
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































82C54 

Signal Low 
Status Or Going Rising High 

. Modes Low 

0 Disables - Enables 
counting counting 

1 - 1) Initiates -
counting 

2) Resets output 
after next 
clock 

2 1) Disables 
counting Initiates Enables 

2) Sets output counting counting 
immediately 
high 

3 1) Disables 
counting Initiates Enables 

2) Sets output counting counting 
immediately 
high 

4 Disables - Enables 
counting counting 

5 - Initiates -
counting 

Figure 21. Gate Pin Operations Summary 

MODE 
MIN MAX 

COUNT COUNT 

0 1 0 

1 1 0 

2 2 0 

3 2 0 

4 1 0 

NOTE: 
o is equivalent to 216 for binary counting and 104 for 
BCD counting 

Figure 22. Minimum and Maximum initial Counts 

5-36 

Operation Common to All Modes 

Programming 

When a Control Word is written to a Counter, all 
Control logic is immediately reset and OUT goes to 
a known initial state; no ClK pulses are required for 
�~�&� . 

GATE 

The GATE input is always sampled on the rising 
edge of ClK, In Modes 0,2,3, and 4 the GATE input 
is level sensitive, and the logic level is sampled on 
the rising edge of ClK. In Modes 1, 2, 3, and 5 the 
GATE input is rising-edge sensitive. In these Modes, 
a rising edge of GATE (trigger) sets an edge-sensi­
tive flip-flop in the Counter. This flip-flop is then sam­
pled on the next rising edge of ClK; the flip-flop is 
reset immediately after it is sampled. In this way, a 
trigger will be detected no matter when it occurs-a 
high logic level does not have to be maintained until 
the next rising edge of ClK. Note . .that in Modes 2 
and 3, the GATE input is both edge- and level-sensi­
tive. In. Modes 2 and 3, if a ClK source other than 
the system clock is used, GATE should be pulsed 
immediately following WR of a new count value. 

COUNTER 

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

The largest possible initial count is 0; this is equiva­
lent to 216 for binary counting and1()4 for BCD 
counting. 

the Counter does not stop when it reaches zero. In 
Modes 0, 1, 4, and 5 the Counter "wraps around" to 
the highest count, either FFFF hex for binary count" 
ing or 9999 for BCD counting, and continues count­
ing. Modes 2 and 3 are periodic; the Counter reloads 
itself with the initial count and continues counting 
from there. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ....... OOG to 700G 
Storage Temperature ............ - 65° to + 1500G 
Supply Voltage ................... - 0.5 to + 8.0V 
Operating Voltage .................. +4Vto +7V 
Voltage on any Input .......... GND - 2V to + 6.5V 
Voltage on any Output .. GND-O.5V to Vee + 0.5V 
Power Dissipation ........................ 1 Watt 

D.C. CHARACTERISTICS 

82C54 

NOTICE: This is a production dat;i sheet. The specifi­
cations are subject to change without notice. 

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

(TA=O°C to 70°C, Vee=5V± 10%, GND=OV) (TA = -40°C to + 85°C for Extended Temperature) 

Symbol Parameter Min Max Units Test Conditions 

Vil Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee + 0.5 V 

VOL Output Low Voltage 0.4 V IOl = 2.5mA 

VOH Output High Voltage 3.0 V IOH = -2.5 mA 
Vee - 0.4 V IOH = -100 p,A 

III Input Load Current ±2.0 p,A VIN = Vee to OV 

lOR Output Float Leakage Current ±10 p,A VOUT=Vee to O.OV 

Icc Vee Supply Current 20 mA 
Clk Freq= 

8MHz82C54 
1 OMHz 82C54-2 

leeSB Vee Supply Current-Standby 10 p,A CLKFreq = DC 
CS = Vee. 
All Inputs/Data Bus Vee 
All Outputs Floating 

leeSB1 Vee Supply Current-Standby 150 p,A CLKFreq = DC 
CS = Vee. All Other Inputs, 
I/O Pins = VGND, Outputs Open 

CIN Input Capacitance 10 pF fc = 1 MHz 

CliO I/O Capacitance 20 pF Unmeasured pins 

COUT Output Capacitance 20 pF returned to GND(5) 

A.C. CHARACTERISTICS 
(TA = O°C to 70°C, Vee = 5V ±10%, GND =OV) (TA = -40°C to + 85°C for Extended :Temperature) 

BUS PARAMETERS (Note 1) 

READ CYCLE 

Symbol Parameter 82C54·2 Units 
Min Max 

tAR Address Stable Before RD "- 30 ns 

tSR cs Stable Before RD "- 0 ns 

tRA Address Hold Time After RD l' 0 ns 

tRR RD Pulse Width 95 ns 

tRD Data Delay from RD "- 85 ns 

tAD Data Delay from Address 185 ns 

tDF RD l' to Data Floating 5 65 ns 

tRY Command Recovery Time 165 ns 

NOTE: 
1. Ae timings measured at VOH = 2.0V, VOL = O.SV. 

I 
5-37 



82C54 

A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

Symbol Parameter 

tAW Address Stable Before WR .J, 
tsw CS Stable Before WR .J, 
tWA Address Hold Time After WR t 
tww WR Pulse Width 

tow Data Setup Time Before WR t 
two Data Hold Time After WR t 
tRv Command Recovery Time 

CLOCK AND GATE 

Symbol Parameter 

tClK Clock Period 

tPWH High Pulse Width 

tpWl low Pulse Width 

TR Clock Rise Time 

tF Clock Fall Time 

tGW Gate Width High 

tGl Gate Width low 

tGS Gate Setup Time to ClK t 
tGH Gate Hold Time After ClK t 
Too Output Delay from ClK .J, 
tOOG Output Delay from Gate .J, 
twc ClK Delay for loading(4) 

tWG Gate Delay for Sampling(4) 

two OUT Delay from Mode Write 

tCl ClK Set Up for Count Latbh 

NOTES: 

82C54-2 Units 
Min Max 

0 ns 

0 ns 

0 ns 

95 ns 

95 ns 

0 ns 

165 ns 

82C54-2 Units 
Min Max 

100 DC ns 

30(3) ns 

50(3) ns 

25 ns 

25 ns 

50 ns 

50 ns 

40 ns 
50(2) ns 

100 ns 

100 ns 

0 55 ns 

-5 40 ns 

240 ns 

-;-40 40 ns 

2. In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within· 70 ns for the 82C54-2 of the 
rising clock edge may not be detected. 
3. low-going glitches that violate tpWH, tpWl may cause errors requiring counter reprogramming. 
4. Except for Extended Temp., See Extended Temp. A.C. Characteristics below. 
5. Sampled not 100% tested. T A = 25°C. 
6. If ClK present .at T wc min then Count equals N + 2 ClK pulses, T WC max equals Count N + 1 ClK pulse. T WC min to 
T WC max, count will be either N + 1 or N + 2 ClK pulses. 
7. In Modes 1 and 5, if GATE is present when writing a new Count value, at TWG min Counter will not be triggered, at TWG 
max Counter will be triggered. 
8. If ClK present when writing a Counter latch or ReadBack Command, at T CL min ClK will be reflected in count value 
latched, at TCl max ClK will not be reflected in .the count value latched. Writing a Counter Latch or ReadBack Command 
between T Cl min and T Wl max will result in a latched count vallue which is ± one least significant bit. 

EXTENDED TEMPERATURE (TA = -40·Cto +S5·CforExtendedTemperature) 

Symbol Parameter 82C54-2 Units 
Min Max 

twc ClK Delay for loading -25 25 ns 

tWG Gate Delay for Sampling -25 25 ns 
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82C54 

WAVEFORMS 

WRITE 

·0·1 

DATA BUS 

i 

" 

231244-14 

READ 

1---••• ---.; 

DATA BUS---

231244-15 

fECOVERY 

231244-16 
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82C54 intet® 
CLOCK AND GATE 

eLK ----"---"rl 

GATE 

OUTPUTO _____ ~ ________ +-J',....----J'---------

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT {OUTPUT 

2.4=X x= 2.0 2.0 . ~ > tnT POINTS < . 
0.45 _ 0.8 0.8. 

231244-1B 
A.C. Testing: Inputs are driven at2.4V for a logic "1" and 0.45V 
for a logic "0." Timing measurements are made at 2.0V for a logic 
"1" and O.BV for a logic "0." 

REVISION SUMMARY 

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

1. References to and sp.ecifications for the 8 MHz 
82C54 are removed. Only the 10 MHz 82C52-2 
remains in. production. 

5-40 

231244-17 
• Last byte of count being written 

A.C. TESTING LOAD CIRCUIT 

231244-19 
CL ~ 150 pF 
CL includes jig capacitance 
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8255A-5 
PROGRAMMABLE PERIPHERAL INTERFACE 

• MCS·85 Compatible 8255A·5 • Direct Bit Set/Reset Capability Easing 

• 24 Programmable 1/0 Pins Control Application Interface 

• Completely TTL Compatible • Reduces System Package Count 

• Fully Compatible with Intel • Improved DC Driving Capability 

Microprocessor Families • Available in EXPRESS 

• Improved Timing Characteristics - Standard Temperature Range 
- Extended Temperature Range 

• 40 Pin DIP Package 
(See Intel Packaging: Order Number: 240800·001, 
Package Type P) 

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

POWER {_+5V 
SuPPLIES 

_GNO 

"---<4 
"'---<4 READ, 

_n 
.,---!~ 

"---I 
RESET---! 

8-81' 
INTERNAL 
DATA BUS 

Figure t. 8255A Block Diagram 

GROUP . 
'OR' . 

,0> 

GROUP 
B 

POll' 
B 

'B) 

231308-1 

231308-2 

Figure 2. Pin 
Configuration 

The complete document for this product is available on Intel's "Data-on-Demand" CD-ROM system. To obtain 
a copy. contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4125. 
September 1993 
Order Number: 231308-004 5-41 
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82C55A 
CHMOS PROGRAMMABLE PERIPHERAL INTE.Ri=ACE 

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

• High Speed, "Zero Wait State" • 2.5 mA .DC Drive Capability on all 1/0 
Operation with 8 MHz 8086/88 and . Port Outputs 
80186/188 
24 Programmable I/O Pins • Available in 40-Pin DIP and 44-Pin PLCC • Available in EXPRESS • • Lo~ Power CHMOS - Standard Temperatur~ Range 

• Co~pletely TTL Compatible - Extended Temperature Range 
The Intel 82C55A is a high"performance, CHMOS version of the industry standard 8255A general purpose 
programmable 1/0 device which is designed for use with all Intel and most other microprocessors. It provides 
241/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. 
The 82C55A is pin compatible with the NMOS 8255A and 8255A"5. 

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

The 82C55A is fabricated on Intel's advanced CHMOS III technology which provides low power consumption 
with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in40-pin 
DIP and 44-pin plastic leaded chip carrier (PLCC) packages. 

POWfll J-+~~ 
SUPPLIES L __ .'" n 

Figure 1. 82C55A Block Diagram 
231256-1 

6 5 " 3 2 1 4-4 4l 42 41 40 

8ZCS5J. 

18 19 20 21 22 23 24 25 26 27 28 

231256-31 

231256-2 

Figure 2. 82C55A Pinout 
Diagrams are for pin reference only. Package 
sizes are not to scale. 

The complete.documenf for this product is available on Intel's "Data-on-Demand" CD-ROM system. To obtain 
a copy, contact your loeallntel field sales office, Intel technical distributor or call 1-800-548-4125. 

5-42 
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• 

• 

• 

8256AH 
MULTIFUNCTION MICROPROCESSOR 

SUPPORT CONTROLLER 
Programmable Serial Asynchronous • Two 8-Bit Programmable Parallel I/O 
Communications Interface for 5-, 6-, 7-, Ports; Port 1 Can Be Programmed for 
or 8-Bit Characters, 1, 1 %, or 2 Stop Port 2 Handshake Controls and Event 
Bits, and Parity Generation Counter Inputs 

On-Board Baud Rate Generator • Eight-Level Priority Interrupt Controller 
Programmable for 13 Common Baud Programmable for 8085 or iAPX 86, 
Rates up to 19.2 KBlts/Second, or an iAPX 88 Systems and for Fully Nested 
External Baud Clock Maximum of 1 M Interrupt Capability 
Bit/Second • Programmable System Clock to 1 x, 
Five 8-Bit Programmable Timer/ 2 x, 3 x, or 5 x 1.024 MHz 
Counters; Four Can Be Cascaded to 
Two 16-Bit Timer/Counters 

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

ADO-AD4 

D85-DB7 

CI 
iili 

WI! 
ALE 

RESET 
1m 
INT~~ __ ..... 

Figure 1. MUART Block Diagram 

RxD 
TxD 
liiC 
TiC 
m 

230759-1 

ADl 

AD2 

DBI 

De7 

ALE 

iili 
WR 

nm: 
INT 

EXTINT 

elK 

Vee 
Pl0 

Pll 

P15 

Pl. 

P17 

P20 

P2l 

P22 

PO 

P24 

PH 

PH 

P27 

TxD 

~ 

m 
230759-2 

Figure 2. MUART Pin 
Configuration 

The complete document for this product is available on Intel's "Data-on-Demand" CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 
September 1990 
Order Number: 230759-002 5-43 
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8259A 
PROGRAMMABLE INTERRUPT CONTROLLER 

{8259A/8259A-2} 
SOS6, SOSS Compatible • Single +5V Supply (No Clocks) 

MCS-SCI, MCS-S5 Compatible • Available In 2S-Pin DIP and 2S-Lead 

Eight-Level Priority Controller PLCC Package 
(See Packaging Spec., Order #231369) 

Expandable to 64 Levels • Available in EXPRESS 
Programmable Interrupt Modes - Standard Temperature Range 

Individual Request Mask Capability - Extended temperature Range 

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

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

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

DATA 
BUS 

BUFFER 

cs--__ ..J 

CASO 

CAS 1 

CAS 2 

SPf.EN ____ .J 

INT 

n 
CONTROL lOGIC 

IRO 

IR1 

IR2 

~INTERNAl BUS 

231468-1 

Figure 1. Block Diagram 

DIP 

231468-2 

PLCC 

SIfr1I;I~ ~ ~1~ 

• 3 2 1 28 27 26 

0 IR7 

IRS 

IRS 

8259A IR. 

IR2 

12 13 14 15 16 17 18 

E ~ ~ ~ I~ ~ ~ " 
(,) ul~ 

231466-31 

Figure 2. Pin 
Configurations 

The complete document for this product is available on Intel's "Oata-on-Oemand" CD-ROM system. To obtain 
a copy, contact your loca/lntel field sales office, Intel technical distributor or call 1-800-548-4125. 

