether the 82370 registers are to be 
memory-mapped or 1/0 mapped. When Bit 0 is set 
to '0', the 82370 will respond to 1/0 Addresses. Ad­
dress Signals BHE#, BLE#, A1-A7 will be used to 
select one of the internal registers to be accessed. 
Bit 1 to Bit 7 of the Relocation Register will corre­
spond to A9 to A 15 of the Address bus, respectively. 
Together with A8 implied to be '0', A15 to A8 will be 
fully decoded by the 82370. The following shows 
how the 82370 is mapped into the 1/0 address 
space. 

Example 

Relocation Register = 11001110 (OCEH) 

82370 will respond to 1/0 address range from 
OCEOOH to OCEFFH. 

Therefore, this 1/0 mapping mechanism allows the 
82370 internal registers to be located on any even, 
contiguous, 256 byte boundary of the system 1/0 
space. 

8.1.2 MEMORY·MAPPED 82370 

When Bit 0 of the Relocation Register is set to '1', 
the 82370 will respond to memory addresses. Again" 

Address signals BHE#, BLE#, A1-A7 will be used 
to select one of the internal registers to be ac­
cessed. Bit 1 to Bit 7 of the Relocation Register will 
correspond to A17-A23, respectively. A16 is as­
sumed to be '0', and A8-A15 are ignored. Consider 
the following example. ' 

Example 

Relocation Register = 10100111 (OA7H) 

The 82370 will respond to memory addresses in 
the range of A6XXOOH to A60XXFFH (where 'X' is 
don't care). 

This scheme implies that the internal registers can 
be located in any even, contiguous, 2· *16 byte page 
of the memory space. 

8.2 Address Decoding 

As mentioned previously, the 82370 internal regis­
ters do not occupy the entire contiguous 256 ad­
dress locations. Some of the locations are 'unoccu­
pied'. The 82370 always decodes the lower 8 ad­
dress signals (BHE#, BLE#, A1-A7) to determine if 
anyone of its registers is being accessed. If the ad­
dress does not correspond to any of its registers, the 
82370 will not respond. This allows external devices 
to be located within the 'holes' in the 82370 address 
space. Note that there are several unused address­
es reserved for future Intel peripheral devices. 

8.3 Chip-Select (CHPSEL#) 

The Chip-Select signal (CHPSEL#) will go active 
when the 82370 is addressed in a Slave bus 
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CLK2 

ADS# 

82370 
NOT ACCESSED 

11 T2 Tl 

82370 
ACCESSED- 2 WAIT STATES 

T2 T2 T2 

CHPSEL# t==~~~rr--l~~~.u.-+---I----+ 
READY# 

290164-95 

Figure 8-2. CHPSEL# Timing 

cycle (either read or write), or in an interrupt ac­
knowledge cycle in which the 82370 will drive the 
Data Bus. For a given bus cycle, CHPSEL# be­
comes active and valid in the first T2 (in a non-pipe­
lined cycle) or in T1 P (in a pipelined cycle). It will 
stay valid until the cycle is terminated by READY # 
driven active. As CHPSEL# becomes valid well be­
fore the 82370 drives the Data Bus, it can be used to 
control the transceivers that connect the local CPU 
bus to the system bus. The timing diagram of 
CHPSEL# is shown in Figure 8-2. 

9.0 CPU RESET AND SHUTDOWN 
DETECT 

The 82370 will activate the CPURST signal to reset 
the host processor when one of the following condi­
tions occurs: 

- 82370 RESET is active; 

- 82370 detects a 80376 Shutdown cycle (this fea-
ture can be disabled); 

- CPURST software command is issued to 80376. 

Whenever the CPURST signal is activated, . the 
82370 will reset its own internal Slave-Bus state ma­
chine. 

9.1 Hardware Reset 

Following a hardware reset, the 82370 will assert its 
CPURST output to reset the host processor. This 
output will stay active for as long as the RESET input 
is active. During a hardware reset, the 82370 internal 
registers will be initialized as defined in the corre-
sponding functional descriptions. . 

9.2 Software Reset 

CPURST can be generated by writing the following 
bit pattern into 82370 register location 64H. 

07 DO 
1111XXXO 

The Write operation into this port is considered as 
an 82370 access and the internal Wait State Gener­
ator will automatically determine the required num­
ber of wait states. The CPURST will be active follow­
ing the completion of the Write cycle to this port. 
This signal will last for 62 CLK2 periods. The 82370 
should not be accessed until the CPURST is deacti­
vated. 

This internal port is Write-Only and the 82370 will 
not respond to a Read operation to this location. 
Also, during a software reset command, the 82370 
will reset its Slave-Bus state machine. However, its 
internal registers remain unchanged. This allows the 
operating system to distinguish a 'war~' reset by 
reading any 82370 internal register previously pro­
grammed for a non-default value. The Diagnostic 
registers can be used for this purpose (see Internal 
Control and Diagnostic Ports). 

9.3 Shutdown Detect 

The 82370 is constantly monitoring the Bus Cycle 
Definition signals ·(M/IO#, D/C#, W/R#) and is 
able to detect when the 80376 is in a Shutdown bus 
cycle. Upon detection of a processor shutdown, the 
82370 will activate the CPURST output for 62 CLK2 
periods to reset lhe host processor. This signal is 
generated after the Shutdown cycle is· terminated by 
the READY # signal. 
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Although the 82370 Wait State Generator will not 
automatically respond to a Shutdown (or Halt) cycle, 
the Wait State Control inputs (WSCO, WSC1) can be 
u'sed to determine the number of wait states in the 
same manner as other non-82370 bus cycles. 

This Shutdown Detect feature can be enabled or dis­
abled by writing a control bit in the Internal Control 
Port at address 61 H (see Internal Control andDiag­
nostic Ports). This feature is disabled upon a hard­
ware reset of the 82370. As in the case of Software 
Reset, the 82370 will reset its Slave-Bus state ma­
chine but will not change any of its internal register 
contents. 

10.0 INTERNAL CONTROL AND 
DIAGNOSTIC PORTS 

10.1 Internal Control Port 

The format of the Internal Control Port of the 82370 
is shown in Figure 10-1. This Control Port is used to 
enable/disable the Processor Shutdown Detect 
mechanism as well as controlling the Gate inputs of 
the Timer 2 and 3. Note that this is a Write-Only port. 
Therefore, the 82370 will not respond to a read op­
eration to this port. Upon hardware reset, this port 
will be cleared; Le" the Shutdown Detect feature 
and the Gate inputs of Timer 2 and 3 are disabled. 

Port Address: 61 H (Write only) 

10.2 Diagnostic Ports 

Two 8-bit read/write Diagnostic Ports are provided 
in the 82370. These are two storage registers and 
have no effect on the operation of the 82370. They 
can be used to store checkpoint data or error codes 
in the power-on sequence and in the diagnostic 
service routines. As mentioned in the CPU RESET 
AND SHUTDOWN DETECT section, these Diagnos­
tic Ports can be used to distinguish between 'cold' 
and 'warm' reset. Upon hardware reset, both Diag­
nostic Ports are cleared, The address map of these 
Diagnostic Ports is shown in Figure 10-2. 

Port Address 

Diagnostic Port 1 (Read/Write) 80H 
Diagnostic Port 2 (Read/Write) 88H 

Figure 10·2. Address Map of Diagnostic Ports 

11.0 INTEL RESERVED I/O PORTS 

There are nineteen I/O ports in the 82370 address 
space which are reserved for Intel future peripheral 
device use only. Their address locations are: 10H, 
12H, 14H, 16H, 2AH, 3DH, 3EH, 45H, 46H, 76H, 
77H, 7DH, 7EH, CCH, CDH, DOH, D2H, D4H, and 
D6H, These addresses should not be used in the 
system since the 82370 will respond to read/write 
operations to these locations and bus contention 
may occur if any peripheral is assigned to the same 
address location. 

07 06 05 04 03 02 01 00 

290164-96 

Figure 10·1. Internal Control Port 
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12.0 PACKAGE THERMAL 
SPECIFICATIONS 

calculated from the 0jc and 0ja from the following 
equations: 

TJ = Tc. + P*OjC 

TA= Tj - P*Oja 

Tc = Ta + P*[Oja - 0jd 

The intel 82370 Integrated System Peripheral is 
specified for operation when case temperature is 
within the range of DoC to 78°C for the ceramic 
132-pin PGA package, and 68°C for the 1 ~O-pin 
plastic package. The case temperature may be mea­
sured in any environment, to determine whether the 
82370 is within specified operating range. The case 
temperature should be measured at the center of 
the top surface opposite the pins. 

The ambient temperature is guaranteed as long as 
T c is not violated. The ambient temperature can be 

Values for 0ja and 0jc are given in Table 12.1 for the 
100-lead fine pitch. 0ja is given at various airflows. 
Table 12.2 shows the maximum Ta allowable (with­
out exceeding T d at various airflows. Note that T a 
can be improved further by attaching "fins" or a 
"heat sink" to the package. P is calculated using the 
maximum hot Icc. 

Table 12.1 82370 Package Thermal Characteristics 
Thermal Resistances CC/Watt) Ole and 0la 

I I I 3 I 3 I 
Package Ole 

0ja Versus Airflow-ft3/min (m3/sec) 

0 200 400 600 800 1000 
(O) (1.01) (2.03) (3.04) (4.06) (S.07) 

1 DOL Fine Pitch 7 33 27 24 21 18 17 

132L PGA 2 21 17 14 12 11 10 

Table 12.282370 Maximum Allowable Ambient 
Temperature at Various Airflows 

Package Ole 

1 DOL Fine Pitch 7 

132L PGA 2 

1 OOL PQFP Pkg: 
Te ~ Ta + P'(Bja - Bjd 
Te ~ 63 + 220 mA(33 - 7) 
T e ~. 63 + 220 mA(26) 
Te ~ 63 + 5.72 
Te ~ 68.7 

I I I 3 I 3 I 
T a{c) Versus Airflow-ft3/min (m3/sec:) 

0 
(O) 

63 

74 

200 400 600 800 
(1.01) (2.03) (3.04) (4.06) 

74 79 85 

83 88 93 

132L PGA Pkg: 
Te ~ Ta + P'(Bja - Bjd 
Te ~ 74 + 220 mA(21 - 2) 
Te ~ 74 + 220 mA(19) 
Te ~ 74 + 4.18 
Te ~ 78.2 

4-222 

91 

97 

1000 
(S.07) 

92 

99 



infef 82370 

13.0 ELECTRICAL SPECIFICATIONS 

82370 D.C. Specifications Functional Operating Range: 
Vee = 5.0V ± 1 0%; TeASE = O'C to 78'C for 132-pin PGA, O'C to 68'C for 100-pin plastic 

Symbol Parameter Description Min Max Units Notes 

VIL Input Low Voltage -0.3 0.8 V (Note 1) 

VIH Input High Voltage 2.0 Vee + 0.3 V 

VILe CLK2 Input Low Voltage -0.3 0.8 V (Note 1) 

VI He CLK2 Input High Voltage Vee - 0.8 Vee + 0.3 V 

VOL Output Low Voltage 
IOL = 4 mA: 0.45 V 

A1-23, 00'-15, BHE#, BLE# 
IOL = 5 mA: 0.45 V 

All Others 

VOH Output High Voltage 

IOH = -1 mA A23-A1, 015-00, BHE#, BLE# 2.4 V (Note 5) 

IOH = -0.2mA A23-A1, 015-00, BHE#, BLE# Vee - 0.5 V (Note 5) 

IOH = -0.9mA All Others 2.4 V (Note 5) 

IOH = -0.18 mA All Others Vee - 0.5 V (Note 5) 

III Input Leakage Current ±15 /-LA 
All Inputs Except: 

IRQ11 #-IRQ23# 
EOP#, TOUT2/IRQ3# 
OREQ4/IRQ9# 

ILl1 Input Leakage Current 10 -300 /-LA 0< VIN < Vee 
Inputs: (Note 3) 

IRQ11 # -IRQ23# 
EOP#, TOUT2/1RQ3 
OREQ4/1RQ9 

ILO Output Leakage Current ±15 /-LA 0< VIN < Vee 

lee Supply Current (CLK2 = 32 MHz) 220 mA (Note 4) 

CI Input Capacitance 12 pF (Note 2) 

CeLK CLK2 Input Capacitance 20 pF (Note 2) 

NOTES: 
1. Minimum value is not 100% tested. 
2. fc = 1 MHz; sampled only. 
3. These pins have weak internal pull ups. They sould not be left floating. 
4. Icc is specified with inputs driven to CMOS levels, and outputs driving CMOS loads. Icc may be higher if inputs are driven 
to TTL levels, or if outputs are driving TTL loads. 
5. Tested at the minimum operating frequency of the part. 
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CLK2 [ 2V 

-A· 

MIN MAX 

3.0V~~E]]~ VALID VALID 
OUTPUT" 1.5V 1.5V OUTPUT "+1 

OV 

3.0V '""'~--+--_"""~ 

LEGEND: 
A-Maximum output delay specification 
8-Minimum output delay specification 
C-Minimum input setup specification 
D-Minimum input hold specification 

290164-97 

Figure 13-1. Drive Levels and Measurement Points forA.C. Specification 

82370 A.C. Specifications These A.C. timings are tested at 1.5V thresholds, except as noted. 
Functional Operating Range: Vee = 5.0V ± 1 0%; TeASE = O°C to 7BoCfor 132-pin PGA, O°C to 6BoC for 
100·pin plastic 

Symbol Parameter Description Min Max Units Notes 

Operating Frequency 1 I (t1 a x 2) 4 16 .. MHz 

t1 CLK2 Period 31 125 ns 

t2a CLK2 High Time 9 ns At2.0V 
t2b CLK2 High Time 5 ns At Vee - O.BV 
t3a CLK2 Low Time . 9 ns At2.0V 
t3b CLK2 Low Time 7 ns At O.BV 
t4 . CLK2 Fall Time 7 ns Vee - O.BV to O.BV 
t5 CLK2 Rise Time 7 ns O.BV to Vee - O.BV 

t6 A1-A23, BHE#, BLE# 4 36 ns CL = 120 pF 
EDACKO-EDACK2 Valid Delay 

t7 A1-A23, BHE#, BLE# 4 40 ns (Note 1) 
EDACKO-EDACK3 Float Delay 

tB A1-A23, BHE#, BLE# Setup Time 6 ns 
t9 A 1-A23, BHE #, BLE # Hold Time 4 ns 

t10 W/R#, M/IO#, D/C# Valid Delay 4 33 ns CL = 75 pF 
ti1 W/R#, M/IO#, D/C# Float Delay 4 35 ns (Note 1) 
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82370 A.C. Specifications These A.C. timings are tested at 1.5V thresholds, except as noted. 
Functional Operating Range: V CC = 5.0V ± 10%; T CASE = O°C to 78°C for 132-pin PGA, O°C to 68°C for 
100-pin plastic (Continued) 

