


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































intal.

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias.. .. ... 0°C to 70°C
Storage Temperature ............ —65°to +150°C
Supply Voltage ................... —0.5t0 +8.0V
OperatingVoltage .................. +4Vto +7V

Voltage on any Input

........ GND —2V to +6.5V

Voltage on any Output . .GND—0.5V to Vgg + 0.5V

Power Dissipation

.................... 1 Watt

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

82C54

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.

Symbol - Parameter Min Max Units Test Conditions
Vi Input Low Voltage —0.5 0.8 \']
Vi4 Input High Voltage 2.0 Vee + 0.5 Vv
VoL Output Low Voltage ) 0.4 \' loL = 2.5 mA
VoH Output High Voltage 3.0 v loH = —2.5mA
) Vocc — 0.4 \' loy = —100 pA
i | Input Load Current +2.0 pA Vin= Vg to OV
loFL Output Float Leakage Current +10 pA | Vour=Vcc to 0.0V
Icc Vece Su?ply Cgrrent 20 mA Clk Freq= 1 '&:‘Azl-lgfgsc‘fg
lccss Ve Supply Current-Standby 10 pA CLK Fl;?q = DC
All lnputg?li)ata Bus Ve
All Outputs Floating
lccs1 | Vg Supply Current-Standby 150 uA | CLKFreq = DC
‘ CS = Vcg. All Other Inputs,
) 1/0 Pins = Vgnp, Outputs Open
CiN Input Capacitance 10 pF fe=1MHz
Cyo | 170 Capacitance 20 pF | Unmeasured pins
Cout | OutputCapacitance 20 pF | returned to GND(®)
A.C. CHARACTERISTICS ‘
(Ta = 0°C to 70°C, Vgc = 5V £10%, GND =0V) (Tp = —40°C to +85°C for Extended Temperature)
BUS PARAMETERS (Note 1) o
READ CYCLE
Symbol Parameter $2C54-2 Units
) ) Min Max
taR Address Stable Before RD | - 30 ‘ns
tsgr CS Stable Before RD | 0 ns
tRA Address Hold Time After RD T 0 ns
RR RD Pulse Width 95 ns
tRD Data Delay fromRD | 85 ns
tAD Data Delay from Address 185 ns
toF RD T to Data Floating 5 65 ns
trv Command Recovery Time 165 ns
NOTE: ‘ ,

1. AC timings measured at Vo = 2.0V, Vo = 0.8V.

i

5-37




82C54 | o inteL ‘

A.C. CHARACTERISTICS (Continued)
WRITE CYCLE

Symbol Parameter 82C54-2 Units
Min Max
taw Address Stable Before WR | 0 ns
tsw CS Stable Before WR | 0 ns
twa Address Hold Time After WR T 0 ns
tww WR Pulse Width 95 ns
tow Data Setup Time Before WR T 95 ns
twp Data Hold Time After WR T 0 ns
tRv Command Recovery Time 165 . ns
CLOCK AND GATE
Symbol Parameter 82C54-2 Units
Min Max
toLk Clock Period 100 DC ns
tPwH High Pulse Width 3003) ns
tPwiL " Low Pulse Width 50(3) ns
TR Clock Rise Time -25 ns
tr Clock Fall Time 25 ns
taw ) Gate Width High 50 ns
tGL Gate Width Low 50 ns
tas Gate Setup Time to CLK T 40 ns
tGH Gate Hold Time After CLK T 50(2) ns
Top Output Delay from CLK |, 100 ns
tobg Output Delay from Gate | 100 ns
twe CLK Delay for Loading(4) 0 55 ns
twa ' Gate Delay for Sampling(4) -5 40 ns
two k OUT Delay from Mode Write 240 ns
toL CLK Set Up for Count Latch —40 40 " ns
NOTES:

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

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

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

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

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

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

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

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

Symbol Parameter 82C54-2 Units
Min ‘Max

twe CLK Delay for Loading —25 25 ns

twa Gate Delay for Sampling —-25 25 ns
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intel . | \ 82C54 :

WAVEFORMS i
WRITE ' ‘
“ Y Y |
taw —| ty [ 1
t
=3 )Sk _Z
—_— gy | ——
DATA BUS VALID
o y
WR S A
—_— thw  |—
231244-14
READ
Aot %
AR —{ [—tRA i
s X |
—" tsp [
thR
w \ /
—»| tap | > tor |e— ‘
- p :
nm\uus—-—--ﬁ ———— — — VALID - ——— |
231244-15 |
RECOVERY
' 231244-16

I : o ~ ‘ 5-39 -



82C54

CLOCK AND GATE

taH

4-—’1;%,,

OUTRUT O

|
aat WO

231244-17

* Last byte of count being written

A.C. TESTING INPUT, OUTPUT WAVEFORM -

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

24 .
20 2.0
>< > TEST POINTS < X .
045 0.8 0.8 ’
231244-18
A.C. Testing: Inputs are driven at 2.4V for a logic “1” and 0.45V

for a logic “0.” Timing measurements are made at 2.0V for a logic
“1” and 0.8V 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 specifications for the 8 MHz
82C54 are removed. Only the 10 MHz 82C52-2

remains in.production.

5-40

DEVICE
UNDER
TEST

C = 150 pF

iy

C_ = 150 pF
Cy includes jig capacitance
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intal.
8255A-5 " ;‘
PROGRAMMABLE PERIPHERAL INTERFACE |

m MCS-85 Compatible 8255A-5 m Direct Bit Set/Reset Capability Easing }‘3

m 24 Programmable 1/0 Pins Control Application Interface ;

‘m Completely TTL Compatible ®m Reduces System Package Count

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

m Improved Timing Characteristics — Standard Temperature Range

— Extended Temperature Range
m 40 Pin DIP Package

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

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

1 l
Fowen { anow
€] _ M
- —] A E k:> N:" <:> "'7/-0"0 ea3 ] A 40 [7] pas
conTRot @ ez ]2 [ Jeas
i []3 a8 [ eae
( eao [ ar b PA?
: l s s [) wk
GROUP w[]e 3s [ meser
A 170 3 00
—) s S— =g =iy
BI-DIRECTIONAL DATA BUS 4) j—1
DATA N a[]e 32[Jo;
D7-Do <:> n:'rsza \r V ec7 ] 10 8255A-5 31[]os
WiERAL GRouP ees [ ofJoe
DATA BUS pC: 12 20 [7] o
I T s o wbe
- ’ pco [ 1 ! 27[0r
T pc1[]1s 26[Jvee
[ PO : » l pc2 [: 6 25[] ve7
READ R m B 24 [ pee
- come oo onoue wo[] e wf] s
A ——1 “loac CoNTROL .C____—‘_> poaT c oS80 ] 27 vee
o ®) ez [] 20 21[] res
RESET ———————»] ﬂ
j 231308-2
Figure 2. Pin
], ) Configuration
[~ 3 N .

231308-1
Figure 1. 8255A Block Diagram

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 1993 .

Order Number: 231308-004 . - . 5.41



intel. 82C55A
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

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

m High Speed, “Zero Wait State” m 2.5 mA DC Drive Capability on all 1/0
Operation with 8 MHz 8086/88 and Port Outputs P ¥
80186/188 '

o4 p ble 1/0 Pl m Available in 40-Pin DIP and 44-Pin PLCC
W 24 Programmable 1/0 Fins m Available in EXPRESS

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

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

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

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

P <0 e
efEdded g
6 5 4 3 2 | 44 4342 4140
] = k4 393 ReseT
onod]s 380 0o
_ ] arde 7P
acio 360 02
sowen | v anoue ec7 i a2cssh 358303
suepLiEs 7| o A A "o ne]12 3403 Ne
o] W e [ A K D oo Pces 13 s3fos
contRoL PN © Pcs (14 32305
. peal]1s sbos
L pco 16 0P 07
PeI'y17 2900 Vge
GROUP 18 19 20 21 22 23 24 25 26 27 28
guuoouoouogugoyu
A A o
—— o B0BEELBEBED
@ |1
OmECTIONS DATA BUS R R 231256-31
07-00 ) evs )
aurFen
’ v ; :—ln" . ] A =T
WTERNAL ‘GRoue
DATA BUS 8 o 123 (s O W[ ms
f K rme K= rcyvco = o =
I o o] s or
J w(]s MsL]
i s O 38 7] meser
"™ o] 1[0
- e now wp]e x[Jo,
8
Rty conTROL ok — o e 2oz
* LoGic ﬁ ’°."' N P87-PB0 ecr [0 82C55A :3“:
. ® scs [ 0o
neser |~ ws[] v »[Jos
! e #Po
weo [ w[Jor
rer(] s wfvee
= vca(] Maly
2312561 ’“5 " “Om
. s ] s
Figure 1. 82C55A Block Diagram o] e 2
w2 [ 20  aAem
231256-2

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

The complete document for this proa'uci 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
5-42 Order Number: 231256-004



intgl.