December 1988 
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82C59A-2 
CHMOS Programmable Interrupt Controller 

• Pin Compatible with NMOS 8259A-2 • 80C86/88 and 8080185/86/88 

• Eight-Level Priority Controller Compatible 

• Expandable to 64 levels • Fully Static Design 

• Programmable Interrupt Modes • Single 5V Power Supply 

• Low Standby Power-10 IJ.A • Available in 28-Pin Plastic DIP 
(See Packaging Spec., Order #231369) 

• Individual Request' Mask Capability 

The Intel 82C59A-2 is a high performance CHMOS version of the NMOS 8259A-2 Priority Interrupt Controller. 
The 82C59A-2 is designed to relieve the system CPU from the task of polling in a multi-level priority interrupt 
system. The high speed and industry standard configuration of the 82C59A-2, make it compatible with micro­
processors such as the 80C86/88, 8086/88 and 8080/85. 

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

iii 
WR 

'. 

OATA 
BUS 

BurrER 

cs--_ ..... 

CASO 

CASI 

CAS 2 

5'/Eii_-_ ..... 

October 1988 
Order Number: 231201-004 

INTERNAl BUS 

231201-1 

Figure 1. Block Diagram 

231201-2 

Figure 2. Pin Configuration 
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82C59A-2 

. Table 1. Pin Description 

Symbol Pin No. Type Name and Function 

Vee 28 I SUPPLY: + 5V Supply. 

GND 14 I GROUND. 

CS 1 I CHIP SELECT: A low on this pin enables RD and WR 
communication between the CPU and the 82C59A-2. INTA 
functions are independent of CS. 

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

RD 3 I READ: A low on this pin when CS is low enables the 
82C59A-2 to release status onto the data bus for the CPU. 

07-00 4-11 I/O BIDIRECTIONAL DATA BUS: Control, status and interrupt-
vector information is transferred via this bus. 

CASo-CAS2 12,13,15 I/O CASCADE LINES: The CAS lines form a private 82C59A-2 
bus to control a multiple 82C59A-2 structure. These pins are 
outputs for a master 82C59A-2 and inputs for a slave 
82C59A-2. 

gj5/EN 16 I/O SLAVE PROGRAM/ENABLE BUFFER: This is a dual 
function pin. When in the Buffered Mode it can be used as an 
output to control buffer transceivers (EN). When not in the 
buffered mode it is used as an input to designate a master (SP 
= 1) or slave (SP = 0). 

INT 17 0 INTERRUPT: This pin goes high whenever a valid interrupt 
request is asserted. It is used to interrupt the CPU, thus it is 
connected to the CPU's interrupt pin. 

IRo-IR7 18-25 I INTERRUPT REQUESTS: Asynchronous inputs. An interrupt 
request is executed by raising an IR input (low to high), and 
holding it high until it is acknowledged (Edge Triggered Mode), 
or just by a high level on an IR input (Level Triggered Mode). 
Internal pull-up resistors are implemented on IRO-7. 

INTA 26 I INTERRUPT ACKNOWLEDGE: This pin is used to enable 
82C59A-2 interrupt-vector data onto the data bus by a 
sequence of interrupt acknowledge pulses issued by the CPU. 

Ao 27 I AO ADDRESS LINE: This pin acts in conjunction with the CS, 
WR, and RD pins. It is used by the S2(f59A-2 to decipher 
various Command Words the CPU writes and status the CPU 
wishes to read. It is typically connected to the CPU AO 
address line (A 1 for 80CS6, SOCSS). 
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FUNCTIONAL DESCRIPTION 

Interrupts in Microcomputer Systems 

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

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

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

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

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

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

.82C59A-2 

The 82C59A-2 

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

RAM 

ROM 

CftU·DRtVEN 
MULTIPLEXOR 

CPU 

231201-3 

Figure 3a. Polled Method 

231201-4 

Figure 3b. Interrupt Method 

5-47 



82C59A-2 

terns. It manages eight levels or requests and has 
built-in features for expandability to other 
82C59A-2's (up to 64 levels). It is programmed by 
the system's software as an 110 peripheral. A selec­
tion of priority modes is available to the programmer 
so that the manner in which the requests are proc­
essed by the 82C59A-2 can be configured to match 
system requirements. The priority modes can be 
changed or reconfigured dynamically at any time 
during the main program. This means that the com­
plete interrupt structure can be defined as required, 
based on the total system environment. 

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

The interrupts at the IR input lines are handled by 
two registers in cascade, the Interrupt Request Reg­
ister(IRR) and the In-Service Register (ISR). ,The 
IRR is used to store all the interrupt levels which are 
requesting service; and the ISR is used to store all 
the interrupt levels which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits 
set in the IRR. The highest priority is selected and 
strobed into the corresponding bit of the ISA during 
INTApulse. 

INTERRUPT MASK REGISTER (IMR) 

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

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. 
The VOH level on this line is designed to be fully 
compatible with the 8080A, 808SA, 80C88 and 
80C86 input levels. 

INTA (INTERRUPT ACKNOWLEDGE) 

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

DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to inter­
face the 82C59A-2 to the system Data Bus. Control 
words and status information are transferred 
through the Data Bus Buffer. 
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intel® 
READ/WRITE CONTROL LOGIC 

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

CS (CHIP SELECT) 

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

WR (WRITE) 

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

RD (READ) 

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

AO 

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

THE CASCADE BUFFER/COMPARATOR 

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

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

DATA 
aus 

BUFfER 

Ci---~ 

82C59A·2 

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

The events occur as follows in an MCS-80/85 sys­
tem: 
1. One or more of the INTERRUPT REQUEST Lines 

(IR7-0) are raised high, setting the corresponding 
IRR bit(s). 

iiiiA INT 
I t 

CONTROl.. uxuc 

231201-5 

Figure 4. 82C59A·2 Block Diagram 

I 

CASCADE { 
LINES 

SLAVE PROGRESS / INTERRUPT REQUESTS 
ENABLE BUFFER 

231201-8 

'Figure 5~ 82C59A-2 Interface to Standard System Bus 
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2. The 82CS9A-2 evaluates these requests, .and 
sends.an INT to the CPU, if appropriate. 

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

4. Upon receiving an INTA from the CPU group, the 
highest priority ISA bit is set, and the correspond­
ing IAA bit is reset. The 82CS9A-2 will also re­
lease a CALL instruction code (11001101) onto 
the 8-bit Data Bus through its 07-0 pins. 

S. This CALL instruction will initiate two more INTA 
pulses to be sent to the 82CS9A-2 from the CPU 
group. 

6. These two INTA pulses allow the 82CS9A-2 to 
release its preprogrammed subroutine address 
onto the Data Bus. The lower 8-bit address is re­
leased at the first INTA pulse and the higher 8-bit 
address is released at the second INTA pulse. 

7. This completes the 3-byte CALL instruction re­
leased by the 82CS9A-2. In the AEOI mode the 
ISA bit is reset at the end of the third INT A pulse. 
Otherwise, the ISA bit remains set until an appro­
priate EOI command is issued at the end of the 
interrupt sequence. 

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

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

S. The 80C86 will initiate a second INTA pulse. Dur­
ing this pulse, the 82CS9A-2 releases an 8-bit 
pointer onto the Data Bus where it is read by the 
CPU. 

6. This completes the interrupt cycle. In the AEOI 
mode the ISA bit is reset at the end of the second 
INT A pulse. Otherwise, the ISA bit remains set 
until an appropriate EOI command i~ issued at the 
end of the interrupt subroutine. 

If no interrupt is present at step 4 of either sequence 
(i.e., the request was too short in duration) the 
82CS9A-2 will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines will look like an 
interrupt level 7 was requested. 

When the 82CS9A-2 PIC receives an interrupt, INT 
becomes active and an interrupt acknowledge cycle 
is started. If a higher priority interrupt occurs be­
tween the two INTA pulses, the INT line goes inac­
tive immediately after the second INTA pulse. After 
an unspecified amount of time the INT line is activat­
ed again to signify the higher priority interrupt waiting 
for service. This· inactive time is not specified and 
can vary between parts. The designer should be 
aware of this consideration when designing a sys­
tem which uses the 82CS9A-2. It is recommended 
that proper asynchronous design techniques be fol­
lowed. 

S-SO 

INTERRUPT SEQUENCE OUTPUTS 

MCS®-SO, MCS-S5 

This sequence is timed by three INT A pulses. During 
the first INT A pulse the CALL opcode is enabled 
onto the data bus. 

Content of First Interrupt 
Vector Byte 

07 06 05 04 03 02 01 00 

CALL CODE I 1 1 0 0 0 11 
~--------------------~ 

During the second INTA pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits A5-A7 are pro­
grammed, while Ao-A4 are automatically inserted by 
the 82CS9A-2. When Interval = 8 only Ae and A7 
are programmed, while Ao-A5 are automatically in­
serted. 

IR 

07 

7 A7 

6 A7 

S A7 

4 A7 

3 A7 

2 A7 

1 A7 

0 A7 

IR 

07 

7 A7 

6 A7 

S A7 

4 A7 

3 A7 

2 A7 

1 A7 

0 A7 

Content of Second Interrupt 
Vector Byte 

Interval = 4 

06 OS 04 03 02 

A6 AS 1 1 1 

A6 AS 1 1 0 

AS AS 1 0 1 

A6 AS 1 0 0 

AS AS 0 1 1 

A6 AS 0 1 0 

A6 AS 0 0 1 

A6 AS 0 0 0 

Interval = 8 

06 OS 04 03 02 

A6 1 1 1 0 

A6 1 1 0 0 

A6 1 0 1 0 

A6 1 0 0 0 

A6 0 1 1 0 

A6 0 1 0 0 

A6 0 0 1 0 

A6 0 0 0 0 

01 DO 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

01 DO 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

During the third INT A pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (Ae - A15), is 
enabled onto the bus. 

I 



Content of Third Interrupt 
Vector Byte 

07 06 05 04 03 02 01 DO 

I A15 I A14 I A13 I A12 I A11 I A10 I A9 I A8 I 

80C86, 80C88 

80G86, 80G88 mode is similar to MGS-80 mode ex­
cept that only two Interrupt Acknowledge cycles are 
issued by the processor and no GALL opcode is 
sent to the processor. The first interrupt acknowl­
edge cycle is similar to that of MGS-80, 85 systems 
in that .the 82G59A-2 uses it to internally freeze the 
state of the interrupts for priority resolution and as a 
master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle 
it does not issue any data to the processor and 
leaves its data bus buffers disabled. On the second 
interrupt acknowledge cycle in 80G86, 80C88 mode 
the master (or slave if so programmed) will send a 
byte of data to the processor with the acknowledged 
interrupt code composed as follows (note the state 
of the ADI mode control is ignored and As-A11 are 
unused in 80G86, 80G88 mode): 

IR7 

IR6 

IR5 

IR4 

IR3 

IR2 

IR1 

IRO 

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

07 06 05 04 03 02 01 

T7 T6 T5 T4 T3 1 1 

T7 T6 T5 T4 T3 1 1 

T7 T6 T5 T4 T3 1 0 

T7 T6 T5 T4 T3 1 0 

T7 T6 T5 T4 T3 0 1 

T7 T6 T5 T4 T3 0 1 

T7 T6 T5 T4 T3 0 0 

T7 T6 T5 T4 T3 0 0 

PROGRAMMING THE 82C59A-2 

DO 

1 

0 

1 

0 

1 

0 

1 

0 

The 82G59A-2 accepts two types of command 
words generated by the CPU: 

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

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

a. Fully nested mode 

b. Rotating priority mode 

I 

82C59A-2 

c. Special mask mode 

d. Polled mode 

The OGWs can be written into the 82G59A-2 any­
time after initialization. 

INITIALIZATION COMMAND WORDS 
(lCWS) 

GENERAL 

Whenever a command is issued with AO = 0 and D4 
= 1, this is interpreted as Initialization Gommand 
Word 1 (IGW1). IGW1 starts the initialization se­
quence during which the following automatically oc­
cur. 

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

b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. The slave mode address is set to 7. 

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

f. If IG4 = 0, then all functions selected in IGW4 are 
set to zero. (Non-Buffered mode·, no Auto-EOI, 
MGS-80, 85 system). 

° NOTE: 
MasterlSlave in ICW4 is only used in the buffered 
mode. 

INITIALIZATION COMMAND WORDS 1 AND 2 
(lCW1, ICW2) 

As-A1S: Page starting address of service routines. 
In an MGS 80/85 system, the 8 request levels will 
generate GALLs to 8 locations equally spaced in 
memory. These can be programmed to be spaced 
at intervals of 4 or 8 memory locations, thus the 
8 routines will occupy a page of 32 or 64 bytes, 
respectively. 

The address format is 2 bytes long (Ao-A1S)' When 
the routine interval is 4, Ao-A4 are automatically in­
serted by the 82G59A-2, while As-A1S are pro­
grammed externally. When the routine interval is 8, 
Ao-As are automatically inserted by the 82G59A-2, 
while As-A1S are programmed externally. 

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

In an 80G86, 80G88 system A1S-A11 are inserted in 
the fi.ve most significant bits of the vectoring 
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byte and the 82C59A-2 sets the three least signifi­
cant bits according to the interrupt level. AlO-AS are 
ignored and ADI (Address Interval) has no effect: 

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

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

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

IC4: If this bit is set - 'ICW4 has to be read. If 
, ICW4 is not needed, set IC4 = O. 

INITIALIZATION COMMAND WORD 3 (ICW3) 

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

a. In the master mode (either when SP = 1, or in 
buffered mode when MIS = 1 in ICW4) a "1" is 
set for each slave in the system. The master then 
will release byte 1 of the call sequence (for MCS-
80/85 system) and will enable the corresponding 
slave to release bytes 2 and 3 (for 80C8S, 80C88 
only byte 2) through the cascade lines. 

NO (SINGl '" 1) 

NO(IC4·01 

b. In the slave mode (either when SP = 0, or if BUF 
= 1 and MIS = 0 in ICW4) bits 2-0 identify the 
slave. The slave compares its cascade input with 
these bits and, if they are equal, bytes 2 and 3 of 
the call sequence (or just byte 2 for 80caS, 
80C88 are released by it on the Data Bus. 

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

is programmed. 