Symbol Parameter Description Min Max Units Notes 

t12 W/R#, M/IO#, O/C# Setup Time 6 ns 
t13 W/R#, MIIO#, O/C# Hold Time 4 ns 

t14 AOS# Valid Delay 6 33 ns CL = 50 pF 
t15 AOS# Float Delay 4 35 ns (Note 1) 

t16 AOS# Setup Time 21 ns 
t17 AOS# Hold Time 4 ns 

t18 Slave Mode 00-015 Read Valid 3 46 ns CL = 120 pF 
t19 Slave Mode 00-015 Read Float 6 35 ns (Note 1) 

t20 Slave Mode 00-015 Write Setup 31 ns 
t21 Slave Mode 00-015 Write Hold 26 ns 

t22 Master Mode 00-015 Write Valid 4 40 ns CL = 120 pF 
t23 Master Mode 00-015 Write Float 4 35 ns (Note 1) 

t24 Master Mode 00-015 Read Setup 8 ns 
t25 Master Mode 00-015 Read Hold 6 ns 

t26 READY # Setup Time 19 ns 
t27 READY # Hold Time 4 ns 

t28 WSCO-WSC1 Setup Time 6 ns 
t29 WSCO-WSC1 Hold Time 21 ns 

t30 RESET Setup Time 13 ns 
t31 RESET Hold Time 4 ns 

t32 READYO# Valid Delay 4 31 ns CL = 25 pF 

t33 CPURST Valid Delay (Falling Edge Only) 2 18 ns CL = 50 pF 

t34 HOLD Valid Delay 5 33 ns CL = 100 pF 

t35 HLDA Setup Time 21 ns 
t36 .HLDA Hold Time 6 ns 

t37a EOP# Setup (Synchronous) 21 ns 
t38a EOP# Hold (Synchronous) 6 ns 

t37b EOP# Setup (Asynchronous) 11 ns 
t38b EOP# Hold (Asynchronous) 11 ns 

t39 EOP# Valid Delay (Falling Edge Only) 5 38 ns CL = 100 pF 
t40 EOP# Float Delay 5 40 ns (Note 1) 

t41a DREQ Setup (Synchronous) 21 ns 
t42a DREQ Hold (Synchronous) 4 ns 

t41b DREQ Setup (Asynchronous) 11 ns 
t42b DREQ Hold (Asynchronous) 11 ns 

t43 INT Valid Delay from IRQn 500 ns 

t44 NA# Setup Time 5 ns 
t45 NA# Hold Time 15 ns 
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82370 A.C. Specifications These A.C. timings are tested at 1.5V thresholds, except as noted. 
Functional Operating Range: Vcc = 5.0V ± 10%; T CASE = O°C to 78°C for 132-pin PGA, O°C to 68°C for 
100-pin plastic (Continued) 

Symbol Parameter Description Min Max Units Notes 

t46 ClKIN Frequency DC 10 MHz 
t47 ClKIN High Time 30 ns 2.0V 
t48 ClKIN low Time 50 ns 0.8V 
t49 ClKIN Rise Time 10 ns 0.8Vto 3.7V 
t50 ClKIN Fall Time 10 ns 3.7V to 0.8V 

TOUT1 # IREF # Valid Delay 
t51 from ClK2 (Refresh) 4 36 ns CL = 120 pF 
t52 from ClKIN (Timer) 3 93 ns CL = 120 pF 

t53 TOUT2# Valid Delay 3 93 ns CL = 120 pf 
(from ClKIN, Falling Edge Only) 

t54 TOUT2 # Float Delay 3 36 ns (Note 1) 

t55 TOUT3 # Valid Delay 3 93 ns CL = 120 pF 
(from ClKIN) 

t56 CHPSEl# Valid Delay 1 35 ns CL = 25 pF 

NOTE: 
1. Float condition occurs when the maximum output current becomes less than ILO in magnitude. Float delay is not tested. 
For testing purposes, the float condition occurs when the dynamic output driven voltage changes with current loads. 

82370 
OUTPUT~ 

. ~CL 

CL indicates all parasitic capacitances. 
290164-98 

Figure 13-2. A.C. Test Load 

290164-99 

Figure 13-3 
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INPUT 5ET- UP AND HOLD TIMING (CONT.) 

Tx 
PHil PHI2 PHil PHI2 PHil PHI2 

CLK2 

NA# 

W5C(O-I) 

PHil PHI2 PHil PHI2 PHil PHI2 

CLK2 

A(I-A23). BHE#. BLE# --------i==:t========1==1-----
W/R#. M/IO#. O/C# --------t==t:==========1-----

REAOY# --------i==:t==}--------------
A05#----------1==1==~----------------

HLOA---------------1==:t==)------------------------
0(0-15) (OMA Read) ---------i==t==}--------------
0(0-15) (CPU Write) --------i==!==}~-------------

EOP#------------i==:t==}--------------------
OREQ(O-7)------------{==t==}-----------------------

290164-AO 

Figure 13-4. Input Setup and Hold Timing 
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Tx 

, , PHI x I PHI2 I PHil I PHIZ 

CLK2 ~,' 

RESET --------

Hold Setup 

Tx 
, PHI2 I PHil I PHI2 , 

CLK2 

r- T33MIN. 
CPURST -----------~~~ 

i- T33 MAX. 
290164-Al 

Figure 13-5. Reset Timing 

Tx Tx Tx 

CLK2 --J ~~~ 
A 1 - 23. BHE#. BLE# 

A 1 - 23. BHE#. BLE# 
EDACK(O- 2) 

A 1 - 23. BHE#. BLE# 

ADS# 

ADS# 

ADS# 

HOLD 

CHPSEL# 

--

!---I~ 
J(XX 
1-

T6Mox 
-. T6Mln 
1-
~XXX -

T6Mox 
-. T7Mln 
1-:xxx 
1-

::::IT14Mln 
T7Mox 

XXXX -
T14Max 

-. T14Mln 
1-
:XXX 
1-

T14Max 
-. T15Mln 1m-
1-

T15Max 
-. T34Mln 

'1/// 

I r-T56~~n 
T34Mox 

i\.\\\\\. 
II 

,I T56Max 

Figure 13-6. Address Output Delays 
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290164-A3 

Figure 13·7. Data Bus Output Oelays 

CLK2 

W/R#. M/IO#.D/C# -----------j-....I]~~I'I'_-------------

W/R#. M/IO#.D/C# :=========l~~~~-----~-------

W/R#. M/IO#.D/c# ----------+-1~~*============== 

READYO# ----------~~.IJ'I~LYf'--------------

EOP# 

EOP# 

REF# ___________________ -j-....I]~~I'I'_--------------------

290164-A4 

Figure 13-8. Control Output Oelays 
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ClKIN 

TOUT1 __________________ ~,~~~-----------------------------------

TOUT2# ------------------h~'" 

TOUT2# ------------------t:~__J 

TOUT3# --------t~~~:s.:;;_-------------
290164-A5 

Figure 13-9. Timer Output Delays 

14.0 REVISION HISTORY 

This 82370 data sheet, version -002, contains updates and improvements to previous versions. A revision 
summary is listed here for your convenience. 

The sections significantly revised since version -001 are: 

- Section 12.0 Electrical Characteristics renumbered Section 13.0. 

- Section 12.0 Package Thermal Specifications added. 

- Section 13.0 Electrical Specifications updated T CASE, VOH, Icc, T 33, T 39, Figure 13.6. 
- Appendix C, Programming the 82370 Interrupt Controllers, added. 

- Appendix 0, System Notes, added. 

- Section 14.0 Revision History added. 
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APPENDIX A 
PORTS LISTED BY ADDRESS 

Port Address 
Description (HEX) 

00 Read/Write DMA Channel 0 Target Address, AO-A 15 
01 Read/Write DMA Channel 0 Byte Count, BO- B 15 
02 Read/Write DMA Channel 1 Target Address, AO-A 15 
03 Read/Write DMA Channel 1 Byte Count, BO-B15 
04 Read/Write DMA Channel 2 Target Address, AO-A 15 
05 Read/Write DMA Channel 2 Byte Count, BO-B15 
06 Read/Write DMA Channel 3 Target Address, AO-A 15 
07 Read/Write DMA Channel 3 Byte Count, BO-B15 
08 Read/Write DMA Channel 0-3 Status/Command I Register 
09 Read/Write DMA Channel 0-3 Software Request Register 
OA Write DMA Channel 0-3 Set-Reset Mask Register 
OB Write DMA Channel 0-3 Mode Register I 
OC Write Clear Byte-Pointer FF 
00 Write DMA Master-Clear 
OE Write DMA Channel 0-3 Clear Mask Register 
OF Read/Write DMA Channel 0-3 Mask Register 
10 Intel Reserved 
11 Read/Write DMA Channel 0 Byte Count, B16-B23 
12 Intel Reserved 
13 Read/Write DMA Channel 1 Byte Count, B16-B23 
14 Intel Reserved 
15 Read/Write DMA Channel 2 Byte Count, B16-B23 
16 Intel Reserved 
17 Read/Write DMA Channel 3 Byte Count, B16-B23 
18 Write DMA Channel 0-3 Bus Size Register 
19 Read/Write DMA Channel 0-3 Chaining Register 
1A Write DMA Channel 0-3 Command Register II 
1B Write DMA Channel 0-3 Mode Register II 
1C Read/Write Refresh Control Register 
1E Reset Software Request Interrupt 
20 Write Bank B ICW1, DCW2 or DCW3 

Read Bank B Poll, Interrupt Request or In-Service 
Status Register 

21 Write Bank B ICW2, ICW3, ICW4 or DCW1 
Read Bank B Interrupt Mask Register 

22 Read Bank B ICW2 
28 Read/Write IR08 Vector Register 
29 Read/Write IR09 Vector Register 
2A Reserved 
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Port Address Description (HEX) 

2B Read/Write IRQ11 Vector Register 
2C Read/Write IRQ12 Vector Register 
20 Read/Write IRQ13 Vector Register 
2E Read/Write IRQ14 Vector Register 
2F Read/Write IRQ15 Vector Register 
30 Write Bank A ICW1, OCW2 or OCW3 

Read Bank A Poll, Interrupt Request or In-Service 
Status Register 

31 Write Bank A ICW2, ICW3, ICW4 or OCW1 
Read Bank A Interrupt Mask Register 

32 Read Bank A ICW2 
38 Read/Write IRQO Vector Register 
39 Read/Write IRQ1 Vector Register 
3A Read/Write IRQ1.5 Vector Register 
3B Read/Write IRQ3 Vector Register 
3C Read/Write IRQ4 Vector Register 

.30 Reserved 
3E Reserved 
3F Read/Write IRQ7Vector Register 
40 Read/Write Counter 0 Register 
41 Read/Write Counter 1 Register 
42 Read/Write Counter 2 Register 
43 Write Control Word Register I-Counter 0, 1, 2 
44 Read/Write Counter 3 Register 
45 Reserved 
46 Reserved 
47 Write Word Register II-Counter 3 
61 Write Internal Control Port 
64 Write CPU Reset Register (Data-1111 XXXOH) 
72 Read/Write Wait State Register 0 
73 Read/Write Wait State Register 1 
74 Read/Write Wait State Register 2 
75 Read/Write ·Refresh Wait State Register 
76 Reserved 
77 Reserved 
70 Reserved 
7E Reserved 
7F Read/Write Relocation Register 
80 Read/Write Internal Diagnostic Port 0 
81 Read/Write DMA Channel 2 Target Address, A 16-A23 
82 Read/Write DMA Channel 3 Target Address, A 16-A23 
83 Read/Write DMA Channel 1 Target Address, A16-A23 
87 Read/Write DMA Channel 0 Target Address, A16-A23 
88 Read/Write Internal Diagnostic Port 1 
89 Read/Write DMA Channel 6 Target Address, A 16-A23 
8A Read/Write DMA Channel 7 Target Address, A 16-A23 
8B Read/Write DMA Chanliel 5 Target Address, A 16-A23 
8F Read/Write DMA Channel 4 Target Address, A16-A23 
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Port Address 
Description 

(HEX) 

90 Read/Write OMA Channel 0 Requester Address, AO-A 15 
91 Read/Write OMA Channel 0 Requester Address, A 16-A23 
92 Read/Write OMA Channel 1 Requester Address, AO-A 15 
93 Read/Write OMA Channel 1 Requester Address, A 16-A23 
94 Read/Write OMA Channel 2 Requester Address, AO-A 15 
95 Read/Write OMA Channel 2 Requester Address, A 16-A23 
96 Read/Write OMA Channel 3 Requester Address, AO-A 15 
97 Read/Write DMA Channel 3 Requester Address, A 16-A23 
98 Read/Write OMA Channel 4 Requester Address, AO-A 15 
99 Read/Write DMA Channel 4 Requester Address, A 16-A23 
9A Read/Write DMA Channel 5 Requester Address, AO-A 15 
9B Read/Write OMA Channel 5 Requester Address, A16-A23 
9C Read/Write DMA Channel 6 Requester Address, AO-A 15 
90 Read/Write OMA Channel 6 Requester Address, A16-A23 
9E Read/Write DMA Channel 7 Requester Address, AO-A 15 
9F Read/Write OMA Channel 7 Requester Address, A16-A23 
AO Write Bank C ICW1, OCW2 or OCW3 

