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Abstract

Diagnosingfailing vectors in a Built-In Self Test (BIST)
environmentis a difficult task becauseof the highly com-
pressedsignature coming out of the Multiple Input Shift
Register (MISR).Theroot causeof the failure mustbe ini-
tially narroweddown to the failing vectors and also the
scancellsat which mismatchesoccurred. In this work, we
proposea methodfor accurately determiningthe first cy-
cle at which incorrect responseswere capturedin thescan
chains along with the scancells that captured the incor-
rectresponses.We definea diagnosismethodology that de-
scribesa simplewayof diagnosingonechain at a timeand
further showsthat accurate diagnosisis possiblewith the
aliasing nature of the MISRhavingno impacton diagno-
sis.Theproposedtechniqueresultsin identifyingthefailing
vectors alongwith themismatching scancells. After deter-
mining the failing vectors and mismatching scancells, we
extendthe methodto identify potential faults in the circuit
thatmayhaveresultedin thescancellscapturingincorrect
responses.Themethodpresentedin this papercan be ap-
plied to diagnosemultiplefailing vectorsalso.

1 Intr oduction

Currentapplicationspecific integratedcircuit (ASIC) de-
signsusuallyemploy BIST for achieving their target fault
coverage.Therearea few reasonsfor usingBIST in such
designsandthemostpopularonesbeingat-speedtestingof
the circuit, avoiding the burdenof generatingtestpatterns
andmanipulatingthemfor testerneedsandtheconsistency
in testingthechipat thewafer-level andat thesystemlevel.
Most of the circuits with BIST have multiple scanchains
thataredrivenby a pseudo-randompatterngenerator. The
patternsbeingshiftedout by thescanchainsarefed into a
MISR which compressesthevaluescomingout of thescan
chainsandgeneratesa signature.At the endof the BIST
session,the generatedsignatureis comparedwith the ex-

pectedsignatureand the test is classifiedasa passor fail
dependingon whetherthe actualsignatureis the sameas
theexpectedsignatureor otherwise.

The goal of BIST diagnosisis to determinethe reasonfor
the faulty signaturethat cameout of the MISR. The root
causeof this problem is a faulty responsethat was cap-
tured is somescancells for somespecificBIST patterns.
Thus,theBIST diagnosiscapabilityshouldbeableto iden-
tify BIST patternsthatcausedthefaulty responseto becap-
turedin the scancells andalsolocatepotentialsitesin the
circuit, wherefaultscouldhave causedtheincorrectvalues
to be capturedin somescancells. In this work, we make
thefollowing assumptions:thecircuit is fully scannedwith
multiple scanchains. The numberof bits in the pseudo-
randomgeneratorshift register(LFSR)is equalto thenum-
berof scanchainsin thedesignandtheMISR is of thesame
lengthasthe LFSR.The scanchainsaredrivenby onebit
eachof the LFSR andthe last scan-outof eachscanchain
drivesonebit eachof the MISR. A BIST patternconsists
of shifting in all the scancells in all the scanchains,fol-
lowedby a completeshift-out of all thescancells through
the MISR. We consideronly the stuck-atfault model for
our experimentationpurposes.The scanchainlengthsare
balancedasfaraspossible.