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

MIS: If buffered mode is selected: MIS = 1 
means the 82C59A-2 is programmed to be a 
master, M/S = 0 means the 82C59A-2 is 
programmed to be a slave. If BUF = 0, M/S 
has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt 
mode is programmed. 

p.PM: Microprocessor mode: p.PM = 0 sets the 
82C59A-2 for MCS-80, 85 system operation, 
p.PM = 1 sets the 82C59A-2 for 80C8S sys­
tem operation. 

231201-9 

Figure 6. Initialization Sequence 
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NOTE: 

lewl 

lew3 (MASTER DEVICE) 

~,~ ~ ~ ~ ~ ~ ~ ~ 

l' I '71 ·.1 ·.1 ,.1,.1 02 1 " I So I 

1 ,= lew4 NEEDED 
O-=NO K:W4 NEEDED 

1 = SINGLE 
o = CASCADE MODE 

CALL ADDRESS INTERVAL 
1 = INTERVAL OF 4 
o l1li: INTERVAL or 8 

1 = LEVEL TRIGGERED MODE 
0= EDGE TRIGGERED MODE 

A7 - AS OF INTERRUPT 
VECTOR ADDRESS 

(MCS-IO / 15 MODE ONLY) 

A'5 - Aa OF INTERRUPT 
VECTOR ADDRESS 

(MCS-80 / 15 MODE ONLy) 
T7 - T 3 OF INTERRUPT 

VECTOR AOORESS 
(aoca, / locaa MODE) 

I I I I I I I I 1=IR INPUT HAS A SLAVE' 
L---l_i' _L·~;_...L_.l...--' __ '1 O=~ ~~~ DOES NOT HAVE 

ICW3(SLAVE DEVICE) 

~ ~ ~ ~ ~ ~ ~ ~ ~ 

1CW4 

SLAVE 10(1) 

0123 567 
o 1 0' , 0 
o 0 1 1 0 0 t 
o 0 0 0 1 1 t 1 

1 = BOca6 / BOcal MODE 
0= Mcs-ao / as WODE 

1 =AUTO EOI 
0= NORMAL EOI 

~ NON-BUFFERED MODE 
1 BUFFERED MODE/SLAVE 
1 1 BUFFERED MODE / MASTER 

1 = SPECIAL FULLY NESTED MODE 
L---------IO=NOT SPECIAL FULLY NESTED 

MODE 

Slave 10 is equal to the corresponding master IR input. 

Figure 7. Initialization Command Word Format 

1 

82C59A-2 

i' 

231201-10 
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OPERATION COMMAND WORDS 
(OCWs) 

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

OPERATION CONTROL WORDS (OCWs) 

OCW1 
AO D7 D6 D5 D4 D3 D2 D1 DO 

CD I M7 M6 M5 M4 M3 M2 M1 MO I 

OCW2 

A SL' EOI 0 0 L2 L 1 LO I 

OCW3 o I 0 ESMM SMM 0 1 P AR RIS I 
OPERATION CONTROL WORD 1 (OCW1) 

OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMA). M7 - Mo represent the eight 
mask bits. M = 1 indicates the channel is masked 
(inhibited), M = 0 indicates the channel is enabled. 

OPERATION CONTROL WORD 2 (OCW2) 

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

L2, L1, Lo-These bits determine the interrupt level 
acted upon when the SL bit is active. 

OPERATION CONTROL WORD 3 (OCW3) 

ESMM - Enable Special Mask Mode. When this bit 
is set fo 1 it enables the SMM bit to set or reset the 
Special Mask Mode. When ESMM = 0 the SMM bit 
becomes a "don't care". 

SMM - Special Mask Mode. If e:SMM = 1 and 
SMM = 1 the 82C59A-2 will enter Special Mask 
Mode. If ESMM. = ,1 and SMM = 0 the 82C59A-2 
will revert to normal mask mode. When ESMM = 0, 
SMM has no effect. 

FULLY NESTED MODE 

This mode is entered after initialization unless anoth­
ermode is programmed. The interrupt requests are 
ordered in priority form, 0 through 7(0 highest). 
When, an interrupt is acknowledged the highest pri­
ority request is determined and its vector placed ort 
the bus .. Additionally, a bit of the Interrupt Service 
register (lSO-7) is set. This bit remains set until the 
microprocessor. issues an End of Interrupt (EOI) 
command immediately before returning from the 
service routine, or if AEOI (Automatic. End of Inter­
rupt) bit is set, until the- trailing edge of the last INT A. 
While the IS bit is set, all further interrupts of the 
same or lower priority are inhibited, while higher lev­
els will generate an interrupt (which will be acknowl­
edged only if the microprocessor internal interrupt 
enable flip-flop has been re-enabled through soft­
ware). 

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

END OF INTERRUPT (EOI) 

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

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

When a mode is used which may disturb the fully 
nested structure, the 82C59A-2 may no longer be 
able to determine the last level acknowledged. In 
this case a Specific End of Interrupt must be is'sued 
which includes as part of the c9mmand the IS level 
to be reset. A ,specific EOI can be issued with OCW2 
(EOI = 1, SL = 1, R = 0, and LO-L2 is the binary 
level of the IS bit to be reset). 

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

I 



infel® 82C59A·2 

ocw, 

AO 07 0 6 05 04 03 O2 0, DO 

, I M7 M6 I M5 I M4 M3 I MZI M' I MO I 

I I I 

OCW2 

AO 07 06 05 04 03 O2 0, DO 

I 0 I H I SL I EOI I 0 I 0 I LZ I L, I LO J 
IR LEVEL TO BE 

ACTED UPON 

o 1 2 3 4 5 6 7 
'-- 0 1 o 1 0 1 o 1 

0 0 1 1 0 o 1 1 

o 0 0 o 1 1 1 1 

~ o 1 NON SPECIFIC EOI COMMAND 
} END OF INTERRUPT 

0 , 1 SPECIFIC EOI COMMAND 
r,O 1 ROTATE ON NON-SPECIFIC EOI COMMAND 

} AUTOMATIC ROTATION r;-O 0 ROTATE IN AUTOMATIC EOI MODE (SET) 
COO 0 ROTATE IN AUTOMATIC EOI MODE (CLEAR) 
r;- 1 1 'ROTATE ON SPECIFIC EOI COMMAND 

} SPECIFIC ROTATION r-;- 1 0 'SET PRIORITY COMMAND 
IQ 1 0 NO OPERATION ..... 'LO - LZ ARE USED 

OCW3 

AO 07 06 05 04 03 O2 0, DO 

l 0 J 01ESMtjSMMJ 01 ' 1 P 1 RR1 RlsJ 

l L READ REGISTER COMMAND 

0 1 0 1 

0 I 0 , 1 

READ IR READ IS 
NO ACTION REG ON REG ON 

NEXT iiii NEXT Rii 
PULSE PULSE 

, = POLL COMMAND 
0= NO POLL COMMAND 

SPECIAL MASK MODE 

0 I 1 0 1 

0 J 0 1 1 

RESET SET 
NO ACTION SPECIAL SPECIAL 

MASK MASK 

231201-11 

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

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

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

AUTOMATIC ROTATION 

(Equal Priority Devices) 

In some applications there are a number of interrupt­
ing devices of equal priority. In this mode a device, 
after being serviced, receives the lowest priority, so 
a device requesting an interrupt will have to wait, in 
the worst case until each of 7 other devices are 
serviced at most once. For example, if the priority 
and "in service" status is: 

Before Rotate (IR4 the highest priority requiring 
service) 

157 156 ISS '54 153 '52 151 ISO 

"IS" Status I 0 I 1 I 0 I 1 I 0 I 0 I 0 I 0 I 
Lowest Highest 
Priority Priority 

~ '~ 

Priority Status I 7 1 6 1 5 1 41 3 1 2 11 1 0 1 

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

157 IS6 ISS IS4 IS3 IS2 IS1 ISO 

"IS" Status I 0 1 1 1 0 1 0 I' 0 j 0 1 0 1 0 1 

Highest Lowest 
Priority Priority 

~ ~ 
Priority Status I 2 11 1 0 I 7 I 6 1 5 1 4 1 3 1 

There are two ways to accomplish Automatic Rota­
tion using OCW2, the Rotation on Non-Specific EOI 
Command (R = 1, SL = 0, EOI = 1) and the Ro-
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tate in Automatic EOI Mode which is set by (R = 1, 
SL = 0, EOI =,0) and cleared by (R = 0, SL = 0, 
EOI = 0). 

SPECIFIC ROTATION 

(Specific Priority) 

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

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

Observe that in this mode internal status is updated 
by software control during QCW2. However, it is in­
dependent of the End of Interrupt (EO I) command 
(also executed by OCW2). Priority changes can be 
executed during an EOI command by using the'Ro­
tate on Specific EOI command in OCW2 (R = 1, SL 
= 1, EOI = 1 and LO-L2 = IR level to receive 
bottom priority). 

INTERRUPT MASKS 

Each Interrupt Request input can be masked individ­
ually by the interrupt Mask Register (IMR) pro­
grammed through OCW1. Each bit in the IMR masks 
one interrupt channel if it is set (1). Bit 0 masks IRO, 
Bit 1 masks IR1 and so forth. Masking an IR channel 
does not affect the other channels operation. 

SPECIAL MASK MODE 

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

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

That is where the Special Mask Mode comes in. In 
the special Mask Mode, when a mask bit is set in 
OCW1, it inhibits further interrupts at that level and 
enables interrupts from al/ other levels (lower as well 
as higher) that are not masked. 

I 



Thus, any interrupts may be selectivity enabled by 
loading the mask register" 

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

POLL COMMAND 

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

The Poll command is issued by setting P = "1" in 
OCW3. The 82C59A-2 treats the next AD pulse to 

82C59A-2 

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

The word enabled onto the data bus during RD is: 
D7 D6 D5 D4 D3 D2 D1 DO 

I I. W2 W1 WO 

WO-W2: 

Binary code of the highest priority level requesting 
service. 

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

This mode is useful if there is a routine command 
common to several levels so that the INTA se­

, quence is not needed (saves ROM space). Another 
application is to use the poll mode to expand the 
number of priority levels to more than 64. 

LTlII.l . BIT 
0= EOGE 
1 = LEVEL 

TO OTHER PRIORITY CELLS CLR ISR 

I 

EDGE 
SENSE 

ISR BIT 

... LA_T_CH_+-__ +-__ -il-_+--<r--,....-t+f-~~~::--t-t SET ISR 

IR 

II.lCS'.aO,85{ INTA~ 
1I.l00E fREEzE 

NON 
II.lASKEO 
REQ 

PRIORITY 
RESOLVER 

CONTROL 
LOGIC 

socas/aocaa { INTA"""iLflr-
1I.l00E fREEzE~ 

4 ...... ---+1+--__ -----4"",,,, INTERNAL 
DATA BUS 

I~ 

NOTES: 
1. Master Clear active only during ICW1 
2. Freeze/ is active during INTAland poll sequences only 
3. Truth Table for D-Latch 

c 
1 
o 

OPERATION 

FOLLOW 
HOLD 

Figure 9. Priority Cell-Simplified Logic Diagram 

231201-12 
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READING THE 82C59A-2 STA,TUS 

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

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

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

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

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

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

There is no ne~d to write an OCW3 before every 
status read operation, as long as the status read 
corresponds with the previous one; La., the 
82C59A-2 "remembers" whether the IRR or ISR has 
be'en previously selected by the OCW3. This is not 
true when poll is used. 

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

For reading the IMR, no OCW3 is needed. The out­
put data bus will contain thelMR whenever RD is 
active and AO = 1 (OCW1). 

Polling overrides status read when P = 1, RR = 1 
in OCW3. 

IR 

INT ------+~ 

INTA ----i-----"" 

LATCH" 
ARMED 

EARLIEST 1ft 
CAN BE REMOVED 

EDGE AND LEVEL TRIGGERED MODES 

This mode is programmed using bit 3 in ICW1. 

If L TIM = '0', an interrupt request will be recognized 
by a low to high transition on an IR input. The IR 
input can remain high without generating another in­
terrupt. 

If L TIM = '1', an interrupt request will be recognized 
by a 'high' level on IR Input, and there is no need for 
an edge detection. The interrupt request must be 
removed before the EOI command is issued or the 
CPU interrupt is enabled to prevent a second inter­
rupt from occurring. 

The priority cell diagram shows a conceptual circuit 
of the level sensitive and edge sensitive input circuit­
ry of the 82C59A-2. Be sure to note that the request 
latch is a transparent D type latch. 

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

-- 8OIOIB085 

--
108IIIB085 

'EDGE TRIGGERED MODE ONLY 
LATCH' 
ARMED 231201-13 

Figure 10, IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 

This mode will be used in the case of a big system 
where cascading is used, and the priority has to be 
conserved within each slave. In this case the fully 
nested mode will be programmed to the master (us­

, ing ICW4). This mode is similar to the normal nested 
mode with the following exceptions: 

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

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

BUFFERED MODE 

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

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

82C59A-2 

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

CASCADE MODE 

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

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

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

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

The cascade lines of the Master 82C59A-2 are acti­
vated only for slave inputs, non slave inputs leave 
the cascade line inactive (low). 

AODitESSIUS I'" 

\ 

I 

-- - - - - -- -
-- - - -- -
-- - -f- -- -

r---' 
CI .. DO,' "". INT 

tASO 1-- CAS1 1-.... VlA 

C"'I_ 

Y!ll!iii! l 
I 

CONTROL IUS 

OATA.USCII 

-.... VI • 

I INT'UO 

CAS'I--+-H-iCAS 1 
-.. --C .. ' ..... --+i--iuS2 

P,(R7 • 5 4 ;3 Z 1 0 P,fNMl MIS .5 M4 .,3 M2 M' Me) 

GI·!l!!l!!1 
I 

INTERRUPT REQUESTS 

lLI.I I I.!! I 
I 

231201-14 

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

AmbientTemperature Under Bias ...... O·C to 70·C 

Storage Temperature .......... - 65·C to + 150·C 

Supply Voltage (w.r.t. ground) ........ - 0.5 to 7.0V 

Input Voltage (w.r.t. ground) ... -0.5 to Vee + 0.5V 

Output Voltage (w.r.t. ground) .. -0.5 to Vee + 0.5V 

Power Dissipation ... , ................... 0.9 Watt 

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

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

D.C. CHARACTERISTICS TA = O·Cto 70·C, Vee = 5V ±10% 

Symbol Parameter Min Max Units Test Conditions 

Ices Standby Supply Current 10 /LA VIN = Vee or GND 
AUIR = GND 
Outputs Unloaded 
Vee = 5.5V 

Icc Operating Supply Current 5 mA (Note) 

VIH Input High Voltage 2.2 Vee + 0.5 V 

VIL Input Low Voltage -0.5 0.8 V 

VOL Output Low Voltage 0.4 V IOL = 2.5mA 

VOH Output High Voltage 3.0 V IOH = - 2.5 inA 
Vee -0.4 IOH = -100/LA 

ILl Input Leakage Current· ±1.0 /kA OV ~ ViN:;;: Vee 

ILO Output Leakage Current ±10 /LA OV ~ VOUT ~ Vee 

ILiR IR Input Leakage Current -300 /LA VIN= 0 
+10 VIN = Vee 

NOTE: 
Repeated data input with 80e86-2 timings. 