Read Bank C Poll, Interrupt Request or In-Service 
Status Register 

A1 Write Bank C ICW2, ICW3, ICW4 or OCW1 
Read Bank C Interrupt Mask Register 

A2 Read Bank C ICW2 
A8 Read/Write IRQ16 Vector Register 
A9 Read/Write IRQ17 Vector Register 
AA Read/Write IRQ18 Vector Register 
AB Read/Write IRQ19 Vector Register 
AC Read/Write IRQ20 Vector Register 
AD Read/Write IRQ21 Vector Register 
AE Read/Write IRQ22 Vector Register 
AF Read/Write IRQ23 Vector Register 
CO Read/Write OMA Channel 4 Target Address, AO-A15 
C1 Read/Write OMA Channel 4 Byte Count, BO-B15 
C2 Read/Write OMA Channel 5 Target Address, AO-A15 
C3 Read/Write OMA Channel 5 Byte Count, BO-B15 
C4 Read/Write OMA Channel 6 Target Address, AO-A15 
C5 Read/Write OMA Channel 6 Byte Count, BO-B15 
C6 Read/Write DMA Channel 7 Target Address, AO-A 15 
C7 Read/Write OMA Channel 7 Byte Count, BO-B15 
C8 Read DMA Channel 4-7 Status/Command I Register 
C9 Read/Write DMA Channel 4-7 Software Request Register 
CA Write DMA Channel 4-7 Set-Reset Mask Register 
CB Write OMA Channel 4-7 Mode Register I 
CC Reserved 
CD Reserved 
CE Write DMA Channel 4-7 Clear Mask Register 
CF Read/Write DMA Channel 4-7 Mask Register 
DO Intel Reserved 
01 Read/Write OMA Channel 4 Byte Count, B16-B23 
02 Intel Reserved 
03 Read/Write OMA Channel 5 Byte Count, B16-B23 
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Port Address . Description 
(HEX) 

04 Intel Reserved 
05 Read/Write OMA Channel 6 Byte Count, B16-B23 
06 Intel Reserved 
07 Read/Write OMA Channel 7 Byte Count, B16-B23 
08 Write OMA Channel 4-7 Bus Size Register 
09 Read/Write OMA Channel 4-7 Chaining Register 
OA Write OMA Channel 4-7 Command Register II 
OB Write OMA Channel 4-7 Mode Register II 
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APPENDIX B 
PORTS LISTED BY FUNCTION 

Port Address 
Description 

(HEX) 

DMA CONTROLLER 

00 Write DMA Master-Clear 
OC Write DMA Clear Byte-Pointer FF 

08 Read/Write DMA Channel 0-3 Status/Command I Register 
C8 Read/Write DMA Channel 4-7 Status/Command I Register 
1A Write DMA Channel 0-3 Command Register II 
DA Write DMA Channel 4-7 Command Register II 

OB Write DMA Channel 0-3 Mode Register I 
CB Write DMA Channel 4-7 Mode Register I 
1B Write DMA Channel 0-3 Mode Register II 
DB Write DMA Channel 4-7 Mode Register II 

09 Read/Write DMA Channel 0-3 Software Request Register 
C9 Read/Write DMA Channel 4-7 Software Request Register 
1E Reset Software Request Interrupt 

OE Write DMA Channel 0-3 Clear Mask Register 
CE Write DMA Channel 4-7 Clear Mask Register 
OF Read/Write DMA Channel 0-3 Mask Register 
CF Read/Write DMA Channel 4-7 Mask Register 
OA Write DMA Channel 0-3 Set-Reset Mask Register 
CA Write DMA Channel 4-7 Set-Reset Mask Register 

18 Write DMA Channel 0-3 Bus Size Register 
08 Write DMA Channel 4-7 Bus Size Register 

19 Read/Write DMA Channel 0-3 Chaining Register 
09 Read/Write DMA Channel 4-7 Chaining Register 

00 Read/Write DMA Channel 0 Target Address, AO-A 15 
87 Read/Write DMA Channel 0 Target Address, A16-A23 
01 Read/Writs DMA Channel 0 Byte Count, BO-B15 
11 Read/Write DMA Channel 0 Byte Count, B16-B23 
90 Read/Write DMA Channel 0 Requester Address, AO-A 15 
91 Read/Write DMA Channel 0 Requester Address, A 16-A23 
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Port Address Description (HEX) 

DMA CONTROLLER (Continued) 

02 Read/Write OMA Channel 1 Target Address, AO-A15 
83 Read/Write OMA Channel 1 Target Address, A16-A23 
03 Read/Write OMA Channel 1 8yte Count, 80-815 
13 Read/Write OMA Channel 1 8yte Count, 816-823 
92 Read/Write OMA Channel 1 Requester Address, AO-A 15 
93 Read/Write OMA Channel 1 Requester Address, A 16-A23 

04 Read/Write OMA Channel 2 Target Address, AO-A15 
81 Read/Write OMA Channel 2 Target Address, A 16-A23 
05 Read/Write OMA Channel 2 8yte Count, 80-815 
15 Read/Write OMA Channel 2 8yte Count, 816-823 

.94 Read/Write OMA Channel 2 Requester Address, AO-A 15 
95 Read/Write OMA Channel 2 Requester Address, A 16-A23 

06 Read/Write OMA Channel 3 Target Address, AO-A 15 
82 Read/Write OMA Channel 3 Target Address, A16-A23 
07 Read/Write OMA Channel 3 8yte Count, 80-815 
17 Read/Write OMA Channel 3 8yte Count, 816-823 
96 Read/Write OMA Channel 3 Requester Address, AO-A15 
97 Read/Write OMA Channel 3 Requester Address, A 16-A23 

CO Read/Write OMA Channel 4 Target Address, AO-A 15 
8F Read/Write OMA Channel 4 Target Address, A 16-A23 
C1 Read/Write OMA Channel 4 8yte Count, 80-815 
01 Read/Write OMA Channel 4 8yte Count, 816-823 
98 Read/Write OMA Channel 4 Requester Address, AO-A 15 
99 Read/Write OMA Channel 4 Requester Address, A16-A23 

C2 Read/Write OMA Channel 5 Target Address, AO-A 15 
88 Read/Write OMA Channel 5 Target Address, A 16-A23 
C3 Read/Write OMA Channel 5 8yte Count, 80-815 
03 Read/Write OMA Channel 5 8yte Count, 816-823 
9A Read/Write OMA Channel 5 Requester Address, AO-A 15 
98 Read/Write OMA Channel 5 Requester Address, A16-A23 

C4 Read/Write OMA Channel 6 Target Address, AO-A 15 
89 Read/Write OMA Channel 6 Target Address, A 16-A23 
C5 Read/Write OMA Channel 6 8yte Count, 80-815 
05 Read/Write OMA Channel 6 8yte Count, 816-823 
9C Read/Write OMA Channel 6 Requester Address, AO-A 15 
90 Read/Write OMA Channel 6 Requester Address, A16-A23 

C6 Read/Write OMA Channel 7 Target Address, AO-A 15 
8A Read/Write OMA Channel 7 Target Address, A 16-A23 
C7 Read/Write OMA Channel 7 8yte Count, 80-815 
07 Read/Write OMA Channel 7 8yte Count, 816-823 
9E Read/Write OMA Channel 7 Requester Address, AO-A 15 
9F Read/Write OMA Channel 7 Requester Address, A 16-A23 
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Port Address 
Description 

(HEX) 

INTERRUPT CONTROLLER 

20 Write Bank B ICW1, OCW2 or OCW3 
Read Bank B Poll, Interrupt Request or In-Service 
Status Register 

21 Write Bank B ICW2, ICW3, ICW4 or OCW1 
Read Bank B Interrupt Mask Register 

22 Read Bank B ICW2 
28 Read/Write IRQ8 Vector Register 
29 Read/Write IRQ9 Vector Register 
2A Reserved 
2B Read/Write IRQ11 Vector Register 
2C Read/Write IRQ12 Vector Register 
2D Read/Write IRQ13 Vector Register 
2E Read/Write IRQ14 Vector Register 
2F Read/Write IRQ15 Vector Register 

AO Write Bank C ICW1, OCW2 or OCW3 
Read Bank C Poll, Interrupt Request or In-Service 
Status Register 

A1 Write Bank C ICW2, ICW3, ICW4 or OCW1 
Read Bank C Interrupt Mask Register 

A2 Read Bank C ICW2 
A8 Read/Write IRQ16 Vector Register 
A9 Read/Write IRQ17 Vector Register 
AA Read/Write IRQ18 Vector Register 
AB Read/Write IRQ19 Vector Register 
AC Read/Write IRQ20 Vector Register 
AD Read/Write IRQ21 Vector Register 
AE Read/Write IRQ22 Vector Register 
AF Read/Write IRQ23 Vector Register 

30 Write Bank A ICW1, OCW2 or OCW3 
Read Bank A Poll, Interrupt Request or In-Service 
Status Register 

31 Write Bank A ICW2, ICW3, ICW4 or OCW1 
Read Bank A Interrupt Mask Register 

32 Read Bank A ICW2 
38 Read/Write IRQO Vector Register 
39 Read/Write IRQ1 Vector Register 
3A Read/Write IRQ1.5 Vector Register 
3B Read/Write IRQ3 Vector Register 
3C Read/Write IRQ4 Vector Register 
3D Reserved 
3E Reserved 
3F Read/Write IRQ7 Vector Register 
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Port Address 
Description 

(HEX) 

PROGRAMMABLE INTERVAL TIMER 

40 Read/Write Counter 0 Register 
41 Read/Write Counter 1 Register 
42 Read/Write Counter 2 Register 
43 Write Control Word Register I-Counter 0, 1, 2 
44 Read/Write Counter 3 Register 
47 Write Word Register II-Counter 3 

CPU RESET 

64 Write CPU Reset Register (Data-1111 XXXOH) 

WAIT STATE GENERATOR 

72 Read/Write Wait State Register 0 
73 Read/Write Wait State Register 1 
74 Read/Write Wait State Register 2 
75 Read/Write Refresh Wait State Register 

DRAM REFRESH CONTROLLER 

1C Read/Write Refresh Control Register 

INTERNAL CONTROL AND DIAGNOSTIC !;,ORTS 

61 Write Internal Control Port 
80 Read/Write Internal Diagnostic Port 0 
88 Read/Write Internal Diagnostic Port 1 

RELOCATION REGISTER 

7F Read/Write Relocation Register 

INTEL RESERVED PORTS 

10 Reserved 
12 Reserved 
14 Reserved 
16 Reserved 
2A Reserved 
3D Reserved 
3E Reserved 
45 Reserved 
46 Reserved 
76 Reserved 
77 Reserved 
7D Reserved 
7E Reserved 
CC Reserved 
CD Reserved 
DO Reserved 
D2 Reserved 
D4 Reserved 
D6 Reserved 
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APPENDIX C 
PROGRAMMING THE 82370 INTERRUPT CONTROLLERS 

This Appendix describes two methods of programming and initializing the Interrupt Controllers of the 82370. A 
simple interrupt service routine is also shown which provides compatibility with the 82C59 Interrupt Controller. 

The two methods of programming the 8237° Interrupt Controllers are needed to provide simple initialization 
procedures in different software environments. For new applications, a simple initialization and programming 
sequence can be used. For PC-DOS or other applications which expect 8259s, an interrupt handler for 
initialization traps must be provided. Once the handler is in place, all three 82370 Interrupt Controller banks 
can be programmed or initialized in the same manner as an 8259. 

The ICW2 interrupt is generated by the 82370 when writing the ICW2 command to any of the interrupt 
controller banks. This interrupt is supplied to provide compatibility to existing code that expects to be program­
ming 82C59s. The ICW2 value is stored in the ICW2 register of the associated bank, but is ignored by the 
controller. It is the responsibility of the ICW2 interrupt handler to read the ICW2 register and use its value to 
program the individual vector registers accordingly. 

NEW APPLICATIONS 

New applications do not generally require compatibility with previous code, or at least the code is usually easily 
modifiable. If the application fits this description, then the ICW2 interrupt can be ignored. This is done by 
initializing the interrupt controller as necessary, and before enabling CPU interrupts, removing the ICW2 
interrupt request by reading the ICW2 register. Listing 1 shows the code for doing this for bank A. The same 
procedure can be used for the other banks. 
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Listing 1. 
Initialization of an 82370 Interrupt Controller Bank 

Without ICW2 Interrupts 

cli ;disable all interrupts 

;initialize controller 
mov al,ICWl 
out 30h,al 
mov al,ICW2 
out 31h,al 
mov al,ICW3 
out 31h,al 
mov al,ICW4 
out 31h,al 

mov al,BANK_A_MASK 
out 31h,al 

logic 
;begin sequence 

;send dummy ICW2 

;send ICW3 if necessary 

;send ICW4 

;write to mask register (OCWl) 

;program vector registers 

mov al,ICW2 
out 38h,al 
mov al,ICW2+1 
out 39h,al 
mov al,ICW2_VECTOR 
out 3Ah,al 
mov aI, ICW2+3 
out 3Bh,al 
mov aI, ICW2+4 
out 3Ch,al 
mov al,ICW2+7 
out 3Fh,al 

:remove ICW2 interrupt 

in al,31h 

in al,32h 

;IRQO 

:IRQl 

;IRQ1.5 (probably never used in 
: this system) 

;IRQ3 

;IRQ4 

:IRQ7 

request 

:read mask register to work around 
; A-step errata 

;read ICW2 register to clear 
interrupt request 

;return to calling program 

sti 
ret 

:re-enable interrupts 
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OLD APPLICATIONS 

In applications where 8259 compatibility is required, the ICW2 interrupt handler must be invoked whenever an 
interrupt controller is initialized (ICW1-ICW2-ICWn sequence). The handler's purpose is to read the ICW2 
value from the ICW2 read register and write the appropriate sequence of vectors to the vector registers. Listing 
2 shows the typical initialization sequence (this is not changed from the 8259), and the required initialization for 
operation of the ICW2 interrupt handler. Listing 2 shows the ICW2 interrupt handler. 

Listing 2. 
Initialization of Bank A for ICW2 Interrupts 

cli ;disable all interrupts 

;initialize controller logic 

mov al,ICWl 
out 30h,al 
mov al,ICW2 
out 31h,al 

;******* 
mov al,ICW3 
out 31h,al 

;******* 

mov al,ICW4 
out :31h,al 

;begin sequence 

;send dummy ICW2 

;send ICW3 if necessary 
note that using ICW3 for 
cascading bank B is not required 
and will affect the way EOls are 
required for nesting. It is 
advised that ICW3 not be used. 