Original work on diagnosingscanbaseddesignswaspre-
sentedin [1, 2]. Thelatterproposeda techniquefor setting
the scancells to specificvaluesand collect the diagnosis
information while the scanchain is unloaded. A method
for identifying failing BIST vectorsusingerror correcting
codeswaspresentedin [3]. Theextra hardwareneededfor
doing this wasconsiderablyhigh. A programmableMISR
for collectingmultiple signaturesusingmultiple polynomi-
als waspresentedin [4]. A fault simulationapproachfor
locatingmultiple designerrorsis presentedin [5]. This ap-
proachis themostfundamentalmethodfor diagnosingany
kind of testvectorsincludingBIST andscanvectorsamong
others.A methodfor pseudo-randomlymaskingout there-
sponsesfrom differentscanchainswaspresentedin [6]. By
analyzingthe signaturesinvolving a fewer setof scancell
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responses,the faulty responsesare identified. The above
approachinvolvessomeprocessingof the signatureslead-
ing to diagnosticcomplexity.
A methodusingimplicit enumerationof linesin thecircuit
for multipleerrordiagnosisis presentedin [7]. Appropriate
intersectionsof lines on the pathsthat contribute to mul-
tiple errorsaredeterminedto diagnosethe failing vectors.
A techniqueusingadditionalhardwarefor diagnosingscan
errorsis presentedin [8]. Testsare appliedseveral times
to gathermultiple signaturesand determinethe flip-flops
driven by erroneoussignals. A methodfor modelingthe
opendefectsanddiagnosingmultiple errorsis presentedin
[9]. A methodfor diagnosingmultiple errorsaffecting the
sameoutputis presentedin [10]. A methodthatgradually
determinestheactualsetof failing scancellsis proposedin
[11]. Startingfrom aninitial completesetof scancells,the
setisprunedto determinethenon-faultyandcertainlyfaulty
cells. It is shown thatthediagnosistimewith this technique
is reducedcomparedwith earlierapproaches.A three-step
procedurefor diagnosingscanchainsis presentedin [12].
Additional patternsaregeneratedto narrow down the sus-
pectsetof failing scancells.Stuck-atandtransitiontypeof
failing defectsarehandledby this technique.A fast tech-
nique for eliminating falsecandidatesduring diagnosisis
presentedin [13]. This is achievedby techniquesincluding
X-propagationfrom fanoutstemsandflipping thevaluesat
theoutputs.
The motivation for the work proposedin this paperis the
needfor an efficient hardware-softwareapproachthat can
be easilydeployed in an industrialenvironment. This so-
lution mustinvolve minimal circuit modificationsandalso
enablea softwaresolutionto quickly determinethe failing
vectorsandroot causethefailuresto a setof fault locations
that causedthe failures. The proposedtechniquerequires
circuit modificationsonly in theMISR circuitry, not affect-
ing thetiming of thefunctionallogic. Thesoftwarepartof
the solutionpostprocessesthe resultsfrom the BIST fault
simulationtoolsto determinethepotentialfaultsin thecir-
cuit that causedthe failures. The proposedsolution will
work for any fault model that the BIST tools usefor fault
coverageanalysis.In thiseffort, thedifferenttoolsandtech-
niquesavailablein theindustryfor BIST vectorgeneration,
fault simulationandconeextractionareintegratedtogether
to createa practicalsolutionthat canbe quickly deployed
for analyzinglargeindustrialdesigns.
Thekey contributionsof thiswork aredescribedbelow. We
proposea methodfor diagnosinglogic BIST failuresin a
multiple scanchainenvironment. The logic going into the
MISR is modifiedsuchthateachscanchaincanbeindivid-
ually diagnosed.A one-hotcontrolleris designedsuchthat
it selectsonescanchainat a time that is targetedfor diag-
nosingthe incorrectvaluescapturedin that chain. An ex-
tra testsignalensuresthatthescanchainvaluesgo through
theMISR unmodifiedandhenceensuringthatthesignature

comingout of theMISR, sampledat specifictime instants,
is thesameasthevaluescapturedin thecorrespondingscan
chain. The above process,as we later show, helpsus in
identifying thevectornumberandscancell(s)at which the
mismatches(s)occurredduring the BIST session.We fol-
low this up by identifying thesetof stuck-atfaultsthatare
responsiblefor thefailing BIST test. This is doneby iden-
tifying the faultsdetectedby the failing vectorandelimi-
nating thosethat weredetectedby vectorsbeforethe first
failing vectorandalsothosethataredetectedby thefailing
vectoratthescancellsthatdonothaveany mismatches.Ex-
perimentsareperformedonindustrialtestcasesto show the
effectivenessof the proposedtechnique.We show that the
proposedsolutioncanbe easily incorporatedinto the cur-
rentlyavailabletools,techniquesandprocessesavailablein
theindustry.
Thepaperis organizedasfollows. Section2 discussesthe
basicconceptsof theBIST environmentandalsointroduces
somespecificsaboutthecircuitsusedin thiswork. A design
enhancementtechniquethatusesa one-hotfinite statema-
chinefor controllingwhichscanchainto diagnose,is intro-
ducedin Section3. This is followedupby themethodology
for identifying the failing vectorsandscancells that have
incorrectvaluescapturedin them. A methodfor identify-
ing specificfaultsin the circuit thatmusthave contributed
to the failuresis also presented.Experimentalresultson
someindustrialcircuits arepresentedin Section4. These
resultsincludeadditionalhardwarerequirementsfor diag-
nosingonescanchainata timeandalsothestatisticsof the
numberof faults that mustbe analyzedfor debuggingthe
failing vectors. Conclusionandfuture work arepresented
in Section5.