CAPACITANCE TA = 25·C; Vee = GND = OV 

Symbol Parameter Min Max Units Test Conditions 

CIN Input Capacitance 7 pF fc = 1 MHz 

CliO 1/0 Capacitance 20 pF Unmeasured pins at GND 

COUT Output Capacitance 15 pF 
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A.C. CHARACTERISTICS TA = 0·Ct070·C, vcc = 5V ±10% 

TIMING REQUIREMENTS 

Symbol Parameter 
82C59A-2 

Units Test Conditions 
Min Max 

TAHRL AO/CS Setup to RD/INTA J, 10 ns 

TRHAX AO/CS Hold after RD/INT Ai 5 ns 

TRLRH RDIINTA Pulse Width 160 ns 

TAHWL AO/CS Setup to WR J, 0 ns 

TWHAX AO/CS Hold after WR i 0 ns 

TWLWH WR Pulse Width 190 ns 

TDVWH Data Setup to WR i 160 ns 

TWHDX Data Hold after WR i 0 ns 

TJLJH Interrupt Request Width (Low) 100 ns (See Note) 

TCVIAL Cascade Setup to Second or Third 40 ns 
INT A J, (Slave Only) 

TRHRL End of RD to next AD 160 ns 
End of INTA to next INTA within 
an INTA sequence only 

TWHWL End of WR to next WR 190 ns 

"TCHCL End of Command to next Command 400 ns 
(Not same command type) 
End of TNTA sequence to next 
INTA sequence. 

·Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 400 ns (i.e. 8085A = 1.6 
/Jos, 8085-A2 = 1 /Jos, 80C86 = 1 /Jos, 80C86-2 = 625 ns) 

NOTE: 
This is the low time required to cl~a~ the input latch in the edge triggered mode. 
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TIMING RESPONSES 

Symbol Parameter 
8259A-2 

Units Test Conditions" 
Min Max 

TALDV Data Valid from AD/INTA.J, 120 ns 1 

TAHDZ Data Float after AD/INTA t 10 85 ns 2 

TJHIH Interrupt Output Delay 300 ns 1 

TIALCV Cascade Valid from First INTA.J, 360 ns 1 
(Master Only) 

TALEL Enable Active from AD.J, or INTA.J, 110 ns 1 

TAHEH Enable Inactive from AD t or INTA t 150 ns 1 

TAHDV Data Valid from Stable Address 200 ns 1 

TCVDV Cascade Valid to Valid Data 200 ns 1 

• 'Test Condition Definition Table 

TEST CONDITION V1 R1 R2 C1 

1 1.7V 5230 OPEN 100 pf 
2 4.5V 1.8kO 1.8 kO 30 pf 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

I OUTPUT INPUT I I Vl 

VIH+O.4V--:'I.L ~ 2.4V 
VIL- O.4V --..J'I.. _____ 7'I:....-- O.45V OUTPUT TEST POINT ht 

231201-15 
FROM 

DEVICE UNDER TEST ' 

A.C. Testing: All input ,signals must switch between VIL - OAV 
and VIH + OAV. Input Rise and Fall Times must be ,; 15 ns. All 
timing measurements are made at 2AV and 0.45V. 

':' R2 ~ Cl' 

'Includes Stray and 
Jig Capacitance 

WAVEFORMS 

WRITE WR _________________ , 
---TWLWH ----I 1..-__________ _ 

TAHW1. - TWHAX a ____________ ~ v----r---------------~~ r--------
AD __ IUI. 

~ ____________ J '~----r---------------~~ ~-------

DATA.UI 
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WAVEFORMS (Continued) 
I: 
I' 

READ/INTA 

1115 _______ ""\. t-----TIILII"---
nm: 

TIILIL 

TRHAX 

ei----_""" 
ADDIIE.1U1 

Ao-----.J 

DATA.UI-- ------ - - -----~-::=1"" _______ ....... r_ m __ 

231201-18 

OTHER TIMING 

AD 

J/=TRHRL=4\ II'ITA 

\ / 
Wii 

\ t=TWHWL=!\ / 
1m 

fR'Q 

c_'~ 
WI! \ 

A 
I.!I!.A 

/ WR 
231201-19 
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WAVEFORMS (Continued) 

INTA SEQUENCE 

~ 
t-TJHIH 

IR } C ... 
TJLJH r-------_~-....;-"'\ 

~A \ INT \..!.I"' , _____ ..a.. __ 

iNi'A ------, 

De·············· 

C02------~--~+----~------~ 
231201-20 

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

DATA SHEET REVISION REVIEW 

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

1. Preliminary was removed. 

2. A reference to PLCC packaging was removed. 

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

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

5-64 I 



8279/8279-5 
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 

• Simultaneous Keyboard Display • Single 16-Character Display 
Operations • Right or Left Entry 16-Byte Display 

• Scanned Keyboard Mode RAM 

• Scanned Sensor Mode • Mode Programmable from CPU '. Strobed Input Entry Mode • Programmable Scan Timing 

• 8-Character Keyboard FIFO • Interrupt Output on Key Entry 

• 2-Key Lockout or N-Key Rollover with • Available in EXPRESS 
Contact Debounce - Standard Temperature Range 

• Dual 8- or 16-Numerical Display - Extended Temperature Range 

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

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

CPU 
INTERFACE 

_I __ vcc 

IRQ Rlo1 ~ 
~ 

~ DAU 
BUS 

" .. SHIFT . RD 

WR 
CNTl'STB . 

'B 
SLo·] 4 

. AO 

OUT AO-l 4 

• RESET 

ClK OUT 8.3 4 

liD 

~ I 

Figure 1. Logic Symbol 

8 J 

KEV DATA 

"-
SCAN 

v 

... 
) 

V 

) 
V 

DISPLAY 
DATA 

290123-1 

Rl2 vee 
Rl, Rl, 

Cll< Rlo 

CNTLlSTB 

Rl. SHIFT 

Rl, SL3 

RL. SL2 

RL7 SL, 

RESET 9 SLo 

AD OUT 80 

\VIi OUT B, 

OBo OUT B, 

DB, OUT B3 

DB, OUT Ao 

DB3 ,OUT A, 

DB. OUT A, 

DBs OUT A, 

DB, m 
DB7 ~ 

Vss Ao 

290123-2 

Figure 2. Pin Configuration 

The complete document for this product is available on Intel's "Data-on-Demand" CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 
September 1987 
Order Number: 290123-002 5-65 
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intel® 
82389 

MESSAGE PASSING COPROCESSOR 
A MULTIBUS II BUS INTERFACE CONTROLLER 

• Highly Integrated VLSI Device 
- Single-Chip Interface for the Parallel 

System Bus (IEEE 1296) 
- Interrupt Handling/Bus Arbitration 

Functions 
- Dual-Buffer. Input and Output DMA 

Capabilities 
- Nine 32-Byte High Speed FIFOs 

• Multiple Interface Support 
- Complete Protocol Support of the 

PSB Bus (Message Passing) 
- Processor Independent Interfac:e 

(S-, 16-, or 32·Bit CPU) 
- Low-Cost S-Bit Microcontroller 

Interface . 
- Dual-Port Memory Interface 

• High Performance Coprocessing 
Functions 
- Offloads CPU for Communication 

and Bus Interfacing 
- 40 Megabytes/sec Burst Transfer 

Speed 
- Optimized for Real-Time Response 

(Max. 900 ns for 32-Byte Interrupt 
Packet) 

• CMOS Technology 

• 149-Pin PGA Package (15 x 15 Grid) 

The MPC 82389 is a highly integrated VLSI device that maximizes the performance of a Multibus II based 
multiprocessor system. It integrates the functions of bus arbitration, data transmit packetizing, error handling 
and interrupt control. Because of these integrated functions, the host CPU can be offloaded to utilize the 
maximum bus performance and subsequently increase the system throughput. The MPC 82389 also supports 
geographic addressing by providing access to the local interconnect registers for reference and control. 

The MPC 82389 is designed to inteiface with an 8-, 16-, or 32-bit piOcessof. The Parallel System Bus (PSB) 
performance is not affected by the CPU buswidth or bandwidth. The data on the PSB is burst transferred at the 
maximum bus speed of 40 Megabytes/second regardless of CPU bus performance. Such performance is 
possible due to decoupling of the CPU from the PSB. 

This data sheet is supplemented by a MPC User's Manual, Intel literature .number 176526-002. The MPC 
User's Manual provides detailed information regarding hardware and software board design information. In 
addition, the IEEE 1296 specification can provide more information regarding the MUL TIBUS II bus architec­
ture. 
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infel· 
1.0 MPC 82389 INTRODUCTION 

The 82389 Message Passing Coprocessor (MPC) is 
a highly integrated CMOS VLSI device which inter­
faces any microprocessor to the MUL TIBUS II Paral­
lel System Bus (PSB). The PSB is defined for easy 
access and sharing of resources in a processing en­
vironment which allows the existence of both intelli­
gent and non-intelligent add-in boards. The MPC 
complements the MUL TIBUS II environment by pro­
viding an optimized interface for the PSS at its maxi­
mum bandwidth. The MPC also offloads the host 
CPU, thus increasing system throughput, by provid­
Ing the necessary bus arbitration, message paSSing 
protocol, error handling and interrupt control for a 
MULTIBUS II system. Figure 1-1 sho\l\(s an example 
of tj'1e MpC's message passing performance; . 

1.1 Functional Overview 

The MPC 82389 is a bus interface controller which 
offloads the host CPU for interprocessor communi­
cation on the PSB. The MPC 82389 features four 
interfaces which support a variety of data transfer 
operations. , . 

1.1.1 MPC 82389 INTERFACES 

The three primary interfaces to the MPC (PSB Inter­
face, Host CPU Interface arid Interconnect Inter­
face) all' function asynchronously to one another. 
this is accomplished through the use of internal 
latches and' FIFOs that allow references to occur 
simultaneously on all interfaces. In addition to the 
three primary interfaces, the MPC contains a Dual­
Port Interface which provides compatibility with past 
system implementations and software. 

82389 

-PSB Interface 
The PSS Interface is the synchronized, shared data 
pathway in the MULTIBUS II system. 

-Host CPU Interface 
The Host CPU Interface is a set of addressable reg­
isters and ports that is the private pathway for the 
local microprocessor on the MUL TISUS II board. 

-Interconnect Interface , 
The Interconnect Interface provides a path for add­
ed board functionality that is independent from the 
host CPU. 

-Dual-Port Interface 
The Dual-Port Interface supports shared memory 
references. 

1.1.2 MAJOR OPERATIONS 

-Unsolicited and Solicited Message Passing 
The unsolicited and SOlicited message passing pro­
tocol is an interprocessor communication protocol 
which allows an intelligent agent' on the PSB to 
communicate with another agent without any CPU 
intervention at full PSS speed. 

-PSS Memory and 1/0 Single Cycle AcceSs 
The MPC performs single cycle readlwrite transfers 
from the host to memory and I/O locations across 
the PSS. The MPC handles bus arbitration, parity 
generation and error detection without CPU inter­
vention. 

-Local Interconnect Access 
The host CPU and other agents on· the PSS can 
access local interconnect space via the MPC. 

• An agent is any device with an interface to the 
PSS. 

PSB BUS 

20 MBYTESjSEC SINGLE CYCLE 
40 MBYTESjSEC BURST 

32 MBYTES1SEC FOR MESSAGES 
(32 BYTES IN 10 CLOCKS) 

290145-7 

Figure 1-1. Message Passing Performance Example 
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-Remote Interconnect Access 
The MPC enables the host CPU to access remote 
interconne~t locations. assigned to other PSB 
agents. 

-Dual-Port Memory Access Support 
Other PSB agents can access duai-port memory via 
the MPC. 

-Central Services Module (CSM) support 
The MPC has a minimal set of·built-in CSM support 
features which allow the CSM to' be incorporated 
into any MUL TIBUS II board design. 

. 2.0 MESSAGE PASSING PROTOCOL 

The MUL TIBUS II architecture designates the data 
transfer protocol between agents on the PSB as 
message passing. Message passing allows agents 
to transfer variable amounts of data at maximum 
PSB speed. The MPC fully supports the PSB's stan­
dardized message passing protocol. The entire 
handl!haking procedure between agents on the PSB 
is. handled by the MPC without CPU intervention. 

There. are two types of messages that can be trans­
mitted from one agent to another: Unsolicited Mes­
sages and Solicited Messages. 

2.1 Unsolicited Messages 

Unsolicited mes~ges are short,' fixed-length mes­
sages that can arrive unexpectedly. Unsolicited 
messages .can be transmitted without explicit buffer 
allocation and without synchronization between 
sending and receiving agents on the PSB. Unsolicit­
ed messages are often referred to as intelligent or 
virtual interrupts, since they can be used as a signal­
ing mechanism between boards, replacing tradition­
al system interrupts and freeing the CPU from hav­
ing to poll for information. In addition, unsolicited 
messages allow for up to 28 bytes of user data. 
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2.2 Solicited Messages . 

Solicited messages are used to transfer large 
amounts of data. Up to 16 Mbytes (less 1 byte) of 
data can be transferred in a Single solicited message 
transmission sequence. Solicited message transfers 
require the receiving agent· to explicitly allocate a 
buffer. Buffer negotiation between sending and re­
ceiving agents is handled uSing· unsolicited mes­
sages as follows: 

- A buffer request message initiates a solicited 
message transfer. It requests the receiving agent 
to allocate a buffer large enough to hold the s6-
licited data. 

- A buffer grant message must be returned by the 
receiving agent before the solicited data can be 
transferred. The buffer grant informs the sending 
agent's MPC that a buffer has been allocated 
and indicates that the receiving agent's MPC is 
ready to begin the data transfer. 

- A buffer reject message is returned by the. re­
ceiving agent if a buffer for the soliCited data 
cannot be provided. In this case, the rejection is 
final, and no .further action is required. . 