8256AH e

i
MULTIFUNCTION MICROPROCESSOR \
SUPPORT CONTROLLER | i

m Programmable Serial Asynchronous m Two 8-Bit Programmable Parallel I1/0
Communications Interface for 5-, 6-, 7-, Ports; Port 1 Can Be Programmed for !
or 8-Bit Characters, 1, 11, or 2 Stop Port 2 Handshake Controls and Event i
Bits, and Parity Generation ’ Counter Inputs ‘
m On-Board Baud Rate Generator m Eight-Level Priority Interrupt Controller ‘“
Programmable for 13 Common Baud Programmable for 8085 or iAPX 86, “
Rates up to 19.2 KBits/Second, or an iAPX 88 Systems and for Fully Nested '

Eg(ternal Baud Clock Maximum of 1M Interrupt Capability

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

Counters; Four Can Be Cascaded to : i
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 170, 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/0 ports can be accessed directly by the microprocessor.

ADo (|1 40 [ Vee
an1 ]2 [ Ip0
aoo-ane{ _ ) 9 TO ALL INTERNAL ‘ Aoz2(}3 w1p
: ADDRESS/ AegraTen :::> FUNCTIONS AD3[]4 7Pz
DATA s 3s[JpP1a
BUS AD4
BUFFERS oBs ] 3s[Iria
085-087 ) oBs []7 3a[pis
:> oandie porT1 | system oer (e sl Ipre
PORT CLOCK  |e—cix ALEC]o 2[p17 ‘
PORTS 2 | prescaLen iﬁg 10 - gm 1
— 8256AH !
. ] f_____ngJum WR]n 30 [ P2t ‘
- i SCALEN AT " ReseT [ 12 Y m ‘
—]
:3_"’ N countens COUNT VERA -;r—a =M ol =
S NTER | GENERATOR
WR—={ gys TIMERS INPUTS INTA O 14 271 p2e
. ALE——a1 CONTROL INT.(] 15 26[Jp2s
!
RESET— LOGIC Axp  EXTINT 16 25 P26
TRTA — L 1D ok v 2a[p2
INT ’ UART e AxC AxC (] 18 233 0
: e TxC RxD [] 19 2[1=C
INTERRUPT
q CONTROLLER [ EXTINT o GND[J20 - 2118
0756t - 230759-2
. - ~ Figure 2. MUART Pin
Figure 1. MUART Block Diagram Configuration

The complete document for this product is available on Intel’s “‘Data-on-Demand”’ CD-ROM system. To obtain
a copy, contact your /oca/ Intel field sa/es 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)

8086, 8088 Compatible

MCS-80, MCS-85 Compatibie
Eight-Level Priority Controller
Expandable to 64 Levels
Programmable Interrupt Modes

m Individual Request Mask Capability

m Single + 5V Supply (No Clocks)

B Available in 28-Pin DIP and 28-Lead
PLCC Package
(See Packaging Spec., Order #231369)

H Available in EXPRESS
— Standard Temperature Range
— 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
0;,-0, BUS
BUFFER

WRITE

RD ——e-0)
WR——eq|  READ/
LOGIC
—]

CASO +—
CASCADE
CAS1 =—=1 BUFFER/
COMPARATOR
CAS 2 ==

INTA INT

C> i CONTROL LOGIC
—

1

f1

SERVICE PRIORITY
REG [RESOLVER]

(ISR)

IN INTERRUPT)

REQUEST
REG
(IRR)

je—IRO
le——1R1
le—IR2
e—IR3
o— R4
*—|RS

<*——IR6

je——{R7

-

P |

INTERRUPT MASK REG
(IMR)

AN

INTERNAL BUS

~

Figure 1. Block Diagram

231468-1

DIP

231468-31
Figure 2. Pin
Configurations

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.
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intal.
82C59A-2
CHMOS Programmabile Interrupt Controller

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

m Expandable to 64 levels m Fully Static Design

m Programmable Interrupt Modes m Single 5V Power Supply

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

(See Packaging Spec., Order #231369)
B 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 clock input, insures low operating power. It is packaged in a 28-pin
plastic DIP.

NTA INT
: N 4 t
DATA
D,=Dq @ BUS <___'> . CONTROL LOGIC
BUFFER —_—
[ | - 'y s 2800V
w2 204
> Ao[]s3 26 [JINTA
] o, ]« 2 [JR7
+ + 0,5 24 [JIR6
e RO o;(]s 23[JRs
I 4= IRt o,[]7 2|1 Re
IN INTERRUPT [ € IR2 ‘ a 82C59A-2 :
SERVICE @ PRIORITY <: REQUEST |4~ IR3 D,C 8 21L1IR3
REG RESOLVER REG  l¢— R4 0,(s 20 [JR2
(ISR) (RR)  Jqm RS o, 19 R
4— Re
— R7 an 1" 18 [JtRO
3 7'y 'y caso[]12 17 [3INT
casi1[]3 16 D B/EN
] GnD [ 1 15 [Jcas2
CASO 4P INTERRUPT MASK REG
CASCADE
CAS1| @=—P| BUFFER/ ¢ @ (IMR) 231201-2
as2 ¢—p] COMPARATOR Figure 2. Pin Configuration
A ,
T INTERNAL BUS
SP/EN
) 2312011
Figure 1. Block Diagram
October 1988
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82C59A-2

* Table 1. Pin Description

Symbol

Pin No.

Type

Name and Function

Vce

28

SUPPLY: + 5V Supply.

GND

14

GROUND.

cs

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

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

RD

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

D7-Do

4-11

1/0

BIDIRECTIONAL DATA BUS: Control, status and interrupt-
vector information is transferred via this bus.

CASp-CAS;,

12,13, 15

1/0

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.

16

110

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

INT

17

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

IRo-IR7

18-25

INTERRUPT REQUESTS: Asynchronous inputs. An interrupt
request is executed by raising an IR input (low to high), and
holding it high until it is acknowledged (Edge Triggered Mode),
or just by a high level on an IR input (Level Triggered Mode).
Internal pull-up resistors are implemented on IR0-7.

26

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

Ao

27

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

5-46



intel.
FUNCTIONAL DESCRIPTION

Interrupts in Microcomputer Systéms

Microcomputer system design requires that I/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 /nferrupt. 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.

s

Each peripheral devibe or structure usually has a

special program or “routine” that is associated with
its specific functional or operational requirements;
this is referred to as a ‘“‘service routine”. The PIC,
after issuing an Interrupt to the CPU, must somehow

input information into the CPU that can “point” the.

Program Counter to the service routine associated
- with the requesting device. This “pointer” is an ad-
dress in a vectoring table and will often be referred
to, in this document, as vectoring data.

82C59A-2

The 82C59A-2

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

CPU-DRIVEN
MULTIPLEXOR

i

0
- D (= e

ROM :::> <::> o @

————
I 1

<::> 10 (N) L———
| 1

| S|
A%

231201-3

Figure 3a. Polled Method

CPU. INT

e
RAM <_____> <: P‘IC
:> <___'>||/0(1)

]
(;:"'): 1/0(N)
1

V L LT

S

a8

ROM

231201-4

Figure 3b. Interrupt Method
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82C59A-2

tems. It manages eight levels or requests and has
built-in features for expandability - to other
82C59A-2’s (up to 64 levels). It is programmed by
the system’s software as an 1/O peripheral. A selec-
tion of priority modes is available to the programmer
so that the manner in which the requests are proc-
essed by the 82C59A-2 can be configured to match
system requirements. The priority modes can be
changed or reconfigured dynamically at any time
during the main program. This means that the com-
plete interrupt structure can be defined as required,
based on the total system environment.

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

The interrupts at the IR input lines are handled by -

two registers in cascade, the Interrupt Request Reg-
ister (IRR) and the In-Service Register (ISR). The

IRR is used to store all the interrupt levels which are

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

This logic block determines the priorities of the bits
set in the IRR. The highest priority is selected and

‘strobed into the correspondlng bit of the ISR durlng/

INTA pulse.

INTERRUPT MASK REGISTER (IMR)

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

INT (IN;I'ERRUPT)

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

INTA (INTERRUPT ACKNOWLEDGE)

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

'DATA BUS BUFFER

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

@
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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 (ISR), the Interrupt Mask Register
(IMR), or the Interrupt level onto the Data Bus.

Ag

This input signal is used in conlunctlon 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/COMPARATOﬁ

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



intgl.

INTERRUPT SEQUENCE

The powerfu! 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 poliing of the in-
terrupting devices. The normal sequence of events

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). ‘

wia NV
' !
N .
oAvA —A CONTROL LOGIC
0,0, eus
"Nl eureen <-—')___
o
S ‘
om0
[ ge— | jo—ny
| WR——eg REAOD/ fo— 12
1'88.2 m m:?nce PRIORITY (‘- REQUESY [+~ —R3
Ay ——od REG  N\/JRESOLVERR | REG  lo—IRe
. USR) R [T T0N D
e 1RE
s ———j nr?
[
|
CASO @i ' <'\ i INTERRUPT MASK REG
CASCADE A (MR)
CASY e——uf BUFFER! |e—
TOR
CAS2
k-2 —————? \mvemu sus
-d
. 231201-5
Figure 4. 82C59A-2 Block Diagram
ADDRESS BUS (16) § l I S
CONTROL BUS & S
[ FFFI
DATA 8US(8) G 13
X4 II ) 4 L
. &—d{caso C5 Ag- D=0, R WR NT iNTA
cuﬁ:g[ ] cas 1. 82C59A-2 !
IRQ IRQ IRQ IRQ IRQ 'IRQ IRQ IRQ
CHCAS2E M 7 6 5 4 3 2 1 0
SLAVE PROGRESS / INTERRUPT REQUESTS
ENABLE BUFFER 231201-8

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

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

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the correspond-
ing IRR bit is reset. The 82C59A-2 will -also re-
lease a CALL instruction code (11001101) onto
the 8-bit Data Bus through its D7-0 pins.