2 Background

ThebasicBIST architecturein a multiple scanchainenvi-
ronmentis asshown in Fig. 1. A pseudo-randomgenerator
determinesthepatternsto be loadedinto themultiple scan
chains.All thescanchainsareloadedin parallel.Thenum-
berof cyclesneededto load all the scanchainsis equalto
thenumberof flip-flopsin thelargestscanchain.Theoutput
of eachflip-flop in thepseudo-randomgeneratoris fed into
onescanchaininput. A BIST vectorconstitutesonecom-
pletescan-inof all thescanchainsfollowedby onesystem
clockandthenacompleteshift-outof thevaluescapturedin
thescanchainsthroughtheMISR. Thefinal scan-outfrom
eachscanchainis fed into a MISR andthe signaturegen-
eratedin the MISR after eachBIST vector is very highly
compressed.A serialoutputfrom theMISR is usedto shift
out the compressedsignature,which is comparedwith the
expectedsignatureto determinewhetheror not the BIST
sessionpassed.The logic BIST controller, which consti-
tutes the pseudo-randomgeneratorand its associatedcir-
cuitry, generatespatternsat speedandthe shifting through
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Figure 1. A basic BIST architecture .

the scanchainsis alsodoneat-speed.If partsof the logic
to be testedoperateat differentfrequencies,differentcon-
trollersareusedto testthemat their respective frequencies.
If only one controller must be used,then the entire logic
is testedat the slowestpossiblefrequency. The scanchain
lengthsarebalancedasfaraspossible.TheMISR logic can
consistof complex combinationallogic thatmanipulatesthe
valuescapturedandshiftedout of theMISR eachcycle.
For eachBIST patterngenerated,faultsimulationis doneto
determinethefaultsdetectedeachcycle. Therateat which
the faultsaredetectedis very high in the initial cyclesand
it tapersoff towardsthe endof the BIST session.This is
becausefaultsmaygetdetectedmultiple timesandthenew
faults that were not detectedbeforebecomefewer as the
BIST sessionprogresses.As a result, it may be expected
thatinitial failuresmayhappenat thevery beginningof the
BIST sessionsincemany of thefaultsgetdetectedthefirst
time in this phase.Sincetherearemultiple scanchainsand
the possibility of logic sharingbetweendifferentconesof
logic going into the scanflip-flops, the samefailuresmay
be observed at multiple destinationflip-flops. BIST fail-
urediagnosisinvolvesidentifyingtheuniquefault locations
that causedincorrectvaluesto be capturedat oneor more
destinationflip-flops.

3 DiagnosingBIST vectors

In thissection,wewill discussthehardwaredesignchanges
neededfor diagnosingthe BIST vectors. The proposed
hardwarechangescanbeeasilyaccomplishedfor arbitrary

designsand the accompanying methodfor diagnosisre-
sultsin identifying thefailing vectorandthescancells(s)at
which the mismatchesoccurred.After the above areiden-
tified, we furtherdescribehow theactualfault locationsin
thecircuit, thatcausedthemismatches,canbeidentified.It
shouldbenotedthattheproposedmethodsaredevelopedso
thatthesolutionsfrom varioustoolsavailablein theindustry
canbeput togetherto createa diagnosticsolutionfor BIST
failures.Detailswill bediscussedlateron in this section.

3.1 The diagnostichardware

ThemodifiedBIST architecturein amultiplescanchainen-
vironmentis shown in Fig. 2. Oncethe scanchainsare
completelyloadedusingthevaluescomingfrom theLFSR
logic, onesystemclock is executedandthevaluescaptured
in thescanflip-flops arecompletelyshiftedout throughthe
MISR.TheaboveprocessconstitutesoneBIST vector. This
is repeatedfor asmany BIST vectorsselectedor thedesired
fault coverageis achieved. At theendof theBIST session,
thesignaturecomingout of theMISR is comparedwith the
expectedsignatureto determinewhetheror not the BIST
sessionpassed.Sincethesignaturecomingoutof theMISR
is highly compressed,a failing signaturemay not contain
any clearinformationaboutwhich BIST vector(s)failedor
whichscanflip-flopscapturedincorrectvalues.Wepropose
thefollowing designchangesto solve theaboveproblemof
identifying thefailing BIST vectorsandthescancellscap-
turing theincorrectvalues.
Theproposeddesignmodificationsareshown in Fig. 2. The
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Figure 2. Selecting one scan chain for diagnosis.

