intal AP-730

APPLICATION
NOTE

Interfacing the 82C59A to
Intel 186 Family Processors

Sean Kohler Intel Corporation

Hillarie Klempner 5000 West Chandler Boulevard
Art Prateepvanich Chandler, AZ 85226

Aquiles Saenz

Application Engineers

March 5, 1996

I Order Number: 272822-001



Information in this document is provided in connection with Intel products. Intel assumes no liability whatsoever, including in-
fringement of any patent or copyright, for sale and use of Intel products except as provided in Intel's Terms and Conditions of
Sale for such products.

Intel retains the right to make changes to these specifications at any time, without notice. Microprocessor products may have
minor variations to this specification known as errata.

*QOther brands and names are the property of their respective owners.
Contact your local Intel sales office or your distributor to obtain the latest specifications before placing your product order.

Copies of documents which have an ordering number and are referenced in this document, or other Intel literature, may be ob-
tained from:

Intel Corporation

Literature Sales

P.O. Box 7641

Mt. Prospect, IL 60056-7641

or call 1-800-548-4725

COPYRIGHT © INTEL CORPORATION, 1996



u
I nu® Contents

Interfacing the 82C59A to Intel 186 Family Processors

1.0 INTRODUGCTION ..ottt ettt ettt et sttt ehe s e s e es et es et e ebe £t bt e ehe e ek e s eae e b eateene et ere e e enas 1
2.0 HARDWARE DESCRIPTION ....ooiiiiiiiiiiritetiet et ettt ettt sttt et bttt ns et e nn et ebe et she s eae it b eenennnas 1
A R 4 T = (oI B L= od ] o (o] RSP TRTURPROTURPIOt 1

3.0 TIMING ANALYSIS ittt ettt et et ettt et eb et bt e st e h s e eh e ehe et ese et et b e saes e sbe ettt nneete e 2
3.1 Read TIMING ANGIYSIS ... eiittie ittt ettt ettt e e et e e e bt e e esbee e eaebees shes£en sheeeeseesasbeaeeabeae st beeeeanbeen e 2
3.1.1 TOE Read Low to Data Valid .........ccccoiiiiiiiiiiiii e s 2

3.1.2 TACC Address Valid to Data Valid .............cccoiiiiiiiiiii e 3

3.1.3 TCE Chip Enable to Data Valid ..........c..ooi ittt saee e 3

3.1.4 TDF Read High to AdAress Valid ..........ccoociiiiiiiiiiiii ettt 3

3.1.5 REAA SUMIMAIY ..eeiiiiitiiitiit ettt ettt ettt as sbee ettt e ssee e eabe e st beeeabebeseabe e essbee s ensbeen sanbeen saneeasnnenans 3

3.2 WIIte TIMING ANGIYSIS ..eeiiutieiiitiie ittt ettt bt et e e easbee e e as e e 2aee e saee e s eeeaaeaeensaeseansaeeeensbeeaas 3
3.2.1 TWC WIILE CYCIE TIME ..tieie ettt ettt ettt ettt ettt st st e e e e e e eate e e eane e seneeennenas 4

3.2.2 TAW Address Valid t0 Wt High ........c..ooi ittt 4

3.2.3 TCW Chip Enable to WIte High .........eiiii e e e e e 4

3.2.4 TDW Data Valid t0 WILE High ......ceoiiiiii ittt et e e e e 4

3.2.5 TWP Write PUISE WILLh .......coiiiiii e e 4

3.2.6 Write SUMMAry ......cccccovveeiinnnenns .4

3.3 Interrupt Acknowledge TiIMING ANAIYSIS .....ccoiuuiriiiiiir ettt e sie e e et et bee e sanaee e 4
3.3.1 INTA# Active t0 Data Valid ........cccooiiiiiiiiiii e s 4

3.3.2 INTAH PUISE WILN .ottt et e et sttt 4

3.3.3 Interrupt ACKNOWIEAQE SUMIMANY .....ooiiiiiiiiiiee ettt et et se e e e eae e e sae e e saee e ennaes 4

3.4 Design Considerations for Cascaded 82C59AS .......cociiuiiiiieiiei ittt et 5
3.4.1 DeViCes AffECIEU ......ccciiiiiii i e 6

4.0 RELATED INFORMATION

APPENDIX A REFERENCE DESIGN TEST PROGRAM ....ccotiiiiiiiiie ettt ettt e A-1
APPENDIX B DESIGN CONSIDERATION TEST PROGRAM .....ccoitiiiiiiiiiiiie ettt B-1
FIGURES

Figure 1. 82C59A ReferenCe DESIN .....ccvuiiiiiiiiiiiie ettt e e e s s
Figure 2. INTA# Cycle Wait State Generator