5. This CALL instruction will initiate two more INTA
pulses to be sent to the 82059A 2 from the CPU
group.

6. These two INTA pulses allow the 82C59A-2 to
release its preprogrammed subroutine address
onto the Data Bus. The lower 8-bit address is re-
leased at the first INTA pulse and the higher 8-bit
address is released at the second INTA pulse.

7. This completes the 3-byte CALL instruction re-
leased by the 82C59A-2. In the AEOI mode the
ISR bit is reset at the end of the third INTA pulse.
Otherwise, the ISR bit remains set until an appro-
priate EOl command is issued at the end of the
interrupt sequence.

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

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

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

6. This completes the interrupt cycle. In the AEOI

- mode the ISR bit is reset at the end of the second
INTA pulse. Otherwise, the ISR bit remains set
until an appropriate EOl command is issued at the
end of the interrupt subroutine.

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

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

MCS®-80, MCS-85

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

CALLCODE{1 1 0 0 1 1 0 1

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

Vector Byte

IR Interval = 4

D7 Dée D5 D4 D3 D2 D1 DO
71A7 A6 A5 1 1 1 0 0
6 | A7 A6 A5 1 1 0 0 0
5| A7 A6 A5 1 0 1 0 0
4 | A7 A6 A5 1 0 0 0 0
3|A7 A6 A5 O 1 1 0 0
2 |A7 A6 A5 0 1 0 0 0
1|A7 A6 A5 0 O 1 0 0
0|A7 A6 A5 O 0 0 0 0
IR Interval = 8 .

D7 De D5 D4 D3 D2 D1 DO
7| A7 A6 1 1 1 0 0 o0
6 | A7 A6 1 1 0 0 0 0
5| A7 A6 1 0 1 0 0 0
4|A7 A6 1 0 0 O 0 0
3|A7 A6 O 1 1 0 0 0
2 |A7 A6 O 1 0 0 0 0
1 |A7. A6 O 0 1 0 0 0
O[A7 A6 0 0 O 0 0 0

During the third INTA pulse the higher address of the
appropriate service routine, which was programmed
as byte 2 of the initialization sequence (Ag - A1s), is
enabled onto the bus.
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Content of Third Interrupt
Vector Byte
D7 D6 D5 D4 D3 D2 D1 DO

[A1s [ a1a [ a13 [ a12 [ A11 | A10 | A9 | As ]

80C86, 80C88

80C86, 80C88 mode is similar to MCS-80 mode ex-
cept that only two Interrupt Acknowledge cycles are
issued by the processor and no CALL opcode is
sent to the processor. The first interrupt acknowl-
edge cycle is similar to that of MCS-80, 85 systems
in that the 82C59A-2 uses it to internally freeze the
state of the interrupts for priority resolution and as a
master it issues the interrupt code on the cascade
lines at the end of the INTA pulse. On this first cycle
it does not issue any data to the processor and
leaves its data bus buffers disabled. On the second
interrupt acknowledge cycle in 80C86, 80C88 mode
the master (or slave if so programmed) will send a
byte of data to.the processor with the acknowledged
interrupt code composed as follows (note the state
of the ADI mode control is ignored and A5-A11 are
unused in 80C86, 80C88 mode):

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

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
R7 | T7 | T6 | T5 | T4 |T8| 1| 1] 1
Re | T7|T6 |T5|T4|T3| 1| 1|0
Rs | T7 |Te |Ts5|T4|T3| 1| 0| 1
R4 |T7|T6|T5|T4| T38| 1| 0] 0O
R3[T7|{Te|T5|Ta|[T3]| 0| 1|1
R2|T7 | Te|Ts5|{T4|T3[ 0| 1|0
R1 [ T7|T6|T5|[T4|T3| 0] 0| 1
RO | T7 | T6 | T5|T4|T3| 0| 0] O

PROGRAMM‘ING THE 82C59A-2

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

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

2. Operation Command Words (OCWs): These are

the command words which command the
82C59A-2 to operate in various interrupt modes.
These modes are:

a. Fully nested mode
b. Rotating priority mode

82C59A-2

c. Special mask mode
d. Polled mode

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

INITIALIZATION COMMAND WORDS
(ICWS)

GENERAL

Whenever a command is issued with AO = 0 and D4

= 1, this is interpreted as Initialization Command

Word 1 (ICW1). ICW1 starts the initialization se-

quence during which the following automatically oc-

cur.

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

- ate an interrupt.

b. The Interrupt Mask Register is cleared.

. ¢. IR7 input is assigned priority 7.

d. The slave mode address is set to 7.

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

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

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

INITIALIZATION COMMAND WORDS 1 AND 2
(ICW1, ICW2)

As-A1s: Page starting address of service routines.

In an MCS 80/85 system, the 8 request levels will

generate CALLs to 8 locations equally spaced in
memory. These can be programmed to be spaced
at intervals of 4 or 8 memory locations, thus the
8 routines will occupy a page of 32 or 64 bytes,
respectively.

The address format is 2 bytes long (Ag—A1s5). When
the routine interval is 4, Ag—A4 are automatically in-
serted by the 82C59A-2, while. As-Aq45 are pro-
grammed externally. When the routine interval is 8,
Ao-As are automatically inserted by the 82C59A-2,
while Ag—A15 are programmed externally.

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

In an 80C86, 80C88 system Aq5-Aq4 are inserted in
the five most significant bits of the vectoring
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byte and the 82C59A-2 sets the three least signifi-

cant bits according to the interrupt level. Ajo-As are

ignored and ADI (Address Interval) has no effect:

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

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

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

IC4:  If this bit is set — ICW4 has to be read. If

. ICW4 is not needed, set IC4 = 0.

INITIALIZATION COMMAND WORD 3 (ICW3)

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

a. In the master mode (either when SP = 1, or in
buffered mode when M/S = 1 in ICW4) a “1” is
set for each slave in the system. The master then

will release byte 1 of the call sequence (for MCS- -

80/85 system) and will enable the corresponding
slave to release bytes 2 and 3 (for 80C86, 80C88
only byte 2) through the cascade lines.

-
intgl.
b. In the slave mode (either when SP = 0, or if BUF
= 1 and M/S = 0 in ICW4) bits 2-0 identify the
slave. The slave compares its cascade input with
these bits and, if they are equal, bytes 2 and 3 of

-the call sequence (or just byte 2 for 80C86,
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/
slave determination is by M/S.

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

AEOIl: If AEOI = 1 the automatic end of mterrupt )
mode is programmed.

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

r icwt ]
!
I cw2 ]

NO (SINGL = 1)

NO (IC4 = 0)

I vesqca=1)

Icwa I

!ADV TO ACCEPT
INTERRUPT REQUESTS

231201-9

Figure 6. Initialization Sequence
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ICW1
D, Dg D5 D, Dy D, Dy Dy

E l~7|~T‘=l o] o] =]
L

1=I1CW4 NEEDED
0=NO ICW4 NEEDED

1 =SINGLE
0 =CASCADE MODE

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

1 =LEVEL TRIGGERED MODE
0=EDGE TRIGGERED MODE

A;=Ag OF INTERRUPT

VECTOR ADDRESS
(MCS=-80 /85 MODE ONLY)

ICW3 (MASTER DEVICE)

Ay5=Ag OF INTERRUPT
VECTOR ADDRESS
(MCS=80 /85 MODE ONLY)
T,=Tg OF INTERRUPT
VECTOR ADDRESS
(80C86 /80C88 MODE)

A% D DO DPs DB O P, Py D

I|IS7IS‘|55 Sg | S3 SZJS'[S"I

I A O

1=IR INPUT HAS A SLAVE
0=IR INPUT DOES NOT HAVE
A SLAVE .

ICW3 (SLAVE DEVICE)
A D; Dg Dy D, Dy D Dy Dy

[T el

SLAVE ID(1)
o]1]2][s[«[5]s]7
of[1]o|t[o]t]o]1
ojo]j1f1jojoj1]1
ofofofoft|1]1]1

cw4

Ag D; Dg Dy D, Dy D, D; Dy

r| [ o ] o I o ISFNMI BUF M/SlAEOI yPMl

L.

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

1=AUTO EOI
0 =NORMAL EOI

[0 T X ] NON=BUFFERED MODE
"1 | 0 | BUFFERED MODE /SLAVE
[+ 1 1"] BUFFERED MODE /MASTER

SPECIAL FULLY NESTED MODE

1=
O=NOT SPECIL FULLY NESTED
MODE

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

231201-10

Figure 7. Initialization Command Word Format
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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)‘

OoCcwi1
A0 D7 D6 D5 D4 D3 D2 D1 Do

[1] [m7 M6 M5 M4 M3 M2 M1 MoO|

ocw2

[0] [R sL EO 0 0 L2 L1 Lo]

ocws
[o] [o EsMm swM o 1 P RR

RIS

OPERATION CONTROL WORD 1 (OCW1)

OCWT1 sets and clears the mask bits in the interrupt
Mask Register (IMR). M7—Mg represent the eight
mask bits. M = 1 indicates the channel is masked
(inhibited), M = 0 indicates the channel is enabled.