If a DMA controller handles the solicited message 
transfer, DMA controller setup is also needed. Typi­
cally, the sending agent programs its DMA controller 
immediately before. sending a buffer request, and 
the receiving agent programs its DMA controller im­
mediately before sending a buffer grant. . 

Once solicited buffer negotiation is. complete (the 
sending agent's MPC has received abuffer grant), 
the agents transfer the data without further interven­
tion. The data is sent as a series of solicited packets 
on the sending agent's local bus •. The MPCs perform 
transfer and routing across the PSB automatically. 
At the end of the SOlicited data transfer, both the 
sending and receiving agents get a completion indi­
cation from their local MPC. 

3.0 MPC 82389 INTERFACES 

The MPC 82389 features a total of 4 interfaces. The 
three primary interfaces are the Host CPU Interface, 
PSB Interface and the Interconnect Interface .. The 
MPC also has a Dual-Port Memory Interface which 
provides compatibility with past system implementa­
tions and software. Figure ·3-1 shows the four MPC 
bus interfaces. 
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INTERCONNECT 
INTERFACE 

iPsa INTERFACE 

82389 

DUAL-PORT INTERFACE 

290145-2 

Figure 3-1_ MPC Bus Interfaces 

3.1 Host CPU Interface 

The Host CPU Interface connects an 8-, 16-, or 32-
bit processor to the MPC. The Host CPU Interface 
supports direct references to memory, I/O, and in­
terconnect address space on the PSB. The entire 
Host CPU Interface is composed of three sub-inter­
faces: Register Sub-Interface, Reference Sub-Inter­
face and DMA Sub-Interface. 

-Register Sub-Interface 
The Register Sub-Interface is composed of a bank 
of 8-bit registers on the Host CPU Interface, These 
registers provide the configuration, status and com­
mand interface for the host CPU. A host register op­
eration is independent from operations which may 
be in progress at the MPC's other interfaces. How­
ever, some host register operations are dependent 
on the internal state of the MPC. In host register 
operations, the maximum duration is decid~d by the 
strobe .width. Thus, the number of wait states· re­
quired at the local interface is under the control of 
the host CPU. 

-Reference Sub-Interface 
The Reference Sub-Interface supports direct refer­
ences to memory, 110, and interconnect address 
space on the PSB. Memory and I/O references are 
initiated by the CPU to the MPC. The MPC responds 

I 

to a memory or I/O reference by putting the CPU on 
hold while arbitrating for the PSB. The CPU is held in 
wait states until the reference is complete or until a 
bus exception condition occurs on the PSB. The 
Reference Sub-Interface supports both read and 
write operations to the registers. The local intercon­
nect address space is differentiated from the inter­
connect address on the PSB by the ,bit pattern 
stored in the MPC's slot address register: 

-DMA Sub-Interface 
The DMA Sub-Interface supports data· transfers be­
tween the local memory and the MPC during solicit­
ed message operations. The DMA Interface is de­
signed to support either two-cycle or fly-by (single­
cycle) read/write transfers. For two-cycle opera­
tions, the DMA controller performs one cycle into 
memory and another cycle to the MPC; a read com­
mand is used to get data from the MPC and a write 
command is used to put data into the MPC. Fly-by 
operations allow data to be transferred during a sin­
gle bus cycle; a fly-by transfer will use a write com­
mand to get data from the MPC (corresponding to a 
memory write) and a read command to put data into 
the MPC (corresponding to a memory read). The 
higher performance possible with fly-by transfers 
mandates the alignment of data on 4-byte bounda­
ries. 
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3.2 Parallel System Bus Interface 

The Parallel System Bus (PSB) Interface is a full 32-
bit interface to other boards in the MUL TIBUS II 
chassis. The PSB Interface supports PSB arbitra­
tion, data transfer and error handling. 

-Parallel System Bus Arbitration 
The MPC begins PSB access arbitration upon a re­
quest which is generated inside the MPC. This re­
quest could be the result of a synchronized PSB 
memory, I/O or interconnect reference request or a 
message packet transmit request from the CPU. 

-Data Transfer 
The PSB Interface contains all the address/data 
lines and necessary control signals for data transfer. 
These control signals provide the control mecha­
nism between agents during transfer operations. 

-Error Handling 
The MPC monitors errors generated during data 
transfer operations. The MPC recognizes data integ­
rity problems on the PSB and bus timeout condi­
tions. 

3.3 Interconnect Interface 

The Interconnect Interface is an independent 8-bit 
communication interface which allows the MPC to 
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be connected to a microcontroller. (It is highly rec­
ommended that an 8051 or similar microcontroller 
be used on the Interconnect Interface.) This micro­
controller will perform tasks such as board configu­
ration at startup and local diagnostics. 

The interconnect space of an agent is the only re­
quired bus space by the IEEE 1296 specification and 
has a 512-byte register range. Within this space the 
microcontroller can store the local operating and 
configuration parameters associated with the agent. 
For example, local diagnostics can be executed out 
of the microcontroller and the results posted in the 
interconnect space. 

Local resources on an agent gain access to inter­
connect space through the MPC's interconnect bus. 
A microcontroller connects to the interconnect bus 
for intelligent handling of interconnect operations. 
All interconnect bus signals are asynchronous to the 
bus clock and to the local bus signals. 

3.4 Basic Implementation with the 
MPC82389 

Figure 3-2 shows a basic implementation of the 
MPC 82389. Included in this implementation is the 
Interconnect Interface, the Host CPU Interface and 
the PSB Interface. 
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3.5 Dual-Port Interface 

The Dual-Port Interface supports' shared memory accesses between agents on the PSB. In order to fully 
implement dual-port memory. some additional dual-port memory controller logic is required. Figure 3-3 shows 
an example of the MPC implernented with dual-Port memory. 

.290145-4 

Figure 3-3. The MPC Implemented with Dual·Por1 Memory 
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4.0 MPC 82389 OPERATIONS 

The primary function of the MPC 82389 is MUL TI­
BUS II message passing. In addition to message 
passing, the MPC performs the following functions: 

- Memory and 1/0 Reference 

- Local Interconnect Reference 

- Remote Interconnect Reference 

- Interconnect Replier Operations 

- Dual-Port Replier Operations 

- Central Services Module Support 

4.1 MUL TIBUS II Message Passing 

The MPC manages the routing of message packets 
as they flow between the interfaces of each MUL TI­
BUS II agent in the system. For message traffic on 
the PSB, message decode logic on the PSB input 
bus determines message routing through the MPC. 
For the Host CPU Interface and Interconnect Inter­
face, the MPC defines a signal protocol for message 
passing. 

MUL TIBUS II messages, both unsolicited and solicit­
ed, are transferred through nine dedicated internal 

Transmit/Error 
nFO 

... ~ 

Receive 
FIFO 
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FIFO buffers between the Host CPU Interface and 
PSB Interface. Unsolicited messages are intelligent 
(also cailed virtual) inteiiupts which notify the receiv­
ing agent to prepare for the receipt of solicited mes­
sages. Unsolicited messages use the Transmit/Er­
rorFIFO and the Receive FIFO. The Transmit FIFO 
holds a 32-byte packet for transmittal across the 
PSB. If there is an error in transmission, the Transmit 
FIFO becomeS the Error FIFO, where. the errant 
message can be read back along with error status. 
The Receive FIFO is a circular queue of four 32-byte 
buffers from which unsolicited messages are re­
ceived from the PSB by the host CPU. 

Solicited messages consist of information data 
packets which are transmitted between agents. So­
licited messages use the Solicited Input FIFO and 
Solicited Output FIFO. These FIFOs are dual 32-
byte buffers which are used for the temporary stor­
age of solicited data packets as they traver between 
the Host CPU Interface and the PSB Interface. The 
solicited output header logic attaches header infor­
mation to the solicited data packet before sending it 
onto the PSB. All FIFOs are able to operate inde­
pendently and concurrently, thus creating a true mul­
titasking message passing environment. Figure 4-1 
shows the nine dedicated internal FIFO buffers. 

t Hos( CPU Bus 

Solicited 
Output FIFO 

Solicited 
Input fiFO 

.. ~ + ___ "PSB 
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Figure 4-1. The MPC Uses Nine Dedicated Internal 32-Byte FIFO Buffers 
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4.1.1 UNSOLICITED TRANSMIT/RECEIVE 

Unsolicited message passing sequences occur be­
tween the Host CPU Interface and the PSB Interface 
using FIFOs internal to. the MPC. FIFO status is 
available on the Host CPU Interface and instate ma­
chines internal to the MPC. On the Host CPU Inter­
face, host register operations write bytes to ~he 
Transmit FIFO and read bytes from the Receive 
FIFO. On the PSB, the MPC manages the emptying 
and filling of the Transmit and Receive FIFOs using 
MUL TIBUS " message passing protocol and the 
Transmit and Receive FIFOs. on another agent's 
MPC. For detailed information about message pass­
ing protocol across the PSB, see the 1£££ 1296 
High Performance Synchronous 32-bit Bus Stan­
dard. 

4.1.2 SOLICITED INPUT/OUTPUT 

Solicited transfers are pre-negotiated using unsolicit­
ed message sequences. Dedicated FIFOs (Solicited 
Input FIFO and Solicited Output FIFO) are then used 
for the transfer of solicited data packets. This allows 
large amounts of data to be moved between agents 
independently of unsolicited messages. In most cas­
es, the solicited transfer occurs under DMA control, 
freeing the host CPU to handle other activities. The 
DMA controller uses the input channel DMA re­
quest/acknowledge and output channel DMA re­
quest/acknowledge Signals- along with the read/ 
write signal to stream the data from/to the soiicited 
FIFOs. On the PSB, the data is transferred in bursts 
using MUL TIBUS II message passing protocol and 
similar solicited FIFOs on another agent's MPC. The 
MPCs add header information to the packets on the 
PSB, indicating source, destination and length. Data 
transfers through the solicited FIFOs can be set up 
for 8, 16 or 32 bits of data width on the Host CPU 
Interface, but occur at full 32-bit width on the PSB. 

4.2 Memory and I/O References 

Remote memory or I/O reference operations are 
Host CPU Interface operations that involve an ac­
cess through the MPC to a resource across the PSB. 
This resource can be a dumb memory or I/O board. 
The remote reference can only be done through the 
MPC as a single cycle operation (no block transfers) 
to the remote resource and can involve an unknown 
number of wait states. Many MUL TIBUS " CPU 
boards use an alternate path (such as the iLBX bus 
found on Intel iSBC boards) that is an independent 
extension of the local bus for. full-speed and block 
transfer operations. 

The host CPU initiates a memory or I/O reference by 
activating memory select (MEMSEL t) or I/O select 
(R:5Sa), A<5-2>, B~O>, with a R5 or WR 
strobe. If necessary, LOCK is activated to allow 

5-74 

intel® 
back-to-back accesses across the PSB, holding all 
other agents off the memory or 1/0 resource. The 
MPC activates its WAIT output to indicate that the 
operation is in progress. 

The data for reference operation proceeds through 
the MPC and PSB to a memory or 1/0 address on 
another agent. A data path from 0<31-0> through. 
the buffered addressl data bus (BAD < 31 -0» is 
used for the data transfer. Data is latched internally 
in a reference data latch. Parity is generated to the 
PSB on BPAR <3-0> for the data on each write 
operation and checked on data read. Complet.ion of 
the operation is indicated when the MPC deactivates 
the WAIT output. 

The memory or 1/0 address for the reference opera­
tion is routed around the MPC through an external 
reference address latch. This latch is controlled by 
the REFADR signal from the MPC. 

4.3 Local InterConnect Reference 

A local interconnect reference operation is an ac­
cess by the host CPU to the interconnect records 
maintained by the local interconnect microcontroller. 
The geographic interconnect address is preloaded 
into a pair of registers internal to the MPC. The up­
per 5 bits of the interconnect address. determine 
whether the operation is local or remote. A data path 
from 0<7-0> to the interconnect address/data 
bus (lAD < 7 -0» is used. The microcontroller uses 
the interconnect request (IREQ) output to sense the 
request. The request is serviced by the interconnect 
microcontroller through a sequence of accesses to 
registers within the MPC using the interconnect ~d­
dress strobe (lAST), interconnect read (IRD), and In­
terconnect write (iWR) strobes, and the lAD multi­
plexed bus. The WAIT signal is used as for memory 
and I/O references to indicate completion of the lo­
cal interconnect reference operation. 

4.4 Remote Interconnect Reference 

A remote interconnect reference is an access by the 
host CPU to interconnect space on another agent. 
The host CPU requests a remote interconnect refer­
ence by writing the interconnect address to the 
same register used in the local interconnect request, 
except that the upper 5 bits of the interconnect ad­
dress indicate the slot address of another agent on 
the PSB. The data flows through the MPC as in a 
remote memory or 1/0 reference, except that the 
data transfer occurs only on 0 < 7 -0>. The remote 
microcontroller services the request through an in­
terconnect replier operation. 

t* indicates that the signal is active low. 
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4.5 Interconnect Replier Operations 

When another agent performs a remote intercon­
nect reference request, it gains access to local inter­
connect space through the MPC. The MPC decodes 
an interconnect request on the PSB for a slot 10 
match and signals the interconnect microcontroller 
independently of the local bus interface. The micro­
controller then handles the request in the same way 
as a local interconnect request. 

4.6 Dual-Port Replier Operations 

Other agents can access dual-port memory via the 
MPC. A memory access request on the PSB is de­
coded by the MPC for an address range match and 
serviced by the dual-port controller (external circuitry 
must be provided). The MPC provides only the hand­
shaking path. Data transfer occurs directly on the 
BAD bus. If a bus exception occurs while a dual-port 
memory reference is in progress, the MPC will signal 
the dual-port'controller to terminate the operation. 

4.7 Central Services Modular Support 

The IEEE 1296 specification defines the Central 
Services Module (CSM) that resides in Slot 0 of .a 
MUL TIBUS II system. The CSM is responsible for 
these functions: 

- reset sequencing (generates reset signal on the 
PSB) 

- assignment of card slot and arbitration IDs during 
reset initialization 

- generation of system wide clocks for all agents 
(bus clocks and time of day) 

- generation of bus timeout 

- battery back-up of system constants (host 10, 
. time of day; etc.) '. 

The MPC has a minimal set of built-in CSM support 
features that allow the incorporation of CSM into any 
MUL TIBUS II board design. The MPC, interconnect 
microcontroller, and a small amount of external cir­
cuitry can fully implement the CSM automatically 
when the board is inserted into Card Slot O. 