TABLES

Table 1. Read Cycle Wait State ANAIYSIS ......cvuiiiiiiie ettt ettt s ee e e ee e e eae e e 2
Table 2. Write Cycle Wait State ANAIYSIS .......eeiiiiee ittt ettt et e ee e e e e e b e eae e 3
Table 3. Interrupt Acknowledge Wait State ANalYSIS .......ccoeiiiiiiiiie e 4
Table 4. Devices Requiring the INTn/INTAn# Design Consideration .. .. 6
Table 5. Related INFOrMatIoN .........ocuiiiiii e e e e e 6






u
InbL AP-730

1.0 INTRODUCTION Though the 82C59A is fully comphte with 80186 micro-
. ) o ~ processors, there are design considerations when
Many engineers have found that their applicaticeguire interfacing 82C59As to today’s high speed 186s. These

more external interrupteqiests than arerovided on the yesign considerations are discussed later in this document.
Intel 186 family of embedded processorgeliP8Z59A-2

programmable interrupt controllefBIC) can be @ded to a
design to increase the number of available interruptl Interface Descr iption

requests; this application note explains how. . . . ) )
The 82C59A interface used in this reference design is

This application note contains the following: shown in Figure 1. Th82C59A is added as a secondary

master interrupt controller to the 25-MHz 80C186XL

processor. Connecting SE## to \ioc places the 82C59A

* An analysis of the timings for the reference design aird non-buffered master modeConnecting the latched
design considerations related to this timing data address 1 signal (LA1) of the processor to the AO input of

the 82C59A makes interfacinghe 82C59A possible

without any external data steering logic. The other
*  Source code for the programs usedietst the reference connections are self explanatory.

design and design considerations

« Areference design

« Design considerations for cascading 82C59As

This application note is a template designers can use to
build an 82C59A based system using a 186 family

2.0 HARDWARE DESCRIPTION processor. The reference design is dpecito the

Intel's 80C186XL, 8C186EA, and 8OCHEB praessors 80C186XL processor, but the principles described can also
have integrated interrupt controllers whigitovide a P€ used with 80C186EA, 8083EB and 8C186EC
maximum of seven terruptreqtest lines. Only four lines Processors, with thesgeeptions:

(80C186XL and BOC186EA process) or three lines goC186EA processor

(80C186EB processor) can be uded externalreqiests.
The 80C18EC processor has two integrate®GH9A
compaible interrupt controllers providing 15 rskable 80C186EB processor

interrupt reqest lines (8 external). To increase thenber Some AC specifications are different, and there are

of external requests, you must add an external program- differences when programming the chio select unit
mable interrupt controller, such as an Intel P82C59A-2. prog 9 P ’

« Some AC specifications are slightly different.

e The ARDY pin used in the reference design has a
The 82C59A is an industry standard interrupt controller similar function as the READY pin of the BQ86EB
which provides eight interrupt request sources. In an processor but setup and hold timings may be different.
interrupt driven environmenthe 82C59A functions as a
managerthat acceptgequests from various sources ané;OClSGEC processor
then prioritizes them for thprocessor. The 82C59A hae The 80C186EC processor has two integrated 82C59As.
built-in features for expandability with othét2C59As. For information on cascading additional external
This allows up to 64 levels of interrupt priorities. 82C59As, refer to theBOC186EC/80C188EC Micro-

processor User’s Manual
The 82C59A has one address line and seven addressable

registers. Addressingeven regigrs through one addresRefer to the 80C186EAB80C186EB and 80C186EC
line is achieved by a unique sequent@ogramming processor datasheets and user@nuals (listed in Table 5)
method that must be used to initialize the chip. for more information.
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Figure 1. 82C59A Reference Design

3.0 TIMING ANALYSIS 3.1.1 TOE Read Low to Data Valid

The calculations presented in this section were nuadeg
an Intel N®C186XL-25 processor and amtel PB2C59A- yiolated. After RD# goes active, the 82C59A takes a

2. The processor was run at2biz.

3.1

Read Timing Analysis

of the interrupt control unit and the processor.

maximum of 120 ns for its data tedome valid. This is an
issuebecause the 80C186XL processor is expecting valid

Table 1 illustrates thaRead low to data validTOE) is

data 52 ns after RD# goes active. Thisdksed by adding at

least two wait states to tlBOCL&EXL processor’s read bus
Table 1 provides a comparison of critical read cycle timing¥cle, which adds 80 ns because the processor is running at

25 MHz. With two wait states added, th@CGH9A can

satisfy the requirement of the processor because the

processor expects the data to be valid at 132 ns.