OPERATION CONTROL WORD 2 (OCw2) |

R, SL, EOlI — These three bits control the Rotate .

and End of Interrupt modes and combinations of the
two. A chart of these combinations can be found on
the Operation Command Word Format.

Lo, LV1, Lo—These bits determine the interrdpt level
acted upon when the SL bit is active.

OPERATION CONTROL WORD 3 (OCW3)

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

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

5-54

» 3
intel.
FULLY NESTED MODEV

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

After the initialization sequence, IR0 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 INTA 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

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

When a mode is used which may disturb the fully

nested structure, the 82C59A-2 may no longer be
able to determine the last level acknowledged. In
this case a Specific End of Interrupt must be issued
which includes as part of the command the IS level
to be reset. A specific EOI can be issued with OCW2

"~ (EOI = 1, SL = 1, R = 0, and LO-L2 is the binary

level of the IS bit to be reset).

It should be noted that an IS bit that is masked by an

* IMR bit will not be cleared by a non-specific EOI if

the 82C59A-2 is in the Special Mask Mode.



In 82C59A-2
®
ocwi
Ay D, Dg Dg D, Dy D, D, D,
I 1 Imlusluslmfus'uz-lm Iuo]
[ | J I [ ] l 1 INTERRUPT MASK
1=MASK SET
0=MASK RESET
ocw2
Ay D; Dg Dy D, Dy D, D, D
I ol HISLIEOITO I [ ILzlL‘IL"'
IR LEVEL TO BE
ACTED UPON
o]1]2]3]4]5]6]7
HRICIRRECIRE AR
olol [ [olo] ]"
olofofol ] ]|
oJo[1] NON SPECIFIC EOI COMMAND END OF INTERRUPY
0[1]1] SPECIFIC EOI COMMAND
T[0[1] ROTATE ON NON=SPECIFIC EOI COMMAND
1]0]0] ROTATE IN AUTOMATIC EOI MODE (SET) AUTOMATIC ROTATION
0]0]0] ROTATE IN AUTOMATIC EOI MODE (CLEAR)
1]1]1] *ROTATE ON SPECIFIC EOI COMMAND
1[1]0] *SET PRIORITY COMMAND SPECIFIC ROTATION
0] 1[0] NO OPERATION
*L0-L2 ARE USED
ocw3
Ay D, Dg Dg D, Dy D, D, Dy
l 0 | 0 Izswlsuul 0 | 1 ] P Inalmsl
READ REGISTER COMMAND
o | 1 0 1
o | o 1 1
READ IR | READ IS
REG ON REG ON
NO AcTioN NEXT RD | NEXT RD
PULSE | - PULSE
1=POLL COMMAND
0=NO POLL COMMAND
SPECIAL MASK MODE
o | 1 0 1
o | o 1 1
RESET SET
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 continuously until reprogrammed by
ICWA4. In this mode the 82C59A-2 will automatically
perform a non-specific EOl operation at the trailing
edge of the last interrupt acknowledge pulse (third
pulse in MCS-80/85, second in 80C86/88). Note
that from a system standpoint, this mode should be
used only when a nested multilevel interrupt struc-
ture is not required within a single 82C59A.

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

AUTOMATIC ROTATION

(Equal Priority Devices)

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

Before Rotate (IR4 the highest priority requiring
service)

1S7 1S6 !S5 1S4 1S3 IS2 ISt IS0

“s"status . [0 1]0]1]o]ofo]o0]
Lowest Highest
Priority Priority
Priority Status | 7 | 6]5[4[3[2[1] 0 |

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

IS7 1S6 IS5 1S4 1S3 1S2 I1S1 IS0

“is"Status |0 [1]o0]0ofof{ofo]o0]
- Highest Lowest
Priority Priority

2
Priority Status ~ [2[1] 0 [ 7 [6]5]4]3]

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

SL = 0, EOIl = 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; i.e., if IR5 is programmed as the bottom prior-
ity device, then IR6 will have the highest one.

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

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

INTERRUPT MASKS

Each Interrupt Request input can be masked individ-
uaily by the interrupt Mask Register (IMR) pro-
grammed through OCW1. Each bit in the IMR masks
one interrupt channel if it is set (1). Bit 0 masks IR0,
Bit 1 masks IR1 and so forth. Masking an IR channel
does not affect the other channels operation.

SPECIAL MASK MODE

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

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

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

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

POLL COMMAND

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

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

82C59A-2

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

The word enabled onto the data bus during RD is:
D7 D6 D5 D4 D3I D2 D1 Do

Il - - — — 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.

LTIM ' BIT
0=EDGE . TO OTHER PRIORITY CELLS CLR ISR
1=LEVEL > CLR
Q ISR BIT
EDGE
SENSE =L PRIORITY
LATCH Vs <+ SET ISR
< ! l IN SERVICE RESOLVER
LATCH -
CONTROL
‘ Logic
-| REQUEST 1
LATCH 1 .
R o™\ NON
0 Q MASK . MASKED
LATCH REQ
. Cc Q —d4D Q
MCS - 80, as[ INTA
MODE | rReeze 4r|
. Colr H
8ocas / o — o _a INTERNAL
. FREEZE v 7 DATA BUS
| i E 3 585
g a = =Y
g e TF
4 <
= =
231201-12
NOTES:
1. Master Clear active only during ICW1
2. Freeze/ is active during INTA/and poll sequences only
3. Truth Table for D-Latch ‘
c| o] a | operaTiON
1 l Di I D I FOLLOW
01 X | Qn-1 HOLD
Figure 9. Priority Cell—Simplified Logic Diagram
5-57




82C59A-2

READING THE 82C59A-2 STATUS

The input status of several internal registers can be

read to update the user information on the system..

The following registers can be read via OCW3 (IRR
and ISR or OCW1 [IMRY]). ‘

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

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

Interrupt Mask Reg/stef: 8-bit register which con-'

tains the interrupt request lines which are masked.

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

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

There is no need to write an OCW3 before every
status read operation, as long as the status read
corresponds with the previous one; ie, the
82C59A-2 “remembers” whether the IRR or ISR has
been previously selected by the OCWS3. This is not
true when poll is used.

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

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

Polling overrides status read when P = 1, RR =

intal.

EDGE AND LEVEL TRIGGERED MODES

This mode is programmed using bit 3 in ICW1.

If LTIM = ‘0’, an interrupt request will be recognized

‘by a low to high transition on an IR input. The IR

input can remain high without generating another in-
terrupt.

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

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 ISR. A nor-
mal IR7 interrupt will set the corresponding ISR bit,a '
default IR7 won't. If a default IR7 routine occurs dur-
ing a normal IR7 routine, however, the ISR will re-
main set. In this case it is necessary to keep track of
whether or not the IR7 routine was previously en-
tered. If another IR7 occurs it is a default.

in OCW3.
R —\-—?_/ /_
INT ——————/ - /
INTA /
| VS ‘
'A'ARLCE'S cmul'g'lfs':o"\‘m ' "EDGE TRIGGERED MODE ONLY ﬂm 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 buffers are required on the data bus and
the cascading mode is used, there exists the prob-
lem of enabling buffers.

The buffered mode will structure the 82C59A-2 to
" send an enable signal on SP/EN to enable the 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 bufi-
ered mode, and bit 2 in ICW3 determines whether it

‘is a master or a slave.

CASCADE MODE

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

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

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

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

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

ADDRESS BUS (16} S

[ |

CONTROL BUS ‘

11

I INT REQ

DATA BUS (8)

y

-t

L1

SPIENMI M6 M5 M4

T
INTERRUPT REQUESTS

231201-14

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

Ambient Temperature Under Bias . ... .. 0°Cto70°C
Storage Temperature .......... —65°Cto + 150°C
Supply Voltage (w.r.t.ground) ........ —0.5t0 7.0V

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

- L

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

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

D.C. CHARACTERISTICS Tj = 0°Cto 70°C, Voc = 5V £10%

Symbol Parameter Min Max Units Test Conditions
lccs Standby Supply Current 10 RA VIN = Vgg or GND
AlIR = GND
Outputs Unloaded
Vce = 5.5V
lcc Operating Supply Current 5 mA (Note)
ViH Input High Voltage 22 Ve + 0.5 Vv
ViL Input Low Voltage —-0.5 0.8 \"
VoL Output Low Voltage 0.4 v loL = 25 mA
VoH - Output High Voltage 3.0 v loH = —2.5mA
Vec —0.4 lon = —100 pA
I "| Input Leakage Current - +1.0 nA 0V < Vin £ Veo
Lo Output Leakage Current +10 HA 0V < Vout < Ve
LR IR Input Leakage Current —300 rA Vn=0
+10 VIN = Vee
NOTE: )
Repeated data input with 80C86-2 timings.
CAPACITANCE Tj = 25°C; Vg = GND = 0V
' Symbol Parameter Min Max Units Test Conditions
CiNn Input Capacitance 7 pF fc = 1 MHz
Civo 1/0 Capacitance 20 pF Unmeasured pins at GND
Cout Output Capacitance 15 pF
5-60



intel o 82C59A-2

A.C. CHARACTERISTICS Ta = 0°Ct0 70°C, Ve = 5V £10% ' i

TIMING REQUIREMENTS Hg
Symbol Parameter 82C59A-2 Units Test Conditions
Min Max

TAHRL AO/CS Setup to RD/INTA | 10 . ns v
TRHAX AO/CTS Hold after RD/INTA T 5 ns i
TRLRH RD/INTA Pulse Width ‘ 160 ns  1
TAHWL AO/TS Setup to WR | 0 ns
TWHAX | AO/CTS Hold after WR T 0 ns |
TWLWH | WR Pulse Width 190 ns
TDVWH Data Setup to WR T 160 ns
TWHDX Data Hold after WR T 0 ns
TJLJH Interrupt Request Width (Low) 100 ns (See Note) ‘
TCVIAL Cascade Setup to Second or Third 40 ns

