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General-Purpose Interface
Board for the ISA Bus

A simple, inexpensive alternative fo r interfacing
real-time, home-brewed applications to the Pc.

Like many of you, I enjoy Unkering witn electronic projects. Over the years, my
projects have progressed from simple analog circuils to complex designs incorporaUng
various forms of digital control. One of the most frustrating hurdles fa ced along the
way was the lack of a simple method to test the digital interface.

The schematic for the GPIO card is
provided in Fig. 4 . The hoard incorpo­
rates U I and U2. 74LS 138. 3 to 8 de­
coders, to comply with standard IBM
PClXT/AT port allocations, while U3.
an 74LS245 octal. tri-state transceiver.
buffers the bidirectional da ta bus. The
decoders utilize address lines A2- A9
to locate the general-purpose hoard at
110 port locations $300-$3 1F. IBM~

Theory of operation

l. No more than (2) TIL-LS loads
attached to any given bus line.

2. NMOS , LSI components should
he buffered from the connector as they
can neither supply sufficient drive to
the bus nor tolerate the negative spikes
which may exist.

3. Boards must comply with pre­
defined addressing.

4. Tri-state buffers should he utilized
to prevent bus contention.

none of which significantly affect the
structure.

Application boards connected to the
IBM expansion bus should also com­
ply with the following guideli nes to
prevent interference with other resi­
dent hardware :Technical background

The GPIO provides all of the address
decoding and bus buffering required to
equip an ISN EISA-compatible PC
with 2ot , independently controllable
external 110 lines.
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The maj ority of IBM PC-. XT-. AT­
compatible personal computers, with
the exception of the IBt-.1 PS/2 . util ize
the "Industry Standard Architecture"
(lSA) bus structure for thc addition of
fea ture cards . The ISA connector is
detailed in Fig. 1 and associated sig­
nals are defined in Table L The origi­
nal PC and XT vers ions incorporated
8-bit processors. A single, dual-in-line.
62-pin connec tor is speci fied which
provides access to 20 address lines . 8
data hits. power supplies, and control
lines. The advent of the AT platform
prompted an expansion of the original
ISA bus. formal ly referred to as "Ex-
tended Industry Standard Archi tec­
ture" (EISA). to accommodate the 16
data bits and 24 address lines of the
286 processor. Compatibility is main­
tained with existing ISA hardware by
means of a secondary connector rather
than changes to the orig inal bus struc-

F;~. I. ISA COll I/ector layout. ture. Three minor changes were made,
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A
personal computer seemed to

be the ideal candidate for the
job. Unfortunately, interfacing

to standard seria l communication
(COM) and parallel (LPT) ports was
often frustrating considering the hard­
ware and software constraints. The re­
mainder of this article detail s the
theory and construction of a general­
purpose input/output (G PIO) card for
IBM ISNEISA bus-compatib le sys­
te rns. The GPIO provides a simple.
inexpensive method for interfacing
real time, home-brewed applications to
the PC and is intended as an alternative
to existing COM and LPT pon s. Parts
for the card. including the homemade
printed circuit board. cost about S10.
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Table J. JSA bus p ill definitions,

compatible systems reserve these port
addresses for prototype cards suc h as

th is. A hank of address-select jumpers
is provided to allow the user to select
from eight distinct -l-bytc address blocks
within the allocated space. The jumper

configuration is sho wn in Fig. 2.

The decoder sec tion also util izes
the Input/Ou tput Read (lOR). Input/
Output Write (lOW), Address Enable
(AEN), a nd Address Latch Enable
(ALE) lines from the syste m ex pa n­
s ion bu s. The lO R and lOW s igna ls
contro l the di rec tion of read and '-----------

AI AO lOW lOR UNCTION

r • • • • • • •
• • • • • • • 0 0 I 0 ad Pon A data

t •
1

t 0 0 0 I 'rite 10 Port A

I 0 I I 0 Pon B data.