Table 1. Read Cycle Wait State Analysis

Memo
Pelijrg\r/ri\(é%;r Description Processor Equation quztﬁft%ﬁ Pro\;:aeliseor 8\2/;332A Wait States
TOE S:tzdvg‘i’(‘; © oTe e Ter-Tover TaLov 52ns | 120ns 2
TACC gdéj;‘fasf/;’ﬁ‘gd (3TTA CDLLCTLC':CNLl%\GZ/;DLTCH'TDVCL TatDY 82ns | 200ns 3
TCE dc:t';’ 5;%'3'9 3T el TeLesy-Tover TaAHDY 92ns | 200ns 3
or [t e o | e | e |
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intel
3.1.2 TACC Address Valid to Data Valid cause bus contention. Since this occurs in T4 of the bus
cycle, Tryavy cannot be lengthened by addingit states
Valid data can be presented from B2C59A up to 200 ns (other than by slowing the clock rate). To solve phisblem
after the address presented by pihecessor’s address latchthe data bus must be buffered.

becomes vall. The pocessor is expecting the data to be
valid a maximum of 82 ns after the addrbssanes valid.
Inserting three wait states for the read cycle ensures that3pk-5

processor does not expect data before it is guaranteed to be .
present on the bus A three wait state read cychnd a buffered data bus are

required when interfacing the 80C186XL processor at
25 MHz to the 82C59A interrupt control unit. Program the
chip-select unit to insert wait states on read bus cycles.
Refer to the user’s manual for your 186 family processor for
Running the 80C186XL processor at 25 MHz violates th@ explanation on how to insert wait states. A three wait
chip select to data valid timing of the 82C59A. After thetate read cycle and a data buffer solves all of the above
chip select beguoes active, valid data is presented wolations and provides a successful read cycle from the
maximum of 200 ns later from the 82C59A. Tiisses a 82C59A to the processor.

problem because the 80C186XL processor iseebpg
valid data 92 ns after the chip select becomes active, not
200 ns which theB2C59A preides. To solve this issue,3.2
three wait states must belded to extend theycle by

Read Summary

3.1.3 TCE Chip Enable to Data Valid

Write Timing Analysis

Table 2 provides a comparison cfitical write cycle

- . ) ?’l%?n s of the interrupt control unit and the processor.
valid data 212 ns after the chip select goes active. 9 P P

3.1.4 TDF Read High to Address Valid

The 82C59A can present data on the bus up to 85 ns after

the RD# signal goes high. The processor can drive the next
address onto the bus 25 ns after RD# goes high. This may

Table 2. Write Cycle Wait State Analysis

Memory Device Descrintion Processor 82C59A Processor 82C59A Wait
Parameter p Equation Equation Value Value States
TWC Write cycle time  [4T¢ oL TwhHWL 160 ns 190 ns 1

i 3T, -T
TAW Addres_s valid to cLcL™'ADLTCH Tarwi Twiwh 110 ns 190 ns 5
write high (TapLrcH ~10ns)
Chip enable to
TCW write high 3Tl Tapwe* Twiwn 120 ns 190 ns 2
TWR Write recover time | Ty H TwHAX 1ns Ons 0
TDW Eiztha valid towrite 1, TovwH 80 ns 160 ns 2
Data hold from
TDH write hlgh TWHDX TWHDX 30 ns 0ns 0
TWP Write pulse width | Ty wh TwiLwH 65 ns 190 ns 3
3
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3.2.1 TWC Write Cycle Time 3.2.6  Write Summary

The write cycle time for th8@0C1&XL processor is four The C59A has a much slower respotisee than the 186
periods, making the write cycle time 160 ns at 25 MHz. Tipeocessor. In this case, it is necessary to add three wait
82C59A has a write cycléme of 190 nsAdding one wait states to the write cycle of the pessor. This ensures that
state to the processonsrite bus cycle ensures thagtup the minimum pulse width of the processor’'stersignal is

and hold times are met. no smaller than the pulse width of the 82C59A write signal.
Program the chip-select unit to insert wait states on write
bus cycles. The user's manual for your 186 family

3.22 TAW Address Valid to Write High processor provides instructions for inserting wait states.

Table 2 indicates that Address valid to writégh is
violated. After theaddress becomes valid, the@L86XL 3.3 Interrupt Acknowledge Timing
processor can deass@/R# in 110 ns. The 82C59A takes a Analysis

minimum of 190 ns for it to read valid data after the address

is valid. This is solved by adding at least two wait stat\g’s3 1

(80 ns) to the BC18&XL processomwrite bus cycle. INTA# Active to Data Valid

The 82C59A can present data ¢me bus 120 ns after the
3.2.3 TCW Chip Enable to Write High RD# signal goes low. The processor can expect data 95 ns
after the RD# signal goes low. This can causeptbeessor
Running the 80C186XL processor at 25 MHz violates tf@ read invalid data. To prevetitis situation, iclude at
chip select to write high timing of the2859A. After the least one wait state in thgrocessor'sINT/INTA# cycle.
chip select bcomes active, WR# is high a maximum dfSee Table 3.)
120 ns later. This poses a problem because #E58A
requires a minimum of 190 ns to read valid data after chip, .
enable is valid. This pkdem is solved by adding at leas 3.2 INTA# Pulse Width

two wait states to the 80C186XL processor write bus CyCLFhe processor can broagit an INTA# pulse width of only