;send ICW4 

mov al,Bank_A_Mask ;write to mask register (OCW1=7Bh) 
out 31h,al ;don't mask off IRQ1.5 or Default 

interrupt (IRQ7) 

;program necessary vector registers 

mov al,ICW2~VECTOR ;IRQ1.5 
out 3Ah,al 

mov al,IRQ7_DEFAULT_VECTOR 
out 3Fh,al 

;remove ICW2 interrupt request for bank A 

in al,31h 

in a1.32h 

;read mask register to work around 
: A-step errata 

:read ICW2 register to clear 
: interrupt request 

:at this point install interrupt. call vector for ICW2, if 
:not already done somewhere else in the code 

sti :re-enable interrupts 
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push ax 
push cx 
push dx 

service bank B 

in al,2lh 

in al,22h 
mo,v cx,8 
mov dX,28h 

out 
inc 
inc 
loop 

dX,al 
al 
dx 
BANK_B_LOOP 

;service bank C 

in al,OAlh 

in al,OA2h 
mov cx,8 
mov dX,OA8h 

out dX,al 
inc al 
inc dx 
loop BANK_C_LOOP 

pop dx 
pop cx 
pop ax 
iret 

82370 

Listing 3. 
ICW2 Interrupt Service Routine 

proc near 

;save registers 

;read mask register for A-step errata 

;read ICW2 
;count vectors 
;point to vectors 

;write vector 
;next vector 
;next vector I/O address 

;read mask register for A-step errata 

;read ICW2 
;count vectors 
;point to vectors 

;wri te vector 
;next vector 
;next vector i/o address 

;restore registers 

;return 
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Bank A: 

Bank B: 

Bank C: 

82370 

Table 1. Interrupt Controller Registers 

30H write 
read 

ICWl, OCW2, OCW3 
Poll, IRR, ISR 

3lH write 
read 

ICW2, ICW3, ICW4, OCWl 
IMR 

32H read ICW2 read register 
38H read/write IRQO vector 
39H read/write IRQl vector 
3AH read/write IRQl.5 vector 
3BH read/write IRQ3 vector 
3CH read/write IRQ4 vector 
3DH RESERVED 
3EH RESERVED 
3FH read/write IRQ7 vector 

20H write ICWl, OCW2, OCW3 
read Poll, IRR, ISR 

2lH write ICW2, ICW3, ICW4, OCWI 
read IMR 

22H read ICW2 read register 
28H read/write IRQ8 vector 
29H read/write IRQ9 vector 
2AH RESERVED 
2BH read/write IRQll vector 
2CH read/write IRQl2 vector 
2DH read/write IRQl3 vector 
2EH read/write IRQl4 vector 
2FH read/write IRQl5 vector 

AOH write ICWI, OCW2, OCW3 
read Poll, IRR, ISR 

AIH write ICW2, ICW3, ICW4, OCWI 
read IMR 

A2H read ICW2 read register 

A8H read/write IRQl6 vector 
A9H read/write IRQl7 vector 
AAH read/write IRQl8 vector 
ABH read/write IRQl9 vector 
ACH read/write IRQ20 vector 
ADH read/write· IRQ2l vector 
AEH read/write IRQ22 vector 
AFH read/write IRQ23 vector 
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1. BHE# IN MASTER MODE. 

82370 

APPENDIX D 
SYSTEM NOTES 

In Master Mode, BHE# will be activated during DMA tolfrom a·bit devices residing at even locations when 
the remaining byte count is greater than 1. 

For example, if an 8-bit device is located at 00000000 Hex and the number of bytes to be transferred is > 1, 
the first address/BHE# combination will be 00000000/0. In some systems this will cause the bus controller 
to perform two 8-bit accesses, the first to 0000000 Hex and the second to 00000001 Hex. However, the 
82370's DMA will only read/write one byte. This mayor may not cause a problem in the system depending 
on what is located at 00000001 Hex. 

Solution: 

There are two solutions if BH # active is unacceptable. Of the two, number 2 is the cleanest and most 
recommended. 

1. If there is an 8-bit device that uses DMA located at an even address, do not use that address + 1. The 
limitation of this solution is that the user must have complete control over what addresses will be used in 
the end system. 

2. Do not allow the Bus Controller to split cycles for the DMA. 

2. RESET OUTPUT OF 82370: 
The 80376 requires its RESET line to be active for 80 clock cycles. The 82370 generates holds the RESET 
line active for 62 clock cycles. 

The following design example shows how the user can extend the active high of the RESET line to 80 clock 
cycles. 

Extending the RESET Output of the 82370 

This section describes a hardware solution for using the 82370's CPURST output and the software reset 
command to cause the 80376 to enter into a self·test. 

The 80376 requires two simultaneous events in order to initiate the self-test sequence. The RESET input of 
the processor must be held active for at least 80 CLK2 periods and the BUSY # input must be Iowa CLK2 
periods prior to and 8 CLK2 periods subsequent to RESET going inactive. 

A system which does not have an 80387SX will simply have the BUSY # input to the 80376 tied low. A system 
which contains the 80387SX will require extra logic between the BUSY # output of the 80387SX and the 
BUSY # input of the 80376 in order to force self-test on reset. The extra BUSY # logic required will not be 
described here. 

The 82370 CPURST output is intended to be retimed with faster TTL components in order to meet the RESET 
input setup time requirements of the 80376 and 80387SX. This requires a 74F379 (quad flip-flop with enable) 
or equivalent. The flip-flops required are described in TECHBIT (Ed Grochowski, April 10, 1987). 

The 82370 does not meet the RESET pulse duration requirements for causing self-test of the 80376 when a 
software reset command is issued to the 82370. The 82370 provides a RESET pulse width of 62 CLK2 
periods, the 80376 requires 80 CLK2 periods as mentioned earlier. 

In order to cause the 80376 to do a self-test after a software reset, the CPURST output pulse of the 82370 
must be lengthened. Figure 1 shows a circuit which will do this. 
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Note that the CPURST output is the OR of the 82370 RESET input and the output of the software reset 
command logic, and thus will have the same duration as the RESET input during power-on. 

The additional circuitry required consists of an OR gate, a one-shot, a capacitor, and a resistor more than is 
found in a system without the 82370. The one-shot (74121) is inserted between the CPURST output of the 
82370 and the input of the retiming flip-flops (74F379). The period of the one-shot should be long enough to 
guarantee the 80 CLK2 periods that the 80376 requires. 

The OR gate (74F32) is required to guarantee that the 80376 is held in a RESET state while the 82370 is being 
reset. This is done to be sure that BE3# is held low when the RESET input to the 82370 goes inactive. BE3# 
is used during the reset to determine whether it is necessary to enter a special factory test mode. It must be 
low when the RESET input goes inactive, and the 80376 drives it low during reset. 

osc ClK2 

-- 74F'109 

J 
PR 

_J a ClK 

.- K 82370 
ClR 

I RESET CPURST 

-- I - -,-

IN4148 .... 100k 74F379 J 10k .. 74121 

1":>...- 10 10 -RiC B 

7~1: - 20 20 0.01 JO' 1::.. 
0-

pOOP' C A1 A2 

- 3D 30 -
'" r- 40 

40 

47.0. 

G RESET 

80376 
74.32 

.If-
290164-A7 

Figure 0-1. Extending 82370 Reset Output 
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80960 DEVELOPMENT SIJPPORT 

fJlJlflftlEHENSIJ'E AIlfJHI'1EC'1IJIIE DEJ'EWPIfIEN'1 SIJPPOII'1 
I'fJIl BOBSO EIfIBEDDED APPUtJA'1I0NS 
Inrel's 80960 Development Starrer Kits provide a quick. easy and economic way to evaluare Inrel's 
80960 architecture. benchmark 80960 performance. and begin Initial application code development 
and debug. Tools were designed specifically for the 80960 microprocessor. allowing developers to 
take full advantage of the performance and ease-of·programmlng features built Into the 80960'8 
RISC·based design. The 80960 Development Starrer Kits are oonvenlently hosted on the IBM PeAT. 
meaning developers of 32·blt embedded microprocessor applications can get started with minimal 
hardware investment. 

I'EA'1IJIlES 
• ASM·960 macro assembler for developing 

and tuning speed-critical code. 
• iG-960 highly optimizing C language oompiler 

for high·level language software development. 
• EVA·960KB plug-in software execution board 

for benchmarking performance. evaluating 
architecture. and developing and debugging 
application code. 

• Many starter kit oonfigurations for 
supporting a wide range of development 
needs. 

• OOS-hosted on IBM PC/AT. and oompatibles. 
• VAXIVMS··hosted ASM·960 and iC·960 on 

VAXIVMS and MicroVAXlVMS· in 04. 1988 
• Sun 3···hosted ASM·960 and iG-960 in 

04.1988. 

nJ---------------• \lAXl\'MS and MkruVAXlVMS are lradcmarks uI Dlgltsl ~UlpmcnL Cmp . 

•• Sun 3 is a Lradcmark rJ Sun MIcros)'1ilCIlI& 
II'IIt:I Cnrl'lIl'alinn assumes no l'l'SpOnslbllil), for 1.00 \IIC c1any ClrcuiLry IthCr than drculLry embodied In an IIIeI pmdUt1. No 11th.'/' cil'f'\ll~ pale'" 11a.'IlID an: 
Implied. InfurmnLkIl1 rontalncd hcrcln supcnmcs pl'lMolllly pubHllhed tlpOOncauUfls on Ul:tIc dtovlCCII (rum !r&d and bll>\lbjc.'tt t.n C'ha113! wlLhrM ~. 

&.~r,l988 
ClII'ICI Corplll'aUon 1988 Unlet ~hcr: 281l1U600:l 
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~SM-960M~CRO~SSEMB£ER 

The :\S~I·960 macro asspmbler is used to fine·tunc sections 
of mde for top program exerution speed on the 80960KA. 
80960KB. and 80960MC. :\81.1·960 doL'S this hy giving 
prilgralllllwrs ahsolute cuntroloVt'r program instructions. In 
addition to the assemhler and macro preprocessor. 
:\S~I·960 includes sl'\"l'ral utilities for application progl'alll 
maintl'llan('(' and d('hug: 

• L1\1KER/LOAD~R allows multiple and increml'ntal 
program fill' links. 

·;RCIII\BR allows dt'\l'lopers to huild applimtions 
functioll lilJr(lril~. 

• DIS:\SS~MBL~R IJro\ ides 118Sl'mhl('I' mnemonil's. 
• S\ ~IB()L DLMP~R provides 8ymilOlil' Inf<lrmatinn from a 

IJI'ogralll fiI(' for facilitating d('hug. 
• I'Ro\l BUILD~;R product'S a hl'x fiI(, suitahle for PROM 

11I·llgl'i1IIIIII\'I'S. 

itJ-960 C £~NGIJ~GE COMrl£ER 
iC·900 is a highly opt.imizing C language mmpil('e for till' 
80960KB ami 80900~IC microprocessors. iC·9UO supports 
till' 11111 C language as des('l'ibed in thl' K(,l'Ilighllll ancl 
Ritchi(' hook. The C Programming Language (prenticl'·llal!. 
1978). iC·960 is used in mnjunction wit.h ,\SM·960 for 
outputting ohlertl'Ode l"iIes and includl's standard ANSI 
extensions to the C language and the following 
enhancements for rmlll'ddl'd application dl'velopment: 

• Constants allO\I high·lt'll'! language definitions and ('aSI' 
or pmgram maintl'llalll'l'. 

• ~emor)'-mapped 1/0 allows high·hwllanguage m'('('ss 
to application speci[jc input allIloutpul. 

• Inlloo assembly Simplifies the integl'atiollof mnvenil'llt 
C language and sperd critical Functions. 

• Floatllll!polnlsupporl prodm'I's In-lInl' ('odl' to l<Ikt' 
full adlantagc of thl' floating point capahliity of thl' 
R0960Kfl and 80960~IC. 

The DOS·hosted I'ersion requires a 2MB .A.howhoard"'. Thl' 
pXl'('lltion l'l'hirle hostell version requires tht' 4\1B hoarll 
(~\:.\960KB4MB) and provides a 5X compile·time speed 
improl'ementover the DOS-hosted version. 

EI'~-960llB SO""'W~RE EXECIJ'I'ION 
I'EH'Ca 
The E\A·960Kflls a software execution vchicle for thl' 
80960K:VKB micropro('essor. It is a singk' PC AT plug·in 
board which provides eas~' and convt'nicnt architecture 
evaluation and henchmarking as well as software 
dt'lelol)lIIent. The F,\:A,·960t\fl mntains the Following: 
• I \1 byte or -1M byte of one wait·state program ml'mory 

(DRA\II 
• 6-1K hytes of zero wail·statr program IIlCIIlI'Oy (SRAM) 
• Thret' application program accessible timers 
• Hosted debug munitor which supports: 2 program 

breakpoints. single step program execution, register and 
memory access, program duwnload and upload 

• DOS a('('es.~ lihraries that allow: screen display, keyboard 
input. read and IIrite disk files. ability to spawn a DOS 
pmcess whirh muld mlllmunirate to serial or paralil'! I/O 

• 20~IH~ opl'ration 

~RCHI'I'EC'I'IJRE EI'~£IJ~'I'ION: 
S'I'~R'I'ER IIII' I 
Tht' B0960 Dt'vplopmt'nt Starter Kit # I is designed for 
immediate arl'hit('l'tun' t'VHluHtion anel ('ode Ill'vt'!opnwnt IiiI' 
80960KA and 809(lOKR It includl's the E\/I·9UOKB 
eXt'culion whicll' and :\S\HJ(iO :\sseml!It'r [or developing 
and dl'l!ugging sj!t"ti'I'l'itii'al sortwaJ'(' anti performing hasit' 
performam,' Ill'nchlllarking. 

COlflra'l'E ~rr£lC~'I'ION 
IJEI'EWPIfIEN'I': S'l'~RI'ER "''1' Z 
Thr 80960 f)('Vt'lopml'nt Startt'!' Kit "2 is U l'OIllI)letl' 
annllration dl'wlopml'nt toolkit for dl'v\'loping und 
dt'hu~ging hot.h spt'I'd'I'('ilil'al anti high·It'Il'! so[twurl" as 
1'11'11 as lJl'rrorming rull hl'l1chmarking on thl' 809tlOKB. Thl' 
kit inl'lutit's thl' ~:vMJ()O"B Softwarl' ~xeculion Vehicle. th(' 
ASM·D60 .~ssl'mhll'r. and tht' iC·9tlO C Lunguage O)(npill'r. 

