






























































































































































































































































DEVELOPMENT TOOLS

Here, the traditional 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, we will acutally
end up with XNOR on pin 19:

/* logic equations */
Y=A & B;
Z=1A&B # A &!B;

The operators used in the CUPL language are
for invert, ““&” for the AND function and ‘4"’ for
the OR function. The equations are written exac-
tly as needed. All of the inversions for active-low
inputs and outputs will be automatically resolved,
a routine procedure for compiler software. Although
these are simple equations, if they had been com-
plex ones that needed automatic reduction to a spe-
cific 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
process the ‘““‘source” file, the text and equations
provided above.

For the compiler to run one of its ““modules’ it must
be told the target device type (““G16V8” in the
example), source file name (*'401’’), and whatever
additional functions the user would have it perform,
through the use of flags (**-jkfxs’’) that are passed
at compile time.

The compile directive would typically appear as
follows:

CUPL -jifxs G16V8 401

CUPL Version 2.10B1 Copyright (c)
1983,84,85 Assisted Technology, Inc.

cuplx
time: 3 secs

cupla
time: 19 secs

cuplb
time: 7 secs

oy

cuplm
time: 4 secs

cuplc
time: 15 secs

csima
time: 24 secs

total time: 72 secs

Some of the more recently announced PLD sup-
port products such as the Personal Silicon Foun-
dry software available from DATA 1/O use a very

‘ﬂ SGS-THOMSON

friendly menu concept that saves defaults, elimi-
nating the need to use flags.

The CUPL compiler produces a report, called a do-
cumentation file, part of which is presented here
for reference. The purpose of the file is to provide
a hard-copy documentation of the final (reduced)
equations, the cell map or “‘fuse plot’ and a chip-
pinout diagram, if desidered:

Device G16V8s Library DLIB-d-55-8

Created Mon Aug 3 06:30:10 1987
Expanded Product Terms
Y=>A&B
Z=>lA&B #!A&!B
Symbol Table
Pin  Variable Pterms  Max
Pol Name Pin Used Pterms
A 1 - -
B 2 - -
Y 18 1 8
! z 19 2 8
Fuse Plot

Syn 2192 - ACO 2193 x
Pin #19 2048 Pol x 2120 Ac1 x

0000
0032
0064
0096
0128
0160
0192
0224

D, S G kit
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXX XXX X XXX XXX XXXXXXXXXXXX
XXXXXXXX XX XX XXX XXX XXX XX XX XXX XX XX
XXXXXXX XXX XX XX XX KX XX XXX XX XXX XX XX
XXXXXXXXXXXX XXX XXX XXX XX XX XXX XXXX

Pin #18 2049 Pol - 2121 Ac1 x

0256 X=X========seemescsesseeceee—ee-
0288  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
0320  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
0352  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
0384  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
0416 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
0448  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
0480  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

(continued.....)

Legend x : fuse not blown
- : fuse blown

MICROELECTRONICS
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DEVELOPMENT TOOLS

THE DESIGN PROCESS (Cont’d)

Chip Diagram
*hkkkkkkkkkk kkkkkkkkkkk
* * * *
*kkk *kkk
A * 1 20 * vCC
* Kk ok k * Kk kK
N Y00 N
* %k %k ok * Kk ok
B * 2 19 * 17
* ok Kk ok * %k ok Kk
* *
* %k k * ok ok
* 3 18 * Y
*k ok ok * % % %
* *
* %k ok * % ¥ %
* 4 17 *
* Kk kK *k ok Kk
* *
d*ok ok Kk * Kk kk
* 5 16 *
* Kk kK * kK ok
* *
* ok ok Kk * %k ok
* 6 15 *
* %k ok Kk % % kK
* *
% % Kk % % % &k
* 7 14 *
* % %k %k *k kK
* *
* %k k k *k ok k
* 8 13 *
* % %k %k %k %k ok
* *
* Kk okk * %k %k
* 9 12 *
* Kk k ok * ok Kk
* *
% % Kk k. %k ok ok
GND* 10 11 *
* %k kk %k ok ok
* *

kkkhkhkhkkkkkkkkkdkkkkkkkkkkkkk

JEDEC, a standards organization with represen-
tatives from major semiconductor companies on iits
committes, has approved a standard for the inter-

*QP20

*QF2194

*G0

*FO0

*L0000  10011111111111111111111111111111
%0032  01101111111111111111111111111111
x10256  01011111111111111111111111111111
*1.2048 01000000000000000000000000000000
*L2112 00000000001111111111111111111111
*1L2144 11111111111 1111111111111111
*1.2176 111111111111111110

*C14D6

Test vectors, which indicate the stimulus and re-
sponse for a PLD, serve primarily to validate the
functionality of a desing source file. The CUPL com-
piler thus simulates the source file on paper so that,
hopefully, only properly functioning patterns are
ever programmed into a PLD for system debug. In
our basic gates example, the source file for the si-
mulator routine provides the expected data:

/* The Order Statement specifies the layout of
the function vector table.

%n = n spaces inserted between variables. */
order : A,B,%1,Y,%1,!Z;

vectors:
/¥ ABY Z %/

00 L X /* test AND gate */
01LX
10

/* test XNOR gate */

- - OO0 -
—_ O = O -
XXXXTIr
Trr IxX

The simulator processes the validation data, given
above, compares it with that in the source file (using
the original equations), to produce the following
partial output:

Simulation Results

change of PLD data. The JEDEC file is used asthe ~ 0001: 00 L N
medium of transfer from the development compu- ~ 0002: 01 L' N
ter environment to that of the hardware device pro- ~ 0003: 10LN
grammer. Included in the file are control bits that ~ 0004: 11 H N
determine the status of security cell or fuses, test ~ 0005: 00 N H
vectors, and data-transmission checksums. 0006: 01 N L
A portion of the JEDEC file for our example is re- 0007 10N L
produced here: 0008: 11 NH
Ly7. 3ESTHOMSON

97






GAL DEVICE APPLICATIONS

99



INTRODUCTION TO GAL APPLICATIONS

The main advantage of the SGS-THOMSON GAL
family is its high degree of freedom in the field of
logic design.

With the SGS-THOMSON GAL family, the system
designer is allowed to replace existing program-
mable logic; moreover he can use powerful logic
compilers to optimize the design of new products.
In this section five simple applications are discus-
sed, they are: (see table)

Each application example is presented as a GAL
design, complete with the required logic function
and the actual GAL device logic implementation.

The GAL design specification and the actual CUPL
and ABEL outputs for the programmer make the
examples complete enough to serve as guides for
those designers who are using SGS-THOMSON
GALs in their own systems.

APPLICATION GAL DEVICE SOFTWARE
BASIC GATES 16V8 CUPL*/ABEL*
BASIC FLIP-FLOP 16V8 CUPL/ABEL
7 SEGMENT DISPLAY DRIVER 16v8 ABEL
QUAD 4:1 MULTIPLEXER 20v8 CUPL/ABEL
7 BIT COUNTER 20v8 CUPL/ABEL
7. 3TN0
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GAL DEVICE APPLICATIONS

BASIC GATES

As a beginning example, the implementation of the
basic gates: AND, OR, NAND, NOR, XOR, and
XNOR (figure 1) in a GAL16V8 is shown. Since 12
inputs and 6 output are needed (figure 2), 2 Out-
put Logic Macrocells (OLMCs) must be configured
as dedicated inputs and 6 as dedicated combina-
tional outputs. Programming software automatically
handles this task. Active-high or low outputs are
no problem either, because of the programmable
polarity feature of the GAL16V8.

The program has been compiled using both CUPL
and ABEL. Both programs need two files: the logic
design input file (figures 3 and 11 respectively) and
simulation file (figure 4 and 11).

For the design input file an equation must be writ-
ten for each output, and pin assignments must be
made. The simulation file contains ‘‘vectors’ that
test the functionality of the device. GAL devices are
completely tested at the factory and post program-
ming yields are guaranteed to be 100%; therefore,
device testing is unnecessary. However since test
vectors are useful for design verification, they are
included here.

USING CUPL

A JEDEC file with test vectors is shown in figure
6. Because of the GAL device’s fuse map compati-
bility with PAL devices, JEDEC files can be copied
directly from PAL device applications into GAL
devices. As shown in figure 7, 8 and 9, CUPL soft-
ware will produce a documentation file which con-
sists of:

- Expanded product terms (figure 7)
- Symbol table (figure 8)

- Chip diagram (figure 9)
The CUPL fuse plot is shown in figure 10

USING ABEL

ABEL software will produce a document genera-
tor file which consists of:

- Reduced equations (figure 12)

- Chip diagram (figure 13)
- Chip usage (figure 14)
- Test vectors (figure 15)

The JEDEC file, with test vectors and fuse map,
is shown in figure 16.

Figure 1. Basic Logic Gates

Y Y=1@Jd =(1eJ) +(i+J)

Z Z=RK@L=(KeL)+(K-D)

LY_I SGS-THOMSON

Figure 2. GAL16V8 Basic Gates Pinout

20

oL

GND —

— Vcc

MICROELECTRONICS
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GA

L DEVICE APPLICATIONS

BASIC GATES

Figure 3. CUPL Design Input File

Name GATES;
Partno 00001;
Date 29/06/87;

Revision 01;

Designer ALBERTO; )
Company SBS-THOMSON Microelectronics
Assembly PC AT;

Location PLZN1;

FORMAT JEDEC;

/R KA KKK KA KKK KKK KKK KKK KKK KKK KKK KKK EKKKKKRKKKKKKKKKKKKKKKKKKKKKKR KK /
/* x/
/* BASIC GATES : INPUT FILE */
/% A
/KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK K KKK KKK K KKK K K K K oK oK K oK 5K 5K oK 5K oK 5K ok 5K oK K ok ok K Kk Kk /
/* Allowable Target Device Types: G16V8 */

/******************************************************************/

/%% Inputs *%/

Pin [i19,1] = [A,B] ; /% INPUTS AND *x/
Pin [2,3] = [C,D] ; /% INPUTS OR x/
Pin 14,51 = [E,F] ; /% INPUTS NAND */
Pin [6,7] = [G,H] ; /* INPUTS NOR x/
Pin [8,9] = [1I,J] ; /% INPUTS XOR */
Pin [11,12] = [K,L] ; /* INPUTS XNOR */

/%% Outputs *xx/

Pin 18 = U ; /* OUTPUT AND */
Pin 17 =V H /% OUTPUT OR */
Pin 16 = W ; /% OUTPUT NAND x/
Pin 15 = X H /% OUTPUT NOR */
Pin 14 =Y H /* OUTPUT XOR */
Pin 13 = 2 H /% OUTPUT XNOR */

/**x Declarations and Intermediate Variable Definitions *xx/

/**x Logic Equations *x/

U=Azs&B ; /* A ND x/
V=C#D ; V&S O R *x/
W= 1I(E &F) ; /% N AND */
X = 1(G # H) ; /¥ N OR x/
Y =1%J ; /* X OR x/
Z = I(K$L) ; /¥ X NOR */

ﬁ SGS-THOMSON
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GAL DEVICE APPLICATIONS

BASIC GATES

Figure 4. CUPL Simulation File

CSIM

Version 2.11b Serial# 5-00001-154

Copyright (C) 1983,1986 Personal CAD Systems, Inc.
CREATED Fri Sep 18 17:15:04 1987

LISTING FOR SIMULATION FILE: GATES.si

1: Name GATES;
2: Partno 00001;
3: Revision 01;
4: Date 29/06/87;
5: Designer ALBERTO;
6: Company SB5-THOMSON Microelectronics
7. Location PLZN1;
8: Assembly PC AT;
9: rormat JEDEC;
10z /%%KKK KKK KKK K KKK K KK K oK K K 3K KK 3K oK K K K oK 3K 3K K K K 3K 3K K oK oK K 3K oK K KoK KK 3K oK K 3K K Kok 3K Kk kK Kk kK
11: /% x/
12: /* BASIC GATES : SIMULATION FILE */
13: /% *x/
T4 [ RKKAKKKKK KKK KKK KKK K KoK KK K K K KoK KKK K K KK KK KK K KK KKK K oK K oK KoK K K ok oK oK K Kk ok ok KKK K/
15: /% Target Devices: Gi16VS8 . *x/
1B/ REKKK KKK KKK K KKK K KKK K K K 3K ok K K 3 oK K K oK K 3k oK 3K 3 oK Sk 3K K KoK K K 3K oK K K 3K oK ok KK koK K kK KKk ok /
17:
18: .
i5: Order: A,B,%2,U,%3,C,D,%2,V,%3,E,F,%2,W,%3,G,H,%Z,X,
%3,1,0,%2,Y,%3,K,L,%2,Z;
20:
21:
Simulation Results
N X
A A N X N
N (@] N O (¢] C
AB D CoC R EF D GhH R I R KL R
0001: 00 L 00 L 00 H 00 H s L 00 H
0002: 160 L 16 H 10 H i L 10 H 10 L
0003: 01 L 1 H 1 H 01 L 01 H 1 L
0004: 11 H 11 H 1 L i L 11 L 11 H
‘7,' SGS-THOMSON
' MICROELEGTRONICS
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GAL DEVICE APPLICATIONS

BASIC GATES

Figure 5. CUPL JEDEC File

CUPL 2.11b Serial# 5-00001-154
Device gi6v8s Library DLIB-f-23-8
Created Fri Sep 18 17:42:10 1987
Name GATES

Partno 00001

Revision 01

Date 29/06/87

Designer ALBERTO

Company SGS-THOMSON Microelectronics
Assembly PC AT

Location PLZN1

*QP20

*QF2194

*G0

*FQ

*L0256 1101110113111 1111111111111111111
*L0512 01111 1111111111 11111111111111111
*L0544 11110111111111111111111111111111
*L0768 11111111011101111111111111111111
*¥L1024 11111111111114110111111111111111
*L1056 11111111111111111111011111111111
*L1280 11111111111111111111111101111011
*L1312 11111111111111111111111110110111
*L1536 11111111111111111111111111101101
*L1568 11111111111111111111111111011110
*L2048 01100100000000000000000000CC0000
*L2112 00000000100000011111111111111111
L2144 1111111111111 1111141114114 11 11 141
*L2176 111111111111111110

*C2F02

*BC18

Lyz, 585, THOMSON
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GAL DEVICE APPLICATIONS

BASIC GATES

Figure 6. CUPL JEDEC File with Test Vectors

CUPL 2.11b Serial# 5-00001-154

Device g16v8s Library DLIB-f-23-8

Created Fri Sep 18 17:07:25 1987

Name GATES

Partno 00001

Revision 01

Date 29/06/87

Designer ALBERTO

Company SBS-THOMSON Microelectronics

Assembly PC AT

Location PLZN1

*QP20

*QF21394

XQVa

X*GO

*F0

*L0256 110411101111 111111111111111111141

*L0512 Ot11 1111111141141 1419111141111111

L0544 1111011111111 1111191111111 11

*L0768 11111111011401 1111141111194 114111

*L1024 111114114441 414101 1111411111411

*L1056 1111111111111 1111414iC14441111411
L1280 11111411114 14111141111114101111011

*L1312 11111111 111111111141117110110711

*L1536 1111111191111 941141411111110%101%

L1568 1111111111111 411111+11111011110

*L2048 011001000000C0000000000000000000

L2112 000000001000000¢ 11444111144 11111

*L2144 1114110ttt tii it i1i1411111

*L2176 111111111111 1414510

*C2F02

P 1 2 3 6 78 9 10 i1 12 13 14 15 16 17 18

*V0001 O OOOONOOHLHHLLON

*V0g02 O 101ON1OLHLHHL1N

*V00GC3 1 C101NO1LHLHHLON

*V0004 | 11 1INTIHLLLHHIN

*DFOO

i3 20

37, 3E2THOMEN
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-GAL DEVICE APPLICATIONS

BASIC GATES

Figure 7. CUPL Expanded Product Terms

*******************************’******************************************
. GATES
3K 3K 3K K K K K K K K 5K K K 3K K 3K 5K 5K K 5K XK K 3K K 5K 5K K 3K 5K K 5K 3K K K K K 5K K K 5K K 3K K K K KK K KKK KK K KKK KKK KKK KKKKRKKKKKK

CUPL 2.11b Serial# 5-00001-154
Device giév8s Library DLIB-f-23-8
Created Fri Sep 18 17:07:24 1987
Name GATES

Partno 00001

Revision 01

Date 29/06/87

Designer ALBERTO

Company SBS-THOMSON Microelectronics
Assembly PC AT

Location PLZN1

U =7
A & B
Vv =>
o]
#D
W =>
E & F
X =>
G
& H
Y =>
I & 'J
# 11 & J
Z =>
K & 'L
# K & L

IS7R -7 b
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GAL DEVICE APPLICATIONS

BASIC GATES

Figure 8. CUPL Symbol Table

Pin Variable Pterms Max Min

Pol Name Ext Pin Type Used Pterms Level
A 19 v - - -
B 1 v - - -
c 2 v - - -
D 3 v - - -
E 4 v - - -
F 5 v - - -
G 6 \" - - -
H 7 Y - - -
I 8 \ - - -
J S v - - -
K 1 \' - - -
L 12 v - - -
U 18 " 1 8 1
" 17 \ 2 8 1
W 16 \ 1 8 1
X 15 \" 2 8 i
Y 14 v 2 8 1
Z 13 \" 2 8 1

LEGEND F : field D : default variable M : extended node

N : node I : intermediate variable T : function
V : variable X : extended variable U : undefined
<72 SGS-THOMSON
Y/, NICROELECTRONIGS
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GAL DEVICE APPLICATIONS

BASIC GATES

Figure 9. CUPL Chip Diagram

GND

K%K K % 3K K K K KK kK KKK K K K KK KKk
X X X% %
L2 3 3 3 XK %k Xk
* 1 20 %
%k kX kK Kk
* GATES *
KKXKXK L3 3 3 3
* 2 19 %
%Kk Xk kKKK
X *
XkKXK kK kKK kK
*x 3 18 %
%k %k k 5k %k % K
* X
Kk kXK Xk Kk
x 4 17 %
b2 3 3 3 L2 2 2 3
X X
kK kXK KKK XK
*x 5 16 %
*kkXk %k Kk
X X
%K%Kk KKXKXK
X 6 15 %
kK kk Kk k%
* b 3
kKKK kK kX
x 7 14 *
b33 33 kKKK
X b 3
L3 333 b3 3 33
*x 8 13 %
KKKXK kKKK
* *
KkKkKXK KK KX
* 9 12 %
kK%K kK KKK XK
* X
*X KX * %k kK
* 10 11 %
XKk X Xk Kk
* *

3 3K K 3K oK 5K ok 3K 3K 5K K K 3K 3K 3K oK XK K 5K 3K ok %k Xk Kk kK

108
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GAL DEVICE APPLICATIONS

BASIC GATES

Figure 10. CUPL Fuse Plot

Syn 2192 - AcO 2193 x

Pin #19 2048 Pol x 2120 Aci - Pin #15 2052 Pol x 2124 Acl x
0000 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
0032 XXXXXXXXXXXXXXXX XXX XXX XXXX XXX XXX
0064 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1088 XXXXXXXXXXXXXXXRIKIKXKXXXXKXXXXXX

0096 XXXXXXXXXXXXXXXXKXXKKKXXXXXXKXXXX 1120 XXXXXXXXXXXXXXXXXXKKKXXKKKXAKXXKX
0128 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1152 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
0160 XXXXXKXXXXXXXXKXKXXXKXXXXXXXXXXXX 1184 XXXXXXKKXXXAXXXXKXXXKKXKKXXXXXXXXX

0192 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1216 XXXXXXXXXXXXXXXXXXXXXXXXKXRAXXXXX
0224 XAXXXXAXXXXXXXXXXXXXXXXKXXXXXXXX 1248 XXXXXXXXXKXXXXKXKKXXKXXXXXXXXKXKXX

Pin #18 2049 Pol - 2121 Acl x Pin #14 2053 Pol - 2125 Act X
0256 ——X———X—==----—— o s s ———————— e 1280 ——==——————-—mm oo X==—=X-=
0288 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 18312 ==———mm e e X==X===

0320 XXXXXXXXXXXXAXKXXXXXXXKXXKXXXKXXX 1344 XXXXXXKKKX XX KKK KX XK XXX XK XKKX XX KX X
0352 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1376 XXXXKXXKXARXKKXXXKXKKXXKXXXXXXXXXX
0384 XXXXXXXXXXXXXXXXXAKKXXKXXXXKKXKX 1408 XXXXXXXXXXXXKKKXKXKXKXXKXK XK XXX X
0416 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX — T440 IREXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
0448 XXXXXXXXXXXXXXXXXXXXKXHXXXXXXXXX 1472 XAXKXXXXXKXXKXXKKXXXXXKAXXXXXXXXX
0480 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1504 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Pin #17 2050 Pol - 2122 Acl X Pin #13 2054 Pol x 2126 Acl x
0512 X—===== == == m e 1536 === ==m == mm e X==x=
0544 === Xmm === mm e 1568 —=m=mmmmmmmm e X==m=x

0576 XXXXXXXXXXXXXXX)XXXXXXXXXXXXXXXXX 1600 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
08608 XXXXXXXXXXXKXXKX)X)XXX)KX)XXXXXXXXXXX 1632 XRXAXXXXXXXXKXXXXKXKXXXK XK AAXKXXKA
0640 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1664 XXXXXXXXXX XXX XXX XK XX KX XX XX XXX XXX
0672 XXXXXXKXXXXXXXXXXXXXXXKXXXXXXXXX 1696 XXXXXXXXXXXXXXXXXXXKXXKXXXKXXXXXXX
0704 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1728 XXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXX
0736 XXXXXXXXXXKXXKXKKXXXX)KXXKXXXXXXX 1760 XXXXXKXXXXXXXKXXXXXKKKXXXAXKXXXX
Pin #16 2051 Pol x 2123 Act x Pin #12 2055 Pol x 2127 Act -

0768 ~——=—--- X — = X m e e 1792 KXXXXXXXAXKXKKXXKXX KX XX KX KX XKXXX
0800 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1824 XXXXXXXXXXXXXXXXXXX]XXXXXXXXXXXXX
0832 XXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXX 1856 XXKXXXXXXX XXX KKXX KK KKXXXAKKKKAKXK
0864 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1888 XXXXXXXXXXXXXXXXKXXXANXXIXXXXXXX
0896 XXXXXXXXXXXXXXXXXXXXXKXXXXXXXXAX 1920 XXXXKXXXXK XXX XXX K XXX XX KX XX KX XXX X
0928 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1952 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
0960 XXXXXXXXXXXAXXXXXXXXXKXXKXXKXXXX 1984 XXXXXXXXXXXXXXKXXXXXXXXXKXXXXXX KX
0992 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 2016 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

LEGEND X : fuse not blown
~ : fuse blown

Ly7, 58S, THOMSON
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GAL DEVICE APPLICATIONS

BASIC GATES

Figure 11. ABEL Input File and Simulation File

module BASGATE
title ‘/ Basic Gates example
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
" device declaration
" location keyword device code
U001 device ’P16V8S’;
" pin declaration
" inputs
A,B,C,D,E,F pin 19,1,2,3,4,5;
G,H,I,J3,K,L pin 6,7,8,9,11,12;
" outputs
uU,v,W,X,Y,Z pin 13,14,15,16,17,18;
equations
Z =A & B; " And Gate
IX=E & F; " Nand Gate
Y =C # D; " Or Gate
'W=G # H; " Nor Gate
V=1IS$%JdJ; " Exclusive Or Gate
U=XK1!$ L; " Exclusive Nor Gate
test_vectors ‘Test And Gate’
( [A,B] => 2 )
[0,0] -> 07
[0,1] -=> 07
[1,0] => 0;
[1,1] => 1;
test_vectors ’‘Test Nand Gate’
( [E,F] => X )
[0,0] -> 1;
[(0,1)] -> 1;
[1,0] => 17
[1,1] => 0;
test_vectors 'Test Or Gate’
( [¢,D] => Y )
(0,0] => 0;
[0,1] => 1;
(1,0] -> 17
[1,1] -> 1;
rSGS-WOMSON
Y/, HICROELECTRONISS
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GAL DEVICE APPLICATIONS

BASIC GATES

Figure 11. ABEL Input File and Simulation File (Cont’d)

test_vectors ‘Test Nor Gate’
( [6,H] -> W)
[0,0] => 1;

[0,1] => 0;
[1,0] -> 0;
[1,1] -> 0;

test_vectors ‘Test Exclusive Or Gate’
([1,3] -> V)

[0,0] => 0;
[0,1] -> 1;
[1,0] -> 1;
(1,1] -> 0;

test_vectors ’‘Test Exclusive Nor Gate’
( [K,L] => U )

[0,0] => 1;
(0,1] -> 0;
(1,0] -> 0;
(1,1] -> 1:

end BASGATE

ABEL(tm) Version 2.10a - Document Generator
Basic Gates example
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
Equations for Module BASGATE

Device U001

- Reduced Equations:
Z = (A & B);

= I(E & F);

= (C # D):

(G # H):

= (1T &J#I&!J);

a < 2 < X
1]

= (K& !L # K&L);

7. FETN0N
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GAL DEVICE APPLICATIONS

BASIC GATES

Figure 13. Chip Diagram

ABEL(tm) Version 2.10a - Document Generator
Basic Gates example
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
Chip diagram for Module BASGATE

Device U001

P16V8S
__________ \ Jm———————

\ /
B : 20 Vee
Cc 2 19 A
D 3 18 2
E 4 17 Y
F 5 16 X
G 6 15 W
H 7 14 v
I 8 13 U
J 9 12 L

GND 10 11 K
&7, WS
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GAL DEVICE APPLICATIONS

BASIC GATES

Figure 14. Chip Usage

ABEL(tm) Version 2.10a’ - Document Generator
Basic Gates example
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
for Module BASGATE

Device U001

Device Type: P16V8S Terms Used: 10 out of 64
Terms
Pin # | Name | Used | Max | Term Type | Pin Type
1 B - - -—- Input
2 o] - - — Input
3 D - - — Input
4 E -- - —-—- Input
5 F - - —-—- Input
6 G - -- —-— Input
7 H - -- —— Input
8 I -- - —— Input
9 J - - ——— Input
10 GND - - - GND
11 K - - —-—— Input
12 L (0] 8 Normal I/0
13 U 2 8 Normal I/0
14 \4 2 8 Normal I/0
15 W 2 8 Normal Output
16 X 1 8 Normal Output
17 Y 2 8 Normal I/0
18 Z 1 8 Normal I/0
19 A [o] 8 Normal I/0
20 Vce - - —— vcc
ﬁ SGS-THOMSON
' MICROELECTRONICS
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Figure 15. Test Vectors

ABEL(tm) Version 2.10a - Document Generator
Basic Gates example
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
Test Vectors for Module BASGATE

Device U001

Test And Gate

[0=== ==== —=== —=== —=0-] -> [ -L--1;
[1-== ==== —=== ==== ==0-] => [==== -=== —=== —=== -L--];
[0=== === =m== —mm= —m1-] > [ -L--1;

[1--= —=== —=== ==== ==1-] => [==== ==o= mmmm —--- SHe-]

INERN N

Test Nand Gate

5 [-—=0 0-== —=== === ———o ] => [==== —=—= ———— ——- H -———-];
6 [-—=0 l-—= —=== —=== ———o ] => [m=== —mmm ———— ——— H -——-];
7 [==-1 0=== ——== ——-= ———- ] => [-=== ——m= —mmm —-- H -——-1;
8 [===1 l=== === —=—— ———- ] => [m=== —m—— ———— - L ----1;

Test Or Gate

9 [-00- 1 > L---];
10 [-01- ] > [ H-—-];
11 [-10- 1 > [ H-—-1;
12 [-11- ] => [ H---]1;

Test Nor Gate
13 [--== -00- —=== —==— ———- ] => [-=-= -=== —=—= —-H- -=—-];
14 [---= -01- —=== ——=—— ———- ] => [-=== === === —-L- -——-];
15 [-—-= -10- -——= ———= ———- ] => [~=—= —=== —=== —-L- ——=-];
16 [==== =1ll= === —=== -—=- ] => [-=—= —=== ==== —=L- --==];
Test Exclusive Or Gate
17 [---= -—- 0 0=== ==== —-—o ] => [-=== —=== === -L-= -===];
18 [~=== === 0 l=== ==—== ———e ] > [~ === === -H-= ===-];
19 [---= -—- 1 0=== —==m ———— ] => [--—- —-——= ———= -H-- -——-];
20 [-—== --- 1 l=== ==== —=—- ] => [==== -=== —=== =L-= -—--];
Test Exclusive Nor Gate
21 [==== —=== -- 00 ——== —=—= ] => [——=—= === ———— H--- ———- 1:
22 [-——== ——m— - 01 ———= ~———- ] => [———= ———— ———— L--= ——— 1:
23 [==== —==— == 10 ———= ———- ] => [—=== ———= ———- Le—— ———— 1:
24 [==== === - 11 ———— ———- ] => [ ———— - H--~ -——- I:
end of module BASGATE
Ly, 3eSTHOMSON
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Figure 16. JEDEC File with Test Vectors

ABEL(tm) Version 2.10c FutureNet/Data-IO Corp. JEDEC file for: P16V8S
Created on: 20-Jul-87 01:51 PM
Basic Gates example

By Derrick Tuten 13 July 1987

SBS-THOMSON Microelectronics
QP20%* QF2194%*
LooO0OO
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
11011101111111211111111111111111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
01111111111111111111111111111111
11110111111111111111111111111111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
11111111011101111111111111111111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
0000OO00000000000000090000000000
00000000000000000000000000000000
00000000000000000000000000000000
11111111111111110111111111111111
11111111111111111111011111111111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
11111111111111111111111110110111
11111111111111111111111101111011
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000

(o7 i
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BASIC GATES

Figure 16. JEDEC File with Test Vectors (Cont’d)

00000000000000000000000000000000
11111111111111211111111111101110
1111111113111111111111121111011101
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000*
L2048

01100110%*

L2056
0000000000000000000000000000000000000000000000000000000000000000*
L2120

1%

L2121

0%

L2122

0%

L2123

0%

L2124

0*

L2125

0O*

L2126

0%

L2127

1%

L2128
111111111111121111111111112111111111112121221211111111213111111111111%
L2192

10%*

N Test And Gate*

V0001l OXXXXXXXXNXXXXNNXLON*
V0002 1XXXXXXXXNXXXXNNXLON#*
V0003 OXXXXXXXXNXXXXNNXLI1N*
V0004 1XXXXXXXXNXXXXNNXHI1N*

N Test Nand Gatex*

V0005 XXXOOXXXXNXXXXNHXXXN*
V0006 XXXO01XXXXNXXXXNHXXXN*
V0007 XXX1OXXXXNXXXXNHXXXN*
V0008 XXX11XXXXNXXXXNLXXXN#*

N Test Or Gate*

V0009 XOOXXXXXXNXXXXNNLXXN#*
V0010 XO1XXXXXXNXXXXNNHXXN=*
V0011l X1O0XXXXXXNXXXXNNHXXN*
V0012 X11XXXXXXNXXXXNNHXXN*

” FO7R- Hliis
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BASIC GATES

Figure 16. JEDEC File with Test Vectors (Cont’d)

N Test Nor Gatex*

V0013 XXXXXOOXXNXXXXHNXXXN*
V0014 XXXXX01XXNXXXXLNXXXN*
V0015 XXXXX1O0XXNXXXXLNXXXN*
V0016 XXXXX1L1XXNXXXXLNXXXN*
N Test Exclusive Or Gate*
V0017 XXXXXXXOONXXXLNNXXXN*
V0018 XXXXXXXO01NXXXHNNXXXN*
V0019 XXXXXXX1ONXXXHNNXXXN*
V0020 XXXXXXX11NXXXLNNXXXN*
N Test Exclusive Nor Gate*
V0021 XXXXXXXXXNOOHXNNXXXN*
V0022 XXXXXXXXXNO1LXNNXXXN#*
V0023 XXXXXXXXXN1OLXNNXXXN#*
V0024 XXXXXXXXXN11HXNNXXXN#*
C2F42%*

D9EA

57, S5 THOMR0N
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BASIC FLIP-FLOP

In the Basic Gates application on the preceding
pages, each ‘‘gate’’ was directly connected to an
output pin. Here, the output registers of the
GAL16V8 are used. A simple RS latch, a T (Tog-
gle) flip-flop, a D flip-flop, and JK flip-flop are in-
corporated into a GAL16V8 (figure 1). Each is
shown with its truth table and defining equations
in figures 2 to 5. Note that all 3 flip-flops have syn-
chronous preset (PR) and clear (CLR) inputs, while
the RS latch does not. Also, the RS latch is not con-
nected to the clock input; this was done to show
the versatility of the GAL16V8; with a GAL device,
the user is not locked into a specific architecture.

Design input file and simulation file both for CUPL
and ABEL are constructed in a manner similar to
the Basic Gates example. Each output must be
given a distinct name, and any clocked circuit must
be denoted with an appropriate extension (D) in the
logic equations. The simulation file is again provid-
ed for design verification.

This example has some subtle requirements that
may not be apparent to the first time user. When
the RS latch is not being tested, it must remain in
its latched state with output levels specified, or with
the variable N (not tested) in their place. Also, when
executing a preset or clear, remember that it will
affect all flip-flops; even those not being tested will
still respond.

Finally, all output levels should be specified or
marked with the variable N; the variable X, which
indicates a ‘‘don’t care’’ condition, will not suffice.
The device was programmed using both CUPL and
ABEL.

Figure 2. RS Latch

Figure 1. Basic Flip-Flops Pinout

Vee

19
- = asT
18 asc]

1

T PR q

t—p> cLr @

[eany

QTc

p PR a

—b cr O

QDnT

Qanc

CLR

J PR g

K cLr @

QT

e
Fu
u
_Em
Fu
Fa

QJc

OE

Q  Qy,1=S+(R*Qy)

=]}

Qy, =R+(SQy)

Qn

QN +1

6N+1

COMMENTS

oo | X

- O

Invalid

oo |ocoo | ®»W

—_ -

- O

—_

o o

Set

- O

Reset

—_

- O

- o |OO

pry

Latch

EI- SGS-THOMSON

MICROELECTRONICS
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Figure 3. T Flip-Flop

PR PR [CLR| T | Qy [|Qn+1/Gn+1| COMMENTS
1 1 X X 1 1 Invalid
—r ol— o,.,=PR+ETRT-Qy)+ (ETReT+qy) 1 0 X X 1 Preset
0 1 X X 0 1 Clear
ck—> Gl— Gy.,=CLR+{PRsT+G,)+(PReT+Qy) 0 0 0 0 0 1
ololo|11]o Hold
cln 0 0 1 0 1 0 Toggle
0| o 1 o | 1 99

Figure 4. D Flip-Flop

R PR |CLR| D | Qy |[Gn.1]|Gn+1| COMMENTS
1 1 X X 1 1 Invalid
R pp— 1 0 X X 1 0 Preset
—° O Gw=PRHCERD) 0 1 X | X 0 1 Clear
= S 0 0 0 0 0
Lk —> Qf— 0Qy.,=CLR+(PR*D)
o|lojo| 1] o Reset
0 0 1 0 1 0
CLR 0 0 1 1 1 0 Set
Figure 5. JK Flip-Flop
PR [CLR| J K | Oy ||Gn+1[Qns1| COMMENTS
1 1 X | X | X 1 1 Invalid
PR 1 0 X X X 1 0 Preset
| o |1 | x| x| x| o1 Clear
— al— oy.,=PR+(CTR+R+Q,) + CTR*J+By) 0 0 ' 0 0 0 0 1
ololof|o]| 1] 1]o Hold
oLk —D
—k Gf— 0Oy, =CLR+(PReJ*Qy)+(PR*K=Qy) 0 0 0 1 0 0 1
oo o | 1] 1 o | 1 Reset
0 0 1 0 0 1 0
o oo | 1| o] 1 1| o Set
0 0 1 0 1 0
o | o | 1 1 o | 1 Toggle
&7 SGS-THOMSON
7[" MICROBLECTRONICS
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USING CUPL USING ABEL

The JEDEC file for this particular application is  The document generator file is shown in figures 15
shown in figure 8 and 9. All the elements of the do-  through 18.

cumentation file are shown in figures 10, 11 and 12.  The JEDEC file with fuse map and test vectors is
The CUPL “‘fuse” plot is shown in figure 13. shown in figure 19.

Figure 6. CUPL Input File

. Name FLIPFLOP;
Partno 00001; -
Date 21/05/87;

Revision Cc1;

Designer ALBERTO;

Compahy SBS-THOMSON Microelectronics
Assembly PC AT;

Location PLZN1;

FORMAT JEDEC;

7/ RRKOK KK K KKK KKK KKK KK KKK KK KKK KK K KKK KK KK KKK KKK KKK KK KK KKKKKKKKKKKKKRKKKK /
/* */
/* BASIC FLIPFLOP : INPUT FILE *x/
/* ) *x/
/KK KKK KKK KKK KKK K KKK oK K K KK K KK K KKK KKK K KKK KK K KKK KKK KKK K KKK KKK KKK KKKk k /
/* Aliowable Target Device Types: Gi6V8 *x/

/KKK K K oK oK 3K oK K 3K ok oK oK 5K K K 3K 5K 3K 1 K K K K K K K ok K 3K K K 3k 5K 3K K K K K 3k 3K 3K K K 0K K K K K K K K K K K K K KKK KKK XK /

/%% Inputs %%/

Pin [2,3] = [S,R] ; /* INPUT FLIPFLOP 3-R */
Pin 5 =T ; /* INPUT FLIPFLOP T *x/
Pin 6 =D 5 /* INPUT FLIPFLOP D x/
Pin [7,81 = [J,K] ; /% INPUT FLIPFLOP J-K x/
Pin f4,8] = [PR,CLR] ; /* PRESET AND RESET */
Pin [i,11] = [CLK,OE] 5 /* CLOCK AND OUTPUT ENABLE */
/*%  Qutputs kx/

Pin [19,i8] = [QST7T,&Sl] ; /* CUTPUT FLIPFLOP S-R *x/
Pinm  [17,18] = [&TT7,G7CT ; /* OUTPUT FLIPFLOP T */
Pin [i5,14]1 = [QDT,&DC] ; /# OUTPUT FLIPFLOP D */
Pin [13J12] = [QJT,QJC] ; /* OUTPUT FLIPFLOP J-K x/

/** Declarations and Intermediate Variable Definitions xx/

/%% Logic Equations *xx%x/

Q3T = !S # (R & QST) ;

QSC = IR # (S & G&C) ;
QTT.D = PR # (!CLR & !T & QTT) # «(ICLR & T & QTC) ;
QTC.D = CLR # (IPR & !T & QTC) # {(!PR & T & QTT) ;
QOT.D = PR # (I!CLR & D) ;
QDC.D = CLR # (!0 & !PR) ;
QJT.D = PR # (ICLR & K & QJT) # (!CLR & J & QJC) ;
QJC.D = CLR # (!PR & !J & QJC) # {!PR & K & QJT) ;

-~ &7, SES;THOMSON
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Figure 7. CUPL Simulation File

CSIM

Version 2.11b Serial# 5-00001-154

Copyright (C) 1983,1986 Personal CAD Systems, Inc.
CREATED Fri Sep 18 17:58:21 1987

LISTING FOR SIMULATION FILE: FLIPFLOP.si

RSN
WN =20 WO 0TS N —

—y

IO
~No oM

Name FLIPFLOP;

Partho 00601 ;

Revision 01

Date 21/05/87;

Designher ALBERTO:

Compahny SBS-THOMSON Microelectronics

Location PLZNT;

Assembly PC AT;

Format JEDEC;

3K 3K K o K K K K K K K K K K K K K K K KK K KR K K KK K KK K R K oK K R K K KK KKK KRR KR O R KKKk
/* x/
/* BASIC FLIPFLOP . SIMULATION FILE x/
/* *
/***************xx*x****x******x***********x*m********x***x****xxf
/* Target Devices: G16V8 */

/*****************x*********************x********x**********x4***,‘

Order: 0z,%3,CLK,%5,5,R,%2,Q8T,%2,Q8C,%3,PR,%3,CLR,%3,7,%2,
QTT,%2,QTC,%5,D,%2,QDT,%2,QDC,%2,J,K,%2,QJ7,%2,QJC;

OE CLK SR QSTQSC PR CLR T QTTQTC D QDTQDC JK QJTQJC

X X 10 L H X X X N N X N N XX N N
X X 0i H L X X X N N X N N XX N N
X X LI & A K A N N X N N XX N N
X X 00 H h X X X N N X N N XX N N
X X 1T H A A X A N N X N N XX N N
0 C i1 N N 1 0 X H L X H L XX H L
0 C i1 N N [s] 0 ioowod X N N XX N N
0 C i1 N N 0 0 1R L X N VXX NN
0 C 1T N N 0 ¢] 0O H L X N N XX N N
1 C 11 N N 0 0 X Z Z X Z Z XX Z 2
o c it N N o] 1 A L H X L A XX L H
¢] C 11 H H o 0 X N N i H L XX N N
0 C 11 d H C c X N N 0 L B AKX N N
0 C 11 H R c o] X N N C v H XX N N
v} C il N N ¢} i X L oA X L # 06 o« H
0 c TN I 0 G X N N X N N 10 H *
o} C it NN 0 o] X N N X N N OV L H
0 c i1 N N 0 0 X N N X N N 11 H L
J c 11 N N o] 0 X N N X N N G d L

L7, 3ETHONSON
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Figure 8. JEDEC File

Library DLIB-f-23-8

Fri Sep 18 17:57:36 1987

FLIPFLOP

2.11b Serial# 5-00001-154
00001

gi6v8ms

CUPL
Device
Created
Name

AT

i
21/05/87
ALBERTO

S5B8S5-THOMSON Microelectronics

PC
PLZN1

Partno
Revision
Date
Designer
Company
Assembly
Location
*QP20
*QF2194
*GO

*xFO

T T T T T T T T T T T T T rm v = = O v
—Frrrr T rm T, e Q= O O v
mFrrrr 00 O OO = O v
e O Qe D = O —
T = T T T T T T T T T T = T T A= T A= = = O v
e = O am = O O~
e e i a aa aa a a aal® R e
D R I I I it i il ®)
T T T YT T YT YT YT YT YT Y 31T YT Ym Y Ye Y vt v o v
T Y T T T Y TT Y YT T T Y YT Y Y oY T Y AT v T v
o T T T T T A Y T T T Y = v = v v = O T
T T T e T T Y Y T Y 1 = = = (D) o o= O
Al el S L S i ol el el S it i S Sl i el e S ]
B R i T i el e e e it SR
T Y Y T v Am o v T v = = = O T v = = T e
e e A T Yt = A= = e = = O T v T T = A= v v
T Y YT T T Y T Y= Y= Y Y Y T YT YT T Ym Y v o v
Lt ol SR LR e il Ll e B e I i S i i R S S
A T O = O T v T v v T v v oy v
—Frmrrmr e O T T
T T T T e T Y T T YT T T T T T T v Y T
A O O T o Yo o T =
OO0 = O -0 O0
O O O T o = = (D 1 —
T T o T T T T T T T T T T T T T T T T = = O v
o e O T T A Y= T Y T T Y= v Y= T v T = = O
T O v T T T Y T Y Y= T Y= T = O v

00000

11111101

111111

000000000

IRRRERERRERRRERER

100000011111 11111

~—

T O T T T T T T T T 1= O v v
O T T T T T T T Y T v = O v v
Pl i e o IR R ad e e e e Rk o
ONYTODBONTODONTOONODNON T © N T W
CMNONWON-I~NOOMANWWAD—~MOOOANL F ~ <~
QOO NNMWWN~EDVOONMIDIDOMN DD O ™=+ v
O00000000000 rrmrr—r—rr=m—~NNNN
3132333333333 00330133033 1.1.3.32
X R OK K KK K K K K K K KK KK KKK KKK KK XK

*C5DAA
*18A7

MAICROELECTRONICS
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Figure 9. JEDEC File with Test Vectors

CUPL 2.11b Serial# 5-0000i-154
Device gi6v8ms tLibrary DLIB-T-23-9
Created Fri Sep 18 17:57:36 1987
Name FLIPFLOP

Partno 00001

Revision o1

Date 21/05/87

Designer ALBERTO

Company SB8S5-THOMSON Microelectronics
Assembly PC AT

Location PLZN1

*QP20

*QF2194

*QV19

*GO

*FO

*LGO00 1111 it 41111 itiai1tii1iiii11i141
*L0032 10ttt ittt ittt ittt
L0064 11010 ittt iTiiittiitiiiiiit
*L0256 iiititiititittiiiiiititiiititiid
*L0283 1111101111111t iitititiiiiii7i111
*¥L0320 OC1ii1ioi i i iiiiatitiititiiiaiiing
*LO5i2 111 vingii it it iiititiiiiiii
*LGS44 11117111110910119119911111317101%
#LOSTE 111111111110 00Ci it iiiniiiadid
¥L0788 it il it titiiii11i111111110104
ALO6GC 111111131161130011311411i11111411
xL0832 1111117110010 1111111t ii i i
AL1024 111111100 i it i atitiiia e
*L1056 133111113 111111101111111171111011
*L1280 ti1iiiit 149110 11iiii11710111
L1512 1Tttt ti0itiiiii it
ALIS3C T iii0i ittt ittt
XLi568 ittt ittt iiiiiiiiii1i06i1014
XL16C0 11ttt ittt iii01tiiiiicon
ALT732 it ittt i iti1 1111001
L1824 it a0ttt 1110111114410
XL1856 1111111131111 11110711090 11111
#2048 111111110000000000G0G0G000G500000
»L2772 0000030C110000001 11T i34
kL2144 TiTiia it ittt ittt
XL2176 1111111491 9311401

«C5DAA

P 1234567383 10 11 12 13 14 153 16 17 i& 19 20
XV0001 XT1OXAXAXANANNNNNNALIY

*V0C002 XO1XXAXAXNXNNNiviNiNLHN

*V3G3S AT TAXKXXXNXNNRNNNNLHN

#V3G004 XOOXAXXXANANNNNNNHHN

*VO0GS X131 XXXXXXNXNNNNNNHHN

£V0008 Ci11XXXXONOLALALANNN

*V30G7 Tii10 1 AAACINONNNNHLNNN

4Y0006 C110 1 AXXCIONNNNLANNN

*VGG33 C1100XXXONONNNNLHNNN

V3010
*VOG11
*V301

*V33Gi3
*V3di4
xV0015
V0016
xV0017
*V00i8
*V001S
*AA30

CiI0AKAXINITZZZZZZNNN
CT1OXXAKINGHLALHLNRN
C110X4I AAONONNLANNAHN
C11GXOXXONONNHLNNHHN
C110AGXAONONNALNNRHN
C110XX00 iNOHLHLHLNNN
C110XX100NGLANNNNNNN
C110XX01ONOHLNNNNNNN
C110XX11ONGLHNNNNNNN
C110XXOGONJSLHNNNNNKNN

7. 3TN0
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Figure 10. CUPL Expanded Product Terms

K3k ok ok ok ok ok o oK ok K ok K ok o oK oK oK oK oK K oK 3K K oK K 3K oK K oK 3 oK oK K oK oK K oK 3K oK oK K oK 3K K K 3K oK 3K 3 3K 3K K 5K 3k K oK K oK 3K K 3K 3K 3K 3K oK 3K 3 3K 3K 3K ok 3k X oK 3k oK 5K

FLIPFLOP

2K 3K 3K K K 3K 3K 3K 5K 3K 5K 5K 3K K K 2K K 3K K K K K K K K K 3K 5K 3K 5K 3K 3K 5K 3K 5K K 3K 3K K 3K 3K 3K 3K ok K 3K 3K K K 3K 3K 3K 3K 3K 5K 3K 3K 5K 3K 5K 5K K K K K K XK 3K 3K XK K K K K K K K ok K

CUPL
Device
Created
Name
Partno
Revision
Date
Designer
Company
Assembly
Location

2.11b Serial# 5-00001-154
g16v8ms Library DLIB-f-23-9
Fri Sep 18 17:57:35 1987
FLIPFLOP

00001

01

21/05/87

ALBERTO

SGS Microelettronica

PC AT

PLZN1

QbC.d =>
CLR
# IPR & !D
QJC.d =>
CLR
# QJC & !PR & !J
# QJT & !PR & K
QSC =>
'R
# QSC & S
QTC.d =>
CLR
# QTC & !PR & IT
# QTT & !PR & T
QDT.d =>
PR
# ICLR & D
QJT.d =>
PR
# ICLR & QJT & !K
# QJC & !CLR & J
QST =>
's
# QST & R
QTT.d =>
PR
# ICLR & QTT & IT

# ICLR & QTC & T,

QSC.oe =>

QST.oe
1

=>

SGS-THOMSON
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Figure 11. Symbol Table

Pin Variable Pterms Max Min

Po1l Name Ext Pin Type Used Pterms Level
QbC 14 \' - - -
QbC d 14 X
CLK 1 \ - -
QJC 12 \" - - -
QJC d 12 X 3 8 1
CLR 9 \" - - -
QSC 18 " 2 7 1
QTC 16 \" - - -
QTC d 16 X 3 8 1
QDT 15 \" - - -
QDT d 1 X Z 8 1
QJT 13 \" - - -
QUT d 13 X 3 8 1
OE 11 \" - - -
QST 13 \" 2 7 1
QTT 17 \ - - -
QTT d 17 X 3 8 1
PR 4 \" - - -
D 6 \ - - -
J 7 \ - - -
K 8 \" - - -
R 3 \ - - -
) 2 \ - - -
T 5 \" - - -
QSC oce 18 D 1 1 0
QST oe 19 D 1 1 [¢]

LEGEND F : field D : default variable M : extended node

N : node I : intermediate variabie T : function
V : variable X : extended variable U : undefined
57 SGS-THOMSON
Y/, MICROELECTRONIGS
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Figure 12. Chip Diagram

CLK

PR

CLR

GND

KEKKKKKKKK KK KKK KKKKKKKK
X E 3 x
XK KK kXKK
*x 1 20 x
Kok kK Kk ok k
* FLIPFLOP *
KKk X KKKk
* 2 19 %
KKK K KKKk
* *
KKKk XK XKXK
* 3 18 x
XK KK KKKk
X x
X%k K £33 33
X 4 17 %
KKK *kkk
* *
XK KK KKKk
X 5 16 *
KKKk Xk Kk
* X
KKKk AKKK
* 6 15 %
XKKK X KKK
X X
*%kk KKKk
* 7 14 x
*kokokok P33 33
% *
*Kokk *okkkK
* 8 13 %
3333 XKXKK
* *
KKKXK KXKXKXK
*x 9 12 %
KXKK XKKK
X x
XKk kK kKKK
* 10 11 %
kkokk ES 33
*x *

5K K K 2K 3K 5K K 5K 3K K K K K K K K K K KKK KKK KoKk

126
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Figure 13. Fuse Plot

Syn

Pin #19

0000
0032
0064
0096
0128
0160
0192
0224

Pin #18

2192 x AcC

2048 Pol

XAXXXXXXKAXXKARXAXKX KK AXX XX XXX XXX
XXXKKXXXKAXXKKAXAXKAXKAAAARNAARKKA
XXARXKXXXKXXKKXRKARAR KKK XIRAXXKRX XX
XXXKXKKXKKXXKXKRAKXKRXAKKKKKAXKARX K
KXRXKXKXXKXXXKXRXXK XXX KKXXXKXXKXXKXX XX
2121

2049 POT -

Acil

0480

Pin #17

XXXXKXXKXXXXKXKKAAXKAAKARK KKK XX KK
XXXXXKXKXRXXRKXXXXXXXXXX XXX KAKAX KX
AXXXAKXKARKXXX XXX KX AKKKKARXAKRAK KX X
XXXXXXAXXXXKXXKXXX XXX XKKKXRAX XXX A
KAKAAAAKRAXAKKAKKAK KKK KX KX KARAXXKKK
2122 Act x

2050 Pol

0736

Pin #16

XXXXXKKXKXKKXKXKXXKXKKKXX XXX KX AXXX
XEAXXKXKXKXXXKAXKXXKKKAXKAXRXX XK X
XXXXAXKKKXXKXKKKXKXKXKKXXX XXX XXX XX
XXKKRAKXXKKXXXXXXKK KX KKK XX KKK XX KR
XXXXXXAXXAAXXXKXK KKK KX XXX KX X XXX X
2123 Acl x

2051 Pol

XAXXXXKKXKKKKXRKKRXX XX XXX XX XXX XXX
XXXXXXKXXXXXKXXXXKRXXX XXX X XXX XXX X
HERXXXXXXXKXRXKXKAXK KKK XX AKKX AKX XXX
XXXXXXXKKXXXKKXXXKX XX KKK X XXXX XXX X
XXXXXXXXXXKXXKLXXXKKXXXXXX XXX X XXX

(M

o7.3

GS-THOMS!
MICROELECTRONICS

Pin #1

1248
Pin #1
1280
1312
1344
1376
1408
1440
1472
1504
Pin #1
1536

2052

Pol 2124 Act x

c
o

XXXXXXKKKKAXAXX XXX XN AKARXKKLAXRXK
ARRRAXKXXKKXXXKKHX XXX XXX K XX XXX R X X
AXXXKKXKKKKXKKKKK KK XXX XX KAKXX KKK
XAXKKRXRKRXKXK XXX XXX XXX XXX KRR KX XK XX
XAXXXKKAXXRRKKXKXAKKAAKKKAARAKAAX
AXXKKKRXAXKKRX XXX XXXXXXX XXX RRRRRRNA
4 2053 Pol 2125 Aci

P9.9.9.9.9.9.9.9.9.9.9.0.9.9.9.0.0.0.9 9999990900004
P29, 0.9 990,099,900 8. 9:9,0.9.9.9.0.0.9.99.0.0.9.0.9.94
XXXXKXXXXKXRXXKXKXRXKRAAXRNAARRKARNNX
XXXKXXKAAXKKKAXAKRXRKXAKAARKAKAXK AR
XXXXXXXXXAKKAXRXKAKAXRAARRXXKAARAAAARXKX
AXXXARKKARKAAAAKARRKKAKX KKK KX XK AX X
3 2054 Pol Act X

________ R ——————— e —m

2128

1760
Pin #1
1792

ON

XXXXKRKKXKRRKRKKKXXXKXXKKX XXX XX KXX
XXXRKXXRRRARAKRAKXXAKARKARRAAARKK A
XXXKXXXKXRXXKXRXRXXXXKXXKX XXX XXX XXX
XXXXXXKKRXXXXKRAXKAAARKKRKARKAXX
XXXXXKKXKKXKKKXKXKKXKXKXKKRARARNAR
2 zZ055 Pol 2127 Ac1 x

KAXKKKKARXAKXKKKARKKARAAARKARKKX KK A
XEXXXXXXKRXXKKXXXXXKAXXKRAXR XXX X AN
AXKKRKXKXAXKXKKX KK AARKKAARRRKKARARKXKKX
XXRXXXXXXXRXRXKXRXRXXK XX XARXX XXX AKX
KXARRKAKARXKAAKKARKKARRKKAAXRKXKAXXX

fuse not blown
: fuse blown
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Figure 14. ABEL Input File and Simulation

module
title

equations

test_vectors

’

(

FLIPFLOP

Basic Flip-flop example
By Derrick Tuten 13 July 1987

SBS-THOMSON Microelectronics

device declaration

location keyword
U002 device

pin declaration

RS latch
S,R,QST,QscC pin

JK flip-flop

J,K,QJT,QJC pin
T flip-flop
T,QTT,QTC pin
D flip-flop
D,QDT,QDC pin
Control

CIK,PR,CLR,0E pin

RS flip-flop
QST
QScC

JK flip-flop

devic

‘Pl

2,3,1

7,8,1

5,17,

6,15,

1,4,9

e code

6V8R' ;

9,18;

3,12;

16;

14;

,11;

1S # (R & QST);
IR # (5 & QsC);

QJT := PR # (J & QJC & !CLR) # (!K & QJT & !CLR);
QJC := CLR # (!J & QJC & !PR) # (K & QJT & !PR):
T flip-flop

QTT := PR # (!CLR & !T & QTT) # (!CLR & T & QTC):;
QTC == CLR # (!PR & !T & QTC) # (!PR & T & QTT):
D flip-flop

QDT := PR # (D & !CLR):

Qpc = CLR # (!D & !PR);

'Test RS latch’

[S,R] => [QST,QSC] )

(0,1} -> [ 1, 0]
(r1,0] -=> [0, 1]
(1,21 -> [0, 1]
(1,0} => [0, 1]
(0,11 -=> (1, 0]
(1,13 -> (1, 0]

Se Se Se Se Se o~

128
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BASIC FLIP-FLOP

Figure 14. ABEL Input File and Simulation (Cont’'d)

IIIIIIIIIII

T

HdOOOHAHOHO

L e L T S W e S S

—
ANANAANANAANAANAANANA
LI O I I |

e}
bt}
A
]
—
MXMXAdOoOHdoOAHOAH

X.]

’
’

S s s s s s a e
KHXoOOoOHdHOAHAHO

D R Y

PR,

[pleleNoloNeoNoNoNeNe]

'Test JK flip-flop’
J

( [CLK,CIR,

c
[.c., 1
[.C.,

c

c

c

c

c

c

c

test_vectors

—
L TN YN
Lonkanlan T Ean Tan Fon Yot

O
HOAdOO~O
o

e
HHooddOH

s~ O

fo A P PN

(o]

HAAAAANANANA

..-L- L I R I B I |

Qe ——

) .

ﬂTXXOlOll
:::::: <~

B
fAHOoOOOOOO

P

W s~ s~ s s s~ s~

&

HHoOo~oOoOOOO

~ 0
[
m N

nH4000LVDOLOO

HO + « ¢ o o .

0 e

P

0 —

Q

v_

D

u

Q

P

'Test D flip-flop’

test_vectors

o
[N
1
QHoodHO
Secoono
AANAANANAANA
| I I R R A I |
— e ——
AXXOdAO

..
[N
<4
AMHOOOOO
[
m010000
O
[
m RN
ovooovo
O o+ ¢ o o o o
S
-~

end FLIPF

v MICRORLECTRONICS

ﬁ S$GS-THOMSON
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Figure 15. Reduced Equations

ABEL(tm) Version 2.10a - Document Generator
Basic Flip-flop example
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
Equations for Module FLIPFLOP

Device U002

- Reduced Equations:
QST = (!S # QST & R);

Qsc

('R # QSC & S);
QJT := (PR # !CIR & J & QJC # !CLR & !K & QJT):
QJC := (CIR # !J & !PR & QJC # K & !PR & QJT):

QTT := (PR # !CIR & QTC & T # !CLR & QTT & !T);

QTC := (CLR # !PR & QTC & !T # !PR & QTT & T):
QDT := (PR # !CLR & D):;
QDC := (CLR # !D & !PR);

7. 32 THONSN
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BASIC FLIP-FLOP

Figure 16. Chip Diagram

ABEL(tm) Version 2.10a - Document Generator
Basic Flip-flop example
By Derrick Tuten 13 July 1987

. SBS-THOMSON Microelectronics
Chip diagram for Module FLIPFLOP

Device U002

P16V8R
__________ \ Jm—————————
\ /
CLK . 20 Vcec
2 19 QST
R 3 18 Qsc
PR 4 17 QTT
T 5 16 QTC
D 6 15 QDT
J 7 14 QDC
K 8 13 QJT
CLR 9 12 QJc
GND 10 11 OE
7. NS
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BASIC FLIP-FLOP

Figure 17. Chip Usage

ABEL(tm) Version 2.10a - Document Generator
Basic Flip-flop example
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
for Module FLIPFLOP

Device U002

Device Type: P16V8R Terms Used: 22 out of 64
Terms
Pin # | Name | Used | Max | Term Type | Pin Type
1 CLK - - -—- Clock
2 s - - -—= Input
3 R - - -——- Input
4 PR - - —-—— Input
5 T - - —-— Input
6 D - - —— Input
7 J - -—— —-— Input
8 K - - —-—— Input
9 CLR -- -- -—- Input
10 GND - - —— GND
11 OE - - -—- Enable
12 QJC 3 8 Normal I/0
13 QJT 3 8 Normal I/0
14 QDC 2 8 Normal I/0
15 QDT 2 8 Normal I/0
16 QTC 3 8 Normal I/0
17 QTT 3 8 Normal I/0
18 Qsc 2 8 Normal I/0
19 QST 2 8 Normal I/0
20 Vece - -— -— vcc

‘ SGS-THOMSON
12 S/ A mn@m@@mggvmm@g
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BASIC FLIP-FLOP

Figure 18. ABEL Test Vectors

ABEL(tm) Version 2.10a =~ Document Generator
Basic Flip-flop example
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
Test Vectors for Module FLIPFLOP

Device U002

Test RS latch

1 [-01- 1> -LH-];
2 [-10- ] > [ ~HL-];
3 [-11- ] > [ -HL-] ;
4 [-10- ] > [ -HL-];
5 [-01- ] > [ -LH-];
6 [-11- ] => [ -LH-];
Test JK flip-flop
7 [C~=1 —=XX 0=== —=—= ———- ] => [~=== ———= ——- L H--- ---- 1:
8 [C-=0 --XX l=== ——=— ———- ] => [~ —==—— ——- H L--- ———— 1;
9 [C--0 =-01 0=== =——== —=—- ] > [~=== == ——- H L--- --—- 1:
10 [C--0 —=-00 0~== —=—= —=——= ] => [—=== === ——- H L-—-- ---- 1:
11 [C--0 --11 0-—= =-——= ———- ] => [-=== === --—- L H--- ---- 1:
12 [C==0 =-10 O0--= —=== ———- ] => [—=== ———= —-- L H--- ---- 1:
13 [C--0 ==00 0=== ~=== —=—o ] => [-=== ——== - L H--—- --=- 1:
14 [C--0 =-=11 O=== ==-= -——- ] => [==== == —-- H L--- --—- 1:
15 [C-=0 ==10 0=—= -~== ———= ] => [—=== —=—= ——- L H--- --—= 1:
16 [C==0 ==01 O=== ==== =—mm= ] => [=m== ———— ——— H L--- ---- 1:
Test T flip-flop
17 [C=-1 X~== Q—== === ===-= ] => [m=m= mmmm e e L H-=~];
18 [C~-0 X=== l=== —=== ———- ] > [ H L---];
19 [C--0 0--= 0--= =-——— ———- ] > 1 H L---];
20 [C--0 l-== 0=== ——=—= ——== ] => [m=== =m=— ———— - L H-—-];
21 [C-=0 0=== 0=== =—=—= ———- ] => [m=—= —mm— ———— ——— L H---];
22 [C--0 1-—= 0=== ——=— ———o ] => [==—= —=—= ———— ——= H L---];
23 [C--0 l-== 0-—= —-——= ——=— ] => [~mm= —mmm —mmm - L H---];
Test D flip-flop
24 [C--1 -X== 0=-== === ———= ] => [mm== = ——e- -LH- ----71;
25 [C--0 -X-=— 1-—— —=— ———= ] => [~——= ———— ———— -HL- ----];
26 [C--0 -0-= 0=== ———— ———o ] => [~=—= —=—— ———- -HL- ----];
27 [C-=0 -1-= 0-== ———= ———- ] => [==—= ———— ———- -LH- ----];
28 [C--0 -1-- 0-=—= —==—= ——== ] => [==== ==m= - -LH~- =-===];
29 [C==0 =0== 0O=== =—=== =—=—- ] => [mm== mmme - -HL- =-==-=];
end of module FLIPFLOP
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Figure 19. JEDEC File with Test Vectors

ABEL(tm) Version 2.10c FutureNet/Data-IO Corp. JEDEC file for: P16V8R
Created on: 20-Jul-87 01:59 PM
Basic Flip-flop example

By Derrick Tuten 13 July 1987

SBS-THOMSON Microelectronics
QP20* QF2194%*
L0000
111111112121211131111111111111111111
1011111112113111221121111111111111
110101111111111211131111111111111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
1111121112211121111111113111121111111
11111011111111111111111111111111
0111110111111111211111112111111111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
111111110111111111111113111111111
11111111111101011111111111111011
11111111110110111111111111111011
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
11111111111111211111112111110111
11111111101110011111111111111111
111111111001011111121111111111111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
11111111011112111111112111211111111
11111111111111110111111111111011
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
11111111111111111111111111110111
11111111101111111011111111111111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000

437, 33 THONEDN
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Figure 19. ABEL Jedec File with Test Vectors (Cont’d)

00000000000000000000000000000000
11111111011111111111111111111111
11111111111111111111011111111001
11111111111111111111111110011011
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
11111111111111111111111111110111
11111111101111111111101111111101
11111111101111111111111101011111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000*
L2048

11111111*

L2056
0000000000000000000000000000000000000000000000000000000000000000%*
L2120

11000000*

L2128
1111111111211111111111111221313112111211121221121112122112111122111131111%*
L2192

0l1*

N Test RS latchx*

V0001 XO1XXXXXXNXXXXXXXLHN=*
V0002 X1O0XXXXXXNXXXXXXXHLN*
V0003 X11XXXXXXNXXXXXXXHLN*
V0004 X1O0XXXXXXNXXXXXXXHLN*
V0005 XO1XXXAXXNXXXXXXXLHN=*
V0006 X1IXXXXXXNXXXXXXXLHN#*

N Test JK flip-flop*

V0007 CXX1XXXXONXLHXXXXXXN*
V0008 CXXOXXXX1INXHLXXXXXXN*
V0009 CXXOXXO1ONXHLXXXXXXN=*
V0010 CXXOXXOOONXHLXXXXXXN*
V0011 CXXOXX11ONXLHXXXXXXN*
V0012 CXXOXX1O0ONXLHXXXXXXN*
V0013 CXXOXXOOONXLHXXXXXXN*
V0014 CXXOXX11ONXHLXXXXXXN*
V0015 CXXOXX10ONXLHXXXXXXN*
V0016 CXXOXXO01ONXHLXXXXXXN*

N Test T flip-flop*

V0017 CXX1XXXXONXXXXXLHXXN*
V0018 CXXOXXXXINXXXXXHLXXN*
V0019 CXXO0O0XXXONXXXXXHLXXN*
V0020 CXXO01XXXONXXXXXLHXXN*
V0021 CXXO0OXXXONXXXXXLHXXN*
V0022 CXXO01XXXONXXXXXHLXXN*
V0023 CXX01XXXONXXXXXLHXXN*

N Test D flip-flop*

V0024 CXX1XXXXONXXXLHXXXXN*
V0025 CXXOXXXXINXXXHLXXXXN*
V0026 CXXOXOXXONXXXHLXXXXN#*
V0027 CXXOX1XXONXXXLHXXXXN*
V0028 CXXOX1XXONXXXLHXXXXN*
V0029 CXXOXOXXONXXXHLXXXXN#*
C5DAA*

E61D

{57, S55.THomson —
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QUAD 1:1 MULTIPLEXER

A 20V8 Application

Widely used in computer and data communications
circuits, multiplexers route one of several input
banks to an output, based on the condition of se-
lect inputs. This particular version has 4 input
banks, each 4-bits wide (figure 1); therefore, two
select lines are required to choose 1 of 4 inputs,
as shown in the functin table of figure 2.
Possible applications for our multiplexer include
bus selection in a multibus computer environment,
or data manipulation in an arithmetic/logic circuit.
With a total of 16 multiplexer inputs and two Se-
lect inputs, this design is well suited for the
GAL20V8. The Pin Connection choosen for this
example is shown in figure 3; actual pin placement
of the multiplexer outputs is not critical since the
versatility of the GAL20V8 allows the designer to
choose that combination of output pins that best
suits the board layout. The device was program-
med using both CUPL and ABEL.

Figure 1. Block Diagram

Figure 2. Function Table

SELECT
S S

t o4

41—

brid

Ay

B,

4.1
és _I L Aour
INPUTS | 2°‘” OUTPUTS
S nirs

4

XK

C; —»]

Do

D; —»

136

$1 So | Aout | Bout | Cout | Dour
(o 0 A0 BO co DO
0 1 Al B1 C1 D1
1 0 A2 B2 c2 D2
1 1 A3 B3 c3 D3
Figure 3. Pin Connection
\J

a0 I uf] Vec

a1 []2 nf] s1

a2 []3 2] so

A3 []4 21] aout

80 [Is »[]sout

81 []s 19[] cour

B2 [ 7 GAL20V8 18 JDOUT

83 [Je 7[] D3

co[ls w[] o2

c1 [Jo 5[] D1

cz [In w[] oo

GND []12 uf) c3

5-10257

&7, 32 THOMSON
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Figure 4. CUPL Design Input File

Name QUADMUX ;

Partno 00001,

Date 30/06/87;

Revision 01;

Designher ALBERTO;

Company SBS-THOMSON Microelectronics
Assembly PC AT;

Location PLZN1;

FORMAT JEDEC;

/******************************************************************/

/* x/
/* QUAD 41 MULTIPLEXER */
/% x/

/******************************************************************/

/* Allowable Target Device Types: G20V8 X/
/KKK K K K KKK oK oK K K KK oK o oK K K KoK oK oK K K KKK oK K oK o 3 K KoK K oK K KoK oK oK o K K KoK oK oK K KK oK oK ok KK KKK /
/*%  Inputs %%/
Pin [1..4] = [A0..3] ; /% INPUTS MULTIPLEXER A ®/
Pin [5..8] = [B0O..3] ; /% INPUTS MULTIPLEXER B */
Pin [9..11,13] = [C0..3] ; /% INPUTS MULTIPLEXER C *x/
Pin [14..17] = [D0..3] ; /% INPUTS MULTIPLEXER D x/
Pin [22,23] = [S0,S1] ; /* MULTIPLEXER SELECT */
/%%  Outputs *xx/
Pin {21..18]1 = [A,B,C,D] ; /* OUTPUTS MULTIPLEXER x/
/%% Declarations and Intermediate Variable Definitions xx/

CAO = IS0 & 81 ; /* CONTROL DATA 0 */

cB1 = 80 & !81 /* CONTROL DATA 1 x/

CC2 = IS0 & Si /* CONTROL DATA 2 x/

CD3 = S0 & 81 ; /% CONTROL DATA 3 *x/
/** Logic Equations *x/

A = {CAD & AO) # (CB1 & A1) # (CC2 & A2) # (CD3 & A3) ;

B = (CAD & BO) # (CB1 & B1) # (CC2 & B2) # (CD3 & B3) ;

C = (CAO & CO) # (CB1 & C1) # (CC2 & C2) # (CD3 & C3) ;

D = (CAO & DO) # (CB1 & D1) # {(CC2 & D2) # (CD8 & D3) ;

Lyy, 58S THOMSON
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QUAD 1:1 MULTIPLEXER

Figure 5. CUPL Simulation File

CSIM Version 2.11b Serial# 5-00001-154
Copyright (C) 1983,1986 Personal CAD Systems, Inc.
CREATED Fri Sep 18 18:29:31 1987

LISTING FOR SIMULATION FILE: QUADMUX.si

1: Name QUADMUX;

2: Partno 00001,

3: Revision 01,

4. Date 30/06/87;

5: Designer ALBERTO;

§: Compahy SBS-THOMSON Microelectronics

7: Location PLZN1;

3: Assembiy PC AT;

9: rormat JEDEC;

10/ RKKoKoKK KoK K oK oK o K R 3K 3K K K oK oK K 3K oK 3K ok oK 3K oK K K K K oK K A K K 3K oK KK oK oK 3K KK KK KKK Kok Kk Kk sk ok Kk k sk ok /

11 /% x/

i2: /* QUAD 4|1 MULTIPLEXER *x/

13: /% x/

T4 s/ RKAKAK KKK KK KK KKK K K K KKK K KKK KK A 3k K A K KK K KK kKoK K K KoK K KKK KKK kK KKk ok Kk kK /

15: /% Target Devices: G20V8 *x/

161 /7 okokokok ok oKk ok ok 3k ok 3K oK K 3K 3K 3K oK 3K 3K 3K oK 3K 3K 3 oK 3 3K K oK K KoK 3K KK 30K 3k 3K K 3 3K K 0K 5K 5K KO K K K K K ok K KKk kk /

17

i8:

i{9: Order: S0,5%,%2,A0..3,%1,A,%3,B80..3,%1,8,%3,C0..3,%%,C,%3,
D0..3,%1,D;

2

21

0001: 00 1000 H 1000 H 1000 H 10C60 H
0002: 10 1000 L 1000 L 1000 L 1000 L
0003: 0t 1000 L 1000 L i000 L 1000 ©
G0G4: 11 1000 L 1000 L 1000 L 1000 L
0005: 00 10071 H 1001 H 1001 H 1001 H
0006: 1 1001 L 1001 L 1001 L 1001 L
0007: 01 1001 L i00t L 1001 L 1001 L
000&: 11 1001 H 1001 H 1001 H 1001 H
0009: CC OXXX L A101 X X101 X iXAXX H
0310: 10 O0OX11 X X101 H X101 H 1X00 X
&7, SRTHOMEON
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Figure 6. ABEL Input and Simulation File

module QUAD4TO1
title ’ Quad 4 to 1 Multiplexer
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
" device declaration
" location keyword device code
Uoo3 device 'P20V8S’;
" pin declaration
" inputs
A0,A1,A2,A3 pin 1,2,3,4;
BO,B1,B2,B3 pin 5,6,7,8;
co,C1,c2,Cc3 pin 9,10,11,13;
Do,D1,D2,D3 pin 14,15,16,17;
" outputs
Aout,Bout pin 21,20;
Cout, Dout pin 19,18;
" control
s0,S1 pin 22,23;
equations

" A Multiplexer

Aout = (1S1 & !SO & AO0) #
(S1 & !S0 & A2) #

" B Multiplexer

Bout = (!S1 & !S0 & BO) #
(S1 & !SO & B2) #

" C Multiplexer

Cout = (!S1 & !so & cO) #
(S1 & !S0 & C2) #

" D Multiplexer
Dout = (!S1 & !sS0 & Do) #

(S1 & !SO0 & D2) #
test_vectors ‘Test A Multiplexer’

( [(s1 ,so0 ,A0 ,Al ,A2 ,A3 ] -> [ Aout]
(o,0,1,0,0,07]-=>0[ 1]
{o,1,0,1,0,0]=->0[ 1 ]
[llolololllo]—>[l]
[1Illolololl)_>[l]
[olololololl}->[0]

test_vectors ‘Test B Multiplexer’

( [s1 ,so0 ,BO ,Bl1 ,B2 ,B3 ] -> [ Bout]
fo,o0,1,0,0,07]=>[ 1]
fo,1,0,1,0,0]=->[ 1 ]
[11010101110]—>[1]
f[1,1,0,0,0,1]=>[ 1 ]
[01010101011]->[0]

‘_'SGS-THOMSON
\Y/. HICROELECTRONICS

(!S1 & SO & A1)
(S1 & SO & A3);

('S1 & SO & B1)
(S1 & SO & B3);

(!S1 & S0 & c1)
(S1 & SO & C3);

(!S1 & SO & D1)
(S1 & SO & D3);

e Ne S e ~e

#

#

#

#
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Figure 6. ABEL Input and Simulation File (Cont’d)

test_vectors
( [s1
[

oOrKrHOO

(
(
(
[
test_vectors

( [s1

0
0
1
1
0

end QUAD4TO1

‘Test C Multiplexer’

,80 ,CO0 ,C1 ,C2 ,C3 ]
,0,1,0,0, 0]
,1,0,1,0,0]
,0,0,0,1, 0]
;,1,0,0,0,1]
,0,0,0,0,1]
'Test D Multiplexer’
,S0 ,DO ,D1 ,D2 ,D3 ]
,0,22,0,0, 0]
, 1 o, 1 (o] 0 ]
;0,0,0,1, 0]
s 1,0,0,0,1]
, O o, 0 0 1]

’

~
~

Figure 7. ABEL Reduced Equations

ABEL(tm) Version 2.10a

-> [ Cout] )
=> [ 1 1]
-=> [ 1 ]:
=> [ 1 ]:
=>T 1 1i
=> [ 0 7I;
=> [ Dout] )
-=> [ 1 ]
=> [ 1 i
=> [ 1 7]:
-=> [ 1 ];
=> [ 0 1:

- Document Generator

Quad 4 to 1 Multiplexer
By Derrick Tuten 13 July 1987
SBS5-THOMSON Microelectronics

Equations for Module QUAD4TOl

Device U003

- Reduced Equations:

Aout = (A0 & !SO

Bout = (BO & !SO
Cout = (CO & !SO
Dout = (DO & !SO

&

&

&

&

!S1 # Al &
!S1 # Bl &
I1s1 # C1 &

IS1 # D1 &

IS73
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SO & !S1 # A2
S0 & !S1 # B2
SO & !S1 # C2

SO & !S1 # D2

SGS-THOMSON

&

&

&

&

'S0 & S1 # A3
S0 & S1 # B3
'S0 & S1 # C3

!S0 & S1 # D3

SO

SO

SO

S0

& S1);
& S1):
& S1);

& S1);

MICROELECTRONICS



GAL DEVICE APPLICATIONS

QUAD 1:1 MULTIPLEXER

Figure 8. ABEL Chip Diagram

ABEL(tm) Version 2.10a -
Quad 4 to 1 Multiplexer
By Derrick Tuten 13 July 1987

. SB5-THOMSON Microelectronics
Chip diagram for Module QUAD4TOl

Device U003

A0
Al
A2
A3
BO
Bl
B2
B3
co
Cl
c2

GND

Document Generator

pP20Vv8s
\ /
1 o 24
2 23
3 22
4 21
5 20
6 19
7 18
8 17
9 16
10 15
11 14
12 13
&7, 83 THOMSON

Vece

S1

S0

Aout

Bout

Cout

Dout

D3

D2

D1

DO

C3
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QUAD 1:1 MULTIPLEXER

Figure 9. ABEL Chip Usage

ABEL(tm) Version 2.10a - Document Generator
Quad 4 to 1 Multiplexer
By Derrick Tuten 13 July 1987
SB85-THOMSON Microelectronics
for Module QUAD4TOl

Device U003

Device Type: P20V8S Terms Used: 16 out of 64
Terms
Pin # | Name | Used | Max | Term Type | Pin Type

1 A0 - - —— Input
2 Al - - — Input
3 A2 - - -— Input
4 A3 - - —-— Input
5 BO - - - Input
6 Bl - - - Input
7 B2 - - —— Input
8 B3 - - —— Input
9 co - - —— Input
10 c1 -- - -—- Input
11 c2 - - —-—— Input
12 GND - - - GND

13 C3 - - —-—— Input
14 DO - - - Input
15 D1 0 8 Normal I/0

16 D2 0 8 Normal I/0

17 D3 0 8 Normal I/0

18 Dout 4 8 Normal Output
19 Cout 4 8 Normal Output
20 Bout 4 8 Normal I/0

21 Aout 4 8 Normal I/0

22 SO 0 8 Normal I/0

23 S1 - — —— Input
24 Vece - - —-—— vce

r SGS-THOMSON
Y/. GIGROELECTROMIGS
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QUAD 1:1 MULTIPLEXER

Figure 10. ABEL Test Vectors

ABEL(tm) Version 2.10a - Document Generator
Quad 4 to 1 Multiplexer
By Derrick Tuten 13 July 1987

SBS-THOMSON Microelectronics
Test Vectors for Module QUAD4TOl

Device U003

Test A Multiplexer

1 [1000 -00-] => [ H---1;

2 [0100 -10-] -> [ H---];

3 [0010 -01-] -> [ He--=]:

4 [0001 -11-] -> [ H---1;

5 [0001 -00-] => [ L---1;
Test B Multiplexer

6 [ 1000 -00-] -> [ H 1;

7 [ 0100 -10-] -> [ -H ]:

8 [ 0010 -01-] -> [ -—-H ===2];

9 [ 0001 -11-] -> [ ——<H -——-];

10 [ 0001 -00-] ~> [ RUS AT—
Test C Multiplexer

11 [==== === 100- 0=-= ===— -00-] -> [ --H- --=-];

12 [==== ———m 010- 0=== =—==—= =10-] -> [ -—H- —-—=-]1;

13 [==== ==—- 001~ Q=== =—== =01-] =-> [ —=H- —===];

14 [==== ==—- 000~ 1=== ==== =11-] =-> [ ——H- -—==];

15 [==== ==== 000~ 1=-== —=—= -00-] -> [ —L- ———=];
Test D Multiplexer

16 [-=—= ==—= ——-=- -100 0--- -00-] -> [ -H-- ----];

17 [-=== —=== —=-- -010 0--- -10-] -> [ -H-- ----];

18 [==== ==== ==-- -001 0--- -01-] -> [ ~H== ====];

19 [==m= === —mme -000 1--- -11-] => [ -H-= ———-]:

20 [==== ==== ———- -000 1--- =00-] -> [ -L—- -——=]:

end of module QUAD4TO1l

5‘7 SGS-THOMSON

'~ BAICROELECTRONICS
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QUAD 1:1 MULTIPLEXER

Figure 11. JEDEC with Test Vectors and Fuse Map

ABEL(tm) Version 2.10c FutureNet/Data-IO Corp.

Created on: 20-Jul-87 02:07 PM
Quad 4 to 1 Multiplexer

By Derrick Tuten 13 July 1987

SBS-THOMSON Microelectronics
QP24* QF2706%
L0000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
11011110111011111111111111113111111111111
011111101101111211111111113111111111111111
11110101111011111121111111111111111111111
11111101010111111111111111211111111111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
1111111011100111111111111111111111111111
1111111011011111011111111111111111111111
11111101111011112111101111111111111111111
11111101110111111111111102111111311111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
1111111011101111111111111111011111111111
1111111011011111111311111111111101111111
1111110111101111111111111111111111110111
111111011101111111111121121111111111111101
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
1111111011101111111311111111111111011111
111111101101211111131211111111110111111111
11111101111021121111111111011121111111111
111111011101111111211111011111111111111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000

144

JEDEC file for:

P20Vv8s
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GAL DEVICE APPLICATIONS

QUAD 1:1 MULTIPLEXER

Figure 11. JEDEC File with Test Vectors and Fuse Map (Cont’d)

0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000*
L2560

01111000%*

L2568
0000000000000000000000000000000000000000000000000000000000000000%*
L2632

1*

L2633

0%

L2634

O*

L2635

0*

12636

0*

L2637

1*

L2638

1%

L2639

1*

L2640
11111111111112131111111312111112133111123311111132331113211111311131111%
L2704

10%*

N Test A Multiplexer*

V0001l 1000XXXXXXXNXXXXXNNXHOON#*

V0002 O0100XXXXXXXNXXXXXNNXH1ON*

V0003 O001O0XXXXXXXNXXXXXNNXHO1N*

V0004 O0001XXXXXXXNXXXXXNNXH11N*

V0005 0001XXXXXXXNXXXXXNNXLOON#*

N Test B Multiplexer*

V0006 XXXX1000XXXNXXXXXNNHXOON*

V0007 XXXX0100XXXNXXXXXNNHX1O0N*

V0008 XXXX0010XXXNXXXXXNNHXO01N*

V0009 XXXXO0001XXXNXXXXXNNHX11N=*

V0010 XXXX0001lXXXNXXXXXNNLXOON#*

N Test C Multiplexer*

&7, 32NN
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QUAD 1:1 MULTIPLEXER

Figure 11. JEDEC File with Test Vectors (Cont’d)

V001l XXXXXXXX100NOXXXXNHXXOON#*
V0012 XXXXXXXX01ONOXXXXNHXX1ON=*
V0013 XXXXXXXXO001INOXXXXNHXXO01N=*
V0014 XXXXXXXXOOON1XXXXNHXX11N#*
V0015 XXXXXXXXOOON1XXXXNLXXOON=*
N Test D Multiplexer*

V0016 XXXXXXXXXXXNX1000HNXXOON*
V0017 XXXXXXXXXXXNXO0100HNXX1ON#*
V0018 XXXXXXXXXXXNXOO01lOHNXXO1N*
V0019 XXXXXXXXXXXNXOO0O1HNXX11N*
V0020 XXXXXXXXXXXNXO00O01LNXXOON=*
C5127*

230E

™

” &7, B THNEN




GAL DEVICE APPLICATIONS

SEVEN SEGMENT DISPLAY DRIVER

Using abel

Here a GAL16V8 is used to drive a seven segment
display. Included in the GAL is a decimal up-down
counter with asynchronous carry-out and reset
functions. The clock and carry-out pins make the
counter fully cascadable to form large counters.
The ABEL design input files and simulation file are

Figure 1. ABEL Input and Simulation File

shown in figure 1.

Note that the counter requires seven registers and
the asynchronous output, taking full advantage of
the GAL architecture.

The JEDEC file with fuse map and test vectors is
shown in figure 6.

Seven-Segment Counter; counts from 0 - 9
and loops with a carry out at 9 for cascading

module segcnt?7
title ’ Seven Segment Display Counter

By Derrick Tuten 13 July 1987
" SBS-THOMSON Microelectronics

a
n -
" £l g |b
" - displays.

<- Segement identification.

" e| 4 |c

" device declaration

" location keyword device code

U005 device ‘P16V8R’;
" pin declaration
" inputs
clk,clr,dir,OE pin 1,2,3,11;
" outputs
a,b,c,d,e, f,g pin 19,18,17,16,15,14,13;

carry out pin 12;
c,X,z = .C., .X., .2.:
" Counter States
ZERO = ~b1l111110;
ONE = ~b0110000;
TWO = ~bl101101;
THREE = ~b1111001;
FOUR = ~b0110011;
FIVE = ~bl1011011;
SIX = Ab1011111;
SEVEN = ~b1110000;
EIGHT = ~b1111111;
NINE = ~b1111011;
" Counter Modes
mode = [clr,dir]:
up =[1,1]7]:
down = [ 1, 0 ];
clear = [ 0 , X ]
[—SGS-THOMSOI\I
Y/, MICROELEGTRONICS
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GAL DEVICE APPLICATIONS

SEVEN SEGMENT DISPLAY DRIVER

Figure 1. ABEL Input and Simulation File (Cont’d)

equations '
!f{a,b,c,d,e,f,g] := (mode == clear) & ![1,
carry_out = (mode != clear) & a & b & ¢ &
test_vectors ( [clk, mode, OE] -> [a,b,c,d,e,f,q])
[ C ,clear, 0 ] -> ZERO;
[C, up, 0 ] -> ONE;
[c, up, 0] -> TWO;
[c, up, 0] -> THREE;
[C, up, 0] -> FOUR;
{c, u , 0] -> FIVE;
[c, up, 0] -> SIX;
(¢, up , 0 ] =-> SEVEN;
[cC, up , 0 ] -> EIGHT;
[C, up , 0 ] =-> NINE;
{c, up , 0] -> ZERO;
[ C, down, 0 ] -> NINE;
[ C, down, 0 ] => EIGHT;
[ C, down, 1] => 2;
[ ¢, down, 0 ] => SIX;
{ ¢, down, 0 ] -> FIVE;
[ ¢, down, 0 ] => FOUR;
[ C, down, O ] => THREE;
[ C, down, 0 ] => TWO;
[ C, down, 0 ] =-> ONE;
state_diagram (a,b,c,d,e,f,qg]
State ZERO : case (mode up) : ONE;
(mode down) : NINE;
endcase;
State ONE : case (mode == up) : TWO;
(mode == down) : ZERO;
endcase;
State TWO : case (mode == up) : THREE;
(mode == down) : ONE;
endcase;
State THREE : case (mode == up) : FOUR;
(mode == down) : TWO;
endcase;
State FOUR : case (mode == up) : FIVE;
(mode == down) : THREE;
endcase;
State FIVE : case (mode == up) : SIX;
(mode == down) : FOUR;
endcase;
State SIX : case (mode == up) : SEVEN:;
(mode == down) : FIVE;
endcase;
State SEVEN : case (mode == up) ¢ EIGHT;
(mode == down) : SIX:;
endcase;
State EIGHT : case (mode == up) : NINE;
(mode == down) : SEVEN;
endcase;
State NINE : case (mode == up) : ZERO:;
(mode == down) : EIGHT;
endcase;

end segcnt?

c SGS-TH
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GAL DEVICE APPLICATIONS

SEVEN SEGMENT DISPLAY DRIVER

Figure 2. ABEL Reduced Equations

ABEL(tm) Version 2.10a - Document Generator
Seven Segment Display Counter
By Derrick Tuten 13 July 1987
SB85-THOMSON Microelectronics
Equations for Module segcnt7

Device U005

- Reduced Equations:

a:=1!(a&!b&cé&clr &d & !dir & !le & £ & g
#a&bé&l!lc&clr &d & !dir & e & !f & g
#a&bé&cé&clr &§d &dir & le & !f & g
#a&bé&cé&clr §d &dir & e & £ & !qg);

b:=1!(la&b&cé&clr & !d & dir & le & £ &g
#aé&!b&cé&clr &§d & !dir & e & £ & g
#a&!b&cé&clr &§d &dir & 'le & £ & g
#a&b &cé&clr & !d & !dir & !e & !f & !g);

c :=1!(la &b &c &clr & !d & dir & !e & !f & !g
#a&bé&cé&clr &d & !dir & !e & !f & q);

d:=1!(a&!b&cé&clr &§d & !dir & le & £ & g
#a&bé&!c&clr &d & !dir & e & !f & g
#a&bé&cé&clr &§d & dir & le & !f & g
#a&bé&cé&clr &d &dir & e & £ & !g
#a&!b&cé&clr &d &dir & e & £ & g
#a&bé&cé&clr &§d & !dir & e & £ & g);

e:=1!(a&!b&cé&clr &d & !ldir&le& f &g
#a&b&c&clr &§d & dir & !'e & !f & g
# !la &b &c&clr & !d & dir & !le & £ & g
# !a &b &c &clr & !d & !dir & !le & £ & g
#a&ba&!c&clr &d &e & !f &g
#a&b&cé&clr &§d &e & f
#a&cé&clr &d &e & £ & qg);

f:=1!(a &b &c&clr &d &dir & e & £ & !g
# !a &b &c &clr & !d & dir & !le & !f & !g
#a&bé&cé&clr & d & !dir & !le & !f & g
#a&!b&cé&clr &§d &dir & e & £ & g
#a&b&cé&clr &d & !dir & e & £ &g
# !la &b &c &clr & !d & !dir & !le & £ & g
#a&b&lc&clr&dsaes& !f &qg);

g:=1!(a &b &!c &clr & d & !dir & e & !f & g
#a&b&cé&clr &d & dir & e & £ & !g
#a&!b&cé&clr &§d &dir & e & £ &g
$#a&bé&cé&clr &d & !dir & e & £ & g

c-' -TH N
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SEVEN SEGMENT DISPLAY DRIVER

Figure 2. ABEL Reduced Equations (Cont’d)

ABEL(tm) Version 2.10a - Document Generator
Seven Segment Display Counter
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
Equations for Module segcnt?

Device U005
# lclr

# !la &b &c & !d & !dir & !e & !f & !g
#a&b&cé&ds&dir & !le & £ & g);

carry out = (a & b & c & clr &§d & !le & £ & g);

Figure 3. Chip Diagram

ABEL(tm) Version 2.10a - Document Generator
Seven Segment Display Counter
By Derrick Tuten 13 July 1987

SBS-THOMSON Microelectronics
Chip diagram for Module segcnt?

Device U005

P16V8R
__________ \ /..__._..._._.._....
\ /
clk : 20 Vce
clr 2 19 a
dir 3 18 b
4 17 c
5 16 d
6 15 e
7 14 £
8 13 g
9 12 carry_out
GND 10 11 OE
7. TSN
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SEVEN SEGMENT DISPLAY DRIVER

Figure 4. Chip Usage

ABEL(tm) Version 2.10a - Document Generator
Seven Segment Display Counter
By Derrick Tuten 13 July 1987

SBS-THOMSON Microelectronics
for Module segcnt?

Device U005

Device Type: P16V8R Terms Used: 39 out of 64
Terms
Pin # | Name | Used | Max | Term Type | Pin Type
1 clk - - — Clock
2 clr - -— ———— Input
3 dir - - —— Input
4 - - —— Input
5 - - — Input
6 - - —-——- Input
7 - - —-—— Input
8 - - — Input
9 - -- -— Input
10 GND - - —— GND
11 OE - - ——— Enable
12 carry_out 1 8 Normal I/0
13 g 7 8 Normal I/0
14 £ 7 8 Normal I/0
15 e 7 8 Normal I/0
16 d 6 8 Normal I/0
17 c 2 8 Normal I/0
18 b 4 8 Normal I/0
19 a 4 8 Normal I/0
20 Vece - - -—— vcc
r SGS-THOMSON
Y/. HICROELECTRONICS
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SEVEN SEGMENT DISPLAY DRIVER

Figure 5. ABEL Test Vectors

ABEL(tm) Version 2.10a -

Seven Segment Display Counter
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
Test Vectors for Module segcnt?

Device U005

WoONOLLA WK

end of module segcnt?

[cox-
[c11-
[C11-
[Cc11-
[C11-
[C11-
[c11-
[c11-
[C11-
[Cc11-
[C11-
[cio-
(c1o0-
[c1o0-
[c10-
[c1o0-
(cio-
[cio-
[cio-
[c1o-

—-——Q=-
—-——Q0=-
Ll 0
-—0-
el 0
Bl 0
——0_
el 0 Bl
-0~
-——0=-
—-——Q-

~=0-

——Q-
——l—
—-—Q-
__0-
B 0
Bl 0 Bl
-0
—-——Q-

Document Generator

————] => [mmmm mmmm e
———m] > [mmmm mmmm e
——m] => [mmmm mmmm e
m—mm] => [mmmm mmmm e
———=] => [m=—= mmmm —mee
————] => [mmmm m——— e
————] => [mmmm mm—— e
———=] => [mmmm = e
————] => [mmmm mmmm meee
——mm] => [mmmm mmmm e
memm] => [mmmm mmmm —mee
—emm] => [mmmm mmm— —mee
—emm] = [mmmm mmmm e
———m] => [mmmm mmmm e
———m] => [mmmm e
——mm] => [mmmm e e
mmem] => [mmmm e e
e e ——
O i —
B T T G —
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HHH-] ;
HHL-] ;
LHH-];
HHH-] ;
HHL-] ;
HLH-]
HLH-]
HHH-]
HHH-]
HHH-]
HHH-]
HHH-]
HHH-]
222-]
HLH-]
HLH~-]
HHL-]
HHH-)
LHH-]
HHL-] ;

Ne Se Se Ne Ne e Ne N6 Se Ne N we e Se
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GAL DEVICE APPLICATIONS

SEVEN SEGMENT DISPLAY DRIVER

Figure 6. ABEL JEDEC File with Test Vectors and Fuse Map

ABEL(tm) Version 2.10c FutureNet/Data-IO Corp. JEDEC file for: P16V8S8R
Created on: 20-Jul-87 01:25 PM
Seven Segment Display Counter
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronices
QP20* QF2194%*
L0000
01011010110111011110110111011111
01011001111011011101111011011111
01010101110111011110111011011111
01010101110111011101110111101111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
01100101110111101110110111011111
01011010110111011101110111011111
01010110110111011110110111011111
01011001110111101110111011101111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
01100101110111101110111011101111
01011001110111011110111011011111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
01011010110111011110110111011111
01011001111011011101111011011111
01010101110111011110111011011111
01010101110111011101110111101111
01010110110111011101110111011111
01011001110111011101110111011111
00000000000000000000000000000000
00000000000000000000000000000000
01011010110111011110110111011111
01010101110111011110111011011111
01100101110111101110110111011111
01101001110111101110110111011111
01011101111011011101111011011111
01011101110111011101110111111111
01011111110111011101110111011111
00000000000000000000000000000000
01010101110111011101110111101111
01100101110111101110111011101111
01011001110111011110111011011111
01010110110111011101110111011111
01011001110111011101110111011111
01101001110111101110110111011111
01011101111011011101111011011111

ISTA = e
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SEVEN SEGMENT DISPLAY DRIVER

Figure 6. ABEL JEDEC File with Test Vectors and Fuse Map (Cont’d)

00000000000000000000000000000000
01011001111011011101111011011111
01010101110111011101110111101111
01010110110111011101110111011111
01011001110111011101110111011111
101111111111111111111111131111111
11101001110111101110111011101111
11010101110111011110110111011111
00000000000000000000000000000000
11111111111111111111111111111111
01011101110111011110110111011111
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000
00000000000000000000000000000000%*
L2048

00000001%*

L2056
0000000000000000000000000000000000000000000000000000000000000000*
L2120

00000001*

L2128
1111111111111121111211111121112111111111211111111111111111121111111%
L2192

01#*

V0001 COXXXXXXXNOXLHHHHHHN#*
V0002 Cl1XXXXXXNOXLLLLHHLN®*
V0003 Cl1XXXXXXNOXHLHHLHHN#*
V0004 Cl1XXXXXXNOXHLLHHHHN#*
V0005 Cl1XXXXXXNOXHHLLHHLN*
V0006 Cl1XXXXXXNOXHHLHHLHN*
V0007 Cl1XXXXXXNOXHHHHHLHN*
V0008 Cl1XXXXXXNOXLLLLHHHN#*
V0009 C1l1XXXXXXNOXHHHHHHHN#*
V0010 Cl1XXXXXXNOXHHLHHHHN®*
V0011l CLl1XXXXXXNOXLHHHHHHN®*
V0012 CLlOXXXXXXNOXHHLHHHHN*
V0013 ClOXXXXXXNOXHHHHHHHN*
V0014 ClOXXXXXXN1XZZZZZZZIN*
V0015 ClOXXXXXXNOXHHHHHLHN*
V0016 ClOXXXXXXNOXHHLHHLHN#*
V0017 ClOXXXXXXNOXHHLLHHLN#*
V0018 ClOXXXXXXNOXHLLHHHHN®*
V0019 ClOXXXXXXNOXHLHHLHHN*
V0020 ClOXXXXXXNOXLLLLHHLN*
C7B51*

85BD

ﬁ SGS-THOMSON

~ MICROELECTRONICS
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GAL DEVICE APPLICATIONS

7-BIT COUNTER

In this example a GAL20V8 implements a seven-
bit counter with asynchronous carry-out and load
functions. As illustrated in the block diagram (figure
1) and Pin Connections diagram (figure 2), the
carry-in and carry-out pins make the counter fully
cascadable to form larger counters. The CUPL de-

Figure 1. Block Diagram

sign input file is shown in figure 3, and simulation
files in figure 4, while the ABEL design input file
and simulation file are shown in figure 5.
Note that the counter requires seven register and
one asynchronous output, taking full advantage of
the generic architecture of the GAL20V8.

Figure 2. Pin Connections

cLock [|: ~ f] Vee
DO 0: 21[] CARRYIN
D1 IE 22{] Qo
e 02 [« )| a1
03 Os 0[] Q2
DATA - UPIBOWN OUTPUT DATA D4 Qs caLzovs [ Q3
(lg-ls) COUNTER P (Qe-Q3) 0s B oh s
CONTROL l'_> D6 1] =[] Qs
INPUTS —_— Lo E 5 , :] 6
CLR [ *5 [] CARRYOUT
D
GND 2 u[ OE
5-10253
&7, 32 THONRH
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7-BIT COUNTER

Figure 3. CUPL Design Input File

Name COUNTER;

Partno C0001;

Date 01/07/87;

Revision 01;

Designer ALBERTO;

Company S65-THOMSON Microelectronics

Assembly FC AT;

Location PLZN1;

vevice G20Vs8;

Format JEDEC;

/KK KKK 3K 3K K K K K 3K K K oK oK oK 5K K 2K K K K 3K K 3 o o 3 oK 5K 3K oK 3K 5K oK K K K K 3 3 3 K oK oK oK oK oK oK ok K K K K 3k ok o ok kK k /
/% */

5* 7-BIT COUNTER WITH LOAD AND CARRY : INPUT FILE *x/
* *x/
/R KKK K K K KKK KKK K oK K K KKK oK oK oK oK K KK KK KoK K oK 3 o 3K K K oK oK oK 3k o 3 KK K oK oK ok ok A KKK KoK oK ok /
/* Allowable Target Device Types : G20V8 *x/

KK K oK K K 5K K oK 3K K K K K 5K K oK o 3K o 3K oK oK oK 2K K 3K 3K K oK 3 oK 2K o oK 3K oK 3K K oK o K oK K oK oK K oK 3 oK oK K oK oK ok ok oKk ok ok Kk K /

/xx Inputs *x/

Pin {2..8] = [D0..6] ; /% INPUT 0O0..6 */
Pin [1,13,10] = [CLK,OE,CLR] ; /% CONTROL INPUT x/
Pin [9,23] = [LD,CIN] ; /* LOAD AND CARRY-IN x/
/%% Qutputs *x/

cin [22..16] = [Q0..6] ; /* OUTPUT QO..6 *x/
Pin 15 = COUT ; /* CARRY OUTPUT x/

/%% Declarations and Intermediate Variabie Definitions *x/

GTOT = Q6 & Q% & Q4 & Q3 & Q2 & QF & QO ;

/%% Logic Equations *x/
Q0.D = (LD & DC
% iLD & iQ0 & CIN) & iCLR ;
Gi1.0 = (LD & Di
# 1LD & !Q1 & QC & CIN
# LD & Q1 & ! Q0) & ! CLR ;
G2.D = (LD & D2
# ILD & !Q2 & Q% & Q0 & CIN
# ILD & Q2 & (!Q1 # !Q0)) & !CLR ;
G3.D = (LD & D3
# iLD & ! Q3 & G2 & G1 & QO & CIN
# 1LD & Q3 & (!Q2 # !Q1 # !Q0)) & ICLR ;
Q4.D = (LD & D4
# ILD & !Q4 & Q3 & Q2 & Q1 & Q0 & CIN
# ILD & Q4 & (!Q3 # !Q2 # !GQ1 # !Q0)) & !CLR ;
Q5.0 = (LD & G5
# iLD & Q5 & Q4 & Q3 & Q2 & Q1 & QO & CIN
# 11D & Q5 & (iQ4 # !Q3 # !Q2 # !Q1 # !Q0)) & !CLR ;
Q6.D = (LD & D6
# ILD & !Q6 & Q5 & Q4 & Q3 & Q2 & Q1 & QO & CIN
# !LD & Q6 & (!Q5 # !Q4 # !Q3 # !Q2 # !Q1 # !Q0)) & !CLR;
COUT = !LD & QTOT & CIN ;

Lyz, 305, THOMSON
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7-BIT COUNTER

Figure 4. CUPL Simulation File

CSIM

Version 2.11b Serial# 5-00001-154

Copyright (C) 1983,1986 Personal CAD Systems, Inc.
CREATED Fri Sep 18 18:32:07 1987

LISTING FOR SIMULATION FILE: COUNTER.si

1: Name COUNTER;
2: Partno 00001;
3: Revision 01;
4: Date 01/07/87;
5: Designer ALBERTO: )
6: Company SBS-THOMSON Microelectronics
7: Location PLZN1;
8: Assembly PC AT;
9: Format JEDEC;
10z /%KKRFAKKKFRA KKK KKK KKK KKK KKK KKKKRKKKKKKKKKKKKK KKK KKK KKK KKK ]
11: /% A
12: ;* 7-BIT COUNTER WITH LOAD AND CARRY : SIMULATION FILE x/
13: /% X
14: /*************************************************x**************?
15: /% Target Devices: G20V8 x/
161 /HKKoKKK KKK KKK KKK K oK oK K K K oK oK 5K K K 3 3K oK oK K 3k 3k 3 ok K oK K 3 3 oK oK oK K KKK oK KKK Kk KoK KKK K
17:
1 .
19: Order: OE,%83,CLK,%3,CLR,%3,LD,%2,D0..6,%2,Q0..6,%2,COUT,%3,CIN;
20:
21:
Simulation Resuits
OE CLK CLR LD DO1234586 Q0123456 COU CIN
0001: © ¢} 1 0 XXXXXXX LLLLLLL L 1
0002: O (¢} 0 1 0001111 LLLHHHH L 1
0003: O o] 0 0 XXXXXXX HLLHHHH L 1
0004: O C 0 0 XXXXXXX LHLHHHH L 1
0005: O C 0 0 XXXXXXX HHLHHHH L i
0006: O C 6] 0 XXXXXXX LLHHHHH L 1
0007: O c 0 0 XXXXXXX HLHAHHH L 1
0008: O C 0 0 XXXXXXX LHHHHHH L 1
0009: O C 0 0 XXXXXXX HHHHHHH H 1
0010: O C 0 0 XXXXXXX LLLLLLL L 1
0011: O C 0 0  XXAXXXXX HLLLLLL L 1
0012: O o] 0 0 XXXXXXX LHLLLLL L 1
0013: 1 o} o] 0 0000000 Z2zzZZZzZ L i
0014: O C 0 0 0000000 LLHLLLL L 1
0015: O C o] G 0000000 HLHLLLL L 1
0016: O Cc 0 1 1010101 HLHLHLH L 1
0017: O Cc 0 0 XXXXXXX LLHLHLH L 0
0018: O Cc 0 0 XXXXXXX LLHLHLH L 0
7. 33 THOMSoN
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7-BIT COUNTER

Figure 5. ABEL Input and Simulation Files

module BITCNTR7
title / 7 Bit Counter with Asynchronous
Carry-out and Load Functions.
By Derrick Tuten 13 July 1987
SB8S-THOMSON Microelectronics
" device declaration
" location keyword device code
U004 device 'P20V8R’;
" pin declaration
" inputs
po,D1,D2,D3 pin 2,3,4,5;
D4,D5,D6 pin 6,7,8;
" outputs
Q0,Q1,Q2,Q3 pin 22,21,20,19;
Q4,Q5,Q6 pin 18,17,16;
" control
CLK,LD,CLR pin 1,9,10;
CARRYIN pin 23;
CARRYOUT pin 15;
OE pin 13;
" declarations
C,H,L,X,2 = .C.,1,0,.%X.,.2.;
equations
Q0 == (LD & DO #
!LD & !Q0 & CARRYIN) & !CLR;
Q1 := (LD & D1 #
LD & !Q1 & QO & CARRYIN #
!ID & Q1 & !Q0) & !CLR;
Q2 := (LD & D2 #
'LD & !Q2 & Q1 & Q0 & CARRYIN #
!LD & Q2 & !Q1 #
!LD & 'Q2 & !Q0) & !CLR;
Q3 = (LD & D3 #
LD & !Q3 & Q2 & Q1 & QO & CARRYIN #
!LD & Q3 & !Q2 #
!ID & Q3 & !Q1 #
!ID & Q3 & !Q0) & !CLR;
Q4 := (LD & D4 #
ILD & !Q4 & Q3 & Q2 & QL & QO & CARRYIN #
!ILD & Q4 & !Q3 #
!LD & Q4 & !Q2 #
!ID & Q4 & !Q1 #
!ID & Q4 & !QO0) & !CLR;
Lyy SGS-THOMSON
V7. HICROELECTRONIGS
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LOAD DO
TOGGLE

LOAD D1
TOGGLE
HOLD

LOAD D2
TOGGLE
HOLD
HOLD

LOAD D3
TOGGLE
HOLD
HOLD
HOLD

LOAD D4
TOGGLE
HOLD
HOLD
HOLD
HOLD
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Figure 5. ABEL Input and Simulation Files (Cont’d)

7-BIT COUNTER

105 & Q4 & Q3 & Q2 & Q1 & Q0 & CARRYIN #

>
e e e e
TONAO
aoooo
Y B Y DS
0 WYY W WY
QAaoooooa
CRU NN N N
[aNaNajajalayal
Add A3
et -
I
0
o

{CLR;

CLR

Q5 & Q4 & 03 & Q2 & Q1 & QO & CARRYIN #

[*.]
= e e s e
neONdo
oo oo
H I I YYD Y
WWOWWYWWOWWOWOYVOVO
QOO OO
(=™ 2% B™. S . By By
anQaaAQAQAQ
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o

CARRYOUT

7

.
’

IID & Q6 & Q5 & Q4 & Q3 & Q2 & Q1 & QO & CARRYIN

([CLK,OE,CLR,LD,CARRYIN,D6,D5,D4,D3,D2,D1,D0] =->

[Q6,Q5,04,Q3,Q2,01,Q0,CARRYOUT])

test_vectors ’ Test Counter ’

CARRYOUT
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7-BIT COUNTER

Figure 5. ABEL Input and Simulation Files (Cont’d)

LT N L SIS DR TN T TN
L K K K K Ko Ko K Ko K R L}
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A dmmin A
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ARl A AmmmimA

e
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™ lenlanlanionlionianianlianl
< KM A XMKON
NN

PAPAPE PN M D4 A

D I I S Y

ekake koo ko Ka R R o Kool

D N

PAPEPE DX e XD H 4
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X]

PRI HRHX KO KK NN

D T

A AdAd AKX A AN AA

end BITCNTR7

MICROELECTRONICS
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7-BIT COUNTER

Figure 6. ABEL Reduced Equations

ABEL(tm) Version 2.10a - Document Generator
7 Bit Counter with Asynchronous

Carry-out and Load Functions.

By Derrick Tuten 13 July 1987

SBS-THOMSON Microelectronics
Equations for Module BITCNTR7

Device U004

- Reduced Equations:
Q0 := (!CLR & DO & LD # CARRYIN & !CLR & !LD & 1Qo);
Q1 := (!CLR & D1 & LD

# !ICIR & !ILD & !Q0 & Q1
# CARRYIN & !CLR & !LD & Q0 & !Q1);

Q2 := (!CLR & D2 & LD

# !CLR & !LD & !Q0 & Q2

# ICLR & !LD & !Q1 & Q2

# CARRYIN & !CLR & !LD & Q0 & Q1 & !Q2);
Q3 := (!CLR & D3 & LD

!

# !CILR & !LD & !Q0 & Q3

# !CLR & !LD & !Q1 & Q3

# ICLR & !LD & !Q2 & Q3

# CARRYIN & !CLR & !LD & Q0 & Q1 & Q2 & !Q3);

Q4 := (!CLR & D4 & LD

# ICIR & !ILD & !Q0 & Q4

# ICLR & !ILD & !Q1 & Q4

# !CLR & !ILD & !Q2 & Q4

# !CLR & !LD & !Q3 & Q4

# CARRYIN & !CLR & !LD & Q0 & Q1L & Q2 & Q3 & !Q4);
Q5 := (!CLR & D5 & LD

# !CLR & !LD & !Q0 & Q5

# ICLR & !LD & !Q1 & Q5

# !CLR & !LD & !Q2 & Q5

# !CLR & !LD & !Q3 & Q5

# !CLR & !LD & !Q4 & Q5

# CARRYIN & !CLR & !LD & Q0 & Q1 & Q2 & Q3 & Q4 & !Q5):
Q6 := (!CLR & D6 & LD

# !ICLR & !LD & !Q0 & Q6

# !ICLR & !LD & !Q1 & Q6

# ICLR & !LD & !Q2 & Q6

# ICLR & !LD & !Q3 & Q6

# ICLR & !LD & !Q4 & Q6

# ICIR & !LD & !Q5 & Q6

# CARRYIN & !CLR & !ILD & Q0 & Q1 & Q2 & Q3 & Q4 & Q5 & !Q6);

57, SESTHONEON
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7-BIT COUNTER
Figure 6. ABEL Reduced Equation (Cont’d)

ABEL(tm) Version 2.10a - Document Generator
7 Bit Counter with Asynchronous

Carry-out and Load Functions.

By Derrick Tuten 13 July 1987

SBS5-THOMSON Microelectronics
Equations for Module BITCNTR7

Device U004

CARRYOUT = (CARRYIN & !ILD & Q0 & Q1 & Q02 & Q3 & Q4 & Q5 & Q6);

Figure 7. Chip Diagram

ABEL(tm) Version 2.10a - Document Generator
7 Bit Counter with Asynchronous
Carry-out and Load Functions.
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
Chip diagram for Module BITCNTR?

Device U004

P20V8R
---------- \ /__________
\ /
CLK . 24 Vee
DO 2 23 CARRYIN
D1 3 22 Q0
D2 4 21 Q1
D3 5 20 Q2
D4 6 19 Q3
D5 7 18 Q4
D6 8 17 Q5
LD 9 16 Q6
CIR | 10 15 CARRYOUT
11 14
GND | 12 13 OE

- (ST M
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7-BIT COUNTER

Figure 8. ABEL Chip Usage

ABEL(tm) Version 2.10a - Document Generator
7 Bit Counter with Asynchronous
Carry-out and Load Functions.
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
for Module BITCNTR7

Device U004

Device Type: P20V8R Terms Used: 37 out of 64
Terms
Pin # | Name | Used | Max | Term Type | Pin Type
1 CLK - - - Clock
2 DO - - - Input
3 D1 - - —-— Input
4 D2 - - - Input
5 D3 - - —-— Input
6 D4 - -- -— Input
7 D5 - - - Input
8 D6 - - - Input
9 LD - -- - Input
10 CLR - - -— Input
11 - - - Input
12 GND - - -— GND
13 OE -- -= -—- Enable
14 - - -— Input
15 CARRYOUT 1 8 Normal I/0
16 Q6 8 8 Normal I/0
17 Q5 7 8 Normal I/0
18 Q4 6 8 Normal I/0
19 Q3 5 8 Normal I/0
20 Q2 4 8 Normal I/0
21 Q1 3 8 Normal I/0
22 Qo0 2 8 Normal I/0
23 CARRYIN -- -- —-— Input
24 Vece - - - vcc

7 ST —
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7-BIT COUNTER

Figure 9. Test Vectors

ABEL(tm) Version 2.10a
7 Bit Counter with Asynchronous
Carry-out and Load Functions.
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
Test Vectors for Module BITCNTR7

Device U004

Test Counter

[OXXX
[CXXX
[c111
(€000
[CXXX
[CXXX
[CXXX
[CXXX
[CXXX
10 [CXXX
11 [CXXX
12 [CXXX
13 [CXXX
14 [CXXX
15 [CXXX
16 [CXXX
17 [CXXX
18 [CXXX
19 [CXXX
20 [CXXX
21 [CXXX
22 [CXXX
23 [CXXX
24 [CXXX
25 [CXXX
26 [CXXX
27 [CXXX
28 [CXXX
29 [CXXX
30 [CXXX
31 [CXXX
32 [CXXX
33 [CXXX
34 [CXXX
35 [CXXX
36 [CXXX
37 [CXXX
38 [C111
39 [CXXX
40 [CXXX
41 [CO11
42 [CXXX
43 [CXXX

WONOO b WN R

end of module

XXXX
XXXX
1111
0000
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
1110
XXXX
XXXX
1111
XXXX
XXXX

10--
00--
00--

1-—-
Q===
Q0-—-
Q===
Q===
0—-—
Q===
Q===
Q=-—-
Q===
Q===
Q===
0_-—
[ P
[o
o Je——
o pm——
Q===
Q===
Q===
0...—-
O=—-
[
o o
[e
Q—--
0-—_
0...__
0==-
o__-
0==-
o J——
Q===
[
Q===
0———
0_-—
[o P
[ o
Q-=--
Q===
0_—_
Q===

BITCNTR7

Do

164

cument Generator

—=1l=] => [=m== mmme mm—— -
—=1-] => [==== === ——m—— -
-=1-] => [==== === == =
-=1=] => [==== ==== === =
==1-] => [==== ==== ==== -—
—=1-] => [==== === ———— -
—=1-] => [~=== —=—== ———— -
—=1-] => [-=== ———= = -
—=1-] => [==== —=== —me— -
—=1-] => [==== === = -
-—=1-] -> [-=—- ———— ———— =
==1l=] => [==== ==== —=== -
==1-] => [==== ==== = -
—=1-] => [—=== ~=== == -
—=1-] => [==== —=== —=—= -
—=1-] => [==== —=== ——e— -
—=1=] => [==== === —m—— -
-=1-] -> [-——= —=== === --
-=1-] => [-=== ==== ———— —-
==1l=] => [==== —=== —=—— ——
==1-] => [==== —=== ——-— -
==1=] => [-=== —=== —=—— -
==X-] => [==== === == -
—=1-] => [==== =—m= ———— -
—=1-] => [==== ———m ——— e
——X-] => [==== mm—— ————
==1-] => [-=== —=== ———— -
—=1-] => [==== —=m= ———— -

ﬁ SGS-THOMSON _

2222
LLLL
HHHH
LLLL
LLLL
LLLL
LLLL
LLLH
LLLH
LLLH
LLLH

LLHL

LLHL
LLHL
LLHL
LLHH
LLHH
LLHH
LLHH
LHLL
LHLL
LHLL
LHLL
LHLH
LHIH
LHLH
LHLH
LHHL
LHHL
LHHL
LHHL

LHHH

HLLL
HLLL
HHHH
LLLL
LLLL
HHHH
HHHH
LLLL

2Z2--1;
LL--];
HH--];
LL--];
LH--];
HL--];
HH--];
LL--];
LH--];
HL--];

LL--];
LH--];
HL--1;

LL--];
LH--];
HL--]:
HH--]:
LL--];
LH--];
HL--];

LL-=];
LH--1;
HL--];
HH--];
LL--];
LH-=];
HL--];
HH--];
LL--];
LH--];
HL--]:
HH--];
LL--];
LH--];
HH--1;
LL--]:
LH--];
HL--1;
HH--];
LL--];

~ MICROELECTRONICS
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7-BIT COUNTER

Figure 10. ABEL JEDEC File with Test Vectors

ABEL(tm) Version 2.10c FutureNet/Data-IO Corp.

Created on: 20-Jul-87 02:14 PM
7 Bit Counter with Asynchronous
Carry-out and Load Functions.
By Derrick Tuten 13 July 1987
SBS-THOMSON Microelectronics
QP24* QF2706%
L0000
0111111111111111111111111111011110111111
1101111011111111111111111111101110111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
1111011111111111111112111111011110111111
1111111011011111112211111111101110111111
1101110111101211111121221111111101110111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
1111111101111111111111111111011110111111
1111111011111101111111111111101110111111
111111121111011011111121111111101110111111
1101110111011110111121111111101110111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
111111111111011111212111111111011110111111
11111211011111111110111111111101110111111
1111111111101111110111111111101110111111
1111111111111110110111111111101110111111
1101110111011101111011111111101110111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
111111111111121211012111111111011110111111
1111111011111212111111011111101110111111
11111121111101111111111011111101110111111
1111111111111110111111011111101110111111
1111111111111111111011011111101110111111
1101110111011101110111101111101110111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
11111111111111112111101111111011110111111
111111101112111211111211111101101110111111
1111111111101111111111111101101110111111
1111111111111110111111111101101110111111
1111111111111111111011111101101110111111
1111111111111111111111101101101110111111

JEDEC file for:

P20V8R

&7, 32THOMEIN
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7-BIT COUNTER

Figure 10. ABEL JEDEC File with Test Vectors (Cont’ed)

1101110111011101110111011110101110111111
0000000000000000000000000000000000000000
1111111131311213112121111110111011110111111
11112111011111111111111111111100110111111
1111111111101111111112111111100110111111
11111111111111101111121111111100110111111
1111111111111111111011111111100110111111
1111111111111111111111101111100110111111
11111111111111111121111111110100110111111
1101110111011101110111011101101010111111
111111211111111111121113111211111111111111
1101110111011101110111011101100111111111
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000%*
L2560

11111111%*

L2568
0000000000000000000000000000000000000000000000000000000000000000*
L2632

00000001 *

L2640
111111112111212121112112111112121212121211212121111211111113111111111%
L2704

0l1l=*

N Test Counter *

V0001 OXXXXXXXXXXN1XXZZZZZZZXN*

V0002 CXXXXXXXX1XNOXLLLLLLLLXN#*

V0003 C111111110XNOXLHHHHHHHXN#*

V0004 CO00000010XNOXLLLLLLLLXN*

V0005 CXXXXXXXOOXNOXLLLLLLLHIN%*

V0006 CXXXXXXXOOXNOXLLLLLLHL1N*

V0007 CXXXXXXXO00XNOXLLLLLLHH1N#*

V0008 CXXXXXXXOOXNOXLLLLLHLL1N*

V0009 CXXXXXXXOOXNOXLLLLLHLHIN*

V0010 CXXXXXXXO0O0XNOXLLLLLHHLIN*

V001l CXXXXXXXO0OXNOXLLLLLHHHIN#*

V0012 CXXXXXXX0O0XNOXLLLLHLLL1N#*

V0013 CXXXXXXX0OXNOXLLLLHLLH1N#*

V0014 CXXXXXXXOOXNOXLLLLHLHLIN#*

V0015 CXXXXXXXO0O0XNOXLLLLHLHHI1N#*

V0016 CXXXXXXXO0O0XNOXLLLLHHLL1N#*

V0017 CXXXXXXXO0OXNOXLLLLHHLH1N#*

V0018 CXXXXXXXOOXNOXLLLLHHHLI1N%*

V0019 CXXXXXXXO0O0XNOXLLLLHHHH1N*

V0020 CXXXXXXXOOXNOXLLLHLLLL1N#*

V0021 CXXXXXXXOOXNOXLLLHLLLH1N#*

V0022 CXXXXXXXOO0XNOXLLLHLLHLIN*

V0023 CXXXXXXXOOXNOXLLLHLLHH1IN#*

V0024 CXXXXXXXO0OXNOXLLLHLHLLIN#*

V0025 CXXXXXXXO0OXNOXLLLHLHLHIN*

&7, BRSNS
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Figure 10. ABEL JEDEC File wiht Test Vectors (Cont’d)

V0026
V0027
V0028
V0029
V0030
Vo031
V0032
V0033
V0034
V0035
Vo036
V0037
voo3s8
V0039
V0040
V0041
V0042
V0043
CAD62*
D2A3

CXXXXXXX00XNOXLLLHLHHL1N*
CXXXXXXX00XNOXLLLHLHHH1N*
CXXXXXXXO00XNOXLLLHHLLL1N*
CXXXXXXX00XNOXLLLHHLLHIN*
CXXXXXXX00XNOXLLLHHLHL1N*
CXXXXXXX00XNOXLLLHHLHH1N*
CXXXXXXX00XNOXLLLHHHLLIN*
CXXXXXXX00XNOXLLLHHHLH1IN*
CXXXXXXX00XNOXLLLHHHHL1N*
CXXXXXXX00XNOXLLLHHHHH1N*
CXXXXXXX00XNOXLLHLLLLL1N*
CXXXXXXXO00XNOXLLHLLLLH1IN*
C1l11111010XNOXLLHHHHHHXN*
CXXXXXXX00XNOXLHLLLLLLIN*
CXXXXXXX00XNOXLHLLLLLH1N*
C011111110XNOXLHHHHHHLXN*
CXXXXXXX00XNOXHHHHHHHH1N*
CXXXXXXX00XNOXLLLLLLLLIN*

or.

SGS-THOMSON
HMICROELECTRONICS
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COPY PAL PATTERNS INTO GAL DEVICES

The generic architecture of the GAL family offers
the user many different device configurations. One
particular subset of these myriad architectural pos-
sibilities is common PAL architectures. GAL
devices are capable of emulating all common PAL
architectures with 100% pin, fuse-map, function
and parametric compatibility. In short, a GAL device
can drop right into any PAL socket.

This technical brief addresses the procedure of
copying a PAL pattern-either a PAL master device
or a PAL JEDEC file-into a GAL device. The tech-
nique is straightforward since existing files or
masters can be used without modification. The first
step in copying a PAL pattern into a GAL device
is to determine whether the GAL device can emu-
late the particular architecture in question. This is
accomplished by referencing tables 1 and 2.
Table 1 lists all of the 20 pin PAL architectures
available as a subset of 20 pin GAL16V8 configu-

Table 1. PAL Architectures emulated by GAL16V8

rations. Likewise, table 2 lists all of the 24 pin PAL
architectures available as a subset of the 24 pin
GAL20V8 configurations. The user must simply
cross-reference the PAL architecture in question
with these tables to determine which GAL device
is needed.

Functional compatibility is an obvious requirement
for copying to be perfomermed. GAL devices are
designed with a versatile Output Logic Macrocell
(OLMC) that allows emulation of more than twenty
different PAL architectures. The OLMC, shown in
Figure 1, can be programmed to any of the configu-
rations shown in Figures 2 through 5, namely: dedi-
cated input, dedicated combinational output with
programmable polarity, combinational output with
feedback and programmable polarity. These four
macrocell configurations can be combined as need-
ed to allow full pin and function compatibility with
the PAL architectures listed in the tables 1 and 2.

GAL16V8
10L8 12L6 14L4 16L2 16R8 16R6 16R4 16L8
10H8 12H6 14H4 16H2 16RP8 16RP6 16RP4 16H8
10P8 12P6 14P4 16P2 16P8
TABLE 2. PAL Architectures emulated by GAL20V8
GAL20v8
14L8 16L6 18L4 20L2 20R8 20R6 20R4 20L8
14H8 16H6 18H4 20H2 20RP8 20RP6 20RP4 20H8
14P8 16P6 18P4 20P2 20P8
Ly7 SGS-THOMSON
Y/, HICROELECTRONICS
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Figure 1. Output Logic Macrocell (OLMC): Pin 12 and 19 (GAL 16V8); Pin 15 and 22 (GAL 20V8)

CK OE
‘ 1
r-———>-=-=-=-=-= T - - - - - = synT T[]
I H |
LR I 4
[ [ s |
o 1 I
: aco actm) ol " |
T
| a1 F ACO ACH(n) Acol«l:i(n) l
|| M |
} x X xx © |
: X M , 110(n)
u T
FROM o'— 10 x |
ARRAY 1 |
e —————— i > o g—io |
|
| XOR(n) M=y I
| Foof ] |
? | MO 1 t
reeoeack < [—} vy '
| x 1ol | .
| T T | PIN 111 (16V8)
| Sh achm | 1113 (20V8)
L — ___|_ o
$-10086/2 g( OL.)E

Figura 1a. Output Logic Macrocell (OLMC): Pin 13 to 18 (GAL 16V8); Pin 16 to 21 (GAL 20V8)
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Figure 2. Dedicated Input Figure 3. Dedicated Combinational Output
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GAL DEVICE APPLICATIONS

Fuse-Map Compatibility

The ability of GAL devices to directly accept PAL
patterns is the result of more than just functional
compatibility. There is an additional stipulation that
the “fuse’” maps be compatible otherwise the copy
procedure requires manual intervention in the form
of manipulating JEDEC files or “‘fuse’’ plots to get
everything into the proper format. Obviously, any
manual intervention would be cumbersome and
time consuming, and would significantly detract
from the utility of the GAL devices.

Therefore, the GAL cell array is designed to be an
identical bit-for-bit mapping of a PAL fuse array,
in any output configuration. This means that ex-
ternal input signals and feedback signals are phis-
ically connected to the same array input lines in
the GAL device as they are in a PAL device.
Although this may sound trivial, consider the fol-

Figure 6. Partial Logic Diagram of a PAL 16L2 Device

lowing example, which examines how different PAL
architectures have different array hook-up
schemes.

Refer to the partial logic diagrams of a PAL 16L2
and a PAL 16R8 in figure 6 and 7 respectively. No-
tice in the first figure that pin 1 is an input and is
connected to array input lines 2 and 3. Now notice
in the second figure that pin 1 is a clock input, and
the feedback signal from pin 19 is connected to in-
put lines 2 and 3. These differences pose no
problem for the PAL manufacturer, since different
PAL devices are manufactured independently of
each other. However, for a GAL device to have the
flexibility to accomodate different array hook-up
schemes required some innovative design tech-
niques. Although these techniques add to the com-
plexity of the OLMC, the benefits of a directly
copyable device are obvious.

012 456 7 891011 12131405 16171809 2021222 28252620 2829307

Figure 7. Partial Logic Diagram of PAL16R8 Device
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Figure 8. GAL Device Pinout Codes
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10L8-15/-35 | RAL | 20 | 36/13 | Vo4 | 303A-009 | V03 | 303A-100 | Vo1 20
10P8-15/-35 | RAL | 20 | 36/32 | voa | 303A-009 | VO3 — — [360A-| o | o
12H6-15/-35 | RAL | 20 | 3619 | voa | 303A-009 | vo3 | 303A-100 | Vo1 |001A 50
12H6-15/-35 | RAL | 20 | 36119 | Vo4 | 303A-009 | Vo3 | 303A-100 | Vo1 :
12161535 | RAL | 20 | 36114 | vo4 | 303A-009 | Vo3 | 303A-100 | Vo1 20
12P6-15/-35 | RAL | 20 | 36/33 | voa | 303A-009 | Vo3 — — [360A- |\ o | o
14H4-15/35 | RAL | 20 | 36/20 | voa | 303A-109 | vo3 | 303A-100 | Vo1 |001A 50
14H8-15/-35 RAL 24 36/08 Vo4 303A-009 Vo3 303A-100 Vo1 :
1414-15.35 | RAL | 20 | 36/15 | voa | 303A-009 | vo3 | 303A-100 | Vo1 20
14L8-15/35 | RAL | 24 | 36/02 | V04 | 303A-009 | VO3 | 303A-100 | VO1 [360A-|,., |
14P4-15135 | RAL | 20 | 36/3¢ | vos | 303A-009 | V03 — — | o01A 20
14Pg-15/-35 | RAL | 24 | 36/38 | Vo4 | 303A-009 | Vo3 — — :
16H2-15/-35 | RAL | 20 | 36/22 | vo4 | 303A-009 | Vo3 | 303A-100 | Vo1 20
16H6-15-35 | RAL | 24 | 36/09 | V04 | 303A-009 | V03 | 303A-100 | VO1 |360A-|,., |
16H8-15/35 | RAL | 20 | 36/25 | Vo4 | 303A-009 | V03 | 303A-100 | Vo1 |O001A 20
16L2-15-35 | RAL | 20 | 36/16 | Vo4 | 303A-009 | Vo3 | 303A-100 | Vo1 -
16L6-15/35 | RAL | 24 | 36/03 | vosa | 303A-009 | V03 | 303A-100 | VO1 20
16L8-15-35 | RAL | 20 | 36/7 | V04 | 303A-009 | VO3 | 303A-100 | VO1 [360A-| .., | "
16P2-15/-35 | RAL | 20 | 36/35 | V04 | 303A-009 | V03 — — |o01A 20
16P6-15/-35 | RAL | 24 | 36/39 | Vo4 | 303A-009 | Vo3 — — :
16P8-15/-35 | RAL | 20 | 36/30 | voa | 303A-009 | Vo3 — — 20
16R4-15/35 | RAL | 20 | 36/81 | V04 | 303A-009 | VO3 | 303A-100 | VO1 [360A-|,., |
16R6-15/35 | RAL | 20 | 36/80 | Vo4 | 303A-009 | Vo3 | 303A-100 | VO1 |001A 30
16R8-15/-35 | RAL | 20 | 3e/82 | vos | 303A-009 | vo3 | 303A-100 | Vo1 8
16RP4-151-35 | RAL | 20 | 36/85 | V04 | 303A-009 | Vo3 — — 20
16RP6-151-35 | RAL | 20 | 36/86 | V04 | 303A-009 | Vo3 — — 380 | o | o
16RP8-15/-35 | RAL | 20 | 36/87 | Vo4 | 303A-009 | V03 - — |oo1a 20
16V8-15/-35 | GAL | 20 | 36/55 | voa | 303A-009 | Vo6 - — .
18H4-15/-35 | RAL | 24 | 36110 | vos | 303A-009 | vo3 | 303A-100 | vo1 20
18L4-15-35 | RAL | 24 | 36/04 | V04 | 303A-009 | VO3 | 303A100 | VO1 [360A-|.., |
18P4-15-35 | RAL | 24 | 36/40 | Vo4 | 303A-009 | Vo3 — — |oo1a 20
20H2-15/-35 | RAL | 24 | 36/11 | Vo4 | 303A-009 | V03 | 303A-100 | Vo1 :
20H8-15/-35 | RAL | 24 | 36/61 | Vo4 | 303A-009 | Vo3 | 303A-100 | Vo1 20
20L2-15/-35 | RAL | 24 | 36/05 | V04 | 303A-009 | VO3 | 303A-100 | VO1 [360A- |, |
20L8-15-35 | RAL | 24 | 36/26 | Vo4 | 303A-009 | VO3 | 303A-100 | V01 |001A 20
20P2-15/:35 | RAL | 24 | 36/41 | Vo4 | 303A-009 | Vo3 — — :
20P8-15/-35 | RAL | 24 | 36/62 | Vo4 | 303A-009 | VO3 — — 20
20R4-15/-35 | RAL | 24 | 36/65 | V04 | 303A-009 | VO3 | 303A100 | VO1 [3BOA-|., | o
20R6-15/-35 | RAL | 24 | 36/66 | Vo4 | 303A-009 | VO3 | 303A-100 | Vo1 |001A 30
20R8-15/-35 | RAL | 24 | 36/27 | vo4 | 303A-009 | Vo3 | 303A-100 | Vo1 :
20RP4-15/-35 | RAL | 24 | 36/46 | V04 | 303A-009 | V03 — — 20
20RP6-15/-35 | RAL | 24 | 36/64 | Vo4 | 303A-009 | Vo3 — o L PP
20RP8-15/-35 | RAL | 24 | 36/63 | Vo4 | 303A-009 | Vo3 — — |oota | V1 ;B
20V8-15/-35 | GAL | 24 | 36/57 | voe | 303A-009 | V06 — — :

The **e¢’’ symbol means that the algorithm for this device is under evaluation for possible addition in some future update.

7. SR
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Programmers with RAL Device Codes

The final element required to facilitate direct PAL
device copying is the RAL (Reprogrammable Ar-
ray Logic) code. The RAL code is the user’s me-
ans of informing the programmer box exactly which
architecture the GAL device will be patterned to.
It correlates to the family/pin code selection for
identifying PAL architectures.

The information shown in figure 8 is taken form the
DATA /O wall chart listing all device manufactures’
family pin codes.

Notice that there is an entry for each GAL of the
GAL16V8 and the GAL20V8, as well as for many
RAL codes. It should be noted that, although there
are only two physically different device types - the
GAL16V8 and GAL20V8 - these products source
all of the 44 device types listed in the figure 8; the
RAL codes are provided merely for the purpose of
copying PAL devices. To emulate a PAL16R4 fa-
mily/pin code must be used according to the proce-
dure explained below. The RAL codes directly
correspond to each respective PAL device config-
uration and provide the programmer box with the
information to program the GAL device OLMCs.
Physically resident inside the GAL device is an 82
bit architecture control word which, once
programmed, determines the configuration of the
OLMCs. (Refer to the data-sheet for further discus-
sion on the architecture control word). Download-
ing a PAL pattern to a programmer box transfer
array data only; no information as to the device ar-
chitecture is trasmitted. Thus the RAL code is es-
sential.

Inside the memory of a device programmer is the
predetermined GAL architecture control word cor-
responding to each PAL device configuration. By
selecting the appropriate RAL code, the device
programmer can append the predetermined ar-
chitecture control word to the array information
previously downloaded. It stands to reason that if
the GAL family/pin code were selected, the GAL
device’s array would be programmed properly but
the OLMCs would be left unprogrammed, since
there is no predetermined OLMC configuration in
a virgin GAL device.

The GAL family/pin code would only be used in the
development of a new design from scratch. In the
JEDEC file generated by the development sofware
is contained an architecture control word specific
to the design in question. When copying an exist-
ing PAL master device or an existing PAL JEDEC
file, the architecture control word only gets physi-
cally appended to the cell array information by the
programmer box when the appropriate RAL code
is selected.

A final reminder: When copying PAL device pat-
terns into GAL devices, use the RAL family/pin
code. When beginning a GAL design from scratch,
use the GAL family/pin code.

57 SGS-THOMSON

Actual steps for copying PAL service patterns
into GAL devices using programmers

With-RAL codes

This procedure is generic in nature and is not
specific to any device programmer. A PAL master
device or a PAL JEDEC file may be used.

1 - Load either the PAL-device fuse map or
JEDEC file data into the device programmer
memory using the normal procedure from.

Select the appropriate RAL family/pin code
form the programmer chart. Note: Remember
that the RAL code is required for PAL device
copying in order to configure the OLMCs
properly. Do not use the GAL device code for
copying PAL devices.

N
[

(Note: Some programmers require changing adap-
ters when switching from one device manufacturer
to another)

@

Program the GAL device using the appropri-
ate RAL family/pin code to configure to OLMCs
properly. The copy procedure is complete and
resulting GAL device is 100% compatible with
PAL device it copied.

(Note: The GAL device still retains its full erasability
feature. The device can be reused with different ar-
ray patternss and architecture configurations (RAL
codes) as selected by the designer,).

PAL to GAL JEDEC File Conversions

GAL devices are fuse map compatible with stan-
dard PAL devices, so any development software
that is capable of creating JEDEC files for use with
PAL devices, such as PALASM, can be used with
GAL devices. However, GAL devices have addition-
al “fuses” that define their architecture (syn-
chronous, asynchronous, or combinations thereof).
This architecture information is not provided by PAL
only assemblers and compilers. Most programming
hardware configure GAL device architectures au-
tomatically, using menus or other means to deter-
mine the device being emulated. However, some
programming fixtures do not configure GAL device
architectures automatically, requiring instead, that
all necessary architecture information be present
in the JEDEC file. This means that JEDEC files de-
veloped for use with PAL devices must be modi-
fied before they can be used with GAL devices on
such a programmer. The program PALtoGAL per-
forms all of the necessary translations required. The
program PALtoGAL, which is distribuited by
SGS-THOMSON , is written in turbo Pascal 3.01 A;

w MICROELECTRONMIGCS
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it supports both 16V8 and 20V8 GAL devices. The
typical environment used for this software could be
an IBM personal computer or equivalent machines,
with the following minimum configuration:

* Single floppy disk drive 5 1/4”” —360KB or 3
1/2” — 720KB

* MS-DOS or PC-DOS operating system, 2.0 or
later

* 256KB Minimum free RAM size

The modification PALtoGAL performs are as
follows:

1) Appends the proper architecture information.

174

7. RSN

2) Sets unused product terms to all zeros.
3) Sets unused input terms to all ones.

4) Expands the fuse map to include every fuse
(recognizes, but doesn’t use the F field).

5) Includes a fuse address (L field) every 32
fuses (every 40 fuses for GAL20V8) for
JEDEC file readability.

6) Recalculates fuse array and transmission
checksums.

7) Adds “QP”’ (quantity of pins) and “QF”
(quantity of fuses) fields.

8) Insert user electronic signature, if specified.




GAL DEVICE APPLICATION

USING ELECTRONIC SIGNATURE

In the course of system development and produc-
tion, the proliferation of PLD architectures and pat-
terns can be great. To further complicate the
record-keeping process, design changes often oc-
cur, especially in the early stages of product de-
velopment. The task of maintaining ‘‘which pattern
goes to what device for which socket”” becomes
exceedingly nontrivial. What’'s more, once a
manufacturing flow has been set, it becomes im-
portant to ‘‘label” each PLD with pertinent
manufacturing information, which can be quite
beneficial in the event of the customer return trace-
ability aided by a manufacturing history can help
to quickly reconstruct details of a defective product
and thereby effect a speedy solution. The
SGS-THOMSON GAL family can ease the
problems associated with document control and
traceability, thanks to a feature called Electronic
Signature (ES). This brief describes the concept
behind ES, how it is used, and the advantages ob-
tainable with regard to manufacturing-flow control,
documentation, and traceability.

Electronic Signature is basically a user’s “‘notepad”
provided in electrically erasable (EE) cells on lach
GAL device. Essentially an extra row that's append-
ed to the array and allocated for data storage; the
ES can contain up to 8 bytes. Figure 1 shows Row
Address Maps for the GAL 16V8 and GAL 20V8,
with the ES row highlighted.

Figure 1. Row Address Maps

Because one GAL device can emulate many differ-
ent PAL architectures, inventory logistics are great-
ly simplified. To further simplify the development
and manufacturing process, SGS-THOMSON in-
corporated ES to store such manufacturing data
as the manufacturer’'s ID, programming date,
programmer make, pattern code, revision number,
and product flow. The intent was to assist users
with the complex chore of record maintanance and
product flow control. In practice, the ES can be
used for any of a number of ID functions.

For user simplicity, ES will be supported by all GAL
family software support packages such as CUPL
and ABEL, which are discussed with detail in
section 4 of this handbook. The user will be able
to define data fields, specify information, and write
or read ES data from each GAL device. The fol-
lowing paragraphs describe how ES may be
managed.

Within the 64 bits (eight bites) available for ES data
storage, users may find it helpful to define specif-
ic fields, to make better use of information storage.
A field may use only one bit (or all 64), and may
contain a variety of topics. Some fields should prob-
ably be reserved for future expansion. The possi-
bilities for fields are endless, and completely up to
the user. As an example, figure 2 divides the ES
in five fields: manufacturer’s ID, device program
date, programmer ID code, pattern code, and
reserved section.
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Even with the GAL device’s security feature ena-
bled, the ES can still be read. If a pattern code were
stored in the ES, the user could always identify
which pattern had been used in a given device. In
this way, a device pattern could be confidentially
retrieved. As a second safety feature, when a GAL
device is erased and repatterned, the ES row is au-
tomatically erased. This prevents any situation in
which an old ES might be fitted with a new pattern.
(No information is better than wrong information).
It is the user’s responsability to update the ES when
reprogramming.

Programming the ES is accomplished in the same
mammer as any other array write operation. With
the GAL device in Edit mode, the ES can be se-
lected using a row address of 32 on the GAL 16V8,
or 40 on the GAL 20V8. By following the shift regi-
ster and program timings (specified in the data
sheets of section 2) to load, program and verify the
ES, a routine can be developed on most ATE sy-
stems to pattern a user-specific signature into the
device.

Though provided to assist the designers and ma-
nufacturers who utilize GAL products, making use
of ES is not essential to enjoying the many bene-
fits of GAL devices. For those willing to invest in
it, however, the reduction of ‘‘hidden costs’’ asso-
ciated with PLDs can be significant.

Eliminating labels

By automatically storing the appropriate identifica-
tion information into GAL device ES locations while
the programming hardware is patterning the devi-
ce, the need for a costly additional handling step
to apply messy gummed labels or ink is elimina-
ted. What’s more, throughput and quality of the pat-
terned devices is greatly increased.

Figure 2. Typical ES Field Definitions

DEVICE
PROGRAM
DATA CODE

MANUFACTURER'S
IDENTITY
CODE

PROGRAMMER

Document Control

The job of document control becomes more ma-
nageable when using the GAL device ES, since a
pattern code in the ES can specify each pattern
and its application. This proves an absolute boon
in military programs, where accurate documenta-
tion is essential. If a change occurs, it is easily han-
dled with a pattern code in each device, a readout
can actually be conducted during board assembly.
Code verification would ensure the use of proper-
Iy patterned devices and serve as a quality moni-
ioir step. Moreover, validation is simplified when
checking against a lot-or board-traveler, since ma-
ster devices are not required.

Software Revisions

With ES, a software ID code can be stored and re-
ferenced in Document Control to a current-pattern
version. When a revision occurs, a new pattern co-
de is simultaneously stored in the ES. For the first
time in PLD history, pattern codes can be monito-
red to verify that incorrect versions of software are
not inadvertantly being used.

With GAL devices, of course, any material flagged
with an improper pattern code can simply be sent
back and reprogrammed to the current-pattern re-
vision. Also, when security is enabled, an ES-
resident pattern ID code is the only certain means
of documenting which pattern resides within a
device.
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Manufacturing Information

As described earlier, manufacturing information
stored in the GAL device ES can help track down
problems, should products be returned. If each
board-assembly location were coded into GAL de-
vices used as that assembly site, for example, cu-
stomer board returns might be linked to a common
source. Also, identification codes would eliminate
the need to use external labels or stamps to signi-
fy different vendors.

Manufacturing Flow

With ES, devices can all be preprogrammed at one
location and given a destination code. Upon ship-
ment and receipt, sample readouts of destination
codes could be performed to ensure that the pro-
per devices were received. As systems become
more complex, production and document control
costs can become dominant. Electronic Signatu-
re is one of many valuable ease-of-use features of-
fered in the GAL device family that can tame such
costs. SGS-THOMSON will continue to deliver out-
standing user support, by making the ES feature
available on all GAL devices.

OVERVIEW OF REGISTER PRELOAD

Register preload is a testability feature that is ra-
pidly gaining prominence throughout the chip-
design market place. Because it allows any arbi-
trary state value to be loaded into a PLD’s output
register, this powerful feature is capable of brea-
king down complex logic design into simple testa-
ble blocks. All GAL family devices from
SGS-THOMSON incorporate the feature, and
though extremely valuable for testing the device
during manufacture, register preload allows the di-
scerning user to convince himself of this bold claim:
because of the testability advantages of the
E2CMOS technology, SGS-THOMSON guarantees
100% programming and functional yields for GAL
devices after programming. Although its compre-
hension is not a prerequisite for GAL device usage,
this technical brief provides a technical overview
of register preload and how it can be useful.

By allowing any arbitrary state value to be loaded
into a device’s output registers, register preload can
provide an easy method of testing registered de-
vices for logical functionality.

For conclusive testing of state-machine designs,
all possible states and state transitions must be ve-
rified, not just those required in the normal machi-
ne operations.

This is because, during system operation, certain
events (power-up, line voltage glitches, brown-outs,
etc.) can throw the logic into an illegal state. To test
a design for proper handling of such conditions,

‘_ SGS-THOMSON
mn@ﬁ;@mﬁ@m@mu@s

a way must be provided to break the feedback
paths, and force any desidered -even illegal - sta-
te into the registers. Then the machine can be se-
quenced, and the outputs tested for the correct
next-state conditions.

The GAL 16V8 and GAL 20V8 devices include cir-
cuitry that allows each registered output to be syn-
chronously set either high or low. Thus, any
present-state-condition can be forced for test se-
quencing. Figure 3 shows the pin functions neces-
sary to preload the registers. The register preload
timing and pin voltage levels necessary to perform
the function are shown in figure 4 (See section GAL
device specification) for parametric specifications
and the register preload. This test mode is ente-
red by raising PRLD to V|gs (a supervoltage of
15V), which enables serial data in (Spyn) buffer
and the serial data out (Spoyt) buffer. Data is se-
rially shifted into the registers on each rising edge
of the clock, DCLK. Only the macrocells with regi-
stered output configurations are loaded. If only 3
outputs have registers, then only 3 bits need to be
shifted in. The registers are loaded from the bot-
tom up, as illustrated in figure 3. A typical functio-
nal test sequence would be to verify all possible
state transitions for the device being tested. To ve-
rify these transitions requires the ability to set the
state registers into an arbitrary “present-state” va-
lue, and to set the device inputs to any arbitrary
** present-input”’ value. Once this is done, the sta-
te machine is then clocked into a new state or
‘“‘next-state”. The next state is then checked to va-
lidate the transition from the present state. In this
way any state transition can be checked.

Figure 3. Output Register Perload Pin Configuration
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* The Spoyr - output buffer is an open-drain output. This pin should
be terminated to Vg with a 10K resistor.
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Shorter test sequences

The difficulty in getting to certain states or condi-
tions can lead to logic-verification sequences that
are either incomplete or excessively long. Long test
sequences result when feedback signals from state
registers combine with inputs to determine the
‘““next-state’’ values. This condition forces the sta-
te machine to go through many state transitions
before it can reach the state that requires testing.
Therefore, the test sequence will be mostly state
initialization and not actual testing. The test se-
quence can become excessively long when a sta-
te must be reentered many times to test a wide
variety of input combinations.

Consider a device programmed as a seven-bit
counter that, among other functions, asserts an out-
put signal from an eighth output once the counter
reaches 127; or binary 1111111.In order to test this
eighth output for the proper logic level; it is neces-
sary to cycle the counter 127 times just to set up
the desired test condition. Also if several different
input combinations need testing with seven bit
counter in this state, each set of input conditions
will require the test sequence to lengthen by 128
test vectors, of which 127 vectors are for initializa-
tion only.

Register preload allows the desired “‘present-state”
to be loaded into the device in one test vector and
allows testing for the ‘‘next-state’” with a second
test vector. The benefits of this feature are readily
apparent for shortening test sequences.

Figure 4. Timing Diagram

Unreachable States

Complete logic verification is often impossible when
states that need to be tested can not be entered
with normal state transitions. Included among these
are ““forbidden”, ““power-up”, or ““don’t care "’ sta-
tes that are not nomally entered but need to be te-
sted to ensure that they return to the defined state.
Consider a design including a counter that counts
the sequence 0,1,2,5,0,1,2,5,...Under normal con-
ditions, the state registers for this counter would
never reach states ‘3" and “‘4”".*“However, to gua-
rantee proper functionality, these states must be
entered, to ensure the machine will reset if either
of these forbidden states is ever errantly entered.
Without register preload, this task is impossible,
since there would be no way to force the counter
into forbidden states.With register preload, the sta-
tes are simply loaded into the counter, which is sub-
sequently clocked to the next state to verify proper
return to a known state and normal operation.

For the most demanding users, register preload is
an invaluable feature for testing all possible state
transitions in a registered device, and one that can
significantly shorten test sequences, as well as al-
low forbidden states to be tested.

These benefits translate to higher quality systems,
because of the greater degree of confidence that
all components in the system function properly prior
to shipment. The point for all users of GAL devi-
ces to remember is that the inherent testability of
SGS-THOMSON'’s E2CMOS technology removes
the testing burden from the user by assuring the
highest-quality programmable logic devices avai-
lable 100% programming yield, 100% functional
yields guaranteed.
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E2CMOS Technology and Circuit Considerations

The E2CMOS technology employed on all GAL
devices combines a state-of-the-art, high-
performance CMOS static RAM process with an
electrically erasable, nonvolatile memory process
to form SGS-THOMSON’s E2CMOS technology.
This technology yields products with the best
speed-power characteristics available from any
user-programmable technology. A cross section of
the E2CMOS technology is illustrated in figure 1,
with key process features listed in table 1 . The
foundation of the technology is an oxide-isolated
N-well CMOS process fabricated on a, P-type sub-
strate.

Figure 1. E2CMOS Process Cross-Section

POLY 1t FIELD OXIDE

B8PSG ALUMINUM
POLY 1 SILICON (1°5)

FIELD IMPLANT
TUNNEL IMPLANT

PTYPE SUBSTRATE

Table 1. E2CMOS Dimensional Features

P-Type Substrate (209 - cm)
N-Well Bulk Silicon CMOS
Double-Level Polysilicon
Single-Layer Metalization
1.0 pm Channel Lenght
OXIDES

500 A First Gate
330 A Second Gate
420 A Interpoly Oxide

95 A Tunnel Oxide
KEY PITCHES UTILIZED

5.2 pm Active Area

4.0 pm Second Poly

4.8 um Metal

The use of negative substrate-bias generation
eliminates the requirements for expensive (and
defect-inducing) epitaxial processing techniques,
while enhancing device performance due to
reduced junction capacitance on all N-channel
devices. The oxide-isolation techniques serves to

G37, SGS-THOMSON
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further reduce device capacitance in all areas. The
E2CMOS technology utilizies fully self-aligned,
polysilicon-gate processing coupled with low tem-
perature process steps to minimize key circuit and
device performance limiting parasitic capacitances,
such as gate-source and gate-drain overlap
capacitances.

The floating-gate memory cell technology utilized
is based upon a 95 A oxide, utilizing the princi-
ples of Fowler-Nordheim tunnelling. This technol-
ogy was chosen due to its high quality, reliability
and repeatibility.

In fact, the memory cell proliferated throughout the
GAL family of devices has proven its reliability
through exhaustive testing (millions of write-erase
cycles) and over extended periods of time (over
1,000,000 device-hours have been logged at the
time of this writing).

In addition to the floating-gate (or ‘‘sense”’) device,
an additional select transistor (or ‘‘pass gate”) is
added in series with the cell in E2CMOS designs,
to isolate the sense device from the array during
read and write operations. A schematic represen-
tation of this type of cell is shown in figure 2. In
addition to the conventional bit line and word line,
the E2CMOS cell has additional line for control gate,
or top gate, which controls the potential of the float-
ing gate. In the GAL family of programmable logic
devices, this line occupies little additional area.

Figure 2. Typical E2CMOS Cell

PASS TRANSISTOR | BIT LINE

WORD LINE

CONTROL GATE H r

CELL GROUND

SENSE TRANSISTOR

SUBSTRATE

The cell is programmed by applying a programming
pulse to either the control gate or the drain region
of a cell that has been selected by an applied high
voltage on the select-line.

Programming takes place when electrons “‘tunnel’”
through a thin dieletric, which is indicated in the
schematic by the small notch in the floating gate
over the drain of the sense device. A microphoto-
graphed cross-section of the E2CMOS cell, as well
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Figure 3. E2CMOS Cell Cross-Section
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P- PUMPED SUBSTRATE

as its schematic representation, is shown in figure
3. Note that the sense-transistor channel length is
defined by a masking layer and not by polysilicon
gate, as in the case of the select, or pass, transistor.
This technique minimizes the size of the cell while
maintaining a high coupling ratio between the float-
ing gate and the control gate. As in the case of an
ultraviolet-light erasable PROM (EPROM) cell, the
E2CMOS cell requires an very low-leakage, high-
quality oxide between the two levels of polysilicon
to guarantee good data retention characteristics.
A more dramatic illustration of the cell is shown in
the scanning-electron-microscope (SEM) photo-
graph of figure 4 in which the various layers have
been etched back to reveal the floating-gate struc-
ture. Once the charge has been placed on the float-
ing gate, the actual floating-gate potential can be
modulated by the voltage on the control gate

Figure 4. Etched Back E2CMOS Cell

[77 SGS-THOMSON

through capacitive coupling. It is this capacitive
coupling that is used to generate the high voltage
across the tunnel dieletric at the beginning of a
programming pulse. During a programming cycle,
the cell is first erased to a 1, or nonconducting
state, then selectively written to a 0, or conduct-
ing state by a write cycle. This prevents the sense
device from conducting current during the write
operation, when voltage is applied to the drain of
the device.

E2CMOS Circuitry

The circuitry employed on all GAL devices has
been specifically designed to provide user key
benefits. AC and DC parametric performance has
been optimized over the full military temperature
and voltage range, through the use of substrate-
bias generation coupled with temperature compen-
sated, self-biasing sense amplifiers.

All GAL devices have been designed to provide to-
tal parametric compatibility with existing bipolar
TTL circuit technologies. Fig. 5 illustrates the typi-
cal room-temperature transfer characteristics of a
number of TTL circuit technologies, along with the
typical GAL device characteristic. The low-
temperature and high-temperature characteristics
are provided in Figures 6 and 7 . The effects of tem-
perature and voltage on two key AC parameters
(input-to output and clock-to output delays) can be
studied in figeres 8,9,10, and 11. The scales have
been normalized to 25°C and 5.0V operation, for
reference.

The advantages of E2CMOS technology become
apparent upon examination of these figures. The
transfer characteristic is significantly improved with
E2CMOS, both in terms of static Von level (at
specified lpn) as well as the ““squareness ”’ and
narrow transition region of the curve. The switch-
ing threshold is extremely stable, as compared with

MICROELECTRONICS

182



TECHNOLOGY AND TECHNICAL OVERVIEW

that of TTL circuit technologies, whose thresholds
are based upon PN diode stacks; the latter has a
strong exponential dependence on temperature,
while E2CMOS thresholds are primarily a function
of device size ratios, which are, of course, not
temperature-dependent.

The normalized access times vs.temperature

Figure 5. Room Temperature Transfer Characteristics
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Figure 7. —55°C Transfer Characteristics

curves illustrate the linearity of E2CMOS, as con-
trasted with the classical bipolar “bowl’’ shaped
temperature characteristic. It can be seen that
E2CMOS produces performance commensurate
with TTL above 25°C, while significantly outper-
forming TTL characteristics below 25°C.

Figure 6. +125°C Transfer Characteristics
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Figure 9. Normalized tcqo vs. Supply Voltage
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Figure 11. Normalized tpp vs. Temperature
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E2CMOS Output Characteristics

The schematic representation of the output driver
utilized on all GAL devices is illustrated in Figure
12. This is a specially designed high-drive output
stage with two key benefits for the system design-
er. The first point to notice is the exclusive use of
N-channel transistors for both pull up and pulidown
devices in the push-pull stage connected to the
device pin (Q1,Q2,Q3). The use of P-channel
devices on circuit outputs is one of the major
sources of destructive ‘“SCR latch-up” common to
many CMOS technologies.

The reason for this is due to output overshoot, un-
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Figure 10. Normalized tgo vs. Temperature
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Figure 12. Phased Output Turn-On Circuit

DATA

TRI-STATE

dershoot, or “‘ringing”’ due to signal reflections and
noise in a system application.

The second salient feature of the GAL output-stage
design is the phased, ‘““soft” turn-on of its high-
current (24mA) pull-down drivers, Q1 and Qa. This
feature benefits system disigners by controlling
transient current spikes, which often occur when
switching heavy, capacitive loads and many out-
puts in parallel. Dynamic switching spikes often
play havoc with system Vgg and Vg bus lines,
due to inductive coupling according to the equation.

di
VNOISE = Lbus(a)
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Where VNQJISE is the equivalent noise voltage, and
Lgus is the bus inductance. The phased output
turn-on circuit serves to limit the Vyoise compo-
nent by effectively reducing the dl/dt term.

This is accomplished through the use of paired pull-
down devices.

In effect, the circuit has two output drivers, a dy-
namic driver (Q4) and a static driver (Q2). Q1 is
driven by a very fast inverter stage (11), while Q2
is driven by an inverter stage (I2) designed to turn
on more slowly (by about 1.5 ns), but still turn off

Figure 13. Delta tpp vs. Output Loading

20 ~

turn off quickly. This design effectively smoothes
the dynamic output current spike generated when
switching heavy, capacitive loads, yet provides a
solid DC lp drive characteristic.

The propagation delay induced by capacitive out-
put loading is illustrated in Figure 13 and 14. The
DC output drive characteristics (IoH and Igy) are
illustrated in figure 15 and 17. The 200-ohm load
line in Figure 15 clearly illustrates the ability of GAL
devices to drive heavy loads and still maintain a
solid Von level of approximately 2.9 volts.
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Figure 15. lgy vs. Output Voltage
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E2CMOS Input Characteristics

A schematic representation of the input transis-
tor/buffer utilized on all GAL devices is illustrated
on Figure 16. The transistor is specifically designed
for compatibility with existing bipolar TTL circuit
technologies, while providing significantly improved
noise margins. Note the presence of an internal
decoupling capacitor (C1) physically integrated on
each device input and 1/0. Decoupling significantly
improves transient-noise rejection ratio and makes
it possible to use GAL devices successfully within
noisy system enviromments, which would induce
failures in other circuit technologies.

Figure 18 is provided as an example of this
‘‘designed-in”’ noise margin by illustrating a
GAL16V8 operating as a counter with a 10MHz
clock input signal that has only a 200mV swing.
This is, of course, not recommended design prac-

r SGS-THOMSON

Figure 17. lgL vs. Output Voltage

200 —
Vee=50V
Ta=25°C
150 |—
3 /
Er 100 - I
_5‘ I EFFECTIVE OUTPUT IMPEDANCE = 5.0(
50 —,
0 1 ] 1 1
0 1.0 2.0 30 4.0

OUTPUT VOLTAGE (V)

Figure 18. 10MHz Clocking with 200mV P-P Input
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tive, but demonstrates the sensitivity and noise
filtering capability of the GAL device input buffer.
Two other important input characteristics of GAL
devices are related to current-voltage (I-V) relation-
ships. One of these is the input current (I) ver-
sus the input voltage (V|n), and is illustrated along
with the common TTL characteristic in Figure 19.
As can be readily discerned from the figure,
E2CMOS provides the user with an ideal “‘open cir-
cuit” input load characteristic, whereas the TTL
devices present a significant DC load to the driving
circuitry. Ten TTL devices in parallel can easily pre-
sent a 4mA DC load to a driver. The remaining I-V
characteristic is related to the static Icc consumed
by the input translators as a function of the applied
input voltage. As the input voltage transi tions from
alogic 0 to a logic 1, there exists a region typically
between V| = 1to 3V, in which Qop and Qop are

Mﬂ@ﬁ@E&E@FR@MU@S

186



TECHNOLOGY AND TECHNICAL OVERVIEW

both slightly on and a current path exists beween
Vcc and Vss. The same situation occurs with Qza
and Qag, such that an E2CMOS input buffer
characteristic will allow small amounts of DC cur-
rent to flow as a function of input driving voltage
levels. This input buffer characteristic is shown in
Figure 20. Note that there are two different curves
illustrated in this figure -one for dedicated input
buffers, and one for I/O (bidirectional) buffers. The
1/0 buffers consume roughly twice as much Icc as
dedicated inputs, due to the fact that they have
been scaled up in size to help compensate for the
extra delay (about 1ns) they incur in the /O feed-
back multiplexer circuit that dedicated inputs do
not experience.

ESD Protection Network

It should be noted that all GAL device inputs have
an integral electrostatic discharge (ESD) protection
structure comprising a diffused N + resistor and
a ‘‘grounded gate” transistor (refer to Figure 16)
with a special phosphorous implant in its drain
region that is designed to non-destructively break
down between source and drain at approximatively
23 volts.

This breakdown of Q4 provides a low impedance
path to ground, thus dissipating any potentially
damaging charge that would otherwise pass to the
internal circuitry.

GAL device inputs are guaranteed to provide in ex-
cess of 1500V of protection when tested accord-
ing to the MIL-STD -38510 ESD test methods.

Figure 19. Ijy vs. ViN
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Figure 20. Input Translator Igc vs. VN
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Overshoot Characteristics

With signal propagation delays decreasing as a
result of device improvements, signal slew rates
are approaching 5V/ns in some technologies.
Proper attention to impedance-matching and ter-
mination becomes paramount, as system design-
ers are faced with transmission line effects, such
as reflections which are the source of a majority
of signal overshoots and undershoots on a board.
Bipolar TTL circuit technologies have historically
been very forgiving in this area, due to the integra-
tion of input and output Schottky ‘‘clamping”
diodes.

MOS technologies, in general, do not have the lux-
ury of having a readily available Schottky diode in
the process. E2CMOS technology is no exception;
to ensure that GAL devices did not have or cause
problems in a customer’s system, SGS-THOMSON
design goals included a requirement to sustain
large overshoots and undershoots on device pins
while having no functional effect on the device per-
formance. The reader is referred to Figure 21 which
illustrates the same device and pattern as utilized

MICROELECTRONICS
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in Figure 18, except the clock signal is now 16 volts
peak-to-peak (-8.0V to + 8.0V), still clocking the cir-
cuit at 10 MHz with no device malfunction. The
specific |-V curves for input and output circuits are
shown in Figures 22 and 23. The output circuit
characteristic is very similar to that of TTL technol-
ogies. The input circuit can be seen to have a limit-
ed current-sourcing ability, as compared with TTL
technology.

Figure 22. Output Voltage vs. Output Current
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Figure 21. 10MHz Clocking with 16V P-P Input
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THE GAL PROCESS

While it is the responsibility of component manufac-
tures to maximize product quality and reliability by
testing to weed out infant mortality and thereby
delivering units with a low failure rate,
programmable-logic-device (PLD) manufacturers
have traditionally placed the responsibility of test-
ing on the user.

Primarily because bipolar fuse-link technology does
not lend itself well to testability prior to program-
ming, PAL device consumers have been forced to
bear the burden of testing.

GAL devices are the only PLDs that are complete-
ly tested before shipment.

Incorporating design-for-testability features, GAL
devices are reprogrammed in milliseconds and test-
ed extensively through the actual circuitry used in
device operation, rather than by means of
“shadow” arrays and ‘“‘dummy’’ columns that one-
time-programmable PLDs resort to. When a con-
sumer purchases a GAL device and programs it,
he can feel 100% confident that the device will ad-
here to all performance specifications outlined in
the GAL data sheet. This can be assured because
prior to shipment, each GAL device has been
programmed with hundreds of worst-case patterns,
cycled for endurance and tested over temperature
with every scheme of architecture.

PLDs have historically been impossible to test and
characterize on a volume-production level, because
complete performance testing could not be accom-
plished until after a device was programmed for a
specific application. Only the customer could verify
that performance specifications were indeed be-
ing met, by testing each device fully after
programming.

Manufacturers of bipolar fuse-link PAL devices
present statistical data that implies that if the device
programs, it will probably operate adequately. Con-
sequently, the user has to program the device and
test it over temperature to screen out statistical
anomalies. If programming yield is 98% and func-
tional yield is 99%, then each user can expect to
return 3% of all PAL devices purchased or three
parts per hundred.

Predictable Programming

From a standpoint of device reliability, it is impor-
tant for users to distinguish between the untesta-
ble behavior of fusible links and highly predictable
and repeatable retention characteristics of the GAL
device’s E2CMOS arrays. Design features enable
each E2CMOS cell to be checked for sufficient mar-
gin after programming, to ensure that cells com-
ply with the retention requirements dictated by
SGS-THOMSON quality and reliability goals. All
devices undergo retention testing, in which every
cell’s charge is measured before and after a high-

ﬂ SGS-THOMSON

temperature “‘bake’’, to detect any unusual degra-
dation that might portend potential failures. For the
user, this means that programmer “‘sensitives” are
a thing of the past. In contrast, poorly processed
fuse links in a bipolar PLD - which might require
a higher current to program - can combine with a
weak programmer (low current sourcing) to
produce poor fusing characteristics. If proper fuse
gapping is not achieved 100% of the time, relia-
bility problems will arise. With fuse link technolo-
gy, reliability can often be a function of
programming hardware; with SGS-THOMSON
E2CMOS cells, reliability is inherent. Once
programmed, the GAL device is programmed for
life (unless, of course, the user decides to erase
and program it again).

Figure 24. Standard Product Manufacturing Flow
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Testing GAL Devices

The GAL device standard manufacturing flow
(figure 24) has been designed to test and stress
100% of the device circuitry over the full commer-
cial or military temperature operating range. Only
with E2CMOS technology is such an objective
realizable, and SGS-THOMSON is one of few PLD
manufacturers able to make that claim. To
thoroughly check the GAL device, its circuits are
partioned into four sections, each of which is sub-
jected to a specific test routine.
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As shown in the GAL16V8 block diagram of figure
25, the four sections are: Input logic, Output Logic
Macrocell (OLMC), E2CMOS cell array, and
programming circuitry. The parameters and specifi-
cations of each of the four sections are thoroughly
validated, as described in the following paragraphs.

Figure 25. GAL Device Block Diagram
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Figure 26. Basic Function Test Coverage
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DC Parameters

All DC parameters are measured twice, with am-
ple guardbands: during die-probing at the wafer lev-
el, and after the GAL devices are packaged. Tests
include input leakage, I/O leakage, stand-by cur-
rent, Vi, VIH, VoL, loL, loH, and VoH - all meas-
ured under worst-case bias conditions at both
temperature (either commercial or military) and vol-
tage limits.
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Basic Function

Basic functional testing verifies that the E2CMOS
cell array and all programming circuitry is opera-
tional. Timings and levels associated with serial-
shift register operation and array-addressing are
used in conjunction with several data patterns to
detect any array defects. During basic function test-
ing the opportunity is also taken to test other GAL
device features, such as register preload and
power-on reset. The tinted region of figure 26 indi-
cates the areas of basic function test coverage.

AC Performance

Since GAL device performance is taken very seri-
ously, triple guardbands are used (voltage, timing
and temperature) to ensure that device performace
is well within specifications.

Every timing specification is strictly tested, using
worst-case patterns for each architectural config-
uration. By AC testing with different architectures,
every AC path of the Output Logic Macrocell is test-
ed. With AC performance testing, input logic and
1/0 feedback are verified, as is the AC integrity of
the array. Figure 27 highlights the portions of the
GAL16V8 tested in this step. Note that the patterns
used for AC verification are placed into the normal
array; no test rows or columns are used. In fact,
so extensive is the testing performed on units pri-
or to leaving the factory that SGS-THOMSON
guarantees 100% AC yields.

Figure 27. AC Performances Test Coverage
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For the GAL device power measurement, operat-
ing current is maximized through use of a pattern
that combines standby current an peak transient
power. The device is tested with an asynchronous
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(16L8 type) architecture to take advantage of all
available outputs. Eight inputs are cycled at a fre-
quency in excess of 15MHz, while the supply vol-
tage is maintained at its upper limit.

(Most applications will require as a little as half the
power demanded by the above pattern).

Reliability

To optimize GAL device reliability, two special test
features were incorporated into the GAL family:
margin testing and internal verify. Margin testing
provides the ability to individually measure the
charge content of each cell, and is used primarily
for two evaluations:

1) To measure each cell after programming, and
thereby verify that sufficient voltage margin has
been attained;

2) To measure cell charge before and after a high
temperature stress, and thereby identify weak cells
that would likely exhibit poor retention charac-
teristics.

Internal verify provides the ability to monitor the vol-
tage and current on internal nodes.
Stress-induced changes can be identified through
internal verify, and a primary use of this feature is
to monitor internal circuit nodes before and after
a high voltage dynamic stress. Small changes in
internal characteristics often forewarn premature
circuit fatigue.

With the implementation of margin test and inter-
nal verify, reliability screens are made more effec-
tive. Used in conjunction with a dynamic and static
stress, these two device features ensure depend-
able circuit operation and rock-solid E2CMOS cell
retention.

Quality

To promote quality in the SGS-THOMSON GAL
products, strict policies and procedures for
manufacturing are closely adhered to. Electrostatic-
discharge (ESD) levels are continuously monitored
on samples taken at each manufacturing step.
100% actual step test, using generous guardbands
in temperature, timings, signal levels and supply
voltage, guarantees that all shipped material meets
published specifications.

Testability, Quality and reliability were foremost
obiectives during the design, development and
manufacturing of the GAL family.

The time and energy expended on this product in-
deed support that 100% programming and func-
tional yield are hard-earned facts-not just claims.

‘7_, SGS-THOMSON

POWER CONSIDERATION

Beginning with an understanding of some fun-
damental power-consumption characteristics of
bipolar and CMOS circuit technologies, a technique
can be developed that allows system designers to
accurately predict typical and worst-case power
consumption of GAL devices in a specific applica-
tion. Here, we investigate the components of GAL
device power consumption - and its dependence
on the programming pattern - to develop such a
structured technique.

Power consumption in integrated circuits comprises
of two fundamental components: A static (DC) com-
ponent and a dynamic (AC) component. The total
power consumed by an integrated circuit in a sys-
tem is simply the sum of these two components:

Pp=Ppac +Pbbpc
=(V<lac) +(V+iDC)
=V (lac+Ipc)

where: Pp is the total power dissipation, Iag is the
dynamic (switching) current consumption, Ipg is
the static (standby) current consumption, and V is
the operating supply voltage.

Dividing both sides by the operating voltage (V)
yields the total current:

IccroTaL=lac+Ipc
The Iac term can be further simplified:

dQac dv dv
lac 3 CroTAL pm (CL+CEeq) m
where C_ is the total output load capacitance be-
ing driven by the integrated circuit, Cgq is the to-
tal equivalent capacitance presented to the system
by the integrated circuit due to the internal device
nodes being charged and discharged during
switching, dV is equal to the supply voltage, and
dt=1/f (where f=switching frequency in Hz).
Therefore:

lac=(CL+Ceq)Vf
lccroTtaL =(CL+Ceq) Vi+Ipc

It can be seen that Ipg is a constant, while Iac is
linear with respect to frequency, voltage, and load
capacitance. In order to simplify the following dis-
cussion. We can assume an unloaded integrated
circuit and set Cp. =0. We are now left with the
equivalent capacitance (Cgq) presented to the sys-
tem by the integrated circuit:

Iccrotay=Cea Vf+Ipc

MICROEBLECTRONICS
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Bipolar integrated circuits have historically been
dominated by the Ipg term and have, therefore, ig-
nored the lac term (commonly referred to as the
"CVf’ term.) With the advent of bipolar technolo-
gies capable of attaining operating frequencies of
50-100 MHz, this *‘CVf”’ term is no longer negligi-
ble. Of couse, when considering high-performance
CMOS technologies, this CVf term is often the
dominant component of total Igg. In fact, many
CMOS devices now separate these two compo-
nents out and supply separate specifications:

Isg =Icc standby (or Ipc specified in mA)
Iac="‘CVf”’ component of Igc (in mA/MHz)

The intent is to allow a designer to determine the
total Igc of a specific IC in a specific application.
Programmable Logic Devices (both bipolar and
CMOS) have complicated matters for the users and
manufacturers of these devices, owing to their in-
herent configurability. Each unique PLD pattern
may generate significantly different values for both
Isg and CVf power, depending on the functions
and features utilized in each application. The
SGS-THOMSON GAL device family has been
thoroughly characterized in terms of both of these
components, in order to provide a simple and ac-
curate technique for estimating total Icc in a
specific application.

Separating Isg and Iac Components

Each GAL device can be divided into two distinct
areas of circuitry: one that consumes DC power and
one that doesn’t. The high-speed single ended
sense amplifier section consumes DC power (Igg)
to attain perfomance through its ability to sense and
amplify internal signal swings of as little as 50mV
to full-supply-level logic signals. (Additionally, the
oscillator circuitry that generates the negative sub-
strate bias contributes about 2 mA to Igg.)

All remaining circuitry is 100% CMOS technology,
which essentially generates no Igg component.
This circuitry includes input buffers, row drivers,
output logic macrocells, and output drivers. While
contributing negigible Igg’ these circuits have
direct and measurable contributions to Ceq Vf
current.

Standby current (Isp)

E2CMOS GAL devices employ a high-speed sense
amplifier on each product term in the array. Each
sense amplifier typically consumes ~560pA of
standby bias current. On a GAL 16V8 there are
sixty-four product terms, such that a typical Igg
contribution is:

(64 PT) (0.56 mA/PT)=36mA

Adding the 2mA for the oscillator circuit yields:
Total Isg=36mA + 2mA =38mA
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Due to variations in wafer fabrication process
parameters, this “typical’’ number will vary approx-
imately +20%. This variation of typical Igg versus
process parametric spread at 5.25V and 25°C is
illustrated in Figure 28 for both half-power GAL
devices.

Cgq Vf Current (Iac)

Due to the use of E2CMOS technology, each of the
many different paths and functions available to a
system designer contributes to the Cgq Vf current
only when actively switching.

To accurately estimate this Ceq Vf current in a
GAL device requires partitioning it into independent
fundamental components that can be treated
separately, then added together for a net contri-
bution. There are basically three distinct circuit
areas that contribute to Cgq Vf current:
1) Switching input and 1/0 buffers (includes rows
in the array)
2) Switching product terms (Columns in the array)
3) Switching output logic macrocells and output
drivers
Each of these circuit blocks represents a signifi-
cant capacitance that must be charged or dis-
charged each time it switches logic states. The
Cgq Vf current may be expressed as the sum of
these components:

CeqVf=(C1+Co+Cg) Vf
=(C1V+CaV +C3V)f

Where C4, Co, C3 refer to equivalent capacitances
for the above-referenced components.

Each of the three CVf components has been
characterized as a function of frequency and
provided for reference in Figure 29,30 and 31.
Figure 29 provides Iac characteristics as a func-
tion of the number of switching device input or /0
pins. Figure 3 illustrates the Iaoc characteristics as
a function of the number of switching product
terms. Finally, Figure 31 provides Ioc characteris-
tics as a function of the number of switching out-
puts. Table 2 provides a summary of these
components.

Table 2. Summary of AC Current Components

Half Power | Quarter Power
Term| GAL lac GAL lac Description
Contribution Contribution
CqV| 30prA/MHz 30pA/MHz Per switching
input
40pA/MHz 40pA/MHZz Per switching
le}
CoV 7pA/MHz 6pA/MHz Per switching
product term
C3V| 100xA/MHz 50pA/MHz Per switching
output
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Figure 28. Standby Current vs Process Parameters
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lcc(ToTAL)

It now becomes a simple task to calculate total Icc
for a specific application by merely summing the
components, according to the following equation:

IccroTaL) =Isg +(C1VI+CoVP + C3VO)f

where 1= # of switching inputs
P=# of switching product terms
O=# of switching outputs

To try a specific example, consider a typical 10MHz
application of a half-power GAL 16V8. A system
application may utilize eight inputs, four outputs,
two 1/Os, with sixteen product terms utilized. Sub-
stituting into the equation yields:

ICC(TOTAL) = 38mA+ [(30;1A/MHZ)(8) + (7pAIMHZ)(16) +
(100, AMMHz)(4) + (40,A/MHz)(2)]10 MHz

= 38mA +(240,A/MHz + 112,A/MHz +
400xA/MHz + 80pA/MHZz) 10MHz

= 38mA +(832:A/MHz) 10MHz
= 38mA +8.32mA
= 46.32mA

This is significantly less than the data sheet specifi-
cation of 90mA. There are three considerations
which explain this discrepancy:

1) This application is a 10MHz application. The data
sheet specifies Icc at 15MHz.

2) This application does not use all inputs and I/Os,
all product terms, and all outputs. The “CVf"’ com-
ponent of Icc is, therefore, significantly reduced.
3) The effects of temperature have not yet been
included. Figure 32 provides normalized Icc as a
function of ambiente temperature (normalized to
25° C). To calculate the worst-case power for the
example above at —55°C requires multiplying by
the temperature coefficient OT:

ICC(TOTAL, WORST CASE) = lcc(TYPICAL)*OT
= (46.32mA) (1.19)
=55.1mA

Now, for illustration, look at the worst-case Igc
possible on a half-power GAL device. This requires:

Ta= —-55°C

#of switching inputs =8
#of switching 1/0=8

#of switching PTs =64
#of switching outputs=8
System frequency = 15MHz

Plugging into the equation yields:

IccroTAL) = (48mA +[(30A/MHZ2)(8) + (7:A/MHz2)
(64) + (100pA/MHz)(8) + (40,A/MHZ)(8)]
15MHz)1.19
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=(48mA + [240pAIMHz + 448, AIMHz +
800, AMHz + 320uAIMHz] 15MHz) 1.19

=(48mA +27.1mA)1.19
=(75.1mA)(1.19) = 89.37mA

This is quite close to the maximum Igc of 90mA
quoted on the data sheet.

It is now a simple task to generate a chart that
graphically compares the total operating lcc of
GAL devices with that of bipolar PLDs. The follow-
ing scenarios are illustrated in Figure 33:

A) Bipolar ““‘A-PAL” operating Icc

B) Half-power GAL 16V8 with a “‘typical’’ pattern
C) Half-power GAL 16V8 with a “‘worst case”
pattern

D) Quarter-power GAL 16V8 woth a ‘“‘typical-
’pattern.

Only room-temperature curves are illustrated, as
both bipolar PLDs and E2CMOS GAL devices have
similar temperature coefficients for Icc. It can be
seen that the half-power GAL16V8 significantly out-
performs the bipolar PLD in terms of operating Icc
(by typically 90mA per device during stanbdy, and
by 75mA per device at 30MHz).

Figure 32. Normalized Current vs. Temperature

1.2

-
o

~

NORMALIZED e
5

°
©

\

“_s5 o 25 75 125

AMBIENT TEMPERATURE (°C)
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LATCH-UP PROTECTION

Latch-up is destructive bipolar-device action that
can potentially occur in any CMOS-processed
device. It is characterized by extreme runaway sup-
ply current and consequential smoking plastic
packages. Latch-up is peculiar to CMOS technol-
ogy, which integrates both P and N channel tran-
sistors on one chip.

In the doping profile of a CMOS inverter, parasitic
bipolar (PNPN) silicon-controlled-rectifier (SCR)
structures are formed. Figure 34 shows the process
cross section of a CMOS inverter, as well as the
bipolar components to the parasitic SCR structure.
In steady-state conditions, the SCR structure re-
mains off. Destruction results when stray current
injects into the base of either Q1 or Q2 in Fig. 34.

The current is amplified with regenerative feedback
(assuming that the beta product of Q1 and Qg is
greater than unity), driving both Q1 and Q3 into
saturation and effectively turning on the SCR struc-
ture between the device supply and ground. With
the parasitic SCR on, the CMOS inverter quickly
becomes a nonrecoverable short circuit; metal
trace lines melt and the device becomes perma-
nently demages.

Causes of Latch-Up

It has been explained that parasitic bipolar SCR
structures are inherent in CMOS processing. If trig-
gered, the SCR forms a very low-impedance path
from the device supply to the substrate, resulting
in the destructive event. Two conditions are neces-
sary for the SCR to turn on: The beta product of
Q1 and Qo must be greater than unity, which,
although minimized, is usually the case; and a trig-
ger current must be present.

The cause of latch-up is best understood by ex-
amining the mechanisms that produce the initial
injection current to trigger the SCR network. Figure
35 is a schematic of the parasitic bipolar network
present in a CMOS inverter, where node ““b”’ is the
inverter output. It can be seen that two events might
trigger latch-up: 1) The inverter output could over-
shoot the device supply, thereby turning on Q3 and
injecting current directly into the base of Qp; and
2) the inverter output could undershoot the device
ground, turning on Qo immediately. However, a
third condition could also trigger latch-up: if the sup-
ply voltage to the P + diffusion were to rise more
quickly than the N-well bias, Q1 could turn on. Wi-
thin the device circuitry, overshoot and undershoot
can be controlled by design. A problem area ex-
ists at the device inputs, outputs and I/Os because
external conditions are not always perfect. Power-
ing up can also be a potential problem because of
unknown bias conditions that may arise.

MICROELECTRONICS
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With CMOS processing the possibily of latch-up is
always present. The major causes of latch-up are
understood and it is clear that if CMOS is to be
used, solutions to latch-up will have to be created.
As the technology evolves, solutions to latch-up are
becoming more creative.

Figure 34. CMOS Inverter Cross-Section
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Figure 35. Parasitic SCR Schematic
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Approach to Eleminate Latch-Up

The intent of the GAL family was to implement cost-
effective solutions to each major cause of latch-up.
The goal was met through three device features.

The most susceptible areas for latch-up are the
device inputs, outputs and I/Os. Extreme externally
applied voltages may cause a P+ N junction to
forward-bias, leading to latch-up.

ﬁ SGS-THOMSON

To prevent latch-up by large positive swings on the
device inputs, ESD protections don’t use P + diffu-
sion diode connected to Vg to safe device out-
puts or I/O pins, NMOS output drivers were used.
This eliminates the possibility of turning on Q3
(Figure 35) with an output bias in excess of the
device supply voltage. Figure 36 contains the ef-
fective NMOS output driver and its switching
characteristics. Note that the output does not fully
reach the supply voltage, but still provides ade-
quate VoH margin for TTL compatibility.

To prevent negative swings on device input, out-
put and I/O pins from forward-biasing the base-
emitter junction of Qp, a substrate-bias generator
was employed. By producing a Vgyg of approxi-
mately —2.5V, undershoot margin is increased to
about —3V.

Figure 36. NMOS Output Driver
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To insure that non undesired bias conditions oc-
cur with P+ diffusions, SGS-THOMSON has de-
veloped the power-up circuitry, illustrated in Figure
37. In short, the drain of all P channel devices nor-
mally connected to the device supply, are now con-
nected to an alternate supply that powers up after
the device N-wells have been biased and the sub-
strate has reached its negative clamp value. This
prevents any hazardous bias conditions from de-
veloping in the power-up sequence. After power-
up is complete, the power-up circuitry becomes dor-
mant until a full power-down has occurred; this
eliminates the chance of an unwanted P channel
power-down during device operation.

'~ MICROEBLECTRONICS

195



TECHNOLOGY AND TECHNICAL OVERVIEW

Figure 37. Power-Up Circuitry
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To determine the amount of latch-up immunity
achieved with the three device features utilized in
the GAL family, an intensive investigation was car-
ried out. Each step was conducted at 25° and
100°C; inputs, outputs, and I/Os were sequential-
ly forced to —8V and + 12V while the device un-
derwent fast and slow power-ups; devices were
repeatedly ‘‘hot-socket’’ switched with up to 7.0V.

Even under the extreme conditions specified, no
instance of latch-up, occured. In attempt to provoke
latch-up +50mA was forced into each output and
1/0 pin. The device output drivers were damaged
in the battle, and still latch-up was not induced.

Based on the data, it is evident that the GAL fami-
ly is completely immune to latch-up, even when
subjected to a wide variety of extreme conditions,
including current at inputs, outputs, and 1/Os,
power-supply rise time, hot-socket power-up and
temperature.
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QUALITY PROGRAM

The quality and reliability of a product depend on
a range of activities starting from the conception
and design of a new product through to the produc-
tion shipment and the follow-up given to the
customer.

It is well known that reliability must be designed
into the product and the process.

But to manufacture consistently reliable high quality
products, SGS-THOMSON believes that it is essen-
tial for everyone in the company to appreciate the
importance of maintaining and improving the lev-
els of Quality and Reliability.

SGS-THOMSON has adopted a *“Total Quality Con-
trol”” approach which means that different depart-
ments mustworktogetherwiththeaimof improving
Quality. With this approach potential problems can
be solved at the stage where they arise, so that
defects are not passed on the finished product.

Total Quality Control assures the prevention of
quality problems rather than simply eliminating
defective finished products.

The customer benefits from this approach becau-
se it guarantees better quality and reliability and
reduces costs.

Reliability

Semiconductor devices must function normally in
a stable manner throughout the specified life of the
product.

SGS-THOMSON therefore takes meticulous care
in the design and manufacturing stages and ana-
lyzes the different factors that effect the Reliabili-
ty of semiconductors.

Component reliability is described in quantitative
terms by measuring the failure rate as a function
of time.

The failure rate distribution of a typical device fol-
lows the familiar bathtub curve shown in Fig. 1.
This curve is divided into three zones.

Zone A covers the so called ‘““infant mortality” peri-
od. The predominant failure mechanism are relat-
ed to assembly defects. Actions and checks
throughtout the process allow SGS-THOMSON to
reduce infant mortality failure.

Zone B represents the random failure portion of the
curve related to the useful life of the device. This
duration, generally very long, depends on the ap-

In Zone C there are wearout mechanism resulting
in parametric and catastrophic failures.

Fig. 1 - Failure rate distribution curve
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Reliability testing

There are two types of reliability tests: those per-
formed during design and development and those
carried out in production. The first type is usually
performed on a small sample but for long periods
of time under highly accelerated conditions in order
to investigate wearout failures and to determine
tolerances and limits of the design. The second
type of tests are performed periodically during
production to check, maintain and improve the as-
sured Quality and Reliability levels. All reliability
tests performed by SGS-THOMSON are under
more severe conditions than those met in the field.
These conditions although accelerated, are chos-
en to simulate stresses that devices are subjected
to in actual operation, and care is taken to ensure
that the failure modes are unchanged.

Accelerated tests

Through accelerated stress it is possible to evalu-
ate the failure rates of the components, as a per-
centage of devices expected to fail every 1000
hours under test conditions. Derating the data at
different conditions, we can estimate the life ex-
pectancy under acual operating conditions. In its
simplest form the failure rate (F.R.) under given
conditions is:

N = No of failures

plied stresses such as temperature, voltage, and  F.R.= N where D=No of devices
power, etc. DH H = No of testing hours
57 -THOMSON
ST A
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If we intend to determine the failure rate under dif-
ferent conditions an acceleration factor must be
considered. Data obtained for device families un-
der accelerated conditions give a relationship bet-
ween the stress applied and failure rate that is
supported by data collected in the field. Data col-
lected from operating life tests performed at high
temperature are derated for normal operating con-
ditions and the failure rate may be estimated with
sufficient accuracy.

Fig. 2 - Life-Hours
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Figure 2 shows temperature derating curves and
the multiplying factors for temperature reduction

based on the assumption of the Arrhenius law:
F.R. = Ae-Ea/KT] (1)

A =Constant

K =Boltzman’s constant
Ea = Activation energy

tj =Absolute temperature

For two different temp. F.R.(T1) =F(T4, To) F.R.(To)

from (1) it is: F(Tq, T EXP['E"‘<1 . 1)]
m (1) it is: F(Ty, T2)= K\T; T»

A?i SGS-THOMSON

Activation energies are in the range 0.3 to 0.6 eV
(typically 0.44 eV) for infant mortality failures and
0.6 to 1.4 eV (typically 1 eV) for random failures.

PPM (Results and targets)

As a consequence of its quality improvement pro-
grammes SGS-THOMSON has continually impro-
ved outgoing quality and is pursuing ambitious
quality targets.

PPM values and targets for cumulative electri-
cal failures™ (inoperative mechanical included)

YEAR 1988 1989 1990

PPM 75 40 25

1987

10+20

* Values referred to the end of years.

Field Programmable Logic Devices (FPLD)

Insp.

AQL
level

Subgroup Parameters

Al Visual and
mechanical |
inspection

0.04*

Cumulative
electrical and
inoperative Il
mechanical
failures

A2+A3+A4
0.04

* - 0.065 for SMD (Surface Mounted Devices)

- Guaranteed temperatur range:
according to SGS-THOMSON data books.

MICROELECTRONICS
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Product qualification

A “‘no compromise’’ strategy was adopted at each
stage of production from development to prepro-
duction, to full production stage; quality and relia-
bility were always priority targets.

We have envisaged 3 main check points:

1. project validation at design stage
2. prototypes qualification
3. final product qualification.

At design stage CAD tools (for simulation and de-
sign rule checks) and quality council meeting are
used for continuous monitoring of quality aspects
of the circuits.

Prototypes qualification is performed by means of
an agreed and fixed set of tests for reliability and
product characterization.

The final outputs are:

a) circuit characterization manual

b) circuit qualification report

c) failure analysis reports (when needed).
See below for operative data and flow.

Finally product qualification at production stage is
obtained with a set of reliability tests mainly based
upon:

d) accelerated temperature life tests

e) high temperature storage

f) temperature-humidity accelerated conditions

g) high voltage stresses (inputs-outputs
protection, latch-up).

Both circuit and process parameters are monitored.

FLOW OF ACTIVITIES

High Temperature Bias
High Temperature Storage
Temperature-Humidity Bias
Pressure Cooker
Input/Outputs protections

Specifications

Development

Project
Validation

Prototypes
Preparation

Circutt
Charactenization

Preliminary
Qualification

Same test group as per preliminary qualifi-
cation plus technology parameter drift (thre-
shold voltages, currents, etc) at extended
time periods, and group B, C, D tests

Elearlca‘
Evaluation Test
37 SGS-THOMSON
Y/, [ICROELECTRONICS
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WAFER FAB STANDARD PRODUCTION PROCESS FLOW CHART

Key:
100% operation/screening

In-process control (monitor)

Q. A. Gate inspection (sample acceptance)

Material Inspection
Starting materials are inspected following written
specifications and records are maintained for traceability.

2 Wafer fabrication
Masking, etching, diffusion and metallization processes
produce finished dice in wafer form.

—E) In-process control

Wafers and process environment are inspected
at the main process steps.

Q) Electrical wafer sort (probing)

Each die is electrically tested and identified
when it doesn’t meet the electrical requirements.

5 Finished wafer inspection
Active surface and back finish are inspected on each
diffusion lot before release for die fab and assembly.

Assembly

c_ SGS-
Y/. mu@m@.g“nﬁgv'%@sm?@%

202



QUALITY AND RELIABILITY

QUALITY INSPECTIONS/MONITORS DURING WAFER FABRICATION

The Table emphasizes the most important fabrication steps with the relevant Quality inspections/moni-

tors performed.

PROCESS STEPS

IN-PROCESS INSPECTIONS/MONITORS

OXIDATION

DEPOSITION: Nitride,
BPSG, PSG, Poly Si

PHOTO LITHOGRAPHY

ETCHING

DOPING BY IMPLANT
(P, As, B)

DOPING BY DIFFUSION
(POClg,)

METALLIZATION

PASSIVATION

BACK FINISHING

ELECTRICAL
CHARACTERIZATION

WAFER INSPECTION

Visual
Thickness
CV plot (Stability of ionic concentration and contamination control)

Visual
Thickness
Doping content

Mask and wafer cleanliness
Visual (alignment and focusing accuracy)
Critical dimensions

Visual (quality of etching and wafer cleanliness)
Critical dimensions

Sheet resistance (dose and implant uniformity)

Sheet resistance
Thickness
CV plot (Stability of ionic concentration and contamination control)

Visual

SEM (step coverage and film quality)

Thickness

CV plot (stability of ionic concentration and contamination control)

Thickness

Phosphorus concentration

Passivation integrity (density of pinholes and cracks)
Visual

Wafer thickness

Threshold voltage

Electrical Characteristics:

e.g.: leakage current, breakdown voltage, resistivity, etc.

Visual (microscope and/or laser surface inspection system)

Lyz, 365, THOMSON
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QUALITY AND RELIABILITY

ASSEMBLY STANDARD PRODUCTION PROCESS FLOW CHART

Hermetic
package

Key

100% operation/screening

In-process control (monitor)

Q. A. Gate inspection (sample acceptance)

Material inspection
Wafers are separated into
individual dice and electrical
rejects are removed

Visual screening*
Dice are inspected and
selected at high
mangification.

Quality inspection
Each dice lot is accepted
before assembly (visual
inspection of active surface).

Die attach

Quality control
Daily visual and mechanical
control (die shear strength).

Wire bond

Quality control
Daily visual and mechanical
control (bond strength).

Precap visual®
Assembled but unsealed
units are individually
inspected at low and high
power magnifications.

Quality inspection
Each lot is accepted before
sealing to verify compilance

to precap inspection

specifications.

Sealing
Vacuum prebake and high
temperature final seal

Moulded
package \

®

@)
28]

Shipping

Moulding and stabilization
bake

Sealing atmosphere
control

Seal and lid torque
control
Trim & Form and Lead
finish

Solderability inspection

Internal water-vapor
content control

Final bake
Raw line inspection

Marking and Electrical
Testing

Group A Inspection
(Finished products)

Group B, C and D tests**

Packing

Packing and
documentation inspection

&

2]
@9

He©

Shipping

* Omitted when the intrinsic quality meets the specified quality level.
** For non military products, these reliability tests can be performed after step 23 on 100% electrically tested samples
(when requested).
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QUALITY AND RELIABILITY

QUALITY TESTS DURING ASSEMBLY PROCESS

Process Tests Descriptions
steps
10 QUALITY CONTROL — MIL STD 883C Method 2010 cond. B (internal visual) and Method
(die attach) 2019 (die shear strength)
12 QUALITY CONTROL — MIL STD 883C Method 2010 cond. B (internal visual) and Method
(bonding) 2011 cond. D (bond strength)
14 QUALITY INSPECTION — MIL STD 883C Method 2010 cond. B (internal visual)
(precap)
17 SEALING Moisture content:
ATMOSPHERE < 200 ppm for Ceramic packages
CONTROL
18 SEAL CONTROL Fine Leak:
— MIL STD 883C Method 1014 cond. A1
Helium leak detector after pressurization in He for 2 h at 4.2 atm
Limit: 5 « 10—8 cc/s for ICV* < 0.4 cc
2 .10/ cc/sforiCV > 0.4 cc
* ICV = internal cavity volume
Gross Leak
— MIL STD 883C Method 1014 cond. C1 (fluorocarbon gross leak)
5 Torr vacuum for 1h followed by pressurization of the devices
immersed in mineral oil at 4.2 atm for 2h, and subsequent immersion
in mineral oil at Ta = 125°C
LID TORQUE Ceramic packages only
CONTROL MIL STD 883C Method 2024
(e.g. > 60 kg - cm for seal area values between 1.41 and 1.73 cm?)
20 SOLDERABILITY — MIL STD 883C Method 2003
INSPECTION Soldering temperature 245 + 5°C for 5 + 0.5 sec. with precondi-
tioning of 1h (1) above boiling distilled water and 5 to 10 sec. in rosin
base flux
21 INTERNAL WATER Dew Point method MIL STD 883C Method 1018 procedure 3
VAPOR CONTENT 5000 ppm max (dew point temperature less than —15°C)
CONTROL Ceramic packages only.
22 FINAL BAKE For SMD only (according to internal specifications)
23 RAW LINE External Visual
INSPECTION MIL STD 883C Method 2009
Note: at this step some reliability tests (pressure pot, temperature
cycling, life test etc.) are performed as a monitor, generally on a weekly
basis, to have fast feedback on process behaviour (Real Time Control
Tests)

7. TN
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QUALITY AND RELIABILITY

QUALITY TESTS DURING ASSEMBLY PROCESS (Continued)

Process L
steps Tests Descriptions
25 GROUP A — See page 200
INSPECTION
26 GROUPS B, C AND D Performed on the product family representative types (by rotation); the
TESTS results are extended to all the other devices of the same family
according to the structure similarity concept
28 PACKING AND Inspection for:
DOCUMENTATION — right quantity
INSPECTION — right type
— right boxing
— right labelling
— right documentation
— various

(1) This preconditioning is going to be substituted by 8h as per MIL-STD-883 C requirements
Please consult our sales organization for any further information.

GROUPS B, C AND D RELIABILITY TESTS
Every week or every 3 months on raw line material and/or finished products

operating life test

high temperature
retention high VT

high temperature
retention low VT

extended endurance

1000 h at Ta=150°C Vgg=5.5V
1000 h at Ta=150°C Vg =5.5V

1000 cycles Ta=25°C V5.5V

MIL-STD-883 C
Test LTPD
Method Condition
SUBGROUP 1
physical dimensions 2016 | Major dimensions according to data sheet 2 devices
(no failure)

SUBGROUP 2 (1)

resistance to solvents 2015 | 1 minute immersion in solvent solution followed by 10 4 devices
strokes with a soft brush (the procedure shall be repeated (no failure)
3 times) solvent solution 2.1a only for moulded packages.

SUBGROUP 3 (1)

solderability (*) 2003 | Soldering temperature 245 + 5°C for 5 + 0.5 sec. with 10
preconditioning of 1 h above boiling distilled water and 5 to
10 sec. in rosin base flux

SUBGROUP 4

high temperature 1005 | 1000 h at Ta = 125°C, Vgo _ 55V Bxx

(1) Performed weekly on finished product
(*) See note 1 page 206
(**) Different samples for each test.
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QUALITY AND RELIABILITY

GROUPS B, C AND D RELIABILITY TESTS (Continued)
Every week or every 3 months on raw line material and/or finished products

end-point electrical
parameters

as specified in the applicéble device specification

MIL-STD-883 C
Test LTPD
Method Condition

SUBGROUP 5
(hermetic packages only) test condition C (10 cycles Ta = —65°C to +150°C); 10
temperature cycling 1010 | 10 minutes at temperature extremes; recovery time max 15

minutes after 1 minute max transfer time
constant acceleration 2001 | test condition E (30000 g) Y1 orientation only (2)
seal 1014
- fine test condition A1
- gross test condition C1 (5€€ step 18 pag. 205)
end-point electrical as specified in the applicable device specification
parameters
SUBGROUP 6 (1)
(moulded packages only)
pressure pot Ta= 121°C, 2 atm, 168 h minimum 10
end-point electrical as specified in the applicable device specification
parameters
SUBGROUP 7 (1)
(moulded packages only)
HAST (Highly Accelerated — 130°C -85% RH with bias t=48 h according to detail 10
Stress Test) specification

as specified in the applicable device specification
SUBGROUP 8
(hermetic packages only)
seal 1014 10
- fine test condition A1
- gross test condition C1 (see step 18 pag. 205)
thermal shock 1011 | test condition B, 60 cycles (Ta= —55°C to + 125°C)

5 minutes at temperature extremes

transfer time < 10 sec.
seal 1014
- fine test condition A1
- gross test condition C1 (see step 18 pag. 205)

(1) Performed weekly on finished product
(2) 20000 g for packages with cavity perimeter of 5 cm or more and for with a mass of 5 grams or more

Aﬂ SGS-THOMSON
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QUALITY AND RELIABILITY

GROUPS B, C AND D RELIABILITY TESTS
Every 6 months on raw line material and/or finished products

MIL-STD-883 C

- fine
- gross

visual examination

end-point electrical
parameters

test condition A1

test condition C1 (see step 18 pag. 205)

per visual criteria of Method 1011 or 1010

as specified in the applicable device specification

Test LTPD
Method Condition
SUBGROUP 1
lead integrity 2004 | test condition B2 (lead fatigue) 10
- dual-in-line moulded packages; three leads shall
be bent, 3 times, simultaneouslY for at least 15°
permanent bend, returning then to the original position
seal 1014
(hermetic packages only)
- fine test condition A1
- gross test condition C1 (see step 18 pag. 205)
SUBGROUP 2
(hermetic packages only)
thermal shock 1011 | test condition B; 15 cycles (Ta = —55°C to +125°C) 10
5 minutes at temperature extremes
transfer time < 10 sec.
temperature cycling 1010 | test condition C; 100 cycles (Ta = —65°C to +150°C)
10 minutes at temperature extremes; recovery time max 15
minutes after 1 minute max transfer time
moisture resistance 1004 | Lead bend stress initial conditioning followed by 10 cycles
of 24h; Ta = 25°C to 65°C
RH = 80% to 100%
one 3h cycle at Ta = —10°C
seal 1014
- fine test condition A1
- gross test condition C1 (see step 18 pag. 205)
visual examination per visual criteria of method 1004 and 1010
end-point electrical as specified in the applicable device specification
parameters
SUBGROUP 3
(hermetic packages only)
mechanical shock 2002 | test condition B; 1500 g - 0.5 msec. - 5 blows in each of 10
the 6 orientations - not operating
vibration, variable 2007 | test condition A; 20 g - 3 orientations f = 20 to 2000 cps;
frequency four 4 minutes cycles;
48 minutes total - not operating
constant acceleration (1) 2001 | test condition E (30000 g), Y1 orientation only
seal 1014
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QUALITY AND RELIABILITY

GROUPS B, C AND D RELIABILITY TESTS
Every 6 months on raw line material and/or finished products (continued)

MIL-STD-883 C
Test LTPD
Method Condition
SUBGROUP 4
salt atmosphere 1009 | test condition A; 10 to 50 gr of NaCl per square meter per
day for 24 h at Ta = 35°C
seal 1014
(hermetic packages only)
- fine test condition A1
- gross test condition C1  (S€€ step 18 pag. 205)
visual examination per visual criteria of method 1009
SUBGROUP 5
(moulded packages only)
temperature cycling 1010 | test condition C; 100 cycles (Ta = —65 to + 150°C 5
10 minutes at temperature extremes; recovery time max 15
minutes after 1 minute max transfer time
visual examination per visual criteria of Method 1010
end-point electrical as specified in the applicable device specification
parameters
SUBGROUP 6
(moulded packages only)
humidity test CECC | 85°C/85% RH with bias, t = 1000 h 5
90000 | according to detail specification
end-point electrical as specified in the applicable device specification;
parameters measurements at 0, 168, 500 and 1000 h
SUBGROUP 7 ) 3 devices
(hermetic packages only) 0 failures
or
internal water-vapor content| 1018 | dew point method-procedure 3 (5000 ppm max) 5 devices
1 failure
@
SUBGROUP 8
(ceramic packages only)
lid torque (3) 2024 | (see step 18 pag. 205) 10

1) 20000 g for packages with cavity perimeter of 5 cm or more and/or mass of 5 grams or more.
2) Test three devices if one fails test two additional devices with no failure.

3) lid torque test shall apply only to packages which use a glass-frit seal to lead frame, lead or package body (i.e. where-
ver frit seal establishes hermeticity or package integrity)

‘y_l' SGS-THOMSON
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QUALITY AND RELIABILITY

GROUPS B, C AND D RELIABILITY TESTS
Additional tests done during qualification:

210

MIL-STD-883 C
Test
Method Condition

Electrostatic 3015 | C=100 pF R=1.5KQ
discharge
sensitivity
Latch V=10 per pin
susceptability

Lyr SGS-THOMSON
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SALES OFFICES

AUSTRALIA

NSW 2027 EDGECLIFF

Suite 211, Edgecliff centre
203-233, New South Head Road
Tel (61-2) 327 3922

Telex 071126911 TCAUS
Telefax (61-2) 327 6176

BRAZIL

05413 SAO PAULO

R Henrique Schaumann 286-CJ33
Tel (55-11) 883-5455

Telex (39-11) 37988 "UMBR BR"

CANADA

BRAMPTON, ONTARIO
341 Main St North

Tel (416) 455-0505
Telefax 416-455-2606

CHINA

BEWNING

Beying No 5 Semiconductor
Device Factory

14 Wu Lu Tong Road

Da Shang Mau Wai

Tel (861) 2024378

Telex 222722 STM CH

DENMARK

2730 HERLEV

Herlev Torv, 4

Tel (45 2) 94 8533
Telex 35

Telefax (45 2) 948694

FRANCE

94253 GENTILLY Cedex
7 - avenue Gallieni - BP 93
Tel (33-1)47407575
Telex 632570 STMHQ
Telefax (33-1) 47 4079 10

67000 STRASBURG
20, Place des Halles

Tel (33) 88 25 49 90
Telex 870001F

Telefax (33) 88 22 29 32

HONG KONG

WANCHALI

22nd Floor - Hopewell centre
183 Queen's Road East

Tel (852-5) 8615788

Telex 60955 ESGIES HX
Telefax (852-5) 8656589

INDIA

NEW DELHI 110 001

Liason Office

c/o Diners Business Services Pvt Ltd
World Trade Tower - First Floor
Barakhamba Lane

Tel 3314668 - 331 2840

Telex 031 63421 DBSD IN

Telefax 3312830

ITALY
20090 ASSAGO (M)

Vle Milanofiori - Strada 4 - Palazzo A/4/A

Tel (39-2) 89213 1 (10 linee)
Telex 330131 - 330141 SGSAGR
Telefax (39-2) 8250449

40033 CASALECCHIO DI RENO (BO)

ViaR Fucini, 12

Tel (39- 51)591914
Telex 51244,

Telefax (39- 51) 591305

00161 ROMA

Via A Torlonia, 15

Tel (39-6) 8443341/2/3/4/5
Telex 620653 SGSATE |
Telefax (39-6) 8444474

JAPAN

TOKYO 108

Nisseki - Takanawa Bld 4F
2-18-10 Takanawa
Minato-Ku

Tel (81-3) 280-4121
Telefax (81-3) 280-4131

KOREA

SEOUL 121

8th floor Shinwon Building
823-14, Yuksam-Dong
Kang-Nam-Gu

Tel (82-2) 552-0399
Telex SGSKOR K29998
Telefax (82-2) 552-1051

NETHERLANDS

5612 AM EINDHOVEN
Dillenburgstraat 25

Tel (31-40) 550015
Telex 51186

Telefax (31-40) 528835

SINGAPORE

SINGAPORE 2056

28 Ang Mo Ko - Industrial Park 2
Tel (65) 4821411

Telex RS 55201 ESGIES

Telefax (65) 4820240

SPAIN

08021 BARCELONA n
Calle Platon, 6 4" Floor, 5™ Door
Tel (34-3) 2022017-2020316
Telefax (34-3) 2021461

28027 MADRID

Calle Albacete, 5

Tel (34-1) 4051615
Telex 27060 TCCEE
Telefax (34-1) 4031134

SWEDEN

S-16421 KISTA
Borgarfjordsgatan, 13 - Box 1094
Tel (46-8) 7939220

Telex 12078 THSWS

Telefax (46-8) 7504950

SWITZERLAND

1218 GRAND-SACONNEX (GENEVA)

Chemin Franois-Lehmann, 18/A
Tel (41-22) 7986462

Telex 415493 STM CH

Telefax (41-22) 7984869

TAIWAN

TAIPEI

12th Floor

571, Tun Hua South Road
Tel (886-2) 755-4111
Telex 10310 ESGIE TW
Telefax (886-2) 755-4008

UNITED KINGDOM and EIRE

MARLOW, BUCKS
Planar House, Parkway
Globe Park

Tel (44-628) 890800
Telex 847458

Telefax (44-628) 890391




SALES OFFICES

U.S.A.

NORTH & SOUTH AMERICAN
MARKETING HEADQUARTERS
1000 East Bell Road

Phoenix, AZ 85022-2699
(1)-(602) 867-6340

SALES COVERAGE BY STATE

ALABAMA
Huntsville - (205) 533-5995

ARIZONA
Phoenix - (602) 867-6340

CALIFORNIA
Irvine - (714) 250-0455
San Jos - (408) 452-8585

COLORADO
Boulder (303) 449-9000

GEORGIA
Norcross - (404) 242-7444

ILLINOIS
Schaumburg - (708) 517-1890

MARYLAND
Columbia - (301) 995-6952

MASSACHUSSETTS
Waltham - (617) 890-6688

NEW JERSEY
Voorhees - (609) 772-6222

OREGON
Tigard - (503) 620-5517

TEXAS
Austin - (512) 339-4191
Carrollton - (214) 466-8844

WASHINGTON
Seattle - (206) 524-6421

FOR RF AND MICROWAVE
POWER TRANSISTORS CONTACT
THE FOLLOWING REGIONAL
OFFICESINTHEUS A

CALIFORNIA
Hawthorne - (213) 675-0742

NEW JERSEY
Totowa - (201) 890-0884

PENNSYLVANIA
Montgomeryville - (215) 362-8500

TEXAS
Carrollton - (214) 466-8844

WEST GERMANY

6000 FRANKFURT
Gutleutstrabe 322

Tel (49-69) 237492
Telex 176997 689
Telefax (49-69) 231957
Teletex 6997689=STVBP

8011 GRASBRUNN
Bretonischer Ring 4
Neukeferloh Technopark
Tel (49-89) 460060

Telex 528211

Telefax (49-89) 4605454
Teletex 897107=STDISTR

3000 HANNOVER 1
Eckenerstrasse 5

Tel (49-511) 634191
Telex 175118418

Teletex 5118418 csfbeh
Telefax (49-511) 633552

8500 NURNBERG 20
Erlenstegenstrasse, 72
Tel (49-911) 597032
Telex 626243

Telefax (49-911) 5980701

5200 SIEGBURG
Frankfurter Str 22a

Tel (49-2241) 660 84-86
Telex 889510

Telefax (49-2241) 67584

7000 STUTTGART

Oberer Kirchhaldenweg 135
Tel (49-711) 692041

Telex 721718

Telefax (49-711) 691408
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