106 ns. This bcomes a problem because the 82C59A needs
3.2.4 TDW Data Valid to Write High a minimum pulse width of 160 ns. Adding two wait states

extends the processor’s INTA# pulse width to meet the
The 82C59A requires that data is valid 16(asore WR# 82C59A minimum requirement.
goes high. This is grodem because the 08€186XL
processor drives WR# high only 80 ns after data beco eg 3
valid. The solution is to add two wait states to the write btis™"
cycle.

Interrupt Acknowledge Summary

Two wait states must be added to tiC&86XL processor
INT/INTA# cycle to ensurethat the processor and the
3.2.5 TWP Write Pulse Width 82C59A can comnmicate under all conditions. In this case,

two wait states must be added by an external wait state
The 80C186XL processor has a write pulse width of 65 iggnerator, because the 186 processor does not internally
The 82C59A needs a pulse width of 190 ns. Thioigesl support adding wait states to INT/INTA# bus cycles. Figure
by adding three wait states to the write bus cycle. 2 shows a possible INTA# bus cycle wait state generator.
All setup and hold times must be met and the designer must
choose appropriate devices.

Table 3. Interrupt Acknowledge Wait State Analysis

Description Processor Equation éﬁgﬁ%ﬁ Pr?/%ﬁj:or 8\2/g|igeA S\g\?(lets
INTA# active to data valid 3TCLCL—TCVCTV-TDVCL TRLDV 95 ns 120 ns 1
INTA# pUISe width 3TCLCL—TCVCTV+TCVCTX TRLRH 106 ns 160 ns 2

4
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Figure 2. INTA# Cycle Wait State Generator

3.4 Design Considerations for Cascaded * INTAO# bus cycles are nogeneated for INTO
82C59As assertions when INTO is configuréal Cascade Mode
and when an interrupt of higheriority than INTO
occurs before INTO iscknowledgd. Note that after
reset, INTO has a default higher priority than INT1.

Some 186 family micnqarocessors might not generate
interrupt @knowledgebus cycles. These components, listed
in Table 4, sense the interrupt asserted on the INi€ and
acknowledge the interrupt internally, but do not assetiple 4 iderifies the processors thaequire this design
INTAR#. consideration.

Since INTA# is not asserted, the 82C59A does not clear it§ avoid the problem:
in-service bit, and does not pass the interrupt vector to the
processor. The processor, expecting tBEFPA to place ‘
the interrupt type on the data bus, reads erroneous data ffomMake sure that the ascaded interrupt used is
the data bus and interprets it as an interrupt vector. This configured to be the highest priority interrupt.
erroneous vector isnterpreted as a valid vector, which
usually results in a system failure.

Do not use both INT1 and INTO in cascade mode.

Use 186 processors which do not contain the errata.

- L . L There is also a hardware workaround:
Two conditions rist in which components ragring the

design consideration exhibit the above mentionad weakly pull data bus lines 0 to 7 to a knovalue (this
symptoms: example usesfH) to force a defined vector value on
« INTA1# bus cycles are not generated for INT1 the bus when the problem occurs.
assertions when INT1 is configedfor Cascade Mode
and when an interrupt of higher priority than INTI"
occurs lefore INT1 is acknowledged.

Include an interrupt service routine in the software to
acknowledge the actual interrupt. (See the software
example provided in Appendix B.)
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3. On the 186 family processor, pragn cascaded For a more detailedkplanationrefer to FaxBack dmument

interrupt inputs to be level sensitive. #2025

“80C18xXL,

80C18xEA,

and 80C18xEB:

INTX/INTAX# Errata”. (To have this document sent to your

4. Write a simple service routine for the interrupt typRx machine, call 1-800-525-3019.)

defined in step 1.

5. Write a simple service routine for 82C59A interrupt 3.4.1
(only for cases with two external interrupt controllers).

Devices Affected

B ~ The devices affected may be identified by the ninth
6. Issue non-spific End of Interrupt commands inside character of the alphanumeric Intel FRGMberbelow the
INTO and INT1 service routines (only for cases witrodict code amber. The ninth character is an identifier

two external interrupt controllers).

Table 4. Devices Requiring the INT n/INTAn# Design Consideration

Device @ Stepping 9th Character
80C186XL/80C188XL B A
80C186EA/80C188EA A A
80C186EA/80C188EA B B
80L186EA/80L188EA B B
80C186EB/80C188EB A AP
80C186EB/80C188EB BO B
80C186EB/80C188EB B1 C
80L186EB/80L188EB A AP
80L186EB/80L188EB BO B
80L186EB/80L188EB B1 [¢

NOTES:

1. None of the 80C186/80C188 and 80C186EC/80C188EC processors require the

INTA/INTAn# design consideration.
2. A-Step material may be identified by no ninth character.