SOFl'W~RE IJEI'ELOrIflEN'I': 
ST~R'I'ER 1&1'1' 3 
'l'hl' HOfJ60 ill'wlopml'nt Startl'r Kit ":l !lrolidl'S all the 
softwarl' 11l"cil't!to gl't start I'd Oil all phasl's. both Spt't'd 
('('iti('al anti high·iI'w!. of solhlm,' d('Il'lopnlt'nt. The kit 
inl'ilJdl's tht' :\S~HIHO .\sst'lIIhll'l' ant! thl' iC·fl60 C 
Language COl1lpill'l'. 

SOFl'W~RE DEI'EUIrIflEN'I': 
SI'~R'I'ER 1&,'1' " 
Thl' son wan' J)('ll'IoPIII('1Il Stal'tl'r Kit #~ Inclulil's 
:\SM!l60M :\sS('lIIhll'l' 11I1i1 Cfl(iO\1 C Compiil'l' hoSI"tlon 11 
\1Icro\!i\X/\"~IS. It proliill'S all or thl' softwar(' nwill'd til get 
stal'Let! t!lwlopillg an BOHflO ~llpll('at.lon. 

SOFl'W~RE DEVELOPMEN'I': 
S'I'~R'I'ER "''1' 5 
Tht' SlIftwart' Ill'wlopment Stal'lt'l' Kit #fi includl'S 
ASM960V :\ss('(Ilhll'r alit! Cfl()()\ c: Complh'r hostf.'d on 
VAX/VMS. It providt's all of" thl' softwarl' nt'l'clt'd to gl't 
startet! dt'vl'ioping an 1l09(iO application. 

F~S'I' ~rr£lC~'I'ION DEI'E£OrMEN'I': 
S'I'~R'I'ER "''1' 6 
The Fast Dt'wlopmt'nt Stmt('1' Kit. Start('r Kit #6. providl's a 
dt'Vl'lopnlt'nt t inll' SPl't'ti imlll'III'('ment for customers that 
already own :\S~If)(lOll. Thl' kit inl'lud('s thr 4M hytl' 
I'XI'('ution Ivhi('lt'. ~;\:\f)()OKIl·I~IIl, and the t'xl'Cution vehicl(' 
hosted G Compilt'I'. C960~a~ 

COlflrl.E'I'E "~S'I' ~rr£lC~'I'ION 
DEVE£OrIflEN'I': S'I'~R'I'ER "''1' 7 
'1'111' Comllit'll' Fast lli'wlol)ml'nt Starter Kit, Starter Kit #7, 
prol itil'S a ('llllpil~(' anti fast liI'I'l'lopment toolkit. The kit 
inclutil's till' ~~I hyll' I'XI'cution whlrll'. r;vA9aOKB4MB, 
:\S~1f)6()D :\xxl'mhil'l' anti tht' I'w('utlon vehicle hosted G 
COml)ilt'r, CfJ(lO~:I~ 
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SOITWARE DEJ'EUJPMENT: 
STARTER «IT B 
The Sortware Development Starter Kit "8 'includes 
ASM960U Assembler and C960U C Compiler hosted on a 
Sun 3 workstation. It provides all of the software needed to 
get started developing an 80960 application. 

SERJ'If:E, SIfPrtJRT AND TIlA.ININ6 
Intel augments its 80960 development tools with a full 
array of seminars. classes and workshops: field application 
engineering expertise: and telephone and on·site support at 
all stages of development. 

OIlIJERING INftJRIfIATItJN 
ASM·960D ASM·960 Assembler contains the 

assembler. linkerlloader. macro 
preprocessor. archiver. PROM builder. and 
other object module utilities. DOS hosted. 
Requires a class I software license 
agreement plus addendum. 

ASM900M Same as above. MicroVAX/VMS hosted. 
Requires a class I software license 
agreement plus addendum. 

ASM960V Same as above. VAX/VMS hosted. Requires 
a class I software license agreement plus 
addendum. 

ASM9S0U Same as above, Sun 3 hosted. Requires a 
class I software license agreement plus 
addendum. 

C960DP IC·9oo optimizing C compiler, with ANSI 
extensions for the embedded appllcations. 
contains standard STDIO libraries and in· 
line assembly capability, DOS hosted. 
Requires a 2M byte Above'"Board. 

C960EP Same as ahove, execution vehicle 
(EVA9OOKB4MB) hosted. 

C960M Same as above. MlcroVAXIVMS hosted. 
C960V Same as above. VAX/VMS hosted. 
C960U Same as above. Su n 3 hosted. 
EVA900KB Software development and execution 

vehicle for the B0960KA and 80960KB 
microprocessors, contains 1 M byte DRAM 
program memory. 

EVA960KB4MB Software development and execution 
vehicle for the 80960KA and 80960KB 
microprocessors, contains 4 M byte DRAM 
program memory. 

960SKITl Architecture Evaluation Kit Includes 
EVA960KB execution vehicle plus 
ASM·960D Compiler. 

960SKIT2 Same as .above plus ic;.9S0DP Compiler 
(requires Above'"Board) 

9S0SKIT2AB Same as SKIT2 plus Intel Above'"Board 
with 2M byte memory 

960SKIT3 Contains ASM·960D and ie-960DP 
Compiler 

960SKIT3AB Same as above plus Intel Above'!'Board 
with 2 M byte memory 

960SKIT4 Contains ASMOOOM Assembler and C960M 
C Compiler. hosted on MicroVAXIVMS. 

96DSKIT5 Contains ASM960V Assembler and C96DV 
C Compiler. hosted on VAX/VMS. 

960SKIT6 Fast development kit contains 
EVA960KB4MB execution vehicle and 
C9S0EP execution vehicle hosted C 
Compiler. 

960SKlT7 Same as above plus ASM960D Assembler. 
9OOSKlT8 Contains ASM960U Assembler and C960U 

C Compiler. hosted on Sun 3. 
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1\D1\-960 DEVEI.OPMENT ENVIRONMENT FOR TBE 80960 I 

JI (JIJIflPUf'B.tIM SlJW'I'IIJN mR IlBJI£-f'IIflB BIfIBBlIDBD 
JlPPUfJJlf'IfJNS 
Ada·960 from Intel is a complete Ada development environment for B0960MC based real-tIme, 
embedded applications. 

The 80960MC is a high performance, 32·blt military embedded processor especially designed to 
support Ada in fault-tolerant, shared·memory multiprocessor applications. 

Ada·960 is hosted on VAXNMS.· The cross-deVelopment environment inlcudes a highly optimizing 
Ada cross-compiler. a linker. a librarian, a source-level symbolic debugger. a target monitor, 
predefined packages and subprograms, the Ada run·tlme system, a user guide, and a ~etailed run· 
time system implementor's guide. The run·tlme system makes optimal use of the Ada support built 
Into the 80960MC processor and is carefully designed for real·tlme embedded applications. 

1'E1If'1J1lBS 
• Complete VAXNMS· hosted Ada cross 

development environment 
• Makes optimal use of the Ada support offered 

by the 80960 MC 
• Run·tlme system is small. fast and 

predictable for real-time applications 

• Designed for embedded applications with a 
highly optimizing compiler. selective linking, 
highly modular roconfigurable run·time, and 
source level symbolic debugger interfacing to 
a target monitor, or an emulator 

~--------------~-----­
hie! Q)rpori&lon ISBIIIDIII no responlllbililf for the use d all)' c::Ireullry oUlIIr Ulan drcultrY embodied In an InLeI product. No other drculL patem llama are 
Implled.1nronnatIon mII8IIIed herein 8U]3er'8IIde8 previoQIIy publIShed specUk:aUons on thcaedericcsfrom 1'*-1 and II subJect. to dlange wII.bou& IdICe. 

. 0cI0ber.1988 o .... , CoqxnIIoo 1988 Order Number> 28082Il001 
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rIlE _tJ_JlC ,tN" ,tIM: ,t 60fHJ 
/IIA'I'QI 
The Intel B0960MC embedded processor Is designed to 
support applications written in Ada. Ada·Boo [rom Intel Is 
implemented to make optimal use of the Ada support. built 
Into the 8096OMC. 
• Ada-9oo maps Ada tasks directly to B0960MC processes. 
• Ada-BOO uses the B0960MC embedded processor 

hardware to dispatch and manage Ada tasks. 
• Ada-BOO maps Ada task priorities directly to 80960MC 

process priorities. 
• Ada-BOO uses the 80960MC memory managment unit to 

provide Inter-task protection. 
• Ada-B60 uses 80960MC semaphores to implement run­

ttme system critical sections. 
• Ada-960 uses the 80900MC on-chlp floating point unit to 

perform Ooatlng point operations. 

The unique architecture o[ the 80960MC allows Ada-9oo 10 
use the processor hardware to provide functionality 
normally Implemented In software on other architectures. 
This includes automatic dispatching and pre-emptive 
priority scheduling of Ada tasks. 

Ada-960's use of the B0900MC makes the run-time casily 
extensible to support fault-tolerant shared-memory 
multiprocessor configurations supported by the 80900MC 
embedded processor. 

AIH-8_1'fHl JlEJI~rIIfIE 
.4PrU£4rlONS 
Ada-960 is carefully desigl1l'.d for use In the development of 
real-time applications. Some of the real-time Ceatures oC 
Ada-960 include: 

~_. "1IIIa7w",. 011" "'-e: The Ada-9oo 
run-time system disables interrupts Cor a minimal amount of 
time. The "Interrupts orr time does not vary with the size of 
the application. 

rre-e..""re I'rferIIy SdIefI.".: Ada-960 
provides a fully pre-emptive. priority-driven tasking run­
time. The 80960MC hardware is used to ensure that the 
highest priority task is always the one that is running. The 
run-time system uses the B0960MC hardware to switch to a 
higher priority task (than the one currently executing) 
whenever such a task becomes ready to run. 

1"reIIIdIIMe~: Ada-B60 provides 
predictable performance that is insensitive to target system 
load. System response time remains constant and fully 
deterministic as the number of tasks etc. grows. 
• Ada-960 ensures that scheduling latency Is Independent 

of system load. 
• Ada-960 guarantees response-tlme to interrupts. 
• Ada-960 provides predictable memory allocation times. 

Memory allocation Is Implemented through effiCient 
algorithms that ensure 11 constant upper bound on the 
time taken to allocate memory. 

II.II-U_ ~""I8I'UlI Ada-960 provides a run-time 
system extenSion package that gives applications dynamic 
control over tasking. scheduling. critical sections and other 
run-time functions. 

,t1M-8'. FOIl BItlBBIHJED 
.tPrUC,tr,ONS 
Ada-960 is designed for embedded applications and 
provides: 

s..11 •. "" ... -11_ Sy8Ie.: Ada-B60 provides a 
compact. high performance run-time system. The run-lime 
system 15 very modular to support selective linking by the 
Ada-B60 linker. The modularity of the run-time and the 
selective linking features of the linker ensure that all unused 
Ada language features are automatically omitted Crom Ule 
appllcatlon's final executable Image. 

llelllrfldllltle 11.".,,_ S;rsre.: Ada-BOO 
provides an easily retargetable run-time system. The run­
time system Is designed to be easily retargeted to custom 
80960MC boards and comes with all the necessary source 
mes and documenLaLion for on-site eustomization to specific 
interrupt and UO requirments. 

".4X11'BS IIo8Ia lie_ie DeN.: Ada-9oo 
provides a VAXNM8-hosted source-level. symbolic Ada 
debugger. The debugger allows users to debug applications 
on a remote B0960MC target via Its Interface to either the 
standard Intel B0960MC monitor or the standard Intel 
B0960MC in-circuit-emulator . 

llerarseratle 'Drofd ..... "",r: Ada-960 provides 
an casily retargetable target monitor. The target monitor 
resides on the target board. The monitor communicates with 
and supports the Ada debugger hosted on VAXNMS. The 
target monitor is easily retargetable to custom boards. This 
allows the Ada debugger to be used in debugging 
applications on non-standard 80960MC hardware 
configurations. 

__ "Ie Ce4e • ." BfllIEX: The Ada-960 compiler 
produces ROMable code. 'l'he Ada linker can produce an 
application's executable Image In B6Hex so that the 
application may be easily burnt into PROM·s. 

C •• ,,' ..... .4u •• " __ -.4u Ce4e: Ada-9oo 
provides implementation-deflnedpragma FOREIGN-BODY 
and pragma LINKAGE-NAME 10 support the combination of 
Ada and non-Ada code. 

C"'1fII,ft' 13 811""...,: Ada-960 provides chapter 13 
support Including representation specifications. machine­
code insertion. intcrrupt entries. and so on. 
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FEATURES 

UlOS8-DEJ'E£fJPIfIENT ENJ'lIltJNIfIENT 
The Ada-960 cross development environment includes tools 
for compiling, linking, and debugging, along with libraries 
and a complete set of documentation_ The Ada-g60 cross 
development environment from Intel makes the following 
support, documentation, tools, and software available: 

C"."lIer: A fast, highly optimizing Ada-960 compiler 
that generates efficient, compact 80960MC code_ 

The compiler performs virtually all optimizations that are 
"traditional", as well as several that are Ada-specific_ Each 
optimization is carefully tuned to the 80960MC architecture_ 

Optimizations performed include transformations that atTect 
value and variable handling, code motion and elimination, 
tall recursion elimination, and loop strength reduction. Ada­
spccific data packing and code transformations such as 
constraint check elimination, overOow check elimination, and 
parameter binding al'e also performed. The Ada-960 code 
generator schedules generated machine Instructions to make 
optimal use of parallel execution opportunities available on 
the 80960MC embedded prooessor. 

U""""'".: An Ada-960 librarian to manage the Ada 
program library. The librarian controls the Interaction of 
compilation units and the linking of executable images. The 
Ada-9oo librarian supports the Ada separate compilation 
and dependency control requirement. 

U.ker: An advanced Ada-960 linker to support enhanced 
selective linking at the subprogram level. Subprograms that 
are not used in an Ada application are not linked unless 
specifically requested, ~'ull control over memory layout and 
mapping is supported with a rich command language, 

~~: A very powerful Ada-960 source-level, 
symbolic Ada debugger that supports the debugging of both 
pure Ada and combined Ada code, The Ada-960 debugger is 
hosted on VAXlVMS and interfaoes with target 80960MC 
boards through either the standard Intel 80960MC target 
monitor or the standard 80960MC in-cireuit-emulator. 

