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Logic Design- PAL Implementation
Thedesignof microprocessorsystemsoftenrequiresthe designof “glue” logic to interconnectthe microprocessor
with peripheral interfacechips. This lecture describeslogic implementationusing a simpleprogrammablelogic
device(PLD) calleda PAL (ProgrammableArrayLogic).
After this lectureyoushouldbeableto usetheCUPL logic designlanguageto designa simplePAL-basedcircuit.

Programmable Logic

Thechoiceof logic implementationtechnique(stan-
dard logic function ICs, programmabledevices or
customASICs), will dependon factorssuchasthe
numberof units to be built, engineeringexpertise
available,theavailabledesigntoolsandthe time al-
locatedfor thedesign.Currentpracticeis to usepro-
grammablelogic devices (PALs and FPGAs(Field
ProgrammableLogic Arrays) to implement most
customlogic functionsexcepton very high volume
designs.

Thereare a wide variety of programmablelogic
devices available including PALs, CPLDs (com-
plex programmablelogic devices)andFPGAs(field-
programmablelogic devices). PALs are limited to
a simplesum-of-productsarchitecturewith 8 to 10
inputsandoutputs.PALs arewidely usedto imple-
ment simple combinationallogic circuits and state
machines.CPLDstypically includemultiple PAL-
like elementsin the samechip with programmable
interconnectionsbetweenthem. They often allow
more thanoneclock input andcan implementsev-
eralindependentfunctions.FPGAstypically include
hundredsof very simple logic blocks (e.g. a pro-
grammable4-bit sum-of-productslogic block with a
4-bit register)with very flexible interconnectionar-
rangements.It shouldbenotedthatdifferentmanu-
facturershave differentmany interpretationsof what
thesetermsmean.Onemanufacturermaycall a cer-
tain type of device a CPLD andanothermay call a
similardevice anFPGA.

PAL Architecture

Eachoutputon a PAL implementsa programmable
sum-of-productsfunction of it’s inputs. The max-
imum numberof termsin the sumdependson the
device. For the 16V8 device we will usein the lab

example,therecanbe up to 8 terms. Eachproduct
termcanincludeany combinationof the inputs,the
outputsandtheircomplements.

RegisteredPALshave D flip-flopson theiroutputs
with thesum-of-productresultsdriving theinputsto
theflip-flops. This allows registeredPALs to imple-
mentarbitrarystatemachines.ModernPAL devices
canmix registeredandcombinationaloutputs.

PALS are thus well suited to implementingthe
simple combinationalcircuits and state machines
thatwehave seenin previouslectures.

PAL Design

PALs areusuallydesignedusingsimplelogic design
languagesthatdescribethe logic functionto beper-
formed. An “assembler”then translatesthis func-
tionalspecificationof thedeviceinto aprogramming
file (“JEDEC” file). Thisfile is thenusedto program
the device usinga device programmersimilar to an
EPROM programmer.

Design using CUPL

Wewill usetheCUPLprogrammablelogic language
sinceit is reasonablypopularanda versionthatsup-
portstheGAL16V8 is availablefor free. Otherpop-
ular “languages”for PLD designincludeABEL and
PALASM. FPGAsareusuallydesignedwith onethe
two morepowerful hardwaredescriptionlanguages,
VHDL or Verilog. A completestudyof CUPL’s fea-
tureswouldtakeseverallecturessoherewewill only
cover theminimumsubsetrequiredfor ourrelatively
simpledesigns.

TheCUPL input file usesthe.pld file namesuffix
by convention.Commentscanbeinsertedanywhere
in the file using/* and*/ delimiters. The input file
containsthreesections:
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Thefirst sectionincludesa numberof statements
to identify thedesign.Thelaststatementof thissec-
tion

�
givesa codeto identify thedevice we will use.

In this coursewe will useG16V8. Note that each
statementendswith asemicolon.

Thesecondsectionof thefile usesPIN statements
to assignsymbolic namesto the input and output
pins. The 16V8 is a 20-pin packagewith 16 inputs
and8 outputs(eachoutputis alsoavailableasanin-
put). Pins1 to 9 and11 areinputswhile pins12 to
19 canbeusedasinputsor outputs.If aninput is to
beusedto clock flip-flops it mustbeon pin 1. Vari-
ablenamesarecasesensitive andshouldbegin with
a letter.

Thefinal sectiongivesthelogic equationsthatde-
fine the outputs(or register inputs)as functionsof
the inputs. The operators!, &, # and$ correspond
to NOT, AND, OR andXOR. If an outputvariable
is to bea registeredoutput,the.D extensionmustbe
addedto theoutputvariablenamesothattheexpres-
sionappliesto theD inputof theoutputflip-flop.

Simulation using CSIM

SincePAL logic designcanbeerror-prone,asimula-
tor is almostalwaysusedto testPAL designswithout
having to programdevicesandthenputthemin acir-
cuit. Theinputto thesimulatoris adescriptionof the
PAL logic (for CUPLthisis the.abs file) andasetof
testvectors.Eachtestvectorspecifiesa setof inputs
to thePAL andtheexpectedoutputs.Thesimulator
comparesthe expectedoutput to that which would
beproducedby the logic describedin the.abs file.
Thesimulatoroutputfile notesany discrepanciesbe-
tweentheexpectedandsimulatedoutputs.

The simulatorinput file is alsodivided into three
parts. The first part is the identificationsectionand
is identicalto thatrequiredfor CUPL.

Thesecondpartof thefile usestheORDERcom-
mandto definethe input and output variablesthat
are to be includedin the testvectorsand the order
in which they appearin the testvectorsand in the
output. As shown in the example,spacesmay be
insertedin the simulationoutputby usinga percent
signfollowedby thenumberof spaces.

TheVECTORS:line indicatesthestartof thetest
vectors.Thetestvectorsappearwith onevectorper
line (andno terminatingsemicolon).The valuesof

the input variablesare specifiedas 0, 1, X (don’t
care),and C for a low-high-low clock pulse. The
valuesof theoutputsaregivenasthe logic levelsH
or L.

CUPL and CSIM Examples

The listings show the CUPL and CSIM input and
outputfiles for asimplesequentiallogic circuit.

Name Lab4 ;
PartNo 0 ;
Date 19/3/98 ;
Rev 1 ;
Designer Ed Casas ;
Company UBC ECE ;
Assembly 0 ;
Location 0 ;
Device g16v8 ;

Pin 1 = clk ; /* clock */
Pin 2 = show ; /* display enable */
Pin 19 = q2 ; /* state FFs */
Pin 18 = q1 ;
Pin 17 = q0 ;
Pin 16 = out2 ; /* outputs */
Pin 15 = out1 ;
Pin 14 = out0 ;

/* RNG using shift register with reset */

q2.d = ( q2 $ q0 ) # ( ! ( q2 # q1 # q0 ) ) ;
q1.d = q2 ;
q0.d = q1 ;

out2 = show & q2 ; /* gated display */
out1 = show & q1 ;
out0 = show & q0 ;

Name Lab4 ;
PartNo 0 ;
Date 19/3/98 ;
Rev 1 ;
Designer Ed Casas ;
Company UBC ECE ;
Assembly 0 ;
Location 0 ;
Device g16v8 ;

/* (assumes the registers are initialized to 1’s) */

Order: clk, show, %4, out2, out1, out0 ;

Vectors:
C 1 L H H
C 1 H L H
C 1 L H L
C 1 L L H
C 1 H L L
C 0 L L L
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