4.0 RELATED INFORMATION

To order Intel literature call-800-548-4725, or g¢dact:

Intel Literature Sales
P.O. Box 7641
Mt. Prospect IL 60056-7641

Table 5. Related Information

that relates to the stepping as indicated in Table 4.

Document Name Order#
80C186EA/80C188EA Microprocessor User’s Manual 270950
80C186EB/80C188EB Microprocessor User’s Manual 270830
80C186EC/80C188EC Microprocessor User’'s Manual 272047
80C186XL/80C188XL Microprocessor User’s Manual 272164
Embedded Microprocessors Databook for processor related datasheets 272396
Peripheral Components Databook 206467
see the 82C59A-2 CHMOS Programmable Interrupt Controller Datasheet
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APPENDIX A
REFERENCE DESIGN TEST PROGRAM

Example A-1 is a listing of the softwatesed totest this design. Thidesign was tested on a modifiedC1&XL/EA
Evaluation Board. Any initialization code not shown was performed by the RISM firmware on the evaluation board.

You can download a copy of this file from Intel’s application BBS. Using a terminal program and a modeng-2&H-50
7999 and respond to the system prompts.

Example A-1. Reference Design Test Program Listing (Sheet 1 of 7)

$MOD186
NAME _82C59_INTERFACE

PCB_BASE EQU OFFOOH

JINTERRUPT CONTROL REGISTERS

IMASK EQU PCB_BASE + 028H

I0CON EQU PCB_BASE + 038H

MPCS EQU PCB_BASE + 0A8H

PACS EQU PCB_BASE + 0A4H

LED EQU 488H ;ADDRESS OF THE LED

EOI EQU OFF22H

MASTER_TYPE EQU 32 ;BASE TYPE OF THE MASTER ICU

INTO_TYPE EQU MASTER_TYPE +0
INT1_TYPE EQU MASTER_TYPE +1
INT2_TYPE EQU MASTER_TYPE + 2
INT3_TYPE EQU MASTER_TYPE +3
INT4_TYPE EQU MASTER_TYPE +4
INT5_TYPE EQU MASTER_TYPE +5
INT6_TYPE EQU MASTER_TYPE +6
INT7_TYPE EQU MASTER_TYPE +7

;PCS BASE ADDRESS AT 3FFH (DETERMINED BY iRISM CODE)

PCS4 EQU 600H ;LOWER BOUNDARY OF PCS4

EXT_PIC_PO EQU PCS4 ;INTERRUPT CONTROL REGISTER
EXT_PIC_P1 EQU PCS4+2 ;INTERRUPT CONTROL REGISTER
PCSVAL_MSK EQU 03H ;CHIP SELECT VALUE WITH 3 WAIT STATES

CODE SEGMENT AT 0100H
ASSUME CS:CODE

MAIN: CLI ;DISABLE INTERRUPTS
CALL INITPCS ;INITIALIZE THE PERIPHERAL CHIP SELECT
CALL INITVECT ;INITIALIZE THE INTERRUPT VECTOR TABLE
CALL INITICU ;INITIALIZE THE INTERRUPT CONTROL UNIT
STI ;ENABLE INTERRUPTS
JMP $ JWAIT FOR INTERRUPT TO OCCUR

I A-1
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Example A-1. Reference Design Test Program Listing (Sheet 2 of 7)

;INITIALIZES THE TIMERO INTERRUPT VECTOR LOCATION

INITVECT PROC

XOR AX, AX  ;CLEARS THE ACCUMULATOR
MOV DS, AX  ;CLEARS THE DATA SEGMENT

;INITIALIZE THE INTERRUPT VECTOR

MOV DI, INTO_TYPE*4 ;MOVE INTERRUPT VECTOR LOC INTO DI
MOV WORD PTR DS:[DI], OFFSET ISRO ;POINTER TO THE CS LOCATION IN THE TABLE
MOV WORD PTR DS:[DI+2], SEG ISRO ;POINTER TO THE IP LOCATION IN THE TABLE

MOV DI, INT1_TYPE*4 ;MOVE INTERRUPT VECTOR LOC INTO DI
MOV WORD PTR DS:[DI], OFFSET ISR1 ;POINTER TO THE CS LOCATION IN THE TABLE
MOV WORD PTR DS:[DI+2], SEG ISR1 ;POINTER TO THE IP LOCATION IN THE TABLE

MOV DI, INT2_TYPE*4 ;MOVE INTERRUPT VECTOR LOC INTO DI
MOV WORD PTR DS:[DI], OFFSET ISR2 ;POINTER TO THE CS LOCATION IN THE TABLE
MOV WORD PTR DS:[DI+2], SEG ISR2 ;POINTER TO THE IP LOCATION IN THE TABLE