The Ada-960 debugger allows users to examine and modify 
their applications using the same names that appear in the 
souroe program. Users can evaluate Ada expressions, set 
breakpoints and tracepoints, and debug multi-tasking Ada 
programs. 

Program breakpoints can be made conditional on arbitrary 
conditions, and debugger commands can be executed 
automatically at br~,akpoints. 

The Ada-960 debugger can call functions and pf'OC(',(jures in 
an Ada application. This fp,ature can be used to extend the 
set of dcbugger facilities or to test parts of the application 
interactively. 

The Ada-960 debugger allows users to display Ada 
variables in formats appropriate to each of their types. 
Users can also specify formats appropriate to the current 
application. Special browsing features within the debugger 
eliminate the need for paper listings during debugging 
sessions. 

The Ada-960 debugger provides a Oexible display of the 
state of Ada tasks and can display the current callstack 
within any task. The debugger can list tasks on various run, 
time queues and can suspend or change the priority of 
tasks. 

The source level features of the Ada-960 debugger are 
complemented by a complete set of machine-level 
commands. 

Script files containing debugger commands may be created 
in and executed by the debugger. The Ada-960 debugger can 
record a log of ali debugging actions for later analysis or 
replay, 

ror better programmer productivity, the debugger has a 
multlwlndow interface with separate windows for debugger 
commands, Ada source and program output. Thc Ada-9oo 
debugger provides "scoreboard windows" for real-time 
display of user-selected program information. 

The debugger is usable from all types of terminals and has 
special features to support bit·mapped displays, 

Use of the debugger is possible at all optimization levels 
without recompilation of the Ada program. 

Jar8t't Me.lter: A standard Intel 80960MC target 
monitor that is easily retargetable to custom 80960MC 
boards. The target monitor eomes With all the nccessary 
source files and documentation for on-site customization to 
specific interrupt and 1/0 requirements. 

fCE"': A standard Intel 80960MC in-circuit-emulator. The 
in-cireuit-emulator delivers real-time emulation at prooessor 
speed, and allows non-intrusive debugging of applications 
under development. 

PredefllHJfl l"adilllfeS allfl S.6PI'Olfl'll-": An 
Ada-960 library containing precompiled predefined Ada 
packages and suhprograms. 

R •• -U.e Sysu_: An Ada-960 library containing the 
Ada run-time system. The run-time system is small, fast, 
arid predictable. TheAda-9oo run-time is re-targetable to 
different 80960MC boards and is especially designed for 
real-time embedded applications, The run-time system is 
carefully designed to make optiinal use of the Ada support 
provided by the 80960MC embedded processor. 
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FEATlJRES 

The run-time system comes with all the necessary source 
files and documentation for on-site customization to specific 
interrupt and 1/0 conventions_ Most of the run-time system 
is written in Intel Ada-9OO with a small portion written in 
Intel ASM-960 assembler_ 

" •• ..".e Syste. Exteasloa: A run-time system 
extension package to allow Ada applciations dynamic 
control over the tasking, scheduling, critical sections, and 
other run-time functions. 

So.~ Cede: Source code for both the run-time system 
and the run-time system extension. 

1IfJc •• earaUoa: High quality documentation including 
a User Guide and a detailed Run-time System Implementor's 
Guide. The Run-time System Implementor's Guide provides 
full documentation of the Interface between the Ada-9OO 
compiler and the run-time system. It also documents the 
design or. and provides guidance to, modifying the run-time 
system. 

WORUJWIDE SERVICE AND SIJProllT 
Intel augments its 80960 architocturc family development 
rools with a full array of seminars. classes, and workshops: 
on-site consulting services: field application engineering 
expertise; telephone hot-line support; and software and 
hardware maintenance contracts. This full line of services 
will ensure your design suocess. 

This is preliminary Inrormatlon. Changes tnlhc product can be made at any tlmt'. 

·VAXlVMS 18 a trademark. 0( DigItal Equipment COrp. 
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IN-CIRCIlI'l' EMIlLA'l'OR FOR 'l'HE B0960ltA AND B0960ltB 
MICROPROCESSORS 
The ICETM-960KB In-Circuit Emulator delivers real-time hardware and software debugging 
capabilities for 80960KA/KB-based designs. The capabilities include emUlation of the 80960KA/ 
KB microprocessor, hardware and software breakpoint specification, fastbreaks, two types of 
trace capability, large trace buffering and sophisticated human interface. The ICE-960KB In­
Circuit Emulator gives you unmatched control over all phases of hardware/software debug, 
including developing, integrating and testing, which improves the developers productlvity and 
speeds time to market. 

FEA'l'IlRES 
• Real-Time Emulation of the 80960KNKB 

microprocessors up to 20MHz 
• 256K bytes of memory in Standalone Self 

Test Unit 
• Zero wait-state operation from user system 

memory 
• Examine and modify memory and the 

80960 Registers 
• 2 hardware and 32 software Breakpoints 

settable on any Instruction Address, and 
break on Trace Buffer Full 

• Hosted on IBM PC-AT* running DOS 
(version 3.3) 

• Assembly and Disassembly of code in 
80960 instruction mnemonics 

• Dynamically monitor or update program 
variables or memory with Fastbreaks 

intJ 

• Real-time BuS Trace with Time-Tags for 
tracking code execution times 

• Execution Trace for tracking instruction 
execution inside on-chip Instruction Cache 

• Stores 1024 frames of program execution 
history or bus cycles or both 

• Versatile software featuring Color, 
Pulldown Menus, Forms, Command Line 
with Syntax Guidance and Editing, Control 
Constructs, Debug Procedures and DOS 
Command Input (shell) 

Intel Corporation assumes no responsibility ror the use of any circuitry other than circuitry embodied In an Intel product. No other circuit patent licenses 
are Implied. Inrormatlon contained herein supersedes previously published specifications <.on these devices from Intel and Is sublect to change without 
notice. 

© Intel Corpor~tlon 1988 5-8 
November, 1988 

Order Number, 280852.(J()1 



REAL-TIME EMIJLATION 
The ICE-960KB In-Circuit Emulator provides emulation 
of the 80960KA/KB at speeds up to 20 MHz, thus 
providing early detection of subtle timing problems that 
may arise at full speed. Intel's intimate knowledge of the 
component makes possible the tightest conceivable 
conformance between timing parameters of the emulator 
and the target microprocessor. 

PROCESSOR/MEMORY EXAMINATION 
AND MODIFICATION 
The 80960KNKB registers can be accessed 
mnemonically (e.g. gl2, r5, fp3) with the ICE-960KB 
emulator software. Data can be displayed or modified in 
one of four bases (hexadecimal, decimal. octal, or 
binary). Program memory contents can be disassembled 
and displayed as 80960 assembly instruction 
mnemonics. Additionally, 80960 assembly instruction 
mnemonics can be assembled and stored into program 
memory. 

PROGRAM TRACING 
The ICE-960KB emulator can store 1024 frames of 
program execution history or 5120 cycles of the 
80960KNKB address/data bus activity in the trace 
buffer. Each frame of program execution contains a 
discontinuity address (branch, call, return, etc.), and a 
time-tag. This information can be used to reconstruct a 
history of the program execution. With the execution 
trace option enabled, the ICE-960KB will run at less than 
full speed; typically 70-90% of full-speed. Each trace 
frame of bus cycles contains one complete bus burst 
access, the address cycle followed by the four data 
cycles, and a time-tag. While using bus trace, the 
ICE-960KB runs at the full-speed of the 80960KA/KB 
microprocessor. 

HOSTREQIJIREMENTS 
IBM PC-AT* (minimum requirements) with 640KB of 

conventional memory 
1MB of RAM (Lotus, Intel. Microsoft expanded memory 

specification) 
(Intel's Above™board with 1.0MB RAM is required) 
20 MB Fixed Disk 
At least one 51,4 1/ Floppy Disk drive 
A serial interface 
80287 Numerics Coprocessor 
DOS Operating System (version 3.3) 5-9 

EVENT RECOGNITION (BREAKPOINT 
CONTROL) AND EMIJLATION CONTROL 
Two hardware and thirty-two software breakpoints can 
be active at any time. The ICE-960KB emulator allows 
any number of breakpoints to be defined and then 
activated when needed. The breakpoints can be set on 
any instruction address. Additionally, emulation can be 
automatically stopped when the trace buffer is full. 
Besides the ability to execute program code at full speed 
between specified pOints, the ICE-960KB emulator 
provides the capability to single-step through program . 
code. Fastbreaks are short pauses in program execution 
to examine or modify memory or 80960 registers. 

STANDALONE OPERATION 
Product software can be developed and debugged prior 
to and independent of hardware availability with the 
Standalone Self Test unit (SAST), which contains 256K 
bytes of two wait-state program memory. The SAST also 
provides diagnostic testing to assure full functionality of 
the ICE-960KB emulator. 

VERSATILE AND POWERFIJL HOST 
SOFTWARE 
The easy to use ICE-960KB emulator software takes 
advantage of color and pull-down menus to complement 
its already powerful' command set. The software includes: 
an on-line help facility, a dynamic command entry and 
syntax guide, screen oriented editor, assembler and 
disassembler, input/output redirection, command piping, 
DOS command entry, and the ability to customize the 
command set via debug procedures and literal 
definitions. 

DEBIJG PROCEDIJRES AND LITERALS 
Debug procedures (PROCs) are user-defined groups of 
ICE-960KB emulator commands. They can be stored on 
disk and recalled during later de~ugglng sessions. PROCs 
can be used to simplify the process of debugging by 
grouping repetitive or a required ordering of emulator 
commands, which can then be accessed by typing the 
name of the PROC. Literals are user-defined 
abbreviations for whole or partial ICE-960KB emulator 
commands. Literals are a shorthand method of 
customizing the emulator commands to fit your needs 
and preferences. 

REQIJIRED SYSTEM RESOIJRCES 
The ICE-960KB emulator requires the following: a) 
exclusive use of the 80960KA/KB's on-chip debug 
registers and b) 304 bytes of target system RAM in the 
register save area of the stack, 256 bytes for flushing the 
80960 local registers, and 48 bytes for saving the 
processor control block (PRCB). 
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MECHANICAL SPECIFICA'l'lONS 

TABLE 1. ICE-960KB Emulator Physical Characteristics 

Width Height Length Weight 

lJnit Inches cm Inches cm Inches cm Ihs kg 

Control unit iO.5 
Processor module* 3.8 
SAST 6.0 
OIB 3.8 
Power supply 2.8 
User cable 
Serial cable 

*measurement includes target adaptor 

I' I 

TOPVIEW 

o oT 

PROCESSOR MODULE 

Figure 1: Processor Module 

ELECTRICAL SPECIFICA'l'lONS 
SYNC Line Specification 

1.300 

26.7 
9.6 

15.2 
9.6 
7.1 

The SYNCIN line must be valid for at least one 
instruction cycle because it is only sampled on 
instruction boundaries. The SYNCIN line is a standard 
TTL Input. The SYNCOUT line is driven by a TTL open 
collector with a 4.75K-ohm pull-up resistor. 

ADIDC Specifications 
The following tables describe the DC specification 
differences between the ICE-960KB emulator and the 
80960KAIKB microprocessor, for more details refer to 
the User Guide. 
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1.5 3.8 16.0 40.6 6.0 2.72 
1.5 3.8 5.0 12.7 
2.0 5.1 8.0 20.3 3.5 1.59 

.9 2.3 5.1 13.0 
4.2 10.7 11.0 27.9 4.7 2.14 

22.0 55.9 
12.0' 3.66m 

SIDEVIEW 

I 
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OPTIONAL ISOLATION BOARD 

Figure Z: Optional Isolation 

TABLE 2. AC Specifications With The OIB Installed 
Symbol' Parameter Minimum IJlax#mum 

t2 clock low lime t2+ In8 
t:l clock high time t:l+ Ins 
t6 output valid delay 

AID 0:31 t6 + 8ns t6+16Ns 
DT/RN.DIINN.1l1l0-3N, 

AD8N .W/R# t6+7n8 t6+ 14n8 
HI.DA,CACHE,LOCK N.INTA # t6+ 6n8 t6+8n8 
ALliN t6+ IOn8 t6+20n8 

t7 AL~;# width t7·6.5n8 
t8 ALII# disable delay t8+ 8n8 t8+ 14n8 
t9 output float delay 

AID 0::11 t9+ 5n~ t9+22n8 
DTlR#,DIIN#,1l1l0<1#, 

ADS#.W/R# t9+7n8 t9+ 15ns 
HI.DA,CACHII,LOCK #,IN'1'A # t9+6nS t9+8n8 

tlO Input setup 1 
AID 0:31 tl0+2nS 
BADAC#,INTO·3# deassertion tlO+ 14n8 

til input hold 
AID 0:31. HOLD til + 6nS 
IlADAC#.INTO·3#,RIIADY# til +7nS 

tl6 reset setup time t16+ 6 

'symbol refers to 80960KIl spcci£ication 



TABLE 3 ICE-960KB Emulator DC Specifications 
Symbol Paramefel' Maximum 

PM-Icc Supply current with B0960KB-20 1400rnA 
OIB-Icc Supply current PM-Icc + 1l00rnA 

TABLE 4 Additional DC Loading 
(without OIB installed) (with OIB installed) 

IIh III IIh III 
SIl:oal Max/mum Itlax/mum Itlax/mum Max/mum 

AD(0:31) 100l'-A 0.6 rnA 2Ol'-A -I rnA 
DEW 4Ol'-A 1.0 rnA 2Ol'-A -I rnA 
W/R# 14Ol'-A 1.6 rnA 2Ol'-A -I rnA 
ADS# 14Ol'-A 1.6mA 2Ol'-A -I rnA 
CLK2 8Ol'-A 2.2 rnA 5Ol'-A -2 rnA 
RESET 5Ol'-A -2 rnA 
BE(0:3)# 2Ol'-A -I rnA 
DT/R# 2Ol'-A -I rnA 
INTO#,INT3# 2Ol'-A -I mA 
INTI,INT2 2Ol'-A -I rnA 
BADAC# 2Ol'-A -I mA 
ALE# 20 Jl-f\ -I rnA 
LOCK# 2Ol'-A -I rnA 
READY# 2Ol'-A -I rnA 
HOLD 2Ol'-A -I mA 
FAlLURE# 2Ol'-A -I mA 

Power Supply 
100-120V or 220-240V (Selectable) 
50-60 Hz 
2 amps (AC Max) @ 120V 
1 amp (AC Max) @ 240V 

Eu'f'iroulUeutal Characteristics 
Operating Temperature 10 C to 40 C (50 I' to 104 F) 
Operating Humidity Maximum 85% Relative 

Humidity, non-condensing 

iii II II i Ii '''f1'k' iii 1'\' Ii i "ik-
Order Code 
ICE960KB 

ICE960KBAB 

ICE960KBOI 

Descriptiou 
The complete ICE-960KB emulator 
system including control unit, 
processor module, power supply, SAST, 
OIB, SAB, serial communications cable 
(SCOM4), IE o IT, software version 1. x, 
and upgrade certificate for version 2.0 
software. (Requires software license, 
Class I) 

The complete ICE-690KB emulator 
system including control unit, 
processor module, power supply, SAST, 
OIB, serial communications cable 
(SCOM4), IEDIT, software version l.x, 
upgrade certificatc for version 2.0 
software, and 2MB Aboveboard. 
(Requires software license, Class I) 

The complete ICE-960KB emulator 
system including control unit, 
processor module, power supply, SAST, 
OIB, serial communications cable 
(SCOM4), IEDIT, software version 1.x 
(version 2.0 software is not included). 
(Requires software license, Class I) 

*IIlM I'C/81' is a lrad!'mark or IIlM 
5-11 

ASM960D 

C960D 

DOS hosted assembler, linkeriIoader, 
macro preprocessor, archiver 
(librarian), PROM builder, and other 
object module utilities. (Requires 
software license, Class I, plus 
addendum I) 

DOS hosted optimizing C compiler, with 
ANSI extensions for embedded 

. applications, contains standard STOIO 
libraries and has inline assembly 
capability. Requires a 2M byte 
Above"board. (Requires software 
license, Class I) 

For direct information on Intel's Development Tools, or 
for the number of your nearest sales office or distributor, 
call 800-874-6835 (U.S.). For information or literature on 
additional Intel products, call 800-548-4725 (U.S. and 
Canada). 