4.7.1 ADDITIONAL CSM REQUIREMENTS 

In addition to the interconnect microcontroller and 
the MPC, the following functions must be provided 
through external logic: . 

- clock generation 

- PSB reset generation 

- colqlwarm start detection 

- PSB timeout generation 
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The clock generatocb0K'des the bus clock (~) 
and central clock ( L) signals to the PSB. The 
rRE~I:"nerator provides the hardware reset line 
( ) to all agents on the PSB. Cold/warm start 
detection circuitry distinguishes between a power-up 
reset and a warm-start reset; on power"up the CSM 
assigns arbitration and slot IDs. The PSB timeout 
function determines when the PSB is hung. 

See the MPC User's Manual (Intel literature number 
176526-0(2) and the CSM\002 Hardware Refer­
ence Manual (Intel literature number 459706-001) 
for more information about the CSM. 

5.0 MPC 82389 PIN DESCRIPTIONS 

This section describes each signal pin (or group of 
pins) on the MPC. Emphasis is placed on giving as 
much information as possible to ease the task of 
designing hardware associated with the MPC signal 
pins. The pins are described in terms of these func­
tional groups: 

• PSB interface 

• local bus (host CPU) interface 

• dual-port memory control 

• interconnect bus interface 

5.1 PSB Signals 

The PSB signals provide the interface to other 
boards in the MUL TIBUS II chassis. Very little sup­
port circuitry is required for this part of the board. 
Only high-current drivers and reset control logic is 
needed. SOlTle MPC Signal pins have built-in open 
collector high-current drivers that allow connection 
directly to the PSB. For complete information on the 
PSB, see the IEEE 1296 High PerformaflC8 Synchro­
nous 32-bit Bus Standard document. 

PSB signals fall into five groups, depending on func­
tion: 

• arbitration operation signal group 

• addressl data bus Signal group 

• system control signal group 

• central control signal group 

• exception operation signal group 

Unless otherwise stated, all,PSB signals are syn­
chronous to the bus clock. 
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NOTE: .. 
High current drivers used to drive the· buffered ad­
dress/data (BAD) bus should be controlled with 
minimal logic. This is to limit propagation delays 
and avoid possible bus contention problems.En­
sure that the· placement of these drivers and the 
MPC Is done as close to the PSB (the P1 connec­
tor on a MUL TIBUS II board) as possible to mini­
mize signal stub lengths and capacitive loading. 

5.1.1 ARBITRATION OPERATION SIGNAL 
GROUP 

These MPC pins are used by an agent to obtain ex­
clusive access to the PSB. They are all high-current 
drive, open-collector signals. Below is a description 
of each signal. 

BREQ (Bus Request). BHEQ is a bidirectional 
open-collector signal that cpnnects directly to the 
PSB. As an input to the MPC, it indicates that agents 
are awaiting access to the bus. As an output, the 
MPC asserts BREQ to request PSB access. 

ARB<5-0> (Arbitration). ARB<5-0> are bidi­
rectional, open-collector signals that connect direct­
ly to the PSB. ARB < 5-0 > are used (during normal 
operation) to identify the mode and arbitration priori­
ty of an agent during an arbitration cycle. During sys­
tem initialization. (while reset is active), the central 
services moduie (CSMj drives these signals to initial­
ize slot and arbitration IDs. 

5.1.2 ADDRESS/DATA BUS SIGNAL GROUP 

This signal group includes a 32-bit mUltiPlexed ad­
d~ess/ data path (BAD < 31-0 » and the byte parity 
Signals (BPAR <3-0». These signals require buff­
ering through bus transceivers before connection to 
the PSB. This signal group also includes the bus 
transceiver control signals (ADDIR and REFADR). 

BAD<31-0> (Buffered Address/Data). 
BAD < 31-0> are the 32 bidirectional, multiplexed 
address/data signals that provide the interface to 
the PSB address/data bus (AD) when buffered 
through 74F245 or equivalent bus transceivers. 
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NOTE: 

Do not use pull-up resistors to drive the BAD bus 
high .. If pull-up resistors are present, the MPC can­
not guarantee valid logic states with proper timing. 

BPAR<3-0> (Buffered Parity). BPAR are four 
signals that provide parity for the 32-bit BAD bus. 
These bidirectional lines connect to the PSB 
PAR<3-0> signals through a 74F245 or equivalent 
transceiver. These signals are used to receive byte 
parity for incoming data and to drive byte parity for 
outgoing data. 

ADDIR. (Address/Data Direction). ADDIR is an 
output that provides direction control over the bus 
transceivers buffering the BAD<31-0> and 
BPAR<3-0> signals. In the high state, this signal 
causes the transceivers to drive address/data infor­
mation along with parity onto the PSB. In the low 
state, this signal causes address/data information 
and parity to be received from the PSB. 

REFADR (Reference Address Enable). REFADR 
is an output used to enable external reference ad­
dress buffers during reference operations. Asserting 
this signal places the reference address onto the 
BAD bus. The address path enabled by this signal is 
only used for memory and lID reference operations 
to the PSB. It is not used during message passing or 
for PSB references to interconnect space. 

5.1.3 SYSTEM CONTROL SIGNAL GROUP 

The· system control signal group on the. PSB pro­
vides a control mechanism between agents during 
transfer operations. 

BSC<9-0> (Buffered System Control). BSC 
<9-0> is a group of ten bidirectional signals that 
connect to the PSB through 74F245 or equivalent 
transceivers. Agents on the PSB use these signals 
for commands or status, depending on the phase of 
the operation. The function of each of these lines 
during request and reply phases of transfer opera­
tions is summarized in Table 5-1. 
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Table 5-1 Summary of BSC Signal Functions 

Signal Request Phase Reply Phase 

BSrn, Bus Owner in Request Phase Bus Owner in Reply Phase 

BSC1 lOCK lOCK 

8SC2 Data Width End-of-Transfer 

BSC3 Data Width Bus Owner Ready 

BSC4 Address Space Replying Agent Ready 

I3S'e5 Address Space Agent Status 

BS06 Read/Write Data Transfer Agent Status 

BSC7 Reserved Agent Status 

BSC8 Even Parity on BSC <7.,.4 > Even Parity on BSC< 7 -4> 

~ Even Parity on BSC < 3-0 > Even Parity on BSC<3-0> 

NOTE: 
The end-of-transfer (EOn handshake in single-cyc\~rations is indicated by BSC<4,3,2> as follows: the requesting MPC 
drives BSC<3,2> and waits for the replier to drive SSC4; when the replier responds, the EOT handshake is complete. 

SCDIR<1,Q~ (System Control Dfrectlon). 
SCDIR<1,O> are output signals that provide direc­
tion control of the 74F245 transceivers driving and 
receiving BSC<9-0>. SCDIRO provides control for 
BSC<9,3-0>, while SCDIR 1 provides control for 
BSC<~-4>. When either signal is high, the bus 
transceiver drives BSC sign~ls onto the PSB. When 
either Signa~S low, signals on the PSB are driven 
onto the BS lines. 

5.1.4 CENTRAL CONTROL SIGNAL GROUP 

The central control signal group provides bus status 
and control information for devices operating on the 
PSB. The CSM, residing in slot 0 of the MUl TIBUS II 
backplane, generates BClK, LACHn, ,and RESET. 

, \ 

BBCLK (Buffered Bus Clock). BBClK is received 
by the MPC to synchronize all operations on the 
PSB. This input should be connected to BClK (on 
the PSB) using a '74AS1804 or equivalent inverting 
buffer. The falling edge of BClK provides all system 
timing references. BBClK normally lias a fixed oper-

, ating frequency of 10 MHz. 

NOTE: 
BClK can be varied from DC to 10 MHz. You may 
use this feature for single-stepping on the PSB dur­
ing debugging. 

LACHn (10 Latch). LACHn is an input signal used 
during initialization of slot and arbitration IDs (where 
"n" is the slot number). When the RESET signal is 
active, LACHn indicates when a slot or arbitration ID 
is available and should be latched. LACHn is an ac­
tive high input .and should be connected to the 
lACHn signa! on the PSB with a 74AS1804 or equiv­
alent inverting buffer. 

RESET. Reset is an input that places the MPCin a 
known state. Only the parts of the MPC involved 
with initialization of slot and arbitration IDs remain 
unaffected. RESET is an active, high input and 
should be connected to the RST signal on the PSB 
with a 74AS1804 or equivalent inverting buffer. , 

If the MPC is used in a CSM implementation, the 
, interconnect microcontroll(iu and some external logic ' 
controls RESET. On power up, the CSM generates 
the R,ESET Signal to the backplane. Within a few 
clock cycles, receiving MPCs complete their internal 
reset Table 5-2 summarizes the states of MPC sig­
nal outputs ~hile the RESET signal is active. 
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Table 5·2 Signal States During Reset 

Signal 

BREQ 

BAD<31-0> 

ADDIR 

REFADR 

BSC<9-0> 

SCDIR<1,0> 

BUSERR 

NOTE: 
H = Electrical high state. 
L = Electrical low state. 

; 

Z = High impedance (tri-state). 

Reset State 

Z(H) 

Z 

L 

H 

Z 

L 

Z(H) 

RSTNC (Reset Not Complete). Agents assert 
RSTNC during reset to extend the initialization time 
period beyond the time that RESET allows. RSTNC 
is a bidirectional OR-tied signal on the PSB that is 
low when one or more agents have not completed 
their reset requirements. Agents cannot perform bus 
operations while RSTNC is asserted. However, 
agents may access local interconnect space if your 
firmware implementation allows such access. 
RSTNC is an open-collector signal with high-current 
drive that connects directly to the PSB. 

5.1.5 Exception Operation Signal Group 

The exception operation signal group indicates ex­
ception errors on the PSB. 

BUSERR (Bus Error). The MPC asserts BUSERR 
when a data integrity problem on the PSB is detect­
ed during a transfer operation. Possible problems 
are: detection of a parity error on the BAD bus or 
BSC lines, or a protocol error associated with the 
BSC lines. BUSERR is a bidirectional, open-collector 
signal with high current drive that connects directly 
to the PSB. 

TIM OUT (Timeout). TIMOUT, as an input from the 
PS~, is used to detecta bus timeout condition .. The 
CSM activates this signal when it determines that an 
agent is taking too much time asserting a handshake 
signal, or if a bus owner has maintained bus owner­
ship for an excessive length of time. The exact 
amount of time is a fixed value relative to BBCLK 
that is approximately 10,000 clock cycles (1 ms @ 

10 MHz). TIMOUT is an active high input to the MPC 
and must be connected to the TIMOUT signal of the 
PSB through a 74AS1804 or equivalent inverting 
buffer. 
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Signal Reset State 

ARB<5-0> Z(H) 

0<31-0> Z 

SEL H 

WAIT H 

ODREQ, IDREQ L 

MINT, EINT L 

RSTNC L 

When the MPC is configured for CSM operation, 
TIMOUT becomes an output, generating the timeout 
condition to all agents on the PSB. In this case, the 
TIMOUT pin should be connected to the PSB by a 
74F242 driver or equivalent. 

5.2 Dual-Port Memory Control Signals 

The MPC provides these signals (SEL, COM, ERR) 
to support dual-port memory. In order to fully imple­
ment dual-port memory, some additional dual-port 
memory controller logic is required. 

SEL (Select). The SEC output indicates that a dual­
port memory access is in progress. SEC' initiates 
dual-port operations and may be used to enable the 
dual-port data buffers onto the BAD bus. When the 
MPC receives the EaT handshake, or ·if the MPC 
detects an exception, it deactivates SEL. 

COM (Complete). COM is an input to the MPC. The 
dual-port memory controller asserts COM to indicate 
completion ofa dual-port access. COM is assumed 
to be synchr6nous to the bus clock. After the memo­
ry controller has asserted COM, the MPC asserts 
the replier ready (BSC4) signal on the next bus 
clock. The memory controller cannot deassert COM 
until the EaT handshake is complete on the PSB. 
This requires that the memory controller monitor the 
PSB for the EaT handshake. 

ERR (Error). ERR, an input to the MPC, is asserted 
by the dual-port memory controller to signal a .mem­
ory data parity error. ERR must be stable (high or 
low) whenever COM is asserted. The MPC responds 
to this signal by completing the replier handshake on 
the PSB using a data error agent -error code. This 
signal may be asynchronous to the bus clock since it 
is qualified by the COM signal. 
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5.3 Local Bus Signals 

The MPC local bus allows many types of microproc­
essors, perhaps with differing data widths, byte 
alignment, and bit ordering, to connect to the 
MUl TIBUS II PSB. This microprocessor is often re­
ferred to as the host CPU on the MUl TIBUS II proc­
essor board. The MPC has five signal groups on the 
local bus: 

• data bus 
• address/status signals 

• transfer control 

• interrupt signals 

• OMA control lines 

5.3.1 DATA BUS 

The local data bus is the signal path for data trans­
fers between the host CPU and the MPC. 

D<31-0>. 0<31-0> is the 32-bit local data bus. 
Although this is a 32-bit interface, the MPC allows 
operation with processors using 8-, 16-, or 32-bit 
data busses. 

NOTE: 
Intel CPU architecture defines bit 0 and byte 0 as 
least significant. When connecting non-Intel proces­
sors to the MPC local data bus, it is important that 
this bit and byte ordering be maintained across the 
PSB. This allows agents of differing CPU types to 
work together in a single chassis. If byte-swappIng 
is needed, see the discussion of the byte enable 
(BE<3-0» signal pins. 

5.3.2 ADDRESS/STATUS SIGNALS 

The address/status signals select or identify all MPC 
operations over the local bus. 

A<5-2> (Address). The address inputs select 
MPC registers for message and interconnectspace 
operations. A 1 and AO are omitted to provide a con­
sistent register address for all data bus width op­
tions.A <5-2> are qualified by RO or WR and 
therefore must be stable within. the specified set-up 
and hold window. 

MEMSEL (Memory Select). This MPC input signal 
tells the MPC that the current operation is a memory 
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reference across the PSB. MEMSEl is qualified by 
RD or WR and therefore must be stable within the 
specijied set-up and hold window. 

NOTE: 
MEMSEl, 10SEl, REGSEl 10ACK, and OOACK 
are mutually exclusive. In order to be valid, no more 
than one should be active during the same set-up 
and hold window. 

10SEl (110 Select). This input signal tells the MPC 
that the current operation is an I/O reference to the 
PSB. 10SEl is qualified by RO or WR and therefore 
must be stable within the specified set-up and hold 
window. 

REGSEL (Register Select). This input signal is 
used to identify MPC register operations. REGSEl is 
qualified by RO or WR and therefore must be stable 
within the specified set-up and hold window. 