MOV DI, INT3_TYPE*4 ;MOVE INTERRUPT VECTOR LOC INTO DI
MOV WORD PTR DS:[DI], OFFSET ISR3 ;POINTER TO THE CS LOCATION IN THE TABLE
MOV WORD PTR DS:[DI+2], SEG ISR3 ;POINTER TO THE IP LOCATION IN THE TABLE

MOV DI, INT4_TYPE*4 ;MOVE INTERRUPT VECTOR LOC INTO DI
MOV WORD PTR DS:[DI], OFFSET ISR4 ;POINTER TO THE CS LOCATION IN THE TABLE
MOV WORD PTR DS:[DI+2], SEG ISR4 ;POINTER TO THE IP LOCATION IN THE TABLE

MOV DI, INTS_TYPE*4 ;MOVE INTERRUPT VECTOR LOC INTO DI
MOV WORD PTR DS:[DI], OFFSET ISR5 ;POINTER TO THE CS LOCATION IN THE TABLE
MOV WORD PTR DS:[DI+2], SEG ISR5 ;POINTER TO THE IP LOCATION IN THE TABLE

MOV DI, INT6_TYPE*4 ;MOVE INTERRUPT VECTOR LOC INTO DI
MOV WORD PTR DS:[DI], OFFSET ISR6 ;POINTER TO THE CS LOCATION IN THE TABLE
MOV WORD PTR DS:[DI+2], SEG ISR6 ;POINTER TO THE IP LOCATION IN THE TABLE

MOV DI, INT7_TYPE*4 ;MOVE INTERRUPT VECTOR LOC INTO DI
MOV WORD PTR DS:[DI], OFFSET ISR7 ;POINTER TO THE CS LOCATION IN THE TABLE
MOV WORD PTR DS:[DI+2], SEG ISR7 ;POINTER TO THE IP LOCATION IN THE TABLE

RET

INITVECT ENDP

A-2
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Example A-1. Reference Design Test Program Listing (Sheet 3 of 7)

ISRO PROC

;NOTE THAT AN EOI HAS TO BE ISSUED FOR BOTH THE 82C59A-2 AND THE 80C186XL's
;INTERNAL INTERRUPT CONTROL UNIT

MOV DX, LED ;TURN ON THE LED
MOV AL, OFEH
OUT DX, AL

MOV DX, EXT_PIC_PO ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISRO ENDP

ISR1 PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, OFDH
OUT DX, AL

MOV DX, EXT_PIC_PO ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISR1 ENDP

I A-3
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Example A-1. Reference Design Test Program Listing (Sheet 4 of 7)

ISR2 PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, OFBH
OUT DX, AL

MOV DX, EXT_PIC_PO ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISR2 ENDP

ISR3 PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, OF7H
OUT DX, AL

MOV DX, EXT_PIC_PO ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISR3 ENDP

ISR4 PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, OEFH
OUT DX, AL

MOV DX, EXT_PIC_PO ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H

OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL

A4
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Example A-1. Reference Design Test Program Listing (Sheet 5 of 7)

MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISR4 ENDP

ISR5 PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, ODFH
OUT DX, AL

MOV DX, EXT_PIC_PO ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISR5 ENDP

ISR6 PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, OBFH
OUT DX, AL

MOV DX, EXT_PIC_PO ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISR6 ENDP
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ISR7 PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, 7FH
OUT DX, AL

MOV DX, EXT_PIC_PO ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISR7 ENDP

INITICU PROC

;SETTING UP INTERNAL INTERRUPT CONTROLLER REGISTER FOR CASCADE MODE

MOV DX, I0CON ;INITIALIZE INTERRUPT 0 FOR CASCADING
MOV AX, 0030H ;SET CASCADE BIT, MAKE INTO THE HIGHEST PRIORITY
OUT DX, AX ;INITIALIZE TO CASCADE MODE

;INITIALIZING THE MASTER CONTROLLER

MOV DX, EXT_PIC_PO ;INITIALIZATION COMMAND WORD 1 FOR THE SLAVE
MOV AL, 13H ;SET BIT TO INDICATE IT IS THE ONLY 8259

;IN THE SYSTEM
OUT DX, AL ;MOVE VALUE
MOV DX, EXT_PIC_P1 ;INITIALIZATION COMMAND WORD 2 FOR THE MASTER
MOV AL, MASTER_TYPE ;SET UP THE MASTER BASE TYPE ---------------
OUT DX, AL
MOV DX, EXT_PIC_P1 ;INITIALIZATION COMMAND WORD 4 FOR THE MASTER
MOV AL, 01H ;8086 MODE, NO SFNM, NO AEOI, NO BUF
OUT DX, AL
MOV DX, EXT_PIC_P1 ;SETTING THE OPERATION COMMAND WORD 1 (MASK REG)
MOV AL, 00H ;UNMASK ALL OF THE INTERRUPT ON THE EXTERNAL MASTER
OUT DX, AL ;SET THE MASK REGISTER
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MOV DX, IMASK ;UNMASK ONLY INTO
MOV AX, 00EDH ;CLEAR ONLY INTERRUPT 0
OUT DX, AX ;MASK ALL INTERRUPTS BUT INTO
RET ;RETURN FROM PROCEDURE
INITICU ENDP
INITPCS PROC
MOV DX, MPCS ;INITIALIZE THE CHIP SELECT
IN AX, DX
OR AX, PCSVAL_MSK ;CHIP SELECT VALUE WITH 3 WAIT STATES
OUT DX, AX
RET ;RETURN FROM PROCEDURE
INITPCS ENDP
CODE ENDS
END MAIN
A-7
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APPENDIX B
DESIGN CONSIDERATION TEST PROGRAM

This program assumes an implementation of the hardware workaround discussed in “Design Considerations for Cascadec
82C5As” on page 5.

You can download a copy of this file from Intel’s application BBS. Using a terminal program and a modeng-2&H-50
7999 and respond to the system prompts.

Example B-1. Design Consideration Test Program (Sheet 1 of 7)

$MOD186
NAME _82C59_INTERFACE_ERRATA

PCB_BASE EQU OFFOOH

JINTERRUPT CONTROL REGISTERS

IMASK EQU PCB_BASE + 028H

I0CON EQU PCB_BASE + 038H

MPCS EQU PCB_BASE + 0A8H

PACS EQU PCB_BASE + 0A4H

LED EQU 488H ;ADDRESS OF THE LED

EOI EQU OFF22H

MASTER_TYPE EQU 32 ;BASE TYPE OF THE MASTER ICU

;PCS BASE ADDRESS AT 3FFH (DETERMINED BY iRISM CODE)

PCS4 EQU 600H ;LOWER BOUNDARY OF PCS4

EXT_PIC_PO EQU PCS4 ;INTERRUPT CONTROL REGISTER
EXT_PIC_P1 EQU PCS4+2 ;INTERRUPT CONTROL REGISTER
PCSVAL_MSK EQU 03H ;CHIP SELECT VALUE WITH 3 WAIT STATES

CODE SEGMENT AT 0100H
ASSUME CS:CODE, DS:CODE

MAIN: CLI ;DISABLE INTERRUPTS
CALL INITPCS ;INITIALIZE THE PERIPHERAL CHIP SELECT
CALL INITVECT ;INITIALIZE THE INTERRUPT VECTOR TABLE
CALL INITICU ;INITIALIZE THE INTERRUPT CONTROL UNIT
STI ;ENABLE INTERRUPTS
JMP $
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Example B-1. Design Consideration Test Program (Sheet 2 of 7)

;INITIALIZES THE TIMERO INTERRUPT VECTOR LOCATION

INITVECT PROC

XOR AX, AX  ;CLEARS THE ACCUMULATOR
MOV DS, AX  ;CLEARS THE DATA SEGMENT

;INITIALIZE THE INTERRUPT VECTOR
MOV DI, 255*4 ;USED FOR HARDWARE WORKAROUND
;255 BECAUSE WE HAVE PULLUPS ON THE DATABUS
MOV WORD PTR DS:[DI], OFFSET E_ISR ;POINTER TO THE CS LOCATION IN THE TABLE
MOV WORD PTR DS:[DI+2], SEG E_ISR ;POINTER TO THE IP LOCATION IN THE TABLE

RET

INITVECT ENDP

E_ISR PROC
MOV DX, EXT_PIC_PO :THE OPERATION COMMAND WORD 3
:(POLL SEQUENCE)
MOV AX, 000CH :POLL=1 AND D5:4=01
OUT DX, AL JISSUE POLL COMMAND
NOP
NOP
NOP
IN AL, DX "THE 82C59A-2 DEPOSITS THE POLL STATUS BYTE
AND AL, 07H
TEST AL, OOH :SEE IF HIGHEST PRIORITY (IR0) IS PENDING
JE ISRO :IF TRUE JUMP TO ISRO
TEST AL, O1H :SEE IF IR1 IS PENDING
JE ISR1 :IF TRUE JUMP TO ISR1
TEST AL, 02H :SEE IF IR2 IS PENDING
JE ISR2 :IF TRUE JUMP TO ISR2
TEST AL, 03H :SEE IF IR3 IS PENDING
JE ISR3 :IF TRUE JUMP TO ISR3
TEST AL, 04H :SEE IF IR4 IS PENDING
JE ISR4 :IF TRUE JUMP TO ISR4
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Example B-1. Design Consideration Test Program (Sheet 3 of 7)