final scan-outsignalof eachscanchaingoinginto theMISR
is interceptedwith a2-inputmultiplexer(MUX). Oneinput
to this MUX is heldat aconstantvalue0 andtheselectline
for eachMUX is drivenby a uniqueflip-flop outputfrom a
one-hotencodedfinite statemachine.The finite statema-
chinehasasmany flip-flops asthe numberof scanchains
in the design. The idea behindmaking the above design
changesis as follows. Sincethe signaturecomingout of
the MISR is a function of the valuescomingout of all the
scanchains,the first stepfor determiningwhich flip-flops
capturedincorrectvaluesis to isolatethe chainsone at a
time. This is not mandatorybut it givesan easyandeffi-
cientway to locatescancellswith mismatches.The isola-
tion of scanchainsis achievedby allowing thevaluesfrom
only onescanchainto affect thevaluesin theMISR. Since
theselectline for eachMUX is drivenby a uniqueflip-flop
outputfrom theone-hotfinite statemachine,constant0 val-
uesfrom all thescanchains(with thecorrespondingMUX
selectline setto a 0) exceptonescanchainarefed into the
MISR logic. Therewill beonly onescanchain,whoseval-
uesareshiftedoutasthey areinto theMISR logic sincethe
selectline for only its MUX is drivenby a value1. Hence,
for eachstateof theone-hotfinite statemachine,oneunique
scanchaincanbediagnosedindependentof thevaluesbe-
ing shiftedoutof theotherchains.
Theaboveprocessensuresthatonescanchainis debugged
at a time. Thenext stepis to somehow make surethat the
valuesfrom thesinglescanchainbeingdiagnosed,serially
shifted out of the MISR logic unmodified. This helpsus
in observingthescanchainvaluesevery BIST cycle andin

turndeterminetheBIST vectorthatfailedandthescancells
having themismatchesin thefailing cycle.
Fig. 3 shows the additionalmultiplexersneededto make
surethe contentsof one scanchain are transferredto the
MISR for eventualshiftingout beforeanew BIST vectoris
loadedinto the scanchains. The connectionsto the XOR
gatesin the MISR logic are interceptedby a MUX whose
otherinput is connectedto a constant0. Theselectlinesof
theseadditionalmultiplexersaredrivenby a testsignalthat
selectstheinput drivenby a constant0, duringthetime the
scanchainvaluesareshiftedthroughtheMISR logic. It can
beseenthatthesecondinputof themultiplexersusedto se-
lectonechainfor shifting its valuesthroughtheMISR logic
is alsodriven by a constant0. During the diagnosispro-
cess,giventheabovedescribedextra hardware,all thescan
chainsexceptthe onebeingdiagnosedshift out constant0
values.Theoutputsof all themultiplexersdriving theXOR
gatesarealso0’s. As shown in Fig. 3, in thissituation,only
thevaluescomingfrom thescanchainbeingdiagnosedare
capturedin the MISR unmodifiedandshiftedout through
the MISR. For example,if the MISR lengthis 20 bits and
thefifth scanchainis beingdiagnosed,thevaluesfrom the
fifth scanchaincomeoutof theMISR seriallyafterthefirst
five shiftsor fifteen shifts dependingon whetherthe serial
shift out of the MISR is the closestor farthestto the fifth
bit of theMISR. This responsefrom thescanchainmustbe
comparedto theexpectedvaluescapturedin thescanchain
to seeif theBIST vectorfailedandcausedany mismatches
in thatparticularscanchain.
Theadditionalhardwareneededto selectonescanchainat
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Figure 3. Single chain contents shifted out without modifications.

atimeandto shift its valuesthroughtheMISR is composed
of the one-hotfinite statemachine,the routing neededfor
the constant0 signal, the additionaltest signalD and the
multiplexersin thescanchainselectionlogic andtheMISR
logic. The total numberof 2-input multiplexersneededis
equalto thenumberof scanchainsplusthenumberof inputs
to theXOR gatesin the MISR logic, minusthenumberof
scanchains.Thenumberof scanchainsmustbesubtracted
in theabove equationbecause,thevaluescomingfrom the
scanchainsmust be propagatedthroughthe MISR XOR
logic asit is.