LOCK. This input signal allows back-to-back opera­
tions to be performed on the PSB or local intercon­
nect space. When the bus owner activates lOCK, all 
other agents are held off the PSB or local resource 
until lOCK is deactivated. 

BE < 3-0 > (Byte Enable). These input signals, gen­
erated by the host CPU or OMA controller, validate 
bytes on the data bus. BE < 3-0 > are qualified by 
RO or WR and therefore must be stable within the 
specified set-up and hold window. BE < 3-0 > corre­
spond to data bytes 3 through 0 on the data. bus 
(where byte 3 is 0<31-24». For remote reference 
operations, only combinations supported by the 
IEEE 1296 specification are valid. 

A 32-bit local bus requires that all byte enable and 
data~nals are used. For 16-bit local buses, BE1 
and BE2 are used to indicate which of the two bytes 
will contain valid data, and only 0< 15-0> are used. 
For 8-bit local bus operations, BE1 and BEO are 
used to select which byte of the PSB will carry the 
valid data byte. This mode uses any 0<7-0> (on 
the local bus). Note that during all read operations, 
the MPC drives all data lines (0<31-0». Consecu­
tive accesses to message FIFOs must be in ascend­
ing byte sequence 0,1, 2, 3 in any non-overlapping 
combination. 

Table 5-3 shows the valid byte enable combinations 
for both the local data bus (0<31-0» and the PSB 
(AO<31-0> ): 
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Table 5-3. Valid Byte Enable Combinations 

BE3 BE2 BE1 BEO 031-24 

L L L L V3 
L L L H V3 
H L L L X 
L L H H V3 
H L L H X 
H H L L' X 
L H H H V3 
H L H H X 
H H ,....L H X 
H H H L X 
L H L H X 
L H H L X 

NOTES: 
L = Electrical low state (active) 
H = Electrical high state (inactive) 
Vn = Valid data bytes 
X = Active bytes with undefined data 

023-16 015-8 07-0 A031-24 

V2 V1 VO V3 
V2 V1 X V3 
V2 V1 VO X 
V1 X X X 
V2 V1 X X 
X V1 VO X 
X X X X 

V2 X X X 
X V1 X X 
X X VO X 
X X VO X 
X X VO X 

intel® 
A023-16 A015-8 A07-0 

V2 V1 VO 
V2 V1 X 
V2 V1 VO 
X V3 V2 

V2 V1 X 
X V1 VO 
X V3 X 
X X V2 
X V1 X 
X X VO 
X VO X 
X X VO 

For the 32-bit host interface, legal combinations of byte enables form byte laneS: the paths where valid data 
bytes are present during a single transfer on the local data bus (as well as in the MUL TIBUS II environment). 
Non-Intel Microprocessors can use byte lanes 10 perform byte-swapping or other data manipulations in hard­
ware. The figure below illustrates the legal byte lanes as they relate to byte enable combinations: 

8-blt 16- bit 24- bit 

BE3· 

BE2· 

BEl· I 

BEO· 

Figure 5-4. Byte Lanes 
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32- bit 

I 

: 0<31 •. 24> 

I 

I 

I 0<23 .. 16> 
I 

I 
10<15 .. 8> 

I 

: .0<7 .. 0> 

290145-18 

I 



infel~ 
Each shaded box in Figure 5-4 represents a valid 
byte lane for a given combination of BE during a 
single read or write operation. There are four types 
of byte lanes: 8-bit, 16-bit, 24-bit and 32-bit. Bit and 
byte ordering follow the Intel standard of bit or byte 0 
as least significant. Assume that invalid byte lanes 
contain any value of data (Le. non-constant). Ta.ke 
precautions (masking in software, etc.) to ensure 
thlit invalid data does not cause problems. 

When using a DMA controller to handle solicited 
data transfers to/from local memory, misalignment 
of data in memory and resulting partial packets are 
handled using the BE lines. The DMA interface of 
the MPC provides support by only incrementing in­
ternal pointers (or detecting completion) when the 
proper ~e-enable signal is active. Table 5-4 shows 
which .BE line the MPC recognizes for partial pack­
ets: 

Table 5-4: Byte Enable Usage for DMA Control 

DMA Bytes Byte Enable 
Width ~emaining Recognized 

32-bit >3 .BE3 
32-bit 3 BE2 
32-bit 2 BE1 
32-bit 1 BEO 
16-bit >1 BE1 
.16-bit 1 E3EO 

8-bit >0 BEO 

5.3.3 TRANSFER CONTROL SIGNALS 

Transfer operation control to the MPC over. the local 
bus is provided by two command Signals and a wait 
signal. This handshake provides fully interlocked 
(two~sided handshake) operation. 

RD (Read). This input signal starts a read operation. 
AD must transition cleanly, since it is used to qualify 
other signalS in the read operation. 

WR ~te). This input signal starts a write opera­
tion. WR must transition cleanly, s.ince it is used to 
qualify other signals in the write qperation. 

WAIT. WAIT is an MPC output signal used to extend 
a transfer operation. The signal will be used by the 
MPC for all accesses that require synchronization to 
another resource. It is activated when a command 
goes active and de.activated when. the operation is 
completed. 

5.3.4 INTERRUPT SIGNALS 

Interrupt Signals are used to inform the host CPU 
that the MPC requires service. The MPC generates 
two signals: one for message operations and one for 
reference errors. 

82389 

MINT (Message Interrupt). The MINT output signal 
is used for all message-related signaling to the host 
CPU. This includes the arrival of an unsolicited mes­
sage, the availability of the transmit FIFO, the com­
pletion of a solicited transfer, and an error-on mes­
sage transfer. 

EINT (Error Interrupt). The EINT output signal is 
used to signal all errors related to memory, I/O, or 
interconnect space operations. Internal registers in 
the MPC provide exact details of the error via inter­
connect space. 

5.3.5 DMA CONTROL SIGNALS 

The MPC provides four DMA control signals that 
connect with an external DMA controller. 

ODREQ (Output Channel DMA Request). ODREQ 
is an output signal that enables DMA transfers to the 
MPC (i.e., output to the PSB). This signal behaves as 
a normal DMA request line during solicited message 
output operations. ODREQ is activated during the 
transfer phase of a solicited message operation 
when the solicited output FIFO is empty. The DMA 
controller responds to ODREQ by moving data from 
local memory to the FIFO for transfer to a receiving 
agent on the PSB. 

IDREQ (Input Channel DMA Request). IDREQ is 
an output signal that enables DMA transfers from 
the MPC (i.e: input from the PSB). This signal be­
haves as a normal DMA request line during solicited 
message input operations. IDREQ is activateddur­
ing the transfer phase of a solicited message opera­
tion when the solicited input FIFO is full. The DMA 
controller responds to ODREQ by moving data from 
the FIFO to local memory. When the FIFO is emp­
tied, IDREQ is deactivated. 

ODACK (Output C"annel DMA Acknowledge). 
ODACK is generated by the DMA controller in re­
sponse to an ~ut channel DMA request. ODACK 
is qualified by RD or WR and therefore must be sta­
ble within the specified set-up and hold window. 

NOTE: 
MEMSEL, TOSEL, REGSEL IDACK, and ODACK 
are mutually exclusive. In order to be valid, no more 
than 'on should be active during the same set-up 
and hold window. 

IDACK (Input Channel DMA Acknowledge). 
IDACK is generated by the DMA controller in re­
sponse to an input channel DMA request. IDACK is 
qualified by RD or WR and therefore must be stable 
within the specified set-up and hold window. 
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5.4 Interconnect Bus Signals 

Brief descriptions of the interconnect bus signal pins 
are given here. For more information on using the 
interconnect microcontroller, see the MPC User's 
Manual, Chapter 5, "Interconnect Programming" 
(Order number 176526-002). 

lAD. < 7 -0> (Interconnect Address/Data). 
IAD<7-0> is an 8-bit, bidirectional, multiplexed ad­
dress and data bus intended to interface directly to a 
microcontroller. In addition· to the MPC, other inter­
connect accessible local resources can be connect­
ed to this bus. 

IREQ (Interconnect Request). The MPC asserts 
this output signal when an interconnect operation 
has been requested from either the local bus or the 
PSB. The MPC asserts IREO to the interconnect mi­
crocontroller at different times for read and write op­
erations. For a read operation, IREO is asserted im­
mediately after detecting an address match between 
the requested address and an internal register. For a 
write operation, IREO is delayed until valid data is 
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intel~ 
available (Le., BSC3 is asserted). In either case, if 
the local bus interface has locked the local intercon­
nect space, IREO is inhibited. 

lAST (Interconnect Address Strobe). lAST is a 
signal from the microcontroller that tells the MPC 
that a valid address is on the interconnect bus. lAST 
may be directly connected to the ALE (Address 
Latch Enable or equivalent) output of most micro­
controllers. lAST must provide clean transitions. 

IRD(lnterconnect Bus Read). The microcontroller 
asserts IRD to perform a read operation to one of 
the MPC interconnect. interface registers. iFiD must 
provide clean transitions. 

NOTE: 
When IRD and IWR are activated at the same time, 
all MPC outputs are disabled. Use this feature to 
disable the MPC in board test applications. 

IWR (Interconnect Write). The microcontroller as­
serts IWR to perform a write operation to one of the 
MPC interconnect interface registers. iWR must pro­
vide clean transitions. 

I 



82389 

8.0 Package Dimensions 

The MPC 82389 is packaged in a 149-pin Ceramic Pin Grid Array (PGA). The pins are arranged 0.100 inch 
(2.54 mm) center-ta-center, in a 15 x 15 matrix. Please refer to Figure 6-3 for case outlines.' 

A wide variety of sockets are available including the zero-insertion force socket for prototyping. 
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FIgure 6-1. MPC 82389 Plnout-:-Vlew from Top Side 
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15 14 13 12 11 10 9 8 7 6 5. 4 3 2 1 

0 0 0 0 0 0 0 0 0 0 0 '0 0 0 0 
A IAD7 031 030 028 026 023 020 017 014 012 09 07 D4 02 DO 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
B 11006 11005 029 027 025 022 019 016 013 Dl1 DS 06 03 . 01 AS 

0 b 0 o. 0 0 0 0 0 0 0 0 0 0 0 
C IWR 1AD4 1A03 VSS 024 021 018 015 Vee 010 VSS 05 VSS 104 BO 

0 0 0 0 0 - 0 0 0 0 
0 iRii IAD2 11001 Vee VSS Vee 102 103 BE2 

0 0 0 0 0 0 
E IREO lAST IADO BEO BEl REGSEL 

0 0 0 0 0 0 
.F BADI BADO VSS 10SEL MEMSEL 10REO 

0 0 0 (BOTTOM VIEW) .Q...~ 0 
G BAo.i BAD3 BAD2 OOACK IDACK OOREO 

0 0 0 0 0 0 
H BA07 BAD6 BA05 WAIT ViR Rii 

0 0 0 0 0 0 
J BA010 BAC9 BADS VSS LOCK MINT 

0 0 0 0 0 0 
K BAD12 BADll VSS COli ERR EINT 

0 0 0 0 B~O 0 
l BAD15 BAOi4 BAD13 BSCI SEL 

0 0 0 0 0 0 0 -0 
II BAD18 BA017 BAiffi Vee Vee 8SCi BSC3 iiSC2 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N BAD20 BAD19 Vss BAm Vss BPARO Vss Vee REFADR Vss' ARIi5 VSS BSC5 SCi>lRO , \ BSC9 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
P BA021 BA023 BA025 BA028 'BAD30 BPARI BPAR3 LACHn BUSERR mo ARB4 ARB3 ARBI BSC7 BSC6 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 BA022 BA024 iiADU BAD29 iiAD3i BPAR2 RESET BBCLK TIMOUT AOOIR RSTNC Am AflBO SCOIRI iiSC8 

15 14 13 12 11 10 9 8 7 6 5 '4 3' 2 1 
290;45-10 

Figure 6-2. MPC 8238~ Pinout-View from Pin Side 
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Table 6·1. MPC Signal Summary 

Mnemonic Type Pifi# Mnemonic Type I I I Pin# Mnemonic Type Piri# 

Vee D4 REFADR 0 N7 lAST I E14 

A5 I B1 ADDIR 0 06 IRD I D15 

A4 I C2 BPAR3 I/O P9 IWR I C15 

A3 I D2 BAD31 I/O 011 IAD7 I/O A15 

A2 I D3 BAD30 I/O P11 IAD6 I/O B15 

BE3 I C1 BAD29 I/O 012 IAD5 I/O B14 

BE2 I D1 BA028 I/O P12 IAD4 I/O C14 

BE1 I E2 BA027 I/O N12 IAD3 I/O C13 

BEO I E3 BA026 I/O 013 IA02 I/O 014 

10SEl I F3 BA025 I/O P13 IA01 I/O D13 

MEMSEl I F2 BA024 I/O 014 IAOO I/O E13 
~ 

REGSEl I E1 BAD23 I/O P14 Vee D12 

10ACK I G2 BAD22 I/O 015 Vss C12 

OOACK I G3 BAD21 I/O P15 031 I/O A14 

10REO 0 F1 BA020 I/O N15 030 I/O A13 

ODREO 0 G1 BAD19 I/O N14 029 I/O B13 

WR I H2 BAD18 I/O M15 028 110 A12 

RD I H1 BA017 I/O M14 027 I/O 812 

WAIT 0 H3 BA016 I/O M13 026 I/O A11 

Vss J3 BA015 I/O l15 D25 I/O B11 

MINT 0 J1 BA014 I/O l14 024 1/0 C11 

EINT 0 K1 BA013 I/O L13 D23 110 A10 

LOCK I J2 BA012 I/O 1<15 022 I/O B10 

ERR I K2 BA011 I/O K14 021 I/O C10 

SEL 0 L1 BA010 I/O J15 020 I/O A9 

COM I K3 BA09 I/O J14 019 I/O 89 

BSC9 I/O N1 BA08 I/O J13 018 I/O C9 

BSC8 I/O 0.1 BAD7 I/O H15 D17 I/O A8 

BSC7 I/O P2 BA06 I/O H14 016 I/O B8 

BSC6 110 P1 BA05 I/O H13 015 I/O C8 

BSC5 I/O N3 BA04 I/O G15 014 I/O A7 

BSC4 I/O M3 BA03 I/O G14 013 I/O B7 

ARB3 I/O,OC P4 Vss N13 D2 I/O A2 
I 
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Mnemonic' 

BSe3 
§Se2 

~ 

"!mOO 
SCOIR1 
SCOIRO 

Vee 
Vss 
ARB5 
ARB4 

AREi2 
AmIT 
~ 

Vss 
B'Rrn 

'TIMOUT 

~ 

NOTES: 
,I = input 
0= output 

Type 

1/0 

I/O 

1/0 

1/0 

0 

0 

IIO,OC 

I/O,OC 

IIO,OC 

I/O,OC 

IIO,OC 

IIO,OC 

1/0 

0 

I/Q = input/output , 
OC = open-collector 
• = active-low 
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Table 6-1. MPC Signal Summary (Continued) 

Pln# ' Mnemonic Type Pln# , Mnemonic Ty~ Pln# 

M2 ' BAD2 I/O G13 012 I/O A6 
M1 BA01 1/0 F15 011 1/0 B6 
L3 BADO 1/0 F14 010 I/O C6 
L2 BPAR2 I/O 010 09 1/0 A5 
02 §J5AFfi 1/0 P10 08 1/0 B5, 
N2 BPARO 1/0, N10 07 1/0 A4 
M4 Vee N8 06 1/0 B4 
N4 Vss N9 05 1/0 C4 

N5 Vss N11 04 1/0 A3 
P5, Vee M12 03 1/0 B3 
04 Vss F13 01 1/0 B2 
P3 Vss K13 DO 1/0 A1 
03 BBCLK I 08 Vee C7 
N6 LACHn I P8 Vss 08 
P6 RESET I 09 Vss C5 
07 RSTNC IIO,OC 05 BUSERR IIO,OC P7 
E15 Vss 

, 
C3 

I 
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7.0 MPC 82389 ELECTRICAL DATA 

This section provides detailed A.C. and D.C. specifi­
cations for the MPC 82389. 