$3()().30 3 $3I C·3IF 0 I 0 I rite to Pon B

S3~·307 $318-3 18 I 0 , 0 ad Pon C data

5308-30B 5314·3 17 I 0 0 , rile to Pon C

S3OC-30F $310-3 13
I I I 0 defmed

I I 0 I ite PPJ control register

Fig, 1. 13 address block (shown with
jumper instatted for $300-303), Tahle 1. B2e55 PPl internal registers,

73 Amateur Radio Today • September 2002 21



21 ,-I --:- --'

Fig, 3. J2 output cOIlllecror f rra r , "jew).
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write ope rations" These lO R and lOW lines are act ive
low signals which may he asserted by e ither the proces­
sor du ring port operations or the controller during direct

me mory access (OM A) . The high- level AEN signa l seen
during DMA cycles inhibits the decode r. thereby pre­
venting acc identa l interpreta tio n of the data transferred
during the process as a va lid port address. T he processor

in itiates a bu s cycle by assert ing and hold ing ALE until
the addres s bus sta bilizes . T he ALE signa l inhi bits the
decode r during th is period ttl pre vent activation d uring
undefined processor bus states.

A valid port address activates the decode r. The decoder
e nables the c hip-se lect (CS ) on the 82C55 a nd the U3
data buffe r. The ge ne ra l-purpose card als o uses address

lines AD and A I to se lect one o f the four indi vidual regis­

tcrs within the X2C55 prog rammable pe riphe ral interface
(PPIl . The lO R/lO W lines a nd A D and A I ca n now pro­
vide access to the R2C55' s interna l reg iste rs as de tai led

in Table 2 . A com plete data sheet. including a descrip­
tion of the l'l 2C55 registers. is availab le at [www.

in tcrs i I.com/datalfn/ fn2/fn29691f n2969 .pd f] .
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FiX. 5. GPIO PCB layout.

Constr uct ion

The circ uit can he constructed on
e ither a prototype card O f with the

pri nted circuit hoard (PCB) artwork
provided in Figs. 5, 6, and 7. The
or iginal interface ca rd util ized a pro­
totype board with a combination o f

wire-wrap and hard-wired construction.
The card functioned well. hut occupied
the space of two ISA slots because of
the long wire-wrap pins. The PCB is

o

...-:.

o
00
00
00
00
tI,

o

°lT'O

0011&0

o

0000

11111111111

• 0 '0000000

00000000

000 I.

GENEi/AL PURPOSE INTERf ACE CARD
T. MAJ'MS[, REV U, JtD:2
CIlII'lIIIlIT ..,.

rig. 6. GIlIO PCB component side.
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Fig, 7. GPIO PCB solder side,

provided ( 0 s implify construction and The pri nted traces are relati vely thin .
minimize the space requirements a ... the Current drawn fro m the se lines should
card fits in a single. short s lot of the ISA be limited to less than 20 rnA . Extreme
bus. c autio n mu st he e xercised whe n using

The circuit hoard incl ude s provisions these lines as they are tied direct ly to
for 12, a 40-pin connector which matches the comp uter system's power supp ly.
up nicely with ribbon cab le. T he J2 con- Remembe r Ln protect the co mputer
ncctor and cable allows easy access ({I al l from damage by adding fuses to the
of the 82C55 's 24 input/outp ut lines. The power supp ly lines when they arc used
±5V, +L:!V. and ground lines from the bus by an e xtern al app lication .
arc also made available to the USi..TOn 12. Fu ses are purpose ly not incl uded o n

IName Type Description eo" Jameco PIN

U, 74lS138 3108 decoderldemutbpl(W!f "". cseo

U2 74LSI38 3 1Q8 docode rldemulli plexet $029 """

I U' 74LS245 Octal bus t'ansceiver. tristate SQ39 4721 2

I '" 74lSOO Quad 2-nput NAND gale $0 ,19 ."" I
u' eacss Programmable peilploeral lfllet1ace

... " se-es

I ct-cs o 1 ~F myliu cap -

I .. - 4O--pin hAade< 50 " """
I - - py,med circut board - -

Soo.m;e . J ameco Eklc1ronlCS. 1355 Shoreway Ad" ~mQll1 CA94002.ol100, 800-831.ol14 t . [www....meco_corn] I
«IMe 3. Parts list.

the G PIO bo ard for seve ral reasons.