3.2 The diagnosticprocess

We shallnow explain theoverall operationof themodified
BIST logic shown in Fig. 3. During normal operation,
the one-hotfinite statemachinemustbe placedin the re-
setstatesothat themultiplexersat thefinal shift-outof the
scanchainsselectthevaluescomingfrom thescanchains.
TheD signalis assertedto avaluesuchthatthemultiplexers
selecttheinput otherthattheoneheldat constant0. In this
mode,the circuit functionsas if the extra hardwareis not
presentatall.
If the signatureat the endof the BIST sessionis different
from theexpectedone,theadditionalhardwarecanbeused

asfollows.Theone-hotfinite statemachineis allowedto go
into oneof its legal states.Lets assumethat the first legal
stateenablesscanchain1 to shift its valuesonly through
theMISR logic. TheBIST patternsareshiftedinto thescan
chainsin the normalfashion.Onceall the scanchainsare
loaded,the circuit goesthroughonesystemclock andthe
new valuesarecapturedinto thescanchains.Notethateven
thoughthefirst scanchainis only allowedto shift its values
throughthe MISR logic, all the scanchainsare loadedso
that all the interactionswith the logic going into the first
scanchainareappropriatelyhandled.Thevaluesfrom the
first scanchainarenow shiftedthroughtheMISR logic by
selectingtheappropriatevalueof D. Thisprocesscontinues
until differencesarenoticedin thevaluescomingoutof scan
chain 1 for every cycle. This way, the first BIST vector
that causedincorrectvaluesto be capturedinto first scan
chaincanbeidentified.At thesametime, themismatching
scancells in the first scanchaincanalsobe identifiedby
determiningwhichscancellsin thatscanchaincapturedthe
incorrectvalues.

Theaboveprocesscanberepeatedfor eachstateof thefinite
statemachinesothata differentscanchainis selectedeach
time for diagnosispurposes.Eachtime the failing vector
and the correspondingfaulty scancells are identified, the
individual fault sitesin thecircuit thatcausedthescancells
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to captureincorrectvaluesmustbe identified. We explain
this processin thenext sub-section.

3.3 Identifying the responsiblefaults

After the failing BIST vectorandthe scancells with mis-
matchesareidentified,thenext stepis to identify thefaults
in thecircuit thatcausedthemismatchesto occur. In order
to do this, we needto identify the faults that aredetected
by the failing vectorandeliminatethosethat aredetected
by earliervectors.We alsoneedto make surewe eliminate
thosefaultsthataredetectedby thefailing vectoratthescan
cellswith mismatchesandalsoatotherscancells.Thisstep
avoidsclassifyingsomefaultsasresponsiblefor thefailure
whenin fact they arenot. We consideronly stuck-atfault
basedBIST diagnosisin this work.
TheBIST toolsavailablein theindustryoperateon designs
thataresolargethatit requiresa lot of memoryto reportall
thefaultsin thedesign.They only list thefaultsthatarenot
detectedby the BIST vectorssincethe memoryresources
neededfor listing themaremoremanageable.Wemakeuse
of the list of undetectedfaultsto figureout thesetof faults
detectedby thefailing BIST vector.
Initially, wesimulateall thefaultsin thedesignfor � cycles,
where � is the failing BIST vectornumber. We collect the
faults that are not detectedby � BIST vectors. We then
simulateall thefaultsfor n - 1 cyclesandcollect thelist of
faultsthatarenotdetectedby n - 1 BIST vectors.Wegetthe
list of faultsdetectedby the ����� BIST vectorby taking the
differencebetweenthetwo listsof faultsabove. We haveto
prunethis setof detectedfaultsby consideringonly those
thataredetectedby the ����� vectorat themismatchingscan
cellsonly.

4 Experimental Results

We performedexperimentson an ASIC that has several
blocksin it. Every block haslogic BIST in it andmemory
BIST wherever needed.Most of the blockshave a single
clock domain. If a block hasmorethanoneclock domain,
themethodologyis to usea uniquelogic testcontrollerfor
eachdomainor to useonly onelogic testcontrollerrunning
attheslowestfrequency of theclockdomains.Thestatistics
for theblockusedin our experimentsareshown in Table1.