7.1 Maximum Ratings 

Operating Temperature 
(Under Bias) ................. -1 O"C to + 85°C 

Storage Temperature .......... -65°C to + 150"C 

Voltage on Any Pin ....•..... -0.5V to Vee + 0.5V 

Power Dissipation .......................... 2.5W 

NOTE: 
Stresses above those listed may cause· permanent 
damage to the device. This is a stress rating only 
and functional operation at tHese or any other con­
ditions above those listed in the operational sec­
tions of this specification is not implied. 

Exposure to absolute maximum rating· conditions 
for extended periods may affect device reliability. 
Although the MPC 82389 Cbntains protective cir­
cuitry to resist damage from static electrical dis­
charges, always take precautions against high stat­
ic voltages or electric fields. 

7.2 D.C. Specifications vee = 5.dV ±5%, TA = O°Cto + 70°C 

Table 7·1. D.C. Specifications. 

Symbol Parameter Min Max Units Test Conditions 

VIL InputLow Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee + 0.5 V 

VOL1 Output Low VO,ltage 0.45 V 10LMax 

VOL2 Output LowVoltage 0.55 V 10LMax 
Open Collector 

VOH Output High Voltage 2.4 V 10HMax 

ICC Power Supply Current 400 rnA 

IL Input Leakage Current ±10 ,...A OV:s: VIN:S: Vee 

1L1 Open Collector ±100 ,...A ,0.4V :s: VIN :s: 2.4V 

Leakage Current ±400 ,...A OV:S: VIN:S: Vee 

1L2 BBCLK Input Leakage Current ±jOO ,...A OV:S: VIN:S: Vee 

10L Output Low Current 4.0 mA VOL = 0.4SV 

10L1 Open Collector Output 60.0 mA VOL = 0.55V. 
Low Current 

10L2 ADDIR and REFADR . 8.0 mA VOL - 0.45V 
Output Low Current 

10H Output High Current -1.0 mA VOH = 2.4V 

CI Input Capacitance . , 10 pF fe = 1 MHz, 25°C (Note 1) 

CIO I/O Capacitance 20 pF fe = 1 MHz, 25°C (Note 1) 

CeLK Clock Input Capacitance 15 pF fe = 1 MHz, 25°C (Note 1) 

Coe Open Collector Capacitance .20 pF. fe = 1 MHz, 25°C (Note 1) 

NOTE: . 
. 1. Sampled only, no1100% lesled. 

5-88 I 



7.3 A.C. Specifications 

The A.C. specifications for the MPC 82389 are spec­
ified in Tables 7-2. 7-3 and 7-4 and Figures 7-2. 7-3. 
7-4 and 7-5. Figure 7-1 specifies the test points for 
measuring the A.C. parameters. Table 7-2 and Fig­
ures 7-2 and 7-3 specify the A.C. parameters for the 
host CPU bus. Table 7-3 and Figure 7-4 specify the 
A.C. parameters for the interconnect bus. Table 7-4 
and Figure 7-5 specify the A.C. parameters for the 
PSB; Figure 7-6 defines the test load for the A.C. 
specifications. 

2.4V 

O.4V 

82389 

OUTPUT WAVEFORM 

INPUT WAVEFORhi 
290145-12 

Figure 7-1. A.C. Test Waveforms 

Table 7-2. Host CPU Bus A.C. Specifications (Vee = 5V ± 5%, T A = O·C to + 70·C) 

Symbol Parameter' Min Max Units 
Test 

Conditions 

t1 Address and BE Setup to Command Active 20 ns 

Select and DACK Setup to Command Active 18 ns 

t2 Address. BE. Select and DACK 5 ns 
Hold from Command Active 

t3 Time between Commands 24 ns 

i4 Command Inactive to Read Data Disable 15 ns 
(Note 5) 

t5 Read Data Hold from Command Inactive 3 ns 

ttl Read Data Enable from Command Active 0 ns 

t7 WAIT Active from Command Active 20 ns CL = 50pF 

ttl Command Inactive from WAIT Inactive 0 ns 

t9 WAIT Inactive to Read Data Valid 25 ns CL = 90pF 

t10 Command Active to Write Data Valid 200 ns 

t11 Write Data Hold from WAIT Inactive 0 ns 

t12 Command Active to LOCK Active (Note 1 ) 100 ns 

t13 LOCK Hold from WAIT Inactive (Note 2) 0 ns 

t14 Command Active Time 42 ns 

t15 Read Data Valid from Command Active 42 ns CL = 90pF 

t16 Write Data Setup to Command Inactive 
-Registers 20 ,ns 
-DMA 20 ns 

t17 Write Data Hold from Command Inactive 3 ns 

t18 Command Active to MINT or DREQ Inactive 42' ns CL = 50pF 
(Notes 3. 4) 

t19 Command Active to DREQ Inactive 25 ns CL = 50pF 
(Note 4) 

NOTES: 
1. Required to guarantee locking of resource. 
2. Required to guarantee resource remains locked. 
3. MINT deassertion only if no other sources are pending. 
4. f'or DREQ inactive timing. t19 applies to a normal last transfer deassert condition and t1B to an error deassert condition. 
5. Disable condition occurs when the output current becomes less than the input leakage specification. 
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A5-A2 ::::x VALID x 
BE3-BEO 
~E~SEL 

"\. -f IOSEL 
REGSEl ~tl~ t2l- 1 t3 i 

RD or WR OX- ~ 
~t7:;1 t;= ta ::::::j I 

WAIT 

~t91 . ~~1 
031-00 

~t61 
(OUT OF' ~PC) { I X VALID )Q-

031-00 ~tl0~ -I t,l I-
(INTO ~PC) I VALID I X 

I-- t'2 j :::j t '3 1= 
LOCK \; -f 

Figure 7-2. Host CPU Interface Reference Operation Timing 

A5-A2 ::::X VALID X'-___________ _ 
BE3-BEO 
REGSEL. 

10ACK , OOACK 

031-00 
(OUT OF' ~PC) 

031-00 
(INTO ~PC) 

~INT 
10REQ. 
OROEQ 

Figure 7-3. Host CPU Interface Register and DMA Operation Timing 
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Table 7-3. Interconnect Bus A.C. Specifications (Vee = 5V ± 5%, TA = O·C to + 70·C) 

Symbol Parameter Min Max Units 
Test 

Conditions 

I 1 1 1 I 

t31 lAST Active Time 85 ns 

t32 Command Active Time 250 ns 

t33 Command Inactive to lAST Active 25 ns 

t33A lAST Inactive to Command Active 120 ns 

t34 Address Setup to lAST Inactive 40 ns 

t35 Address Hold from lAST Inactive 20 ns 

t36 Write Data Setup to Command 120 ns 
Inactive 

t37 Write Data Hold from Command 5 ns 
Inactive 

t38 Read Data Enable from Command 0 ns 
Active 

t39 Read Data Valid from Command 120 ns CL = 150pF 
Active 

~o Read Data Hold from Command 0 ns 
Inactive 

~1 Read Data Disable from Command 30 ns 
Inactive (Note 2) 

t42 EINT. IREQ Inactive from Command 100 ns CL = 150pF 
Active (Note 1) 

NOTES: 
1. EINT inactive only on write to error register. IREO inactive only on write to arbitration register. 
2. Disable condition occurs when the output current becomes less than the input leakage specification. 

I 

lAST 

IAD7-IADO ---..J--J.l...-tJ--+-1 +1-----+1+-1 --1.,-­
(INTO MPC) 

\.18~\39 -.l....-bt:;;.-.~k1-
IAD7-IADO - -

(OUT OF MPC) --------- DATA VALID 

J \42 r-
EINT I -X~_-:---_ 

-I \421-

_____ ~.f 

Figure 7-4. Interconnect Bus Timing 
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Table 7-4. PSB Interface A.C. Specifications (Vee = 5V ± 5%, TA = O°C to + 70°C) 

Symbol Parameter Min Max Units 
Test 

Conditions 

tcp Clock Period 99.9 ns 

'tCL BCLK Low Time 40 ns 

*tCH BCLK High Time 40 ns 

tBCL BBCLK Low Time 38 ns 

tBCH BBCLK High Time 38 ns 

tRB BCLK Rise Time 1 5 ns 

tFB BCLK Fall Time 1 2 ns 

tR BBCLK Rise Time 0.5 1 ns 

tF BBCLK Fall Time 0.5 1 ns 

tSK BCLK to BBCLK Skew (Note 1) -0.5 4.0 ns 

tCD Clock to Output Delay 
BREQ, BUSERR, RSTNC (Note 2) 36 ns CL = 500 pF 
ARB5-ARBO (Notes 2, 3) 36 ns CL = 500 pF 
BAD31-BADO, BSC7 -BSCO 29 ns , CL = 75 pF 
BPAR3-BPARO, BSC9, BSC8 29 ns CL = 50pF 
SCDIRO, SCDIR1 (H to L) 19 ns CL = 25 pF 

(L to H) 21 ns CL = 25 pF 
ADDIR (L to H) 21 ns CL = 50 pF 

(H to L) 27 ns CL = 50 pF 
" REFADR 29 ns CL = 75 pF 

SEL 29 ns CL = 50 pF 

tH Hold Time from Clock 
BREQ,BUSERR,RSTNC 6.5 ns CL = 25 pF 
ARB5-ARBO (Note 3) 6.5 ns CL = 25 pF 
BAD31-BADO, BPAR3-BPARO 5.0 ns CL = 15 pF 
BSC9-BSCO 4.0 ns CL = 15 pF 
SCDIRO, SCDIR1 4.0 flS CL =15 pF 
ADDIR 5.0 ns CL = 25 pF 
REFADR 4.0 ns CL = 25 pF 
SEL 4.0 ns CL = 15pF 

tON Turn bn Delay from Clock (Note 4) 
BREQ,BUSERR, RSTNC 6.5 ns 
ARB5-ARBO (Note 1) 6.5 ns 
BAD31-BADO, BPAR3-BPARO 5.0 ns 
BSC9-BSCO 4.0 ns 

tOFF Turn Off Delay from Clock (Note 5) 
BREQ,BUSERR,RSTNC 36 ns 
ARB5-ARBO (Note 3) 36 ns 
BAD31-BADO, BPAR3-BPARO 29 ns 
BSC9-BSCO 29 ns 

" 'tel and tcH are MUL TIBUS II specifications. 
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Table 7·4. PSB Interface A.C. Specifications (Vee = 5V ± 5%, T A = O·C to + 70·C) (Continued) 

Symbol Parameter Min Max Units 
Test 

Conditions 

tsu Input Setup Time to Clack 
BREQ,BUSERR,RSTNC 22 ns 
ARBS-ARBO (Note 3) 40 ns 
BAD31-BADO, BPAR3-BPARO 24 ns 
BSC9-BSCO 24 ns 
TIMEOUT, LACHn, RESET 24 ns 
COM, ERR 40 ns 

tlH Input Hold Time from Clock 
BREQ,BUSERR, RSTNC 0 ns 
ARBS-ARBO (Note 3) , 0 ns 
BAD31-BADO, BPAR3-BPARO 3 ns 
BSC9-BSCO 2 ns 
TIMEOUT, LACHn, RESET 2 ns 
COM,ERR 3 ns 

NOTES: 
1. The clock tilT1ings are provided to reference the MPC specification to the PSB specifications. These specifications assume 
a 74AS1804 or equivalent buffer. 
2. The 500 pF load is a distributed load as defined in the PSB specification. The open drain signals are designed such that 
the output delay and bus loss meets the PSB specification requirement. 
3. The ARB5-ARBO signal timings are with respect to the first and last clock of the arbitration period. Details can be found 
in the PSB specification. Also, the arbitration logic has been designed to meet the loop delay specification accounting for the 
full path of input to output plus bus loss. 
4. Minimum turn on times are measured the same way as hold times. Specifically, the logic level driven by another device on 
the previous clock cycle must not be disturbed. 
5. Maximum turn off times are measured to the condition where the output leakage current becomes less than the input 
leakage specification. 
6. All stated capacitances are based on design requirements. Production test limitations may require some parameters to be 
tested under a different condition. 
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NOTE: 

BCLK 
(ASSUMED ON PSBBUS) 

~~L-1~~H=i~trB -It:tRB \ 

--X ;I OX -;I 

tSK -I IE:: tBCH =II tBCLii= tR :=i f tr . 

BBCLK Y NOTE 1 ." .. y. "S. .... __ _ 
----'~ tcp torr.1 

tco1 tH-I 
toN I- I ~~~:':: 

OUTPUTS ANOTHER SOURCE VALID NOTHER SOURCE 

r-tsu~ tlH I 
INPUTS ----------->iX VALID X,.-.-----

intel® 

290145-16 

1. SAMPOINT point for BBCLK is 1.4V. 
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Figure 7-5. PSB Interface Timing 

290145"-17 

Figure Hi. A.C. Test Load 
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