TEST AL, O5H ;SEE IF IR5 IS PENDING

JE ISR5 ;IF TRUE JUMP TO ISR5

TEST AL, O6H ;SEE IF IR6 1S PENDING

JE ISR6 ;IF TRUE JUMP TO ISR6

JMP ISR7 ;IR7 MUST BE PENDING -> JUMP TO ISR7

IRET ;PRECAUTIONARY IRET (SHOULD NOT BE NEEDED)
E_ISR ENDP
ISRO PROC

;NOTE THAT AN EOI HAS TO BE ISSUED FOR BOTH THE 82C59A-2 AND THE 80C186XL's
JINTERNAL INTERRUPT CONTROL UNIT

MOV DX, LED ;TURN ON THE LED
MOV AL, OFEH
OUT DX, AL

MOV DX, EXT_PIC_PO  ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ; ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISRO ENDP

ISR1 PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, OFDH
OUT DX, AL

MOV DX, EXT_PIC_PO  ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H

OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H

I B-3




AP-730

Example B-1. Design Consideration Test Program (Sheet 4 of 7)

INn

tel

ISR1

OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ENDP

ISR2

ISR2

PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, OFBH
OUT DX, AL

MOV DX, EXT_PIC_PO  ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ENDP

ISR3

PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, OF7H
OUT DX, AL

MOV DX, EXT_PIC_PO  ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX
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Example B-1. Design Consideration Test Program (Sheet 5 of 7)

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISR3 ENDP

ISR4 PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, OEFH
OUT DX, AL

MOV DX, EXT_PIC_PO  ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISR4 ENDP

ISR5 PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, ODFH
OUT DX, AL

MOV DX, EXT_PIC_PO  ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ISR5 ENDP
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ISR6 PROC
MOV DX, LED ;TURN ON THE LED
MOV AL, 0BFH
OUT DX, AL

ISR6

MOV DX, EXT_PIC_PO  ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ENDP

ISR7

ISR7

PROC

MOV DX, LED ;TURN ON THE LED
MOV AL, 07FH
OUT DX, AL

MOV DX, EXT_PIC_PO  ;ISSUE NON-SPECIFIC EOI FOR 82C59A-2
MOV AL, 20H
OUT DX, AL

MOV DX, EOI ;ISSUE NON-SPECIFIC EOI FOR 80C186XL
MOV AX, 8000H
OUT DX, AX

IRET ;RETURN FROM INTERRUPT SERVICE ROUTINE
ENDP

INITICU PROC

;SETTING UP INTERNAL INTERRUPT CONTROLLER REGISTER FOR CASCADE MODE

MOV DX, I0CON ;INITIALIZE INTERRUPT 0 FOR CASCADING
MOV AX, 0037H ;SET CASCADE BIT, MAKE INTO THE LOWEST PRIORITY
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Example B-1. Design Consideration Test Program (Sheet 7 of 7)

OUT DX, AX ;INITIALIZE TO CASCADE MODE
;INITIALIZING THE MASTER CONTROLLER

MOV DX, EXT_PIC_PO  ;INITIALIZATION COMMAND WORD 1 FOR THE SLAVE

MOV AL, 13H ;SET BIT TO INDICATE IT IS THE ONLY 8259
;IN THE SYSTEM
OUT DX, AL ;MOVE VALUE

MOV DX, EXT_PIC_P1  ;INITIALIZATION COMMAND WORD 2 FOR THE MASTER
MOV AL, MASTER_TYPE ;CAN BE ANY VALUE IN THIS EXAMPLE
OUT DX, AL

MOV DX, EXT_PIC_P1  ;INITIALIZATION COMMAND WORD 4 FOR THE MASTER
MOV AL, 01H ;8086 MODE, NO SFNM, NO AEOI, NO BUF
OUT DX, AL

MOV DX, EXT_PIC_P1 ;SETTING THE OPERATION COMMAND WORD 1 (MASK REG)

MOV AL, 00H ;UNMASK ALL OF THE INTERRUPT ON THE EXTERNAL MASTER
OUT DX, AL ;SET THE MASK REGISTER

MOV DX, IMASK ;UNMASK ONLY INTO

MOV AX, OOEDH ;CLEAR ONLY INTERRUPT 0

OUT DX, AX iMASK ALL INTERRUPTS BUT INTO

RET ;RETURN FROM PROCEDURE

INITICU ENDP

INITPCS PROC
MOV DX, MPCS ;INITIALIZE THE CHIP SELECT
IN AX, DX
OR AX, PCSVAL_MSK ;CHIP SELECT VALUE WITH 3 WAIT STATES
OUT DX, AX
RET ;RETURN FROM PROCEDURE

INITPCS ENDP

CODE ENDS
END MAIN
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