Columns1 and3 in Table1 representthevariousparameters
relatedto thecircuit. Columns2 and4 give thecorrespond-
ing numbersfor eachparameter. The block hasmultiple
scanchainsand thereare a total of 96 scanchains. The
maximumnumberof scanflip-flops in any chainis 499. It
canbeseenthat thenumberof gatesandlines in theblock
arefairly large. Thereis only onemain clock driving this
blockbut in general,therecanbemorethanoneinputclock
to a block resultingin asmany clock domains.The single

# Chains 96 Max # Flops 498
# Gates 433537 # Lines 798884
# PIs 46543 # POs 48650
# Faults 812911 # Clocks 1
# Vectors 16K FCw/o testpoints 84.82%
FCwith 100
testpoints 95%

Table 1. Statistics for the bloc k.

stuck-atfault coveragefor theblock using16K vectorsand
without any testpointsis 84.82%.Thecorrespondingcov-
eragewith 100 testpointsandthesamenumberof vectors
is 95%. Out of the100 testpoints,78 arecontrolling type
and22areobservationtype.
Sincethereare96scanchainsin thedesign,96flip-flopsare
neededfor theone-hotFSMfor observingthevaluesonone
chainat a time, throughtheMISR. Also, 96 2-inputmulti-
plexersareneededasshown in Fig. 2 for disablingall the
otherscanchainswhenonescanchainis beingdiagnosed.
Thesecondinputof thesemultiplexersis tiedto theground.
A resetsignal is neededto placethe one-hotFSM in the
all-0 stateduring normaloperation.All the above logic is
synthesizedandaddedto theoriginalBIST inserteddesign.
As shown in Fig. 3, theMISR logic needssomemodifica-
tionssothatthevaluesfrom thescanchainbeingdiagnosed
go throughthe MISR logic unmodified. The MISR logic
for the above block is suchthat thereare91 2-input XOR
gatesfor which oneof theinputsis thescanoutsignalfrom
a uniquescanchain. As shown in Fig. 3, oneof the inputs
to the XOR gates,coming from the feedbackpaths,must
beinterceptedby a MUX sothattheinput to theXOR gate
canbecontrolledto a0. Hence,for this design,we need91
2-input multiplexerswhoseselectline selectsthe scanout
signalfrom the scanchainsduring normaloperation.The
secondinput of eachMUX is tied to a constant0 value,
which canbeconnectedto theinputsof themultiplexersin
Fig. 2 thataretied to a0.
The next stepin the experimentsis to diagnosethe failing
patternsusinga softwareapproach.For experimentalpur-
poses,we assumedthefirst cycle numbersat which theac-
tual signaturein the MISR is different from the expected
one. If the circuit underconsiderationis alreadymanufac-
tured,theproposedtechniquecanbeusedto determinethe
first failing BIST vectorand the correspondingscancells
with mismatches.This is accomplishedby makingtheone-
hot FSM selectone scanchain at a time and get the sig-
naturesfor eachchains.Thesesignaturescanbecompared
with theexpectedsignaturesto determinethefailing vector
numbersandtheexactscancellswith mismatches.
Table2 showstheresultsassumingdifferentfailing vectors.
It canbeseenthatmostof thestuck-atfaultsaredetectedin
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theearlyBIST vectorsandhencethe increasedprobability
that failuresmay be observed in the initial vectorsitself.
Five different vectorswere chosenas the failing vectors
basedon thefeedbackfrom themanufacturerwheretesting
wasalsodone.Column1 shows thefailing vectornumbers
and Columns2 and 3 show the total numberof detected
faultsuntil the failing vectorandthe numberof faultsde-
tectedby thefailing vectorrespectively. NotethattheBIST
faultsimulatorweused,dropsthefaultsasit goesalongand
hencethefaultsreportedin columns2 and3 aretheunique
faultsdetecteduntil the cycle in Column1. Simulatinga
fault only until its first detectionis acceptablefor diagnosis
purposesbecauseif a faultdetectedin anearliercycle is re-
sponsiblefor theBIST failure,thentheBIST sessionwould
have failedin theearliercycle itself.

vector# Det. Faults Suspects
Failing ScanCells

Total Failing Vec. 2 4 6

32 629711 416 23 31 12
41 695271 184 12 19 27
65 701439 141 16 26 12
74 703150 225 36 27 31
100 705992 115 9 21 17

Table 2. Suspects for diff erent failing vector s.

Columns4, 5 and 6 in Table 2 show the actualnumber
of suspectswhen2, 4 and6 scancells have incorrectval-
uescapturedin themfor the correspondingfailