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1. INTRODUCTION

Programmed Array Loglic (PAL) iIntegrated clrcuits provide a way of

designing random logic Into a "Universal® integrated clrcuit.
These clrcults are easy to program and non-volatile.

PALs can ba used to advantage to replace several separate integrated
cirouits in decoding logic. They can provide a 6 to 1 chip count reduc-
tion over fandom lagic. They have glitch free operation as an advantage

over Programmed Read Only Memory (PROM) based look-up table decoders.

For uga in CAMAC modules, functione that immedlately come to mind are
a compleate CAMAC decoder in one IC and a bit set/bit clearable LAM magk
and demand regleter in one IC.

2. PAL ARCHITECTURE

This section is a brief deascription of the internal layout of PAL
ICs, for a more complete description the reader 1s refarred to the
PROGRAMMABLE RARRAY LOGIC HANDBOOK from Monolithic Memorles and the PAL
DRTABOOK fram NATIONAL SEMICORDUCTOR.

The PAL archltecture ia based on AND gatas with'thelr inputs fuse
programmable to the true and inverse of up to 20 input and feedback terma.
The outputa of the RND gates are then grouped into OR terms. Flgqure 1
shows a partial loglc of 2 inputs 2 AND gates and ' OR gate.

The notation used in PALS is shown in flg,2 which shows the conven-
tional symhol for a three input AND gate and also how this le& represented
tn PAL notation. Figure 3 shows the PAL notation for the partial logic

ghown in fig.l.

FPlgure 4 shows a random loglc function and fig.5 shows how this Func-
tion is represented on a PAL logic dlagram. The intact fupes are repres-
ented by X at the junction and blown fuges are represented by a plain
crossover, It ls therefore easy to follow the logic by following tha
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inputs through te the outputs tﬁéy control.

It is now possible to use the PAL notation to show the architecture
of the various types of PAL,

Figure 6 shows a section of a gate array PAL. In this type of PAL
the inputs are buffered and inverted and bussed to the inputs of all the
AND gates such that each AND gate can see each input, The AND gates are
then grouped to OR Eunctions mo that each output can be activated by
geveral input combinations. There are a wide range of these PALs with
various combinations of inpute and outpute. 1To select & PAL from this
range to replace randem logic it is normally only necessary to count the
number of input and output connections and select the PAL accordingly.

Figure 7 shows a sectlon of the next most complex typa of PAL. Thie
type has a thras-state output controlled by one AND gate (note thias can be
permanently enabled by blowing all the fuses on the lhput to the control
gate), The output pin is also connected back into the array thus allowing
feedback, input or bi-directional use of this terminal.

Figure B ghows the registered PAL., This type of PAL has an extern-
ally clocked reglstér and feedback. These PALs have their registers
clocked simultaneously and most of them have separate non reglstered out-
putz that can be externally connected to give a clack from several

BouTcen,
Flgure 9 shows the XOR reglstered PAL which is a variation on the

regiatered PAL with 2 OR functions XORed before the register. This allows
an eagy implementation of a ROLD function.

3. PALASM

PALASM 1s a FORTRAN IV program which assembles the PAL Design
Specification translating the logic eguation to a PAL fuse pattern.

PALASH also contains a simulator which exercises the Function Table

vectors and reports any Lnconsistencies between the table and the
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equations.

The Function Tables also Form the basis for a test program for the
blown PAL.

PALASM {p incorporated in a small microprocessor based PAL programmer
the SD20/24. This can be ugsed to develop PAL specifications as well as to
blow the PAL.

R PALASM program conslsts of three or four parts. 'Thege are: 1 setup
conditions, 2 the Boolean logic equations, 3 a Functlion Table and, 4 a
description. Stages ) and 4 are optional but for use with the 5b20/24 one

or other must be present.

The setup is five lines long. 'The first line is the PAL type number.
The next three lines are the part number, the part title and the program-
mers name and location. The 5th line 15 the pin name ligt, The pin list
is a gequence of gymbollic names separated by one or more spaces on one or
more lines in orxder of the device pin numbers. Each symbollc name 1is
unigque. All pins including power and ground must be named. MNamesg may use
any printable character except the operators: "%+/{)", <The prefix "/",
may be used to logically complement the name.

The next part of the program starts here and continues until the
words FUMCTION TRBLE or DESCRIPTION are encountered. This section con-
glsts of the Boolean equations expressing the tranefer function of the

device. These equatlons are of one of three forma.

1. SYMBOL=EXPRESSION

2. IF{PRODUCT)SYMBOL=EXPRESSION

3. SYMBOL:«EXPRESSION

Bquation 1 iz used for gate array PALs. ©Pquation 2 is uged for GATE
array PALS with Three-State outputs, EPEgquation 3 ls used for the

registered outputs of registered PALS.

The termes are defined:
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SYMBOL Pin name with optional prefix,”/".
PRODUCT A sagquence of SYMBOLS separated by the AND operator,”*",
IF Trl-State oparator.
EXPRESSICN A sequence of SYMBOLS separated by operators,
OPERATORS
= Equality, sum of products.
1= Bacomes after the low to high cleock transttion (for
use with reglstered outputs}.
/ Complement, operator prefix to varlable name.
AND operator.
+ OR oparator.
i+: XOR operator.
t*1 XNOR operator.
' Comment prefix. All characters Ffollowlng ";* are

lgnored until carriage return.
The program now continues with the optional Punction Tabla,

The Function Table begins with the key word FUNCTION TABLE., It is
follawed by a pin 1liat which may contain any number of SYMBOLS which may
be in a different order and polarity from éhe pin liet in line 5. vCC and
GND cannot be liated. The pln list ie followed by optional comments
(1 XXXXXX}, then a dashed line; e.g., -—===wv-—= {length optionall, which in
turn ls followed by a liat of vectors, ona vector per line, each vector
contalning one CONSTANT for each item in the pin list, CONSTANTS are
optionally separated by spaces and followed by an optional comment.

Definition of Punction Table States:

H High level

L Low level

X Irrelevant

¢ Transition from low laval to high laval {clock)
2 OEE (HI-32)

The vector list ts followed by another dashed line,

The final part of the prbgram is again optional. It is atarted with
the key word DESCRIPTION. The device operation and application are
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dascribed here.

For use with the 5D20/24 the file then closes with a control-z,

1. CAMAC DECODER

One problem with CAMAC i3 the large number of comwand and timing
lines. There are a total of 14 command lines input to a normal CAMAC
module; these are 5 function lines, 4 sub-address lines, 3 timing lines
(BUSY 31 52}, V' module address line and an initialise line. Handling
these is less of a problem to PAL decoders than to other deocder systens.

Choosing a sultable PAL for a CAMAC decoder is tackled by considaring
the operation. Flrat the decode is a gating function so that gate array
PALS are gultable and veglstered PALa are not suitable. Then thera hava
to be 14 inputs so examination of the available PAL types whows that
PAL14N4, PAL14L4, and PAL16L8 PALs in the 20 pin range to ba sultable.

The PAL16H2, PALIGE2 and PAL16C2 typese would have unuged inputs which
wastes pins. However it will be seen that there can only be four output
pins left with a 20 pin device,

If we now lock at the 24 pin PALS we find 3 posaible devices;
PAL14LB, PAL20L8 and PAL20L10, These can giva B indepsndant outputs. If
more than 8 cutputs are needed it is possible to connect more than ona PAL
to the same japutg thus increasing the number of outputs by connecting two

or more PAL's in parallsl.

The following example is a CAMAC dacode PAL for a module that res-
ponds to the following commanda:

RD1 AOO

WI A0O0

WTI AOQ1

HT2 AOOD

WT2 AO1

WI2 AD2

XEQ A1S

Z.52
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The flve write commands sst up varlous output regieteres and control
regleters, the read command reads out one of the registers and the XEQ

command inltiatiges the reglsters as does the £ command,
All commands respond with an X responsa.

It will be seen that B geparate outputs are required, but that only
the ¥ ragponse and initialise outputs are raquired to decode more than one
function, Apparently the X response requires 7 geparate functions
decoding, however examination of the functions shows several that differ
by only one hit gsetting. These can be decoded by the same AND function
with the differing bit being, "do not care® 1l.e. both fuses being blown.
In practica four functions are decoded by one AND function. These are the
WT1 A0O, WTM AO?, WT2 AOQ, WT2 AD! commands, examination will ghow that
these differ only 1n the setting of the F1 and Al lines, therefore not
decoding thess lines allows the ona AND function to decode all four of
these functions for the X responsa. The other functions do not have such
single bit commonality and thus must be decoded separataly, therefore

requiring four OR terms to dacode the X ressponse.

Thus the PAL requirea 14 {input pins, 8 output pins, t output term to
have 4 OR functions, 1 output tarm to have 2 OR functlons and the remain-
ing 6 terms to have ona function, Eramining the specifications in the PAL

handbook the PAL14L8 ls seen to be sultabla.

The PALASM program is shown together with a function table to taest
tha blown PAL.
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5, CAMAC DECODER PALASM LISTING

PALI14LB

PART 1

CAMAC DECODER

SERC Daregbury Ian

N BS1 S22 At AZ A4 A8 FI

Sumney

F2 GND

20/05/83

F4 F& INIT WT10 WTt1 WP20 WT21 WT22 RDIQ ¥ F18 vCC

FINIT =

JHT10 =

JHTI =

/WT20 =

JHT2t =

/MT22 =

JRD1O =

/X =
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/82 */%
;Z Inltialise
+/F16 */FB * F4
1OR XEQ AtS
JE16 * FB8 * P4
PWT1 A0D pulses
JF16 * F8 o F4
W1 A01 pulses
JFi6 * FB * P4
f¥T2 ROD pulsesn
/F16 * F8 * F4
1WT2 AOT pulses
/F16 * F3 * F4
jWTZ AO02 pulges
Fi6 * F8 * F4

* F2 */Ft

* F2 * Pl
low at S1
*F2 Y Fl
low at St
* F2 Y/
low at S1
* F2 */F}
low at 81
" F2 YR
low at S1
* 2 'R

*/n8

* A8
time
* ag
time
* n8
time
* ng
time
L. |
time
* ng

/R4 */A2 */A1
* a4 * A2 * AL
* ad * A2 /R
LI LA VL
* A4 & p2 w/ny

* Ad %/n2 * At

“ Al YR A

RDO AOD output low for whole of CAMAC cycle
& F2 * AB *Nd * A2 /B /N
WT2 AOO, Wt2 AOQI, WT1 AOO, WT1 AO2

* F2 %/Ft * AB * PB4 * /A2 * At */B */HN

JF16 * F8 * F4
1X responge for
+/F16 * F8 * F4
10R ﬁTZ no2
+/F16 */F8 * F4
1OR XED 315
+ F16 * FB * F4
yOR RD1 AQO

2/g2 */u
*/51 /B
+/51 */B
/51 /B
*/81 %/
#/81 */B

/B */N

4 F2 %/F1 */AB %/Ad4 */AZ */R1 /B /N

*F2 *Fl

£ pg * A4 Y A2 * Al Y/B /N

*/N

k/u

‘/N

"/

l/“

'/N'



FUNCTION TRBLE
F16 F8 F4 F2 F1 AB Ad A2 A 52 S1 B N 2 WTIQ WTIV WT20 WT21 WT22 RDIO X INIT

jEFFFFF AAAA S5 BNZ WWWWWRAI

118421 8421 21 TTTTTE N
16 112221 1
H 010120 T

HHEHH HHHH L3 HHL  HHMHEHHL INITIALISE Z.52

XXXXX XXXX HX XiilH HHHHHHHA HOT ADDRESSED NO ACTION
XEXXK XXXX X HXH  HMHIHHAH HO B WO ACTION

HUHHN HHHH XX LLH HHHHHLLU RD1 ADD

LUHHH HHHH XH LLH HHHHHHLH WT1 ADD X RESPONSE
LHIHH HHAH XL LLE LHHHHHLHW AT1 ADD 391

LHHNH HHHL X4 LLH HUHHIIHLH WT1 AD1 X RESPONSE
LUHHH HHHL XL LLH HLHHHHLY WT1 AO1 31

LHHHL HHHH XY LILH HHHHHHMLH WT2 R00 X RESPONSE
LHHHL HUHH XL LLH HHLHHHLH WI2 R0OO 81

LHHHL HHHL XH LLH HHHHHHLH WT2 A0l X RESPONSE
LHHML, HHHL XL LLH HHHLHHLH HT2 A01 1

LELHHL LLLL HX LLH  AHHHHULH XEQ A15 X RESPONSE
LLHHL LLLL LX LLH HHHHHHLL KBQ A15 52 INITIALISE

WOTE CAMAC LINBS are active low therefore the input lines are inverse
logic.

Figure 10 shows the resulting fuse pattern from this program.

The numbers af the end of the fuse matrix lines are used to addreas
the matrix during programming and are automatically generated by the
PALASM programme,

6. CAMAC MASK REGISTER
Thie example is a CAMAC LAM mask and demand register which capn be bit

get and blt cleared, the mask read and the demand pattern read whilst it

glves a demand output.
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As the example contains a register it is obvious that a reglatered
PAL is required., The exanple chosen has three maskable interrupt gsoucces,
80 the register must bs at least three bits long. The demand pattern mast
also be three bits long, requiring three non regiastered outputs. The
demand output also regquizes a non reglstered output, so thare must also be
four non-registered cutputs, There need to be eight inputs and a clock,
thera are the two control bite SET and INITIALISE the.three write blte and
the three condition bits, These requirements are fulfilled by a PAL16R4.

The CAMAC decoder provides a clock at S1 time of every appropriate
CAMAC command {bltset, bitclear and initlalise). It also provides two
control lines INIT and SET which ara low active for the duration of the
Initialise and Bitset commands reespactively, Bitclear is decoded by
default.

on examlination of the logic dlagram of the PAL 1t will be sesn that
the register outputs are fedback into the logic array as well as belng
three-astate buffered as outputs, The three-state cutputs are obvious
outputs for reading the LAM masgk., The other ocutputs are then available
for reading the requests and the LAM output,.

The PALASM program for the reslster is shown below.

7.% PALASM LISTING FOR CAMAC MASK REGISTER

PAL16R4
PART 2
CAMAC LAM MASK AND REQUEST REGISTER
SERC Daresbury Ian Sumner 20/05/83
CLKMASK Wl W2 W3 SET INIT DM1 DM2 DM3 GND /READM LAM R3 14 M3 M2 Ml R2 R1 VCC
/M1 = JINIT
+ Wi * SET
+/H1 * /ML
/M2 - JINIT
+ W2 . SET
+/W2 */M2

10
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/M3 -~ JINIT
+ 43 * SET
+/W3 */ma

IF {vCC) /R1 = /MI + DMI

IF (vCC) /R2 = /M2 +/DM2
IF (vce) /R3 = /M1 +/DM2
IF (VOC)/LAM = /R1 2/R2 9/R3

FUNCTION TABLE

CLKMASK INIT SET Wi W2 W3 DMI DM2 DM3 READM Rt R2 R3 M1 M2 M3 LAM

;1 -=INPUTS-- OUTPUTS
) CISHWWDDDR. RRRMMML
JLNBI2IMMME  123123A

IRIT 1237 M
IMT D

1A M

18

118

COMMENTS

CLAXXXXHLLL, LLLLLLL
HLHLLLHLLH LLLZZZL
HLHLLLLHAL LLLLLLL
CHLLLLLHHL LULLLLL
CHLHLLLHHL HLLHLLH
CHLLLLHLLL LLLHLLL
CHHLLLLHYHL HLLHLLH
CHIMLLLUML LLLLLLL
CHLLHLLHHL LHLLHLH
CHLLLLHLLI, LLLLHLL
CHILLLLHHL LHLLHLH
CHHLMLLHYHEL LLLLLLL
CHLLILHLHHL LLHLLHH
CHLLLLALLL LLLLHL
CHHLLLUHHL  LLHLLH#
CHHLLHLHWL LLLLLLL

INITIALIEE
TR STATE THE OUTPUTS
CHECK HO DEUANDS

SET BUT NO W LINES SO HASK STAYS CLEAR

SETS M1 R1 AND LAM
LEAVES MASK SET
LEAVES MASK SET + LAM
CLBARS M1

SETS M2 R2 AND LAM
LEAVES MASK SET
LEAVES MASK SET + LAM
CLEARS H2

SETS M2 R3 AND LAM
LEAVES MASK SET
LEAVES MASK SET + LAM
CLEARS M3

NOTE The outputs are all active low

The WRITE and DMI inputs are active high
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The DM2, DM3, SET and INIT inputs are active low
Figure 11 shows the fuse pattern resulting from this program

The INIT llne wneonditionally cleare the masgk at the clock time, The
SET line (corresponding to bltset and bitclear) together with the
aggociated write line controls the outcome at other clock timea, If the
wrlte line is active (high}, the pet line controls the mask regigter
input, setting or clearfng as appropriate, 1If the write line i{s low the
magk register 1s fedback on itself, auch that it stays in the same state.

a. CONCLUSTIONS

The examples above show areas where CAMAC modules can have their IC
count significantly reduced by comparlson with conventional random logic

approaches, thus saving valuable board area.

PAL design hag the advantage over PROM based decoders of only
-7
decoding the inputs relevant to each ocutput, thus eliminating glitches due
to an irrelevant input signal seguence. The PAL will algso have more input

terms than a PROM, of equivalent speed and power diasipation.

PALs being univereal parts, that are programmed before use, will have
a large fraction of unused internal componenta. The effect of this 1s a
high power dissipaticn. However, it must be borne in mind that this
digsipation in one IC has to be set against the power diassipated in the
geveral ICs that it has replaced. PROMo also suffer from a high power

disslpation for the same reason.

PALS are avallable In several families each with a differvent speed/
power trade off. If it is assumed that a PAL replaces 2 to 3 gate layers
of random logie then the standard famlly is comparable to LS TTL leogle for

propogation delays,
These examples are just btwo of many areas where PALa can beneflclally

be used to reduce chip count and complexity in logic designe. One area of
interegt is in replacing the random loglc "glue* that holds circuits
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together. Another area of interest 18 in deaigning simple sequencers for FIGURE CAPTICHS

the control of units,

Fig.1 Baple PAL architecture
The Laboratory has a Structured Design 5D20/24 PAL programmer which

allowa a dealgner to. write a PAL speciflcation, store 1t on a tape Fig.2 Logical elemant and equivalent PAL aechematic

cartridge and to blow the fuee pattern into a PAL,
Fig,.3 Schematic for unblown PAL shown in Fig.1
Fig.4 Random logic implementation of exclusive or function
Fig.5 PAL implementation of exclusive or function using PAL in Flg.t
Fig.6 Partlal schematic for a gate array PAL
Fig.? Partial schematic for a gate array PAL with Eeedback
Fig.8 Partial schematlc for a registered PAL
Fig.9 Partial schematic Eor an exclusive OR registered PAL

Fig.10 PAL schematic Eor the CAMAC decoder

Fig.11 PAL schematic for the CAMAC mask register
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