First. the fuse should he appropriate

for the application. Incorporating a
large fuse to protect the system 's

po wer supp ly will undoubtedly resu lt

in d am age to you r application hoard if
a fa ult occurs. Second. access ing an

externa l fuse is typ ically easier than

ope ning the computer and removing

the GPIO card . This so und s good o n

paper, hut I'Illet you know if I damage
my firs t GPIO card .

IRQ:! is also available o n 12, as
real-time applic ati ons ofte n usc a
hard ware interrupt. Plea se note that
th is inte rru pt is mapped to IRQ9 in
EIS A b us system s.

A test ro utine, written in Qllasic , is

pro vided here for assessing the card's

functionn lity a fte r cons truc t io n is com­
plete . The program si m ulta neo us ly

togg les each o f the 24 UO p ins. Tes ting
is straightforward: Run the program.

then measure any of the PA(x). PB(x).
or PC(x ) pins wit h a voltmeter. The
outp ut sho uld toggle between less than

O.sV to greater than +4 .5Y. Sa ve this

program. a s it wi ll a lso fa cilitate test­
ing of the card if problems occur at a

la ter time .
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Test program.

DECLARE SUB nmep (Xl

Written by Tony Marchese , A B21.X, 2002

"Test program for Ueneral Purpcse In terface Card
, Program tOggldi all rPI hils between high &. low
, sene to facilitate lesting The /ldd~s jumper. 12
' IS 3SSUllle J to be in the S300·)O) p..l~it i on.

Address Address

The GPIO has come in handy for
severa l projects , including as an inter­
face to a stand-alone LCD matrix. The
LCD required specia l timing and con­
tro l signals which were not readily
available from the parallel port. The
GPIO provided an easy method to in­
vestiga te the interface requireme nts, as
the control signals and sequences to
the display could be easily manipu­
latcd using relatively short QBasic
routines. Fa

Concl usions

S300 768
S301 769
$302 170
S30J 771

lie ): DccUlIal

, Port A Read I w me
' Port B Read I wrue
, Port C Read I wrue
, PPJ Contro l Register

" Description

Rcontrol = 771

' numpulses may be increased if alonger tes t lime is required

numpulses e 10
high '" :!5S
low w 0

LOW PROALE HF ANTENNAS
THAT REALI.r WORK!

Wort lilt World Witbout WO!ting Uptbr Ncighborllood~

• =
'set I' Pl to Mode 0 which confi gures all interface lines as outputs

OUT Rconuol. 1:!8

' set up 10 output ( '11» of pulses
FOR qty = I TO numpulses

' SCI all output bils to the high stale

fSOTRON
BILAL COMPANY
Call for aFREE Catalog:

, J,1U~~Z,"!5J, ~
Florissa n t , co 808 16~
"''''100'.royft../d.n..t/isomm

ponstatc = high
CIS
I'RINT ~ I'ort BIts " I ..
PRINT "Pulse Number: "; '11)"
timep (portstate)

'c lr all output bits 10 the low stare

Back Issues
of

73 Magazine

Only $5 .00 Each !

Call 800-2 74 -7373

ponstate "" low
ell>
PRINT "Port Bits > 0 w

PRI!\'T ~ l'ul SC" Numbe r: ~; '11)'
timep (portstate) The New Pools!

Examination Test
Questions & Answers

END

Only
$9.95

Plus $3.50 S&H

Omega Sales
P.O. Box 376

Jaffrey, NH 0 3452
800-467-7237

-."---_..
'~T_" r:'....- -,''''..

•

The exact questions. multiple choices
and answers for the Technician Class.

General Class. and Extra Class

;;;;..;o~p~eralOr 's license.

END SUB
•••••••••••••••••••••••••••••••••••••••••••••••••

FOR durauon « 1 TO 20000

NEXT duration

, lime: de lay routine ho lds output pulse: in pcrtstare for lime - duration

PortA ., 768
PortS " 769
Pone '"' 770

SUH tuncp lportSI;'lcl

OUT PortA, portstute
OUT PortS, portstate
OUT l'ortC, porlstat.:
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