UNITED STATES, Intel Corporation 
3065 Bowers Ave., Santa Clara, CA 95051 
Tel: (408) 765-8080 

JAPAN, Intcl Japan K.K. 
5-6 Tokodai, Tsukuba-shi. 
Ibaraki, 300-26 
Tel: 029747-8511 

UNITED KINGDOM, Intel Corporation (U.K.) Ltd. 
Pipers Way, Swindon, Wiltshire, England SN3 lRJ 
Tel: (0793) 696000 
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Tel; (512) 454·3626 

n~~~~··Roed 
Suite 400 
Dallas 75234 

~~l~1~~~t~~b 

UTAH 

l~~teJ~~rG4oo South 
Suite 104 

~e~~;bf:J:.8051 
VIROINIA 

tlnlel Corp. 
1504 Santa Rosa Road 
Sulle 106 
Richmond 23288 
Tel: (604) 282-5668 

WASHINGTON 

tlnlal Corp. 
1551081h Avenua N.E. 
Suite 386 
Bellevue 98004 

~~~g~~~5433~~62 
tlnlel Corp. 
408 N. Mullan Road 
Suila 102 
Spokane 99206 
Tel: (509) 928-8086 

WISCONSIN 

!~nJ~.'if:~utiva Dr. 
Suite 102 
Brookl!eid 53005 
Te!: (414) 784·8067 
FAX: (414) 796·2115 

CANADA 
BRITISH COLUMBIA 

ONTARIO 

~~nJgI8~:I~~~I:C~~v~ Canada, Ltd. 
Suite 250 
Ottawa K2B 6H6 

i~~~1~.~fis9714 
tlntal Semiconductor of Canada, Ltd. 
190 Attwell Drive 
Suite 500 
ReKdala M9W 6H8 
Tel: (416) 675-2105 
TLX: 06983574 
FAX: (416) 675·2438 

QUEBEC 

lintel Semiconductor 01 Canada, Ltd. 
20 SI. John BOUlevard 

Pointe Claire H9R 3K2 

~~~J~~~99~?911~ 

CGjSAlEJ1 11 088 



inter 
DOMESTIC DISTRIBUTORS 

ALAIAIIA 

......... 

CAUFORMA 

~lr."'.t::-
0ntar108178t 
Til: (714) 989-9411 

CAUFORNIA. CCoAt'd.) 

rg;. DIstribution Group 
~4M~~eet 
T"~3) 322"'00 

=~tri::.~"c:~ 
Garden Grove 92841 

~~~~V,1foor7111 

~. Distribution Group 
178'72 Cowan Avenue 
IrvlneS2714 

~~1~ 

COLORADO 

CONNEcncuT 

t===.' Inc. 

~~:sr,~ 

FLORIDA 

torrow EJectronIcl, Inc. 
sutt!~rDrlve 
DeerfIeIcI Beach 33441 

~~8 
AnowEJectronIcs, Inc. 
~:=DrIYe 
Lake Marv 32748 

~~~ 

tMlCrOCOmputer Syllem Technical Dlltrlbutcr Center 

fLORIDA (Cont'd.) 

GEORQIA 

!~~;ap!:w.y 
Suite A 
NarctOSI30071 

~.r.~~ 

IWHOIe 

INDIANA 

IOWA 

Hamllton/Avnet ElectronIcs 
91533rd Avenue, S.W. 

~J1~=j?~ 
KANSAS 

AnoW......., .. 
8208 Melrose Dr., Suite 210 
Lenexa 68214 
Tal: (913) 541-9542 

KENTUCKY 

~~I~n~=Ep':FlCI 
~1_2~U75 

MARYLAND 

MT1 Systems SIIII 

ru~8f~' 
PIoneerEJectroniCs 
44 HartweR Avenue 
Le>d=02173 

~:m,~7 
MICHIGAN 

MINNESOTA 

MISSOURI 

HEW HAIIPSHIRI! 

HEW JERSEY 

~:r~~=~~nc. 
Unit 11 
Mlrtton08053 

~~"= 

t~=::nJ:'1net Electronics 
Fairfield 07006 

~~~~l= 

HEW MEXICO 

HEW YORK 

tHarnlltOn/Avnet Electronics 
$33 Metro Partc 
Rochester 14623 

~Alf~~~ 



intJ 
DOMESTIC DISTRIBUTORS (Cont'd.) 

NORTH CAROLINA. 

01110 

011...-. 

Arrow Electronics, Inc. 
1211 E.51&tStrflet 
Suite 101 
Tulaa74148 
Tel: (918) 252-7537 

OREGON 

PENNSYLVANIA 

ArrrYNElectronlcs,lnc. 
650 seco Road 
MonroevUle 15146 
Tel: (412) 868-7000 

PioneerErectronics 
259 Kappa Drive 
PitIsI>u~'5238 Tel: 141 782-2300 
TWX: 71 795-3122 

TEXAS 

tArrow 8_. Inc. 
10899 K1nghurst 
SuIte'OO 
Houstonn099 

~J~~ 

tMlcrocomputel' System Technical Distributor Center 

TEXAS (Con,'d.) 

lPioneerElectronlc:s 
8260Kmner 

Austin 78758 

~~J~,~ 

~=~= Richardson 75081 
Tel: (2'4) 235-9953 

UTAH 

Arrow Electronics 

~~~~9 T~, 1801) 97'U:'3 

=~:==p 
SulteE 

:f~B~~~= 
WASHINGTON 

WYle Distribution Group 
15385 N.E. 90th Street 
Redmond 98052 
Tel: (206)881.1150 

WISCONSIN 

CANADA 
A.LBERTA. 

BRITISH COLUIIBIA 

·1~~:m8ectron'CS 
T=437~ 

Roacl 

MANITOBA 

Zentronlcs 
60-1313 Border Unit 60 

~~=~,~~ 
ONTARIO 

~~:~~=,ronlC& 
UnJts3-4·5 
Mlsslsaau,a L4T lR2 

~~~~~: 
Hamilton/Avnet Electronics 
6845 RexWOOCl Road 
Unit 6 

~:i=Jk~X~R2 

tZentronlcs 
155 ColOnnade Road 
Unit 17 

=3)~ 
ZentronlCs 
60-1313 Bord8r' St 

~~(tJf:7DJ:7 
QUEBI!C 

tArrow Electronics Inc. 
4050 Jean Talon Quest 
Montreal H4PlWl 

~~~~5~'1 

CGJSAlZ/l11088 



inter 
DENMARK 

Intel 
Glentevej 61, 3rd Floor 

~~4~)ranh"6~ ~ 
TLX: 19567 

FINLAND 

Inlel 
Ruosilantie 2 
00390 Helsinki 
Tel: (358) 0 544 644 
TLX: 123332 

FRANCE 

Intel 
I, Rue Edison-BP 303 
76054 St. Quentin-en-Yvelines CedeK 

i~~W~~:O 57 70 00 

Intal 
4, Qual des Etrolls 
69321 Lyon Cedex 05 

+~~~M~~ 784240 89 

EUROPEAN SALES OFFICES . 

WEST GERMANY 

Intel' 
Darnaehar Strasse 1 
6016 Feldkirchen bei Muenchen 

i:1~ ~~~g~~?90992-a 
FAX: 904-3948 

Intel 
HonenzoliernStrasse5 
3000 Hannover 1 
Tel: (49) 0511/344081 
TLX: 9-23625 

Intel 
Abraham lincoln Strasse 16-18 
6200 WI9sbaden 
Tel: (49) 06121f760S-0 
TLX: 4-186183 

Inlel 
Zettachnng IDA 

~m~1~Jaffga72a.o 

ISRAEL 

Inlel' 
Atidlm Industrial Pario;-Neve Share! 
P.O. Box 43202 
Tel-Aviv 61430 
Tel: (972) 03-498060 
TLX: 371215 

ITALY 

IntelO 
Mllanofiorl Palazzo E 
20090 Assago 
MIlano 

i~~~,~~! 8244071 

NETHEflLANDS 

Intel' 
Marten Mee5weg 93 
3068 AV Rot1erdam 

i~~~~2}g.407 .11.11 

HOflWAY 

Intal 
Hvamveian 4-PO Box 92 
2013Skjetten 

~~~fJo(f~ 842 420 

SPAIN 

Inlel 
Zurbaran,28 
28010 Madrid 

~~:(!"Ja~O 40 04 

SWEDEN 

Intel" 

~:~v~~"ofn~ 
~~:(~~2~J34 01 00 

SWITZERLAND 

Intel 
Zuerichslrasse 
81 S5 Winkel·Rueb bei Zuerich 

~~~~~5~¥?60 62 62 

UNITED KINGDOM 

Inlel' 

~~~Jo~,a*lItshire SN3 1 RJ 

~~!~m 696000 

EUROPEAN DISTRIBUTORS / REPRESENTATIVES 

AUSTRIA 

Bacher Electronics G m.b.H. 
Rolenmuehlgasse 26 
1120Wien 
Tel: (43) (0222) 83 56 4fM) 
TLX: 131532 

BELGIUM 

Inalec Belgium SA 
Av. des Croix de Guerre 94 
1120 Bruxelles 

?l~~~~~lenlaan, 94 

~~~~~)2160160 

DEHUAflK 

ITI·Multikomponent 
Naverland29 
2600Glostrup 

+~~}~ rJs2 45 66 45 

FINLAND 

OY Fintronic AS 
Malkonkatu24A 
00210 Helsinki 

i~~~~2~16926022 

FRANCE 

Generim 

~C:~~!~ieres 
4, avo Laurent·Caly 
92606 Asnieres C8dex 
Tel: (33) (1) 47 90 62 40 
TLX: 611448 

Tekelec-Airtronic 
Rue Carle Vernel· BP 2 
92315 Sevres Cedex 

~!~d..~l:5 34 75 35 

'Field Application location 

WEST GERMANY 

Electronic 2000 AG 

~::J~~'::;~~~~ ~ 
Tel: (49) 089/4200Hl 
TLX:522561 

Jermyn GmbH 
1m Dachsstueck 9 

~~r~4~)g~81/508-0 
TLX: 415257·0 

Proelectron Vartriebs GmbH 
Max Planck Strasse 1·3 
6072 Dreieich 
Tel: (49) 061 03/3040 
TLX: 417903 

IRELAND 

Micro Marketing lid. 
Glenagaary OffIce Park 
Glenageary 
Co. Dublin 
Tel: (21) (353) (01) 85 63 25 
TLX: 31584 

ISflAEL 

EastronicsLtd. 
11 Rozams Street 
P.O.B. 39300 
Tel-Aviv 61392 

f~~~~3-475151 

ITALY 

IntaSi 
Divisione ITI Industries GmbH 
Vla!e Miianofiori 
PalazzoE/5 
20090 Assago 
Milano 

+~~~~)1~~:24701 

b~j~ ~~lerci~~:ti~'f2~' 
20092 Clnlsello Balsamo 
MIlano 

f~!~2~440012 

NETHERLANDS 

Koning en Hartman 

16~~e.we~~ 
Tel: (31) 15609906 
TLX:38250 

NORWAY 

Nordisk Elaktronikk (Norge) A/S 
Postboks 123 
Smedsvingen 4 
1364 Hvaistad 
i~:(WJ!ll) 84 6210 

POflTUQAL 

Ditram 
Avenlda Marques de Tomar, 46-A 
1000 Usboa 
Tal: (351) (1) 73 48 34 
TLX: 14182 

SPAIN 

ATD Electronica, S.A. 
Plaza eiudad de Viena. 6 
28040 Madrid 

i~~~7~4000 

ITI·SESA 

r:3roM~a~~\:nga', 21-3 

iti~:W4~;9 09 57 

SWEDEN 

Nordlsk Elektronik AB 
Huvudstagatan1 
Box 1409 
17127 Selna 
Tel: (46) 08-734 97 70 
TLX: 105 47 

SWITZERLAND 

Industrade A.G. 
Hertistrssse31 
6304 Wallisetien 

i~n~7~3') 83 05 04 0 

TURKEY 

EMPA Electronic 
Undwurmstrasse 95A 
8000 Muanchen 2 

~~n~~~53 80 570 

UNITED KINGDOM 

Accent Electronic Components ltd. 
Jubilee HOU38, Jubilee Road 
Letchworth. Herts SG6 tTL 
i~:(~1~~2) 686666 

Jermyn 
Vestry Eslata 
Otford Road 
Sevenoaks 
Kent TN14 5EU 

i~~~d,~I32J 450144 

MMO 
Umt 8 Southview Park 
Caversham 

::~~~h?re AG4 OAF 

i~~mlr)481666 

Rapid Silicon 
Rapid House 
Denmark Street 
Hlgh~combe 

~~17~~~~~~~i~~:6~1 2EA 
TLX: 637931 

Rapid Systems 
Rapid House 
Denmark Street 
High Wycombe 

~~7~~~~~~9s~i~~~:~ 2ER 
TLX: 837931 

YUGOSLAVIA 

Rapido Electronic Components S.p.a. 
Via C. Beccaria. 8 
34133 Trieste 
ltalia 

i~:(~g~/360555 

CG/SAlE/111088 



INTERNATIONAL SALES OFFICES 

AUSTRALIA 

BRAZIL 

CHINA/HONG KONG 

Intel Semiconductor Ltd.' 
10/F East Tower 
Bond Center 
Q 

JAPAN 

~!~~~~~~9~~ld9. 
1-8889 Fuchu-cho 

~~F~~~7klr,' sa 
FAX: 0423-80-0315 

Intel Japan K.K" 
Flower-Hill Shln-machl Bldg. 
1-23-9 Shlnmachl 

~1~~~~~~~kYO 154 
FAX: 03-427-7620 

Intel Japan K.K: 

~~g8'HKoUn~ca~~ya 
~~~g,p:r2tJ8~fltama 360 
FAX: 0485-24-7518 

~~~~~~~~i~:sashl-kOSUgl Bldg. 
915 Shlnmaruko, NBkahara-ku 

~:~8:::t~7~:ragawa 211 
FAX: 044-733-7010 

JAPAN (Conl'd.) 

~i~~~:~~'~isugl Bldg. 
1-2-1 Asahl-machl 

~~:ua.r:~!~~~awa 243 
FAX: 0462-29-3781 

560 

Intel Japan K.K. 
Shlnmaru Bldg. 
1-5-1 MarunoUchf 
Chl~a-ku, Tokyo 100 
Tel: 03-201-3621 
FAX: 03-201-6650 

~~~~a~~.K.K. 
1-16-20 Nishlkl 
Naka-ku. Nagoya-shl 
Alchl450 
Tel: 052-204-1261 
FAX: 052-204-1285 

KOREA 

SINGAPORE 

TAIWAN 

INTERNA TIONAL 
DISTRIBUTORS/REPRESENTATIVES 

ARGENTINA 

DAFSYS S.R.L. 
Chacaboco, 90-4 PISO 
1069-Buenos Aires 
Tel: 54-1-334-1871 

54-1-334--n26 
TLX: 25472 

AUSTRALIA 

BRAZIL 

Elebra Mlcroelectronlca 
R. Geraldo Flauslna Gomes, 78 
9Andar 
04575 - Sao Paulo - S.P. 
Tel: 011-55-11-534-9637 
TLX:3911125131 ELBA SR 
FAX: 55-11-534-9424 

CHILE 

DIN Instruments 
Suecla 2323 
C4sllia 6055, Corrao 22 

~:1~~~-225-8139 
TlX: 440422 AUDY CZ 

CHINA/HONG KONG 

~1~r~,p~~1':f~cr~~';JI~" Ltd. 
Phase " 261("wal Hel Street 
N.T., Kowloon 

~:'is~~~23-222 
1WX:39114JINMI HX 
FAX: 852-0-261-602 

"FIeld AppliCation Locatton 

INDIA 

Mlcronic Davices 
Arun Complex 
No. 65 O.V.G. Road 
BasavanagUdI 

~:I~i~~2:r~, 
011-91-812-621-455 

Tl.X: 0845-833.2 MD BG IN 

Micronlc Davlces 
Flat 403, Gagan Deep 
12. Rajendra Place 
New Deihl 110 008 
Tel: 91-58-97-71 

011-91-57-23509 
TLX: 03163235 MONO IN 

hembur 

~~,~~;~?l-1 
TLX: 9531171447 MDEV IN 

5&5 Corporation 
Camden Business Center 
Suite 6 
1610 Blossom Hili Rd. 
San Jose, CA 95124 
U.S.A. 

+~~~~2i.~8-6216 
JAPAN 

Asahl ElectronIcs Co. Ltd. 
KMM Bldg. 2-14-1 Asano 
Kokurakrt8-ku 

~~~~~~;~~2 
FAX: 093-551-7861 

C.l1oh Techno-Science Co., Ltd. 
4-8-1 Dobashl, Mlyamae-ku 

~:~g::~-3;!5~:,nagawa 213 

FAX: 044-877-4268 

JAPAN (Cont'd.1 

W:::~~~W:~~Jaya 
¥:i:aM!asa~~kyO 1 
FAX: 03-467·8088 

~~¥g ~~~~e 
~:I~~t~_~~~6shr 460 
FAX: 052-204-2901 

Ryoyo Electro Corp. 
Konwa Bldg. 
1-12-22 TsuklJI 

~~1~'6t~~~6f,'04 
FAX: 03-546-5044 

KOREA 

MEXICO 

DrcopsIS.A. 
Tochtll 368 Frace. Ind. San Antonio 

~~~~~~c,seXlco, D.F. 
Tel: 52-5-561-3211 
TUC: 1773790 DICOME 

NEW ZEALAND 

Switch Enterpflses 
36 Olive Road 
Penrose, Auckland 
ATTN: Dean Danford 
Tel: 64-9-591155 
FAX: 64-9-592681 

~NGAPORE 

SOUTH AFRICA 

Electronic Building Elements, Pty. Ltd. 
P.O. Box 4609 

TAIWAN 

Sertek 
5FL, 135 Sec. 2 
Chlen-Kuo N. Rd. 

~~~.'0479 
Tel: (O~ 5010055 

FAX: ~021 ~oill~l 
VENEZUELA 

P. Benavides S.A. 
Avllanes a Rio 
ResklencJa Kamarata 

4"'7 

vc 
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intJ 
ALABAM" 

Intel Corp. 
15015 Bnidford Dr., #2 
Huntsville 35805 
Tel!(205)~10 

ARIZONA 

Intel Corp. 
11225 N. 28th Or. 
Suite P.214 
Phoenix 65029 
Tel: (602) 869-4980 

Intel Corp. 
500 E. Fry Blvd., Suite M·15 
Sierra Vista 85635 
Tel: (802)459-501 0 

~~t:~ ~~~i Oorado Place 
Suite 301 
Tucson 85715 
Tel: (602) 299-6815 

CAUFORNIA 

Intel Corp. 
21515 Vanowen Street 
5ult8116 

i:'~1aBr~~ 
~nJ~::tt.rfn;perial Highway 
Suite 216 

~mf;ld=o 

Intel Corp," 
400 N. Tustin Avenue 
Suite 450 
Santa Ana 92705 

MJt~~~ 
Intel Corp! 
San Tomas 4 
2700 San Tomas Expressway 
2nd Floor 
Santa Clara 95051 

~~r.~5 
COl.ORADO 

Intel Corp. 
4445 Northpark Orlve 
Su1t8100 

~I:O{~~ ~ct;~0907 

St .. Suite 915 

8086 
-2'" 

CONNECTICUT 

~~~~inAoad 
2nd Floor 
OanbU~ 06811 

~~71b?t~1,3Jlg 

CAUFORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 
Tel: (408) 970-1700 

CAUFORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 
Tel: (408) 986-8086 

DOMESTIC SERVICE OFFICES 
FLORIDA MICHIGAN NORTH CAROLINA 

WJ~ 9rre: 6th Way 
Intel Corp. Intel Corp. 
7071 Orchard lake Aoad 5700 Executive Drive 

Suite 100 SuUe 100 Sulle 213 
Ft. lauderdale 33309 Wesl Bloomfield 4B033 Charlotte 28212 

~J~~~l:l5tO~0Jl7 Tel: (313) B51-6096 Tet: (704) 568·6988 

FAX: 305·772-8193 MtNNESOTA Intel Corp. 
2306 W. Meadowview Aoad 

knJ;b ~~8\8G Blvd. 
Intel Corp. Sulle 206 
3500 W. BOth St., Suile 360 Greensboro 27407 

Suite 340 Bloomln~on 55431 Te1: (919) 294·1541 
Orlando 32822 ~812 835-8722 

~:I~f~~J.~:~:~ ! 91 ·576·2867 Intel Corp. 

MISSOURI 
~~~ ~diljff Road 

~nlt~~~~. Street North Intel Corp. ~:!:ei8r 9r7~~~8022 
SuIte 170 4203 Earth City Expressway 
SI. Petersburg 33716 SUite 131 OHIO 

~~f~113J.;~~~~~~ Earth City 63045 
Tel: (314) 291-1990 InlElICorp.' 

3401 Park Center Drive 
GEORGIA NEW JERSEY Suite 220 

Dayton 45414 
Intel Corp. ~!~!t~~F!1aza III ~~~~~b~95°G.5li208 3280 Pointe Parkway 
Suite 200 Raritan Center 
Norcross 30092 Edison 08617 Intel Cor~.· 
Tel: (404) 449-0541 Tal: (201) 225-3000 25700 SCience Park Dr. 

Suite 100 
IWNOIS Intel Corp. Beachwood 44122 

~rigl~~~ingale Road 

385 Sylvan Av.enue ~~~~~~S:i~l968 Englewood CllNs 07632 

SUite 400 mJt~~~9~~:t9\ . OKLAHOMA 

~;ri3~~arf~JJ~ Intel Corp: knJ9\ ~~rg~oadway 
INDIANA 

Parkway 109 Office Center 
328 Newman Springs Road SUite 115 
Red Bank 07701 Oklahoma City 73162 

Intel Corp. Tel: (201) 747·2233 Tel: (405) 646--8086 
6777 PurdUe Road 
Suite 125 tlntel Corp. OREGON 

~~~(~~W~jt~~ 280 ~rporate Center 
Intel Corp. 75 liVingston Avenue 

First Floor 15254 N.W. Greenbrier Parkway 
IOWA Roseland 07068 BUilding B 

~:~f~':il.j!~~~~ Beaverton 97006 
Intel Corp. Tel: (503) 645-8051 
1930 SI. Andrews Drive N.E. TWX: 910-467-6741 
2nd Floor NEW MEXICO 
Cedar Rapids 52402 
Tel: (319) 393-5510 Intel Corp. 

6500 Menaul Boulovard N.E. 
~J6b C:~'Elam Young Parkway 
Hillsboro 97123 

KANSAS Suite B 295 Te[: (503) 661·8080 

Intel Corp. ~::U&O~'ku:2~JJJg PENNSYLVANIA 
6400W.l10th Street 
Suite 170 NEW YORK Intel Corp: 
Overland Park 86210 455 Pennsylvania Avenue 
Tel: (913) 345-2727 Intel Corp. SUIte 230 

127 Main Street ~~17 (~a5st~1~~Origo34 MARYLAND Binghamton 13905 

~~~~~~i.gt~~~ TWX: 510-661-2077 
Intel Corp: 
7321 Parkway Drive South Intel Corp: 
Suilee Intel Corp: 400 Penn Center Blvd. 
Hanover 21076 ~~~~~~~E~s Office Park Suite610 

~P~~~6~~59~ Tel: (716) 425·2750 ~~~:s~~r~h81~~~~70 
TWX: 510-253·7391 

Intel Corp. PUERTO RICO 
7833 Walker Drive Intel Corp.' 
Suite 550 300 Motor Parkway Intel Microprocessor Corp. 
Greenbelt 20770 

~JCJa~~~i~i08 
South Industrial Park 

Tel: (301) 441·1020 P.O. Box 910 
Las Piedras 00671 

MASSACHUSETTS Tel: (809) 733·8816 
Intel Corp. 

TEXAS Intel Corp: :~~~aj~o~~~~?es~ Center Westford Corp. Center 
3 CarliSle Aoad Fishkill 12524 Intel Corp. 
2nd Floor ~~f~~~.~~j:~~~~ 313 E. Anderson lane 
Westford 01888 Suite 314 

~~~~~~ Austin 78752 
Tel: (512) 454-3626 

CUSTOMER TRAINING CENTERS 
ILLINOIS 

~!.~~rtin~8~i!;l300 
Tel: (312)3rpO.57oo 

MASSACHUSETTS 

3 Carlisle Roac:l 
Westford 01 aaa 
Tel: (506) 692-1000 

MARYLAND 

7833 Walker Or .• 4th Floor 
Greenbelt 20770 
Tel: (301) 220-3380 

SYSTEMS ENGINEERING OFFICES 
ILLINOIS NEW YORK 

~!:;m~~7inB3~~s*3OO 
Tol, (312) 3fO-<1031 

300 Motor Parkway 

~:I~rcla~gi31 ~80 

TEXAS (Cont'd.) 

Intel Corp: 
12000 Ford Road 
Suite 400 
Dallas 75234 

~~~f22"~~~:~~~~ 

~i~t~ ~:~6'FreeWay 
Houston 77074 

~Jr~ib:::;~2O:960 
UTAH 

Intel Corp. 
426 East 6400 South 
Suite 104 

~~~(~~,fi~6051 
VIRGINIA 

Intel Corp. 
1504 Santa Rosa Road 
Suite 106 
Richmond 23288 
Tel: (804) 282·5668 

WASHINGTON 

Intel Corp. 
15510Bth Avenue N.E . 
Suite 366 
Bellevue 98004 

:~~·!lg~~3~:a82 

WISCONSIN 

Intel Corp. 
330 S. Executive Or. 
Suite 102 
Brookfield 53005 
Tel: (414) 764-6087 
FAX: (414) 796-2115 

CANADA 
BRITISH COLUMBIA 

Intel Semiconductor of Canada, Ltd. 

~~~~a~~n.:g~ ~~l' Suite 202 
Tel: (604) 298-0387 
FAX; (604) 298-8234 

ONTARIO 

Intel Semiconductor of Canada, LId. 
2650 Queensview Drive 
Suite 250 
Ottawa K2B 8H6 
Tel: (613) 629·9714 
TL.X: 053-4115 

OUEBEC 

Intel Semiconductor of Canada, ltd. 
620 51. John Boulevard 
Pointe Claire H9R 3K2 

~~~J~~~~4~~,s~ 
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