INTA | (Slave Only) ’
TRHRL End of RD to next RD 160 ns

End of INTA to next INTA within

an INTA sequence only
TWHWL End of WRtonextWR - 190 ns
*TCHCL End of Command to next Command 400 , ns

- (Not same command type)
End of INTA sequencé 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
1S, 8085-A2 = 1 us, 80C86 = 1 us, 80C86-2 = 625 ns) -

NOTE: i |
This is the low time required to clear the input Iatch in the edge triggered mode. '

I ’ _ 5-61



82C59A-2

TIMING RESPONSES

Symbol ‘ Parameter 8259A-2 Units | Test Conditions**
Min Max B :
TRLDV Data Valid from RD/INTA { 120 ns 1
TRHDZ Data Float after RD/INTA T 10 85 ns 2
TJHIH Interrupt Output Delay 300 ns 1
TIALCV Cascade Valid from First INTA |, 360 ns 1
(Master Only) :
TRLEL Enable Active from RD { orINTA | 110 | ns 1
TRHEH Enable Inactive from RD T or INTA T 150 ns 1
TAHDV Data Valid from Stable Address 200 ns 1
TCVDV Cascade Valid to Valid Data 200 ns 1
**Test Condition Definition Table
TEST CONDITION \'Al R1 R2 C1
1 1.7V | 523Q | OPEN | 100 pf
2 °| 45V | 1.8kQ | 1.8kQ | 30pf
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
V1
INPUT . OUTPUT
VIH + 0.4V 2.4v o R1
VIL= 0.4V X - X 0.45V OggguT TEST POINT
231201-15 DEVICE UNDER TEST : :
R2 I c1*
A.C. Testing: All input signals must switch between V) — 0.4V — —
and V) + 0.4V. Input Rise and Fall Times must be < 15 ns. All 23120116
timing measurements are made at 2.4V and 0.45V. *Includes Stray and )
' ' Jig Capacitance
WAVEFORMS
WRITE -
wR TWLWN
{—_—_———"
T\ 7
. TANWL jo— ~——fo! TWHAX
[~
ADDAESS BUS .
A
TOVWH —o{» TWHDX
DATA BUS 4 } £
231201-17
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WAVEFORMS (Continued)

READ/INTA "

TALAM —e!
K .
- ;
— TALEL et TRHEM ¥
— te— TAMAL —e TRHAX
ADDRESS BUS X
N .
TRLOV — TRHD2
TANOV s
DATABUS » = = e o e e o e o o o o o o o = — .g ______
N

231201-18

3
~

j
5
I

OTHER TIMING

N 1.

b

231201-19
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WAVEFORMS (Continued)
INTA SEQUENCE
R —"l "— TIHIH
TILJH \_ o
INT ) @—/\___L_
o @,
=M
TCVIAL — . TCVIAL
—{ TCVDV [=—
coz —’I TIALCV f \
231201-20
NOTES:

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

DATA SHEET REVISION REVIEW

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

1. Preliminary was removed.
2. A reference to PLCC packaging was removed.

3. The first paragraph of the Poll Command section was rewritten to clarify the status of the INT pin.
4. A paragraph was ‘added to the Interrupt Sequence section to indicate the status of the INT pin during

multiple interrupts. .
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8279/8279-5
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE
m Simultaneous Keyboard Display : m Single 16-Character Display
Operations m Right or Left Entry 16-Byte Display
m Scanned Keyboard Mode RAM
B Scanned Sensor Mode m Mode Programmable from CPU
‘m Strobed Input Entry Mode m Programmable Scan Timing
m 8-Character Keyboard FIFO | Interrupt Output on Key Entry
B 2-Key Lockout or N-Key Rollover with m Available in EXPRESS
Contact Debounce — Standard Temperature Range

m Dual 8- or 16-Numerical Display — Extended Temperature Range

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

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

T e R -

40 DOVee
RL3[Q 2 39 []RL,
——Jira Rlgs cx(]s3 8 [JRLo
' ra] e 37 [JCNTLISTB |
e B P e
SHIFT | @——— | KEYDATA RLs[] e 35 [IsL3
\ JE— i RLe(Q 7 34 [st,
RL 8 330 suy
wR CNTLISTB fe RESET(] 9 32 sLe
I 8279
f»wennce i RO 10 31[Jout By
- ﬁ: " 30 [Jout 8,
* . Sloa :> SCAN 08, 12 29 [Jouts,
ro os,([} 13 28[JouT 8,
. c8,[] 14 27{JouTt A,
ovrs [ s mPoura,
| RESET )
o8, [] 16 25 [JouT A,
| DisPLAY os (] 17 2aJout A,
| ———————=JcLk  0uT B3 ) DATA o8, 18 »h®
: . (]
% 08,[] 19 2T
..L l . Vs 20 210Aa
Vs 290123-2
2901231 Figure 2. Pin Configuration

Figure 1. Logic Symbol

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 o 5-65
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'tel 82389
MESSAGE PASSING COPROCESSOR
A MULTIBUS Il BUS INTERFACE CONTROLLER

m Highly Integrated VLSI Device m High Performance Coprocessing
— Single-Chip Interface for the Parallel Functions
System Bus (IEEE 1296) — Offloads CPU for Communication
— Interrupt Handling/Bus Arbitration and Bus Interfacing
Functions — 40 Megabytes/sec Burst Transfer
— Dual-Buffer Input and Output DMA Speed
" Capabilities — Optimized for Real-Time Response
— Nine 32-Byte High Speed FIFOs (Max. 900 ns for 32-Byte Interrupt
m Multiple Interface Support Packet)
— Complete Protocol Support of the m CMOS Technology
PSB Bus (Message Passing) m 149-Pin PGA Package (15 x 15 Grid)

— Processor Independent Interface
(8-, 16-, or 32-Bit CPU)

— Low-Cost 8-Bit Microcontroller
Interface

— Dual-Port Memory Interface

The MPC 82389 is a highly integrated VLSI device that maximizes the performance of a Muitibus Il 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 82388 is designed to interface with an 8-, 16-, or 32-bit processor. The Paraliei 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 regardlng the MULTIBUS I bus architec-
ture.

MULTIPROCESSOR ARCHITECTURE

LOCAL

cPU RESOURGES PROCESSOR | | PROCESSOR | | PROCESSOR
LocAL BUS LOCAL LOCAL LOCAL
BUS BUS BUS
MPC wec | MPC MPC
PROCESSOR .
CIRCUIT BOARD
< PARALLEL SYSTEM BUS

2901451

November 1991
5-66 . / Order Number: 290145-004
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1.0 MPC 82389 INTRODUCTION

The 82389 Message Passing Coprocessor (MPC) is
a highly integrated CMOS VLS| device which inter-
faces any microprocessor to the MULTIBUS i 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 MULTIBUS I! environment by pro-
viding an optimized interface for the PSB 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 |l system. Figure 1-1 shows an example
of the 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 and Interconnect Inter-
face) all function asynchronously to one arother.
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 PSB Interface is the synchronized, shared data
pathway in the MULTIBUS |i 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 MULTIBUS I 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 PSB speed.

—PSB Memory and 1/0 Single Cycle Access

The MPC performs single cycle read/write transfers
from the host to memory and 1/0 locations across
the PSB. 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 PSB can
access local interconnect space via the MPC.

*An agent is any device with an inierface to the
PSB.

CPU. MEMORY

CPU MEMORY

[_Locat sus |
1

PSB BUS
INTERFACE

l LOCAL BUS l
||

PSB BUS
INTERFACE

'

< >

20 MBYTES/SEC SINGLE CYCLE
40 MBYTES/SEC BURST
32 MBYTES/SEC FOR MESSAGES
(32 BYTES IN 10 CLOCKS)

200145-7

Figure 1-1. Message Passing Performance Example
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—Remote Interconnect Access

The MPC enables the host CPU to access remote
interconnect locations . assigned to other PSB
agents.

—Dual-Port Memory Access Support

Other PSB agents can access dual-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 MULTIBUS Il board design.

2.0 MESSAGE PASSING PROTOCOL

The MULTIBUS Il 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
handshaking 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 messages 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.

5-68
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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 so-
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.

2.2 Solicited Messages .

If a DMA controlier 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 negotiatidn_ is complete (the

sending agent’s MPC has received a buffer 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

HOST CPU INTERFACE

| LOCAL BUS MULTIPLEXING

iPSB INTERFACE

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, 1/0, 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 decided 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, I/0, and interconnect address
space on the PSB. Memory and I/0 references are
initiated by the CPU to the MPC. The MPC responds

to a memory or I/0 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 MULTIBUS. |l
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/0 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 reé-

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 microcontrolier and the results posted in the
interconnect space.

Local resources on an agent gain access to inter-
connect space through the MPC’s intérconnect 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
MPC 82389

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

intgl.

