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GALs - GENERIC ARRAY LOGIC (Part lll)
(A member of PLDs family)

Zlatko Bele
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ABSTRACT: In previous parts of the article an overview and detailed architecture of GALs has been presented.Part |l deals with programming
software and hardware for GAL devices as well as programming example. A way of emulating conventional PAL devices with GAL devices is also

presented.

GALi - Generi€ne logi¢ne mreze (lll.del)

KLJUCNE BESEDE: programabilna logina vezja (PLDs), integrirana vezja, vezja po naroéilu (ASIC), EECMOS, izhodne logiéne makrocelice
(OLMC), GAL .

POVZETEK: V prvih dveh delih ¢lanka je bil podan pregled in podrobna zgradba GAL programabilnih logiénih vezij, tretji del pa opisuje programska
in strojna orodja za programiranje GAL vezij skupaj s konkretnim primerom programiranja.Podan je tudi nadin emulacije konvencionalnih PAL vezij
z GAL vezji. ‘

1. INTRODUCTION The development of compiler based software inthe early

80's wasthe response to the need for more flexibility and
Apperance of first PLD devices (bipolar PAL’s) falls into utility in development tools. The original packages were
early 70’s. At that time this devices had a quite difficult developed by third-party manufacturers, not device ven-
time being accepted by system’s and board designers dors, with the goal of supporting all device types and all

manufacturers. This original packages as "CUPL" from
Personal CAD systems and "ABEL" from DATA 1O
devices after extensive analysis of the design require- Corp. had the capability of logic equation minimiza-
ments. This was a slow and cumbersome process requir- tion,macros truth table and state machine syntax and
ing the designer to learn the architecture of many differ- self-documentation. '

ent devices in addition to the fact that logic errors could
not be automatically identified.

due to the lack of good programming software. It was
necessary to load each individual fuse location into the

The latest advance in the PLD development software
has occured in the mid-80’s. These programs allow

Development and availability of user-friendly and func- schematic capture using pre-programmed macros in the
tional software tools .had the main contribution 'to the software which allow a designer to simply create a logic
};?;ngggous upsurge inthe usage of the PLD devices in shematic as the input to a translator. The translator

‘ converts the graphic representation to a network list that

is then compiled to the fuse maps by the software tool.
All the other functions of the software such as logic
minimization are then available to streamline the design
before it is downloaded into a device. The most widely

The most popular early assembler based programming used of these tools are "CAE-1" from Personal CAD
s nd "DASH" { DATA I/0.
software for PAL devices was PALASM from Monolithic ystems a SH" from /0

Memories. This assembler allows inputs only as Bo-
olean equations, has a difficult command structure,
allows equations only in SOP (sum-of-products) format,
works on PAL devices only and has no intelligence i.e. 3. HARDWARE TOOLS
unable to do logic minimization or identify specific device
types which will or will not work with a given set of

2. SOFTWARE TOOLS

Boolean equations. The most severe restrictions of this The hardware used to program GAL devices can be
type of approach was the inflexbility of the software to divided roughly into two types:

work on other vendors devices thus forcing designers to

fearn many different assemblers in order to have more a) Universal programmers

than one device supplier to choose from. b) GAL-only programmers
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a) Universal programmers

In this case "universal” means with respect to PLD
devices only, this terminology should not be confused
with the broader sense of "universal' programmers,
meaning those that program EPROM memories or
EPROM arrays in microprocessors as well as PLD’s.

In these category of universal type programmers are
those from DATA /O and STAG MICROSYSTEMS as
well as many others. These programmers support many
different PLD devices, including ECL, CMOS EPROM,
standard bipolar PALs and GAL EECMOS device types.
These universal programmers also support many ad-
vanced functions such as test vectors, register preload,
and even automatic chip handler control in a production
environment.

b) GAL-only programmers

Main advantage of GAL-only programmers is, of course,
their low price. Well known vendors of such program-
mers are QWERTY and PROGRAMMABLE LOGIC
TECHNOLOGIES. The QWERTY also supports test
vectors and registers preload for full functional testing of
GAL devices.

The type of tool choosen should reflect the environment
it will be used in. This means that GAL-only programmer
could be considered in an operation where GAL only
development and small volume production is occuring
in a situation where a low-cost evaluation and pro-
gramming of GALs is necessary. However in a large
development lab where many types of PLDs are being
evaluated or a high volume production environment
where automated handling of devices is necessary, a
universal type programmer with chip handler may be
more appropriate. A prime consideration should also be
the necessary functions of the programer as well. For
example altough a 100% programming yield of GAL
devicesis guaranteed by vendor, test vector and register
preload capability is recommended for the designer to
verify that the device is doing exactly what was planned.

4. PROGRAMMING PROCESS

Programming GAL device is the process of providing it
with so called "JEDEC" file. This file has got its name by

the standards organization JEDEC with the represen-

tatives from major semiconductor companies onits com-
mittees, which has approved a standard for the inter-
change of PLD data. So JEDEC file is used as the
medium of transfer from the development computer
environmentto that of the hardware device programmer.
Included in the file are control bits that determine the
status of programming cells, status of security cell, test
vectors and data-transsmision checksum. Test vectors,
it included, indicate the stimulus and response fora PLD
and serve primarily to validate the functionallity of a
design source file.

JEDEC file is written into the device by applying a series
of specific voltage pulses."Responsibility” of the pro-
grammer manufacturer refers to his ability to provide the
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correct voltages and timing pulses and make the correct
measurements on the outputs,if applicable,for the de-
vice.

JEDEC file is produced from a design source file which
is written in a specific syntax and compiled with a
compiler based programming software. As mentioned
before one of the most known such a software is that of
CUPL from Personal CAD systems.

First what we have to do developing a design source file
using CUPL or in general some other development
software is to tell the software which type of GAL device
will be used. Then entry of some optional informations
such as company name, design description, designer
name is provided.

The device pinout and pin labels need to be specified
next. Convenient names should be used since the soft-
ware doesn’t care what the pin is called as long as we
are consistent. Pin definition example is as folows:

/* inputs * /

pin (1,2) = { A, 1B);

/ * outputs */
pin (18,19) = (Y,1Z);

it is also a good idea to specify pin names in a format
that is consistent with the actual pin state. in the above
definitions, signals A and Y are active high, while B and
Z are active low. An eclamation point prefixing label is
used to indicate active-low data signals. The use of
active-high variation of these signals in subsequent
design statements will automatically be resolved by the
software compiler.

Entry of logic functions is next. Traditionally, this entry
is in the form of Boolean equations. Current revisions of
CUPL software allow truthtable, state-macine and she-
matic-entry formats, as well. In example below a tradi-
tional equation-entry format is used to create an AND
function on Y (pin 18) and an XOR function on Z (pin
19). Since Z has been defined as an active-low signal,
however, function on pin 19 is actually XNOR:

/ * logic equations * )
Y=A&B;
Z=A&B#A&IB;

The opeartors used in the CUPL language are "" for
invert, "&" for the AND function and "#" for the OR
function. The equations are written exactly as needed.
All of the inversions for active-low inputs and outputs will
be automatically resolved, a routine procedure for the
compiler software. Altough these are simple equations,
if they had been complex ones that needed automatic
reduction to a specific number of product terms for a
given PLD, the software would have performed that
reduction, as well.

Next, the CUPL compiler needs to be-invoked to pro-
cess the " source" file. Through compiling process a
JEDEC file is produced together with so called "do-
cumentation file". The purpose of this file is to provide a
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Fig. 1 Basic Logic Gates
hard-copy documentation of the final (reduced) equa-
tions, the cell map and chip diagram, if desired.

As an actual example an implementation of the basic
logic gates AND, OR, NAND, NOR, and XNOR (see
Figure 1) in a GAL16V8 device is presented next.

Since 12 inputs and 6 outputs are needed (Figure 2), 2
Output Logic Macrocells (OLMCs) must be configured
as dedicated inputs and 6 as dedicated combinational
outputs. Programming software automatically handles

this task. Active-high or low outputs are no problem.

either, becouse of the programmable polarity feature of
the GAL16V8.

Figure 3 shows a CUPL design input source file as it has
to be prepared to program GAL16V8 with basic logic
gates from Figure 1.

Once this file is compiled with CUPL compiler a JEDEC
file as shown on Figure 4 is produced. Zeros inthe cell’s
field represent active cells.

Detailed and complete cell map or so called ‘fuse piot’
for mentioned example is presented on Figure 4. As can
be seen all inactive cells have to be programmed.

As mentioned, for testing the functionality of the device
and design verification a "test vectors" has to provided
by means of CUPL simulation file. In this case JEDEC
file includes also test vectors. Both files are shown on
Figure 5 and Figure 6 respectively.

At the end of programming process a 'documentation’
file is generated which consists of:

-~ Expanded product terms ( Figure 7 )

-  Symbol table (Figure 8)

- Chip diagram (Figure 9)

- Fuse plot (allready shown on Figure 4 )

The patterning of the GAL device array is done using a
parallel programming scheme. This allows the device to
be programmed very fast and in fact is less than a
second on most programming hardware. This is up to
an order of magnitude faster than device using the

UV-CMOS approach. During this programnming cycle,
the logic array, the architecture matrix programming and
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Fig. 2 GAL16V8 Basic Gates Pinout

Name GATES;

Partno 00001

Qate 29/06/87;

Revision 01;

Designer ALBERTO; .

Company 565-THOMBON Mioroelesotronics

Assembly C AT,

Location PLZNT;

FORMAT JEDEC;
/*X*X*tlX*X***K******K*******x*******x**********l*****k*l**********/
/x *x/
/* BASIC GATES INPUT FILE x/
/% */
/¥X*****X****#X******X***X**#*xX*******X******x*****************lt*/

/* Allowable Target Device Types: Gi6V8 *x/
/x**x**xx*x**xt*x*x*x***x**xtxx***x*xxx*xx*xx***xtx*x*x*x*x#*x**xtn/

/%% Inputs *x/

Pin [19,1] = [A,B] /% INPUTS AND */
Pin [2,3} = {c,D} /* INPUTS OR */
Pin (4,5) = [E,F}] /% INPUTS HAND */
Pin [€,7) = [G,H] /* INPUTS NOR x/
Pin £8,9) = [I,J] /* INPUTS XOR */
Pin [11,12] = {K,L] /* INPUTS XNOR */
/¥*  Outputs xx/

Pin 18 = U /% OUTPUT AND x/
Pin 17 = Vv /* OUTPUT OR */
Pin 16 = W /% OUTPUT NAND x/
Pin 15 = X /* OUTPUT NOR */
Pin 14 5 Y /* OQUTPUT XOR ox/
Pin 13 =2 /* OUTPUT XNOR x/
/** Declarations and Intermediate Variable Definitions **/

/‘** Logic Equations *x/
U=A3&B /% AND x/
V=C#D /* O R */
W= I(E & F) /% N AND 'y
X = I{G # H) /% N OR x/
Y=1I18%UJ /* X OR */
Z = (K $ L) /% X N OR */

Fig. 3 CUPL Design Input File

the verify cycle are executed. The verify cycle check
programming and margins conservatively such that a
minimun data reteintion of 20 years is ensured.
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Fig. 4

Fig. 5

Syn 2192 - AcO 2193 x
Pin #19 2048 Pol x 2120 Act - Pin #t5 2052 Pol x 2124 Actl x
0000  XXXXXXXXXX)XXX)XXXXXXXXXXXKKXXKX XX 1024 - ———-—---=—-—-~—~ X———mmmmmmmmm—m
0032 XXXXXXXXXHKXXXKXX XX XX XXXXKAX KKK KX 1058 ——m e o e X o e e
0064 XXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XX 1088 XXXXXXXXXXXXXXRARAAAAAKKXX XXX XX XXX
0098  XXXXXXXXXXXXXXXXKXKXKKKKXKXKKARAXX 1120 XKXXXXXXXXXXXXX KX KX ARARKKRKKKAAKRKK
0128 XXXXXXXXXXXXXXXXXXXKXXXH XK XXX KX X 1152 XXXXXXXXKXXXKX KK KX XXX XXX XX XXX XXX
0180 XXXAXAAXXXXAAKKXKAXAKAXAKKXXXXX XX T84 KXXXXX KK KKK AAXX KKK X KKK KKK XK XXXXX
0192 XXXXXXXKXXXXXXKXXEXKKXXXAX KKK XXX 1216 XXXXXXXXXXXXXXKXX XXX XX XXX KRR KX XX
0224 XAXXKKAXKKXRAXXKRXXKKKXX AKX KKK KKK X 1248 XXXXXXXXXAARKXKXKRX KK XXX AKX KK AKX
Pin #18 2049 Pol - 2121 Act x Pin #14 2053 Pol - 2125 Act x
0256 ~~X———Xm—o—mm o mm oo 1280 ~— o mmm o m s e e e X=X =
0288 XXXXXXRXXRXXXXRXXXKXARRXXRXXXXXKX X 1312 ~~--
0320 XXXXXXXXXXAAARKKXKKXKKXKX AKX KA KK X 1344 XXXXXAKKAKKKKAXKXXKAKR AKX KKARKAX A
0352 XXXXXXXXKAXXKAXKXXHXXKXXHXKXXXXXXKX T376 XXXXAAXXXARARXAAXXAKKAAAXKKXXX XXX
0384 XXXXXXXKXXXXXKKAXKAKRKKKX KX KX KKK XX 1408 XXXXXXXKXXXAKKXAKLXKXKAKKAXX AKX KK
0418 XXXXXXXXEKXXXXXXXXXKKXXXXKXX XXX XXX 1440 AArXXXXXXARXKXKXXXX XX XX XXX XK XK XXX X
0448 XXAXXXXXAXXHKXKXKXXKAAXAXKX KX XA XXX 1472 KAXRKAAKXXXKXAXKKKAXKKKARXRXKX KKK KX
0480 XXXXXXXXXXXXXXKKKRNXKKAXXXKKXAKXKXX 1504 RXXXX XA KR X AKKRX KR KKK XHKKKXX K XXX X
Pin #17 2050 Pol - 2122 Ac! x Pin #13 2054 Pol x 2126 Acl x
0512 Xormmmwm s s s s 1536 ~mmm e e X~ = n=
0544 ——~mXm—m s e 1568 —m v s s s s m e e e
0576 XXXXXXXXXXXXXXXXXEXXXXKXXKXXKXXXXXX 1800 XXXXXXXKXXXXKKKXK XK XX KX KKXKKKKKX
0B08 AXXXXXXXXKAXXKARKKKARKRXK XXX KA XX KK 1832 XKAXAXAXKRRARXKXRXKXX KX XX R AAAKXKAR
0640 XXXXXXXXXKKXXXXXKIKKXXKXKKXXXXXXXX TO64  XXXXXX XXX XXRRNK XXX KKK XX KKK XX KX KK XX
0672 KXXXXXAXXXAXXXXXKAX KX XAKXXX XXX XX 1696 XKXAXKAXXKKKKKX XXX KK KX KK AAKAARKKKX
0704 XXXXXXXXXXXXXXXXXXXXXXKXXXRXXX XXX F728 XXXXXXXXXKARKKAXKKKKXXXXX XX XX AXX
0736 XXXXXXKX XK AKX ALK KX KKK KKK AKX KK KK X F760 AXXXXAKXRXXXKXKRKX XX AAKKXHAAKX KK KKK
Pin #16 2051 Pol x 2123 Act x Pin #12 2055 Pol ~ 2127 Act -
0768 ~—-—------ D i 1732 AXXXXARRKAAXRARKRARKRKAKARRAKKRK XXX X
0800 XXXXXXXXXXXXNXXXXXKKXXKXNXXXX XXX KX 1824 XXXXARXXXXXKRXKKKKXX KKK XX KX KKX KKK X
0832 KXXXXXXXXXAKKRRXXXKKAXKKARXX XXX X 18586 XAXAXKAXKXXXRARARKKARAARKXK KKK NAKA
0864 XXXXXXK XN XX K XXX XXX XX XXKX XXX KX XXX XX 1888 XXXXXXXXXXXXXKAKARRNXAAKXKXAXXXXAX X
0896 XXXAXXXXXKXXKKAXX XXX KAKXRKK KA KL AK F920 XXXXAXXXXAKKXXKXXARRAKKARAXK KX XK K
0928 XXXXXXXHXXXXKXXXXKXXRXXXKKXKX KX XX FOEZ AXXXXLXAXK KR K KKK XK XN RRK KX KK KK KRR
0IB0 XXXXXXXK AR KA KKK KKK KX K XK KX ANK KKK X FO84 KAXIXXKKXKXKKAKARXXXKKXKXKKKXX KKK X
0992 XXXXXXXXXXKXXXXKXXX)XXXKNX KKK XX XXX 2018 XXXRXXXXXXX K XK XXX KX XK XK XXX KX XXX X X
LEGEND X fuse not blown
CUPL Fuse Plot - : fuse blown
CSIM Version 2.11b Serial# 5-00001-154
Copyright (C) 1983,1986 Personal CAD Systems, Inc.
CREATED Fri Sep 18 17:15:04 1887
LISTING FOR SIMULATION FILE: GATES.si
i: Name GATES;
2: Partno 00001;
3: Revision 01;
4: Date 28/06/87;
5: Designer ALBERTO;
6: Company SB5-THOMSON Microelectronies
7. tocation PLZNT;
8: Assembly PC AT;
3: Format JEDEC;
1O/ FRKKKKK K KKK K oK KK K oK oK K HOK KK K K K K K K oK K K KKK KK KK KK KKK K K K OK KK K K KKK KK KK ok K0k /
11 /% x/
12: /* BASIC GATES SIMULATION FILE */
13: /% x/

14: /****************************************************************/

15: /% Target Devices: G16V8 */
1B 1/ RRAKA K AR A KK KKK KK KKK KK KK oK oK K ok 3 K 3 K o ok o ok K o o K KoK oK oK oK KKK K K K oK oK oK K 3K K oK K ok /
17:
18: .
15: Order: A,B,%2,U,%3,C,D,%2,Y,%3,E,F,%2,W,%3,G,H,%2,X,
%3,1,J,%2,Y,%3,K,L,%2,7Z;
20:
21:
Simulation Results
N X
A A N X N
N O N 6] 6] C
AB D cb R EF O Gh R 4 R KL R
0001: 00 L 00 L 00 H 0 H o L 00 H
0002: 16 L 10 H 10 H 10 L S H 10 L
0003: 01 L 0t H 01 01 L 01 H H L
0004: 14 H 11 H i1 L i L 11 L 11 H

CUPL Simulation File
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00K K 0 3K 2K K 3K K K K KK KR K K KK K 3k K KOK XK KK K 3K K K k9K K K K K K e K K ok K K K K KK K Ok Kk
GATES

CuPL 2.11b serial# 5-00001-154 KKK KKK K KoK K KKK KKK oK 3o KK KoK KKK KK 3K K 3K KKK K KKK
Device gtév8s Library DLIB-f~23-8
Created Fri Sep 18 17:07:25 1987 cupPL 2.11b Serjal# 5-00001-154
Name GATES Device gi6v8s Library DLIB-f-23-8
Partno 00001 Created Fri Sep 18 17:07:24 1987
Revision 01 Name GATES
Date 29/06/87 Partno 00001
Designer ALBERTO Revision ot
Company S85~THOMSON Microelectronics Date 29/06/87
Assembly PC AT Designer ALBERTO
Location PLZNY Company SB5-THOMSON Microelectronics
*QP20 Assembly PC AT
*QF2194 Location PLZN1
*QV4
*G0
*FO Expanded Product Terms
*L0256 11011101111 111111111 111111111411 SSSEETEEISSSRSSSZSSISSSSSEESSSSiSSSooooSsEasxsszsaszoos
L0512 O 111 1111114114419 1130157154113 .o
*L05644 11 i0 It I I I It I I It I111t v o=
*LO768 1111111101130 1111118181531 1141% A& B
FLT024 111118ttt i 1101 111113111111 _
L1056 111181111111t 1131iCT 1451884111 vo=>
L1280 1111441181841 11111111110711101%4 ¢
*L1312 1114191 1111111111111111110110111 #D
XLIE36 113181110 it 1111119481§1141401101 W o=>
AL1568 111111111111 1411144114111011110 - E & F
*1.2048 01100100000060000000000000000000
*L2112 0000C00001000000 1111411111 1141114 X =»
FL2144 1T e sttt ittt t1911111 e}
L2176 11311111111 8114310 #H
*C2F02
TP 1 23456789 10 31 12 13 14 15 16 17 18 13 20 Y =
*VO00t O0O0Q00QONOOHLHHLLON I & tJ
*V0C0Z 01C101010NTOLHLHHLIN 80T & 4
*V00G: 101010101NOTLKLHHLON
*VO004 111313811 INTIHLLLUHHIN 2 =3
*DFOC K & IbL
# IK & L
Fig.6  CUPLJEDEC File with Test Vectors Fig. 7 CUPL Expanded Product Terms
R HK KKK K KKK KKK KK KKK KKK
* * % *
KKKK KKKk
8 % 1 20 x vVCC
KKK *E KK
* GATES *
KKK . KR KK
cC x 2 19 % A
EEEESSSSSSEISSSSISSSISISSSRSESIRSSSSSSSSSSSSSSSSEGSRSESSSINSISSSSSSZSSISSIssos. KKK KK
Symbol Table * *
KKK KKk
D x 3 18 * U
Pin Variable Pterms Max Min *KKK KKKk
Pol Name EXL Pin Type Used Pterms tLevel X *
___________ — — ——— B e T T KKK KK
E % 4 17 x v
A 19 % - - - KKK KKK
8 1 \ - - - * *
c 2 v - - - Rk kK *o KK
0 3 v - - - F x5 16 * W
E 4 3 - - - KXk Kok ok
F 5 v - - - * *
G 8 \ - - - *EKK FAAK
H 7 v - - - G *x 6 15 x X
I 8 v - - XK Kk * XKk
N 9 v - - - * *
K i v - - - EE ST KKk
L 12 Y - - - H x 7 14 %Y
U 18 v 1 8 1 KKK EET S
2N 17 v 2 8 1 * *
W ) v 1 8 1 * KKK ETTTY
X 15 v 2 é i I %8 13 % Z
Y 14 v 2 8 1 KEKK Ak K
b4 13 v 2 8 1 x x
KKK XXX
J *x g 12 x L
LEGEND F field o} defaull variable M : extended node - R
N : node I intermediate variable T : function % *
V : variable X extended variable U : undefined XKk KKK A
GND * 10 11 % K
KA KKK
* *
KK KKK R KKK KKK KK KK K KK KoK Kk koK
Fig. 8 CUPL Symbol Table Fig. 9 CUPL Chip Diagram
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