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 implemented with dual-port memory.
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4.0 MPC 82389 OPERATIONS

The primary function of the MPC 82389 is MULTI-
BUS Il 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 MULTIBUS Il Message Passing

The MPC manages the routing of message packets
as they flow between the interfaces of each MULTI-
BUS |l 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.

MULTIBUS Il messages, both unsolicited and solicit-
ed, are transferred through nine dedicated internal
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FIFO buffers between the Host CPU Interface and
PSB Interface. Unsolicited messages are intelligent
(aiso called virtual) interrupts which notify the receiv-
ing agent to prepare for the receipt of solicited mes-
sages. Unsolicited messages use the Transmit/Er-
ror FIFO 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 travel 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.
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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 in state ma-
chines internal to the MPC. On the Host CPU Inter-
face, host register operations write bytes to the
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
MULTIBUS |l 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 /EEE 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 MULTIBUS Il 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/0 References

Remote memory or 1/0 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/0 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 MULTIBUS Il 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 1/0 reference by
activating memory select (MEMSELT) or I/0 select
(IOSEL), A<5-2>, BE<3-0>, with a RD or WR
strobe. If necessary, LOCK is activated to allow
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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 I/0 address on
another agent. A data path from D<31-0> through
the buffered address/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. Completion of
the operation is indicated when the MPC deactivates
the WAIT output.

The memory or I/0 address for the reference opera-
tion is routed around the MPC through an external
reference address latch. This latch is controlied 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 D<7-0> to the interconnect address/data
bus (IAD<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 ad-
dress strobe (IAST), interconnect read (IRD), and in-
terconnect write (IWR) strobes, and the IAD multi-
plexed bus. The WAIT signal is used as for memory
and 1/0 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 I/0 reference, except that the
data transfer occurs only on D<7-0>. The remote
microcontroller services the request through an in-
terconnect replier operation.

+* 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 ID
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
MULTIBUS |l 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 ID,
- time of day, etc.) '

The MPC has a minimal set of built-in CSM support
features that allow the incorporation of CSM into any
MULTIBUS Il 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 0.

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

— cold/warm start detection
— PSB timeout generation
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The clock generator provides the bus clock (BCLK)
and central clock (CCLK) signals to the PSB. The
reset generator provides the hardware reset line
(RESET) 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
176526-002) 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 .

® |ocal 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 MULTIBUS i chassis. Very little sup-
port circuitry is required for this part of the board.
Only high-current drivers and reset control logic is
needed. Some 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 /EEE 1296 High Performance Synchro-
nous 32-bit Bus Standard document.

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

¢ arbitration operation signal group

e address/data bus signal group

e system control signal group

e 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: 3
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 MULTIBUS Il 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). BREQ is a bidirectional
open-collector signal that connects 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 (CSM) drives these signais to initial-
ize slot and arbitration IDs. '

5.1.2 ADDRESS/DATA BUS SIGNAL GROUP

This signal group_includes a 32-bit multiplexed ad-
dress/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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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 1/0 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

NOTE:

Signal ' Request Phase Repiy Phase

BSCO - Bus Owner in Request Phase Bus Owner in Reply Phase
BSCT LOCK ‘ LOCK

BSC2 Data Width End-of-Transfer

BSC3 Data Width Bus Owner Ready

BSC4 Address Space Replying Agent Ready
BSC5 Address Space Agent Status

BSCé Read/Write Data Transfer. Agent Status

BSC7 Reserved Agent Status

BSCs Even Parity on BSC<7-4> Even Parity on BSC<7-4>
BSC9 Even Parity on BSC<3-0> Even Parity on BSC<3-0>

The end-of-transfer (EOT) handshake in single-cycle operations is indicated by BSC<4,3,2> as follows: the requesting MPC

drives BSC<3,2> and waits for the replier to drive

SCDIR<1,0> (System Control Direction).
SCDIR<1,0> 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<8-4>. When either signal is high, the bus
transceiver drives BSC signals onto the PSB. When
either signal is low, signals on the PSB are driven
onto the BSC 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 MULTIBUS Il
backplane, generates BCLK, LACHn, and RESET. -

BBCLK (Buffered Bus Clock). BBCLK is received

by the MPC to synchronize all operations on the

PSB. This mput 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 has a fixed oper-
_ating frequency of 10 MHz.

SC4; when the replier responds, the EOT handshake is complete.

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 (ID 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 signal on the PSB with a 74AS1804 or equiv-
alent inverting buffer.

RESET. Reset is an input that places the MPC in 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 microcontroller and some external logic *

controls RESET. On power up, the CSM generates
the RESET 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 while the RESET signal is active. =
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Table 5-2. Signal States During Reset
'Slgnél Reset State Signal Reset State
BREQ j Z(H) ARB<5-0> Z(H)
BAD<31-0> b4 D<31-0> z
ADDIR L SEL H
REFADR ' H WAIT H
BSC<9-0> V4 ODREQ, IDREQ L
SCDIR<1,0> L MINT, EINT L
BUSERR Z(H) RSTNC L
NOTE:

H = Electrical high state.
L = Electrical low state.
Z = High impedance (tri-state).

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.

TIMOUT (Timeout). TIMOUT, as an input from the
PSB, is used to detect a 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 Tiiﬁﬁ&T signal of the
PSB through a 74AS1804 or equivalent inverting
buffer.
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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 SEL output indicates that a dual-
port memory access is in progress. SEL initiates
dual-port operations and may be used to enable the
dual-port data buffers onto the BAD bus. When the
MPC receives the EOT 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 of a dual-port access. COM is assumed
to be synchronous 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 EOT handshake is complete on the PSB. -
This requires that the memory controller monitor the
PSB for the EOT 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
MULTIBUS Il PSB. This microprocessor is often re-
ferred to as the host CPU on the MULTIBUS Ii proc-
essor board. The MPC has five signal groups on the
local bus:

e data bus

® address/status signals
e transfer control

® interrupt signals

* DMA 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>. D<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 interconnect space
operations. A1 and AO are omitted to provide a con-
sistent register address for all data bus width op-
tions. A <5-2> are qualified by RD or WR and
therefore must be stable within the specnfled 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
specified set-up and hoid window.

NOTE:
MEMSEL, 10SEL, REGSEL IDACK, and ODACK
are mutually exclusive. In order to be valid, no more
than one should be active during the same set-up
and hold window.

I0SEL (1/0 Select). This input signal tells the MPC
that the current operation is an 1/0 reference to the
PSB. IOSEL is qualified by RD or WR and therefore
must be stable within the specmed set-up and hold
window.

REGSEL (Register Select). This input_signal is
used to identify MPC register operations. REGSEL is
qualified by RD 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 DMA controller, validate
bytes on the data bus. BE<3-0> are qualified by
RD 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 D<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 signals 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 D<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 ony D<7-0> (on
the local bus). Note that during all read operations,
the MPC drives all data lines (D<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 (D<31-0>) and the PSB
(AD<31-0>):
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Table 5-3. Valid Byte Enable Combinations .
BE3 | BE2 | BE1 | BEO | D31-24 | D23-16 | D15-8 | D7-0 | AD31-24 | AD23-16 | AD15-8 | AD7-0
L L L L V3 v2 Vi Vo V3 V2 \2] Vo
L L L H v3 v2 %! X V3 V2 \%! X
H L L L X V2 \%! VO X V2 \%! Vo
L L | H H V3 Vi X | X X X V3 V2
H L L H X V2 i X X V2 \%! X
H H L L X X V1 Vo X X % Vo
L H H H V3 X X X X X V3 X
H L H H X V2 X X X X X V2
H H L.l H | X X \% - X X X %! X
H H [ H L X X X Vo X X X VO
L H L H X X X VO X X Vo X
L H H L X X X VO X X X VO
NOTES:

L = Electrical low state (active)

H = Electrical high state (inactive)
Vn = Valid data bytes )

X = Active bytes with undefined data

For the 32-bit host interface, legal combinations of byte enables form byte /anes: the paths where valid data
bytes are present during a single transfer on the local data bus (as well as in the MULTIBUS |l environment).
Non-Intel Microprocessors can use byte lanes to 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= bit

16 = bit

24-bit

BE3*

BE2*

BE1*

BEO*

DD COEDEURR PR DU MU R

1
32 = bit :

1 MSB

1
1
'
I
'
1
1
!
1
1
1
1
[
1
1
1
1
1
1

, D<31..24> |

D<23..16>

D<15..8>

290145-18
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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 (i.e. non-constant). Take
precautions (masking in software, etc.) to ensure
that 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 byte-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 Remaining Recognized
32-bit >3 BE3
32-bit 3 BE2
32-bit 2 BET
32-bit 1 BEO
16-bit >1 BET
16-bit 1 BEO
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.
RD must transition cleanly, since it is used to qualify
other signals in the read operation.

WR (Write). This input signal starts a write opera-
tion. WR must transition cleanly, since it is used to
qualify other signals in the write operation.

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 deactivated 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, 1/0, 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 controlier.

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 activated dur-
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 Channel DMA Acknowledge).
ODACK is generated by the DMA controller in re-
sponse to an output 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, 1OSEL, REGSEL IDACK, and ODACK
are mutually exclusive. In order to be valid, no more
thanon 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).

IAD<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
microcontrolier. 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 IREQ to the interconnect mi-
crocontroller at different times for read and write op-
erations. For a read operation, IREQ is asserted im-
mediately after detecting an address match between
the requested address and an internal register. For a
write operation, IREQ is delayed until valid data is
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available (i.e., BSC3 is asserted). In either case, if
the local bus interface has locked the local intercon-
nect space, IREQ is inhibited.

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

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

__ NOTE:
When TRD 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.
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6.0 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-to-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.

|
|
|
!
i
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 |
|
|
o O O O O O 0O 0o 0o 0O o o o |
0o D2 D4 D7 D9 D12 D14 D17 D20 D23 D26 D28 D30 D31  IAD7 A |
|
|
(o) O O O O O O O O o o o |
AS D1 D3 D6 D8 DI1 D13 D16 D19 D22 D25 D27 D29  IADS  IAD6 B |
|
o O O O 0O 0O O o o 0O 0o o o o |
BES A4 Vss D5 Vgs D10 Vge D15 D18 D21 D24  Vgg  IAD3  1AD4  WR c |
i
O O O ©° 0 O O O © |
BE2 A3 A2 Vee Vss Vec  |ADY 1AD2 iRD D |
|
o O O O O O |
REGSEL #8E1  BEO IAD0 ST  REQ E :
METAL LID |
o o o o o i
IDREQ MEMSEL iOSEL (TOP VIEW) Vgs BADO BADI F |
‘ |
O 0O O o O O |
ODREQ IDACK ODACK BADZ BAD3  BAD4 G
o O O o O O
RD WR  WAW BADS  BAD6 57 H
O o O O
MNT  [OCK  Vgg BADE BADS BADIO J
o O o O O
ENT ERR  COM Vgs BADT1 BAD1Z K
O O O o O O
SEL . B5C0  @SCi BAD13 BADI4 BADIS L
O O O © O O O ©
85C2 BSC3 BSC4 Vg Vec BADI6 BAD17 BADIE | M
0O 0O O 0O O 0 0 O O O O O
BSC9 SCDIRO BSC5 Vgg ARBS Vg REFADR Voo  Vgg BPARO . Vgg BADZ7 Vg BADI9 BADZ0 N
o o 6o o 0o o o O O O O O O O O
BSC6 BSC7 ARBI ARBS ARB4 BREQ BUSERR LACHn BPARS BPAR1 BAD30 BAD28 BAD25 BADZ3 BADZI P
o o o o o o o 0 O O O O O O O
BSCB SCDIR1 ARBO ARB2 RSINC ADDIR TIMOUT BBCLK RESET BPARZ BAD31 BAD29 DAD26 DAD24 BAD22 Q
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
290145-9

Figure 6-1. MPC 82389 Pinout—View from Top Side
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
O O O O o O O O (o] O O O
A IAD7 D31 D30 D28 D26 D23 D20 D17 D14 D12 D9 D7 D4 D2 Do
: O 0O O O O o o O ®) o) o
B IAD6 . IAD5 D29 D27 D25 D22 D19  DI6  DI3 D11 D8 D6 D3 D1 A5
O O O O O O O O O O O (o]
c WR  1AD4  1AD3  Vgg D24 D21 D18 D15 - Vg D10 Vss D5 Vss A4 BE3
O O O O o} O O o
[} iRD  1AD2  1AD1 Vg Vss Vee A2 A3 BEZ2
o O O O 0 ©
3 REQ  IAST  1ADO BEO BET  REGSEL
o O O o0 O O
F BADI  BADO  Vsg iOSEL MEMSEL IDREQ
o O O (BOTTOM VIEW) o o0 O
[ BAD4 BAD3  BAD2 ; B ODACK iDACK ODREQ
o O O - o O O
H BAD7 BAD6  BAD5 WAT - WR RD
O O O o O
J BADTO BADS  BADS Vss LOCK  MINT
o O o O
K BADiZ BADI1  Vgg COM ERR = EINT
o O O o O O
L BADIS BADI4 BADI3 BSCi  BSCO  SEL
O O O O O O O ©
M BADI8 BADI7 BAD16 Ve Ve¢ BSC4 BSC3  BSC2
O O O O 0O 0 0o o O O O O o
N BAD20 BAD1S Vgg BADZ7 Vs BPARO Vg Vec  REFADR Vgg < ARB5  Vgg  BSC5 SCDIRO BSCY
O 0O O O O OO OO O O 0 0 0 o
P BAD21 BAD23 BAD25 BAD28 ‘BAD30 BPARI BPARS LACHn BUSERR BREQ ARB4 ARB3 ARB1  BSC7 ' BSC6
O 0O 0O o O o o . o O ()]
Q BAD22 BAD24 BAD26 BAD29 BAD31 BPAR2 RESET BBCLK TIMOUT ADDIR RSTNC ARB2 ARBO SCDIR1 BSC8
15 14 13 12 1" 10 - 9 8 7 6 5 4 3 21
290145-10

Figure 6-2. MPC 82389 Pinout—View from Pin Side
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Table 6-1. MPC Signal Summary

Mnemonic Type Pin# Mnemonic Type Pin# Mnemonic Type Pin#
Veo D4 REFADR 0 N7 IAST I E14
A5 1 B1 ADDIR o} Q6 IRD ] D15
A4 I c2 BPAR3 1’0 P9 WR | C15
A3 I D2 BAD31 110 Q11 IAD7 I/0 A15
A2 1 D3 BAD30 170 P11 1AD6 1/0 B15
BE3 1 c1 BAD29 170 Q12 IAD5 1/0 B14
BE2 I D1 BAD28 170 P12 IAD4 1/0 Cl4
BET 1 E2 BAD27 110 N12 IAD3 110 c13
BEO 1 E3 BAD26 110 Q13 1AD2 1/0 D14
TOSEL [ F3 BAD25 1’0 P13 1AD1 110 D13

{ MEMSEL I F2 BAD24 110 Q14 | 1ADO 1/0 E13
REGSEL I E1 BAD23 1/0 P14 Vco D12
IDACK I G2 BAD22 1/0 Q15 Vss c12

DACK | G3 BAD21 1/0 P15 D31 o] Al4

IDREQ o] F1 BAD20 1/0 N15 D30 /0 | A13
ODREQ o] Gt BAD19 110 N14 D29 1/0 B13
WR | H2 BAD18 1/0 M15 D28 1/0 A12
RD | H1 BAD17 i/0 M14 D27 1/0 B12
WAIT 0 H3 BAD16 110 M13 D26 1/0 A1
Vss J3 BAD15 1/0 L15 D25 170 B11
MINT o] 1 BAD14 I/0 L14 D24 110 c11
EINT o] K1 BAD13 1/0 L13 D23 170 A10
LOCK | J2 BAD12 110 K15 D22 110 B10
ERR | K2 BAD11 1/0 K14 D21 I/0 C10
SEL o] L1 BAD10 110 J15 D20 1’0 A9
COM . K3 BAD9 Vo | J14 D19 170 B9
BSC9 1’0 N1 BADS 1/0 J13 D18 170 c9
BSC8 1/0 Q1 BAD7 1/0 H15 D17 110 A8
BSC7 1/0 P2 BADG 110 H14 D16 1/0 B8
BSCé I/0 P1 BAD5 1/0 H13 D15 110 c8
BSCS 110 N3 BAD4 1/0 G15 D14 110 A7
BSC4 110 M3 BAD3 1/0 G14 D13 1/0 B7
ARB3 1/0,0C | P4 Vss N13 | . D2 1/0 A2
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Table 6-1. MPC Signal Summary (Continued)

Mnemonic | Type Pin# | Mnemonic Type Pin# | Mnemonic Type Pin#
BSC3 110 M2 BAD2 170 G13 | D12 10 A6
BSC2 170 M1 BADT I70 F15 D11 170 B6
BSCT 170 L3 BADO 170 F14 D10 110 C6
BSCO 170 L2 BPAR2 170 Q10 | D9 110 A5
SCDIR1 (o} Q2 BPART 110 P10 D8 110 B5
SCDIRO (o} N2 ARO | I/0 N10 | D7 170 A4
Vee M4 Vee N8 D6 | wo B4
Vss N4 Vss N9 D5 o | c4
ARB5 I70,0C | N5 Vss N11 D4 170 A3
ARB4 I10,0C | P5 | Vo ‘ M12 | D3 170 B3
ARB2 1/0,0C | Q4 Vss F13 D1 110 B2
ARBT 1/0,0C | P3 Vss K13 DO 110 Al
ARBO 1/0,0C | Q3 BBCLK ] Qs Voo c7 .
Vss N6 LACHN ] P8 Vss D8
BREQ 1/0,0C | P6 RESET | Q9 Vss c5
“TIMOUT 110 Q7 RSTNC 1/0,0C | Q5 BUSERR 1/0,0C | P7
IREQ (o] E15 Vss C3

NOTES: |

i = input

O = output

1/0 = input/output
OC = open-collector
* = active-low
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Figure 6-3. 149-Pin PGA Package Dimensions

5-87



82389

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

(UnderBias) ................. —10°Cto +85°C
Storage Temperature .......... —65°C to +150°C
Voltage on Any Pin.......... —0.5VtoVge + 0.5V

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

intgl

" NOTE:

Stresses above those listed may cause permanent

damage to the device. This is a stress rating only
and functional operation at thiese 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 contains 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 Vo = 5.0V £5%, Ta = 0°C to +70°C
_ Table 7-1. D.C. Specifications

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage —-0.5 0.8 '
ViH Input High Voltage - 2.0 Ve + 0.5 \Y
VoLi Output Low Voltage 045 | 'V loL Max
VoL2 Output Low Voltage 0.55 \'% loL Max
i Open Collector
VOH Output High Voltage , 1 24 » v lox Max
lcc Power Supply Current 400 | mA
L Input Leakage Current 10 pA | OV< VN < Voo
Iy . | Open Collector 100 | pA | 04V < Vi <24V
Leakage Current +400 HA OV < V|N £ Voo
IL2 | ‘BBCLK Input Leakage Current ‘ +100 RA OV < V|N € Veo
loL Output Low Current = 40 mA | VoL = 0.45V
loL1 Open Collector Output 60.0 ‘mA VoL = 0.55V
Low Current . \ ~
loL2 ADDIR and REFADR 8.0 mA | VoL = 0.45V
Output Low Current :
loH Output High Current -1.0 mA | Voy = 24V
C Input Capacitance 10 pF fc = 1 MHz, 25°C (Note 1)
Cio 1/0 Capacitance 20 pF. | fc = 1MHz, 25°C (Note 1)
CoLk Clock Inpljt Capacitance 15 1 pF fc = 1 MHz, 25°C (Note 1)
Coc Open Collector Capacitance 20 pF fc = 1 MHz, 25°C (Note 1)
NOTE: - /

1. Sampled only, not 100% tested.
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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. For DREQ inactive timing, t1g applies to a normal last transfer deassert condition and t1g to an error deassert condition.

-
intgl. w239
7.3 A.C. Specifications -
The A.C. specifications for the MPC 82389 are spec- 2OV powTs o2
ified in Tables 7-2, 7-3 and 7-4 and Figures 7-2, 7-3, 0.8v 0.8v
7-4 and 7-5. Figure 7-1 specifies the test points for
measuring the A.C. parameters. Table 7-2 and Fig- OUTPUT WAVEFORM
ures 7-2 and 7-3 specify the A.C. parameters for the v
host CPU bus. Table 7-3 and Figure 7-4 specify the |2 200 pst oo
A.C. parameters for the interconnect bus. Table 7-4 : 1.4V (BBCLK)
and Figure 7-5 specify the A.C. parameters for the o4V 0.8v 0.8v
PSB;.f.Flgt'lre 7-6 defines the test load for the A.C. INPUT WAVEFORM
specifications. 20014512
Figure 7-1. A.C. Test Waveforms
Table 7-2. Host CPU Bus A.C. Specifications (Vgc = 5V +5%, T = 0°C to +70°C)
‘ . Test
Symbol . Parameter Min Max Units Conditions
t Address and BE Setup to Command Active 20 ns
" Select and DACK Setup to Command Active 18 ns
to Address, BE, Select and DACK 5 ns
Hold from Command Active ‘
t3 Time between Commands 24 ns
t4 Command Inactive to Read Data Disable 15 - ns
(Note 5)
ts Read Data Hold from Command Inactive 3 ns
ts Read Data Enable from Command Active ns
t7 WAIT Active from Command Active 20 ns CL = 50 pF
ts Command Inactive from WAIT Inactive 0 ns )
tg i WAIT Inactive to Read Data Valid 25 ns CL = 90 pF
t10 Command Active to Write Data Valid 200 ns ‘ '
t44 Write Data Hold from WAIT Inactive 0 ns
ty2 Command Active to LOCK Active (Note 1) 100 ns
t43 LOCK Hold from WAIT Inactive (Note 2) 0 ns
ti4 Command Active Time 42 - ns
ti5 Read Data Valid from Command Active 42 ns CL = 90 pF
t16 Write Data Setup to Command Inactive )
—Registers ) 20 ns
—DMA 20 ns
t17 Write Data Hold from Command Inactive 3 ns
t1s Command Active to MINT or DREQ Inactive 42 ns CL = 50 pF
(Notes 3, 4)
t1o Command Active to DREQ Inactive 25 ns CL = 50 pF
(Note 4) ’
NOTES:

5. Disable condition occurs when the output current becomes less than the input leakage specification.
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AS-A2 vaup X
BE3-BEO
MEMSEL
JOSEL
REGSEL N t
- Hl—l t L— _.I : |'_
RD or WR N\ f_3s€_
t7 l‘___ ta _.I |
WAIT f I"t
t t ! X
D31-DO = aihdy |‘_
y 4
(OUT OF MPC) |-_ { X vALD
Yo —{ Y41
"D31=D0 y [~
(INTO MPC) | X__VALID X
k— t42 —-I —| Y3 k=
[ocK N f
290145-13
Figure 7-2. Host CPU Interface Reference Operation Timing
AS=A2 vaup X
BE3-BEO
REGSEL, \ 7
iDACK , ODACK Dy |
sl | [ |
T el e
P f 14 .
RD,WR X A
iq—t‘5 ] t5 "‘4
t =2
D31-D0 I ° _j ; p
(OUT OF MPC) { VALID X -
—> 47
te
D31-D0
(INTO MPC) VALID X
. :1 8
MINT 'QX
IDREQ,
ORDEQ 290145-14
Figure 7-3. Host CPU Interface Register and DMA Operation Timing
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1. EINT inactive only on write to error register. TREQ inactive only on write to arbitration register.
2. Disable condition occurs when the output current becomes less than the input leakage specification.

-
|nte| 82389
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Table 7-3. Interconnect Bus A.C. Specifications (Voc = 5V 5%, Ta = 0°C to +70°C)
Test

Symbol Parameter Min Max Units Conditions

t31 IAST Active Time 85 ns

t32 Command Active Time 250 ns

t33 - Command Inactive to IAST Active 25 ns

t33A IAST Inactive to Command Active 120 ns

tas Address Setup to IAST Inactive 40 ns

t35 Address Hold from |IAST Inactive 20 ns

t3s Write Data Setup to Command 120 ns
Inactive

t37 Write Data Hold from Command 5 ns
Inactive

t3g Read Data Enable from Command 0 ns
- Active i

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

ta0 Read Data Hold from Command 0 ns
Inactive

t41 Read Data Disable from Command 30 ns
Inactive (Note 2)

ta2 (EINT, TREQ Inactive from Command 100 ns CL = 150 pF
Active (Note 1)

- NOTES:

-

IAST. f IT A

—
e
SN

" iRD N WR (3& —
t35
e Tl o i
IAD7-IADO
(INTO MPC) "X aooress vaup X DATA VALID X
le— t39 ty
tsg ety
IAD7~IADO ™ i
DATA VALID

(OUT OF MPC)

EINT

IREQ

— 42 '4—
Z

290145-15

Figure 7-4. Interconnect Bus Timing
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'Table 7-4. PSB Interface A.C. Specifications (Vcc =5V £5%,Tp = 0°C fo +70°C)
- Test
Symbol‘ Parameter Min Max Units Conditions
tcp Clock Period 99.9 ns
*toL BCLK Low Time 40 ns
*toH BCLK High Time 40 ‘ns
tecL BBCLK Low Time 38 ns
tscH BBCLK High Time 38 ns
tRB BCLK Rise Time 1 5 ns
trB BCLK Fall Time 1 2 ns
tR BBCLK Rise Time 0.5 1 ns
tg BBCLK Fall Time 0.5 1 ns
tsk BCLK to BBCLK Skew (Note 1) -05 4.0 ns
tcp Clock to Output Delay )
BREQ, BUSERR, RSTNC (Note 2) 36 ns C. = 500 pF
ARB5-ARBO (Notes 2, 3) 36 ns CL = 500 pF
BAD31-BADO, BSC7-BSCO 29 ns . CL=T75pF
BPAR3-BPARO, BSC9, BSC8 29 ns Cp = 50 pF
SCDIRO, SCDIR1 (Htol) 19 ns CL = 25pF
. (LtoH) 21 ns CL = 25pF
ADDIR (LtoH) 21 ns CL = 50 pF
) (Htol) 27 ns CL = 50 pF
\ REFADR 29 ns CL = 75pF
SEL 29 ns CL = 50 pF
tH Hold Time from Clock
BREQ, BUSERR, RSTNC 6.5 ns CL = 25pF
ARB5-ARBO (Note 3) 6.5 ns CL = 25pF
BAD31-BADO, BPAR3-BPARO 5.0 ns CL = 15pF
BSC9-BSC0 4.0 ns CL = 15pF
SCDIRO, SCDIR1 4.0 ns CL = 15pF
ADDIR 5.0 ns CL = 25pF
REFADR 4.0 ns CL = 25pF
SEL 4.0 ns C. = 15pF
ton . Turn On 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
torr 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

*tcL and tcq are MULTIBUS I specifications.
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Table 7-4. PSB Interface A.C. Specifications (Vcc = 5V £5%, Ta = 0°C to +70°C) (Continued)

. Test

Symbol Parameter Min Max Units Conditions
tsu Input Setup Time to Clack

BREQ, BUSERR, RSTNC 22 ns

ARB5-ARBO (Note 3) 40 ns

BAD31-BADO, BPAR3-BPARO 24 ns

BSC9-BSCO 24 ns

TIMEOUT, LACHn, RESET 24 ns

COM, ERR 40 ns
tin Input Hold Time from Clock

BREQ, BUSERR, RSTNC 0 ns

ARB5-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 timings 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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Figure 7-5. PSB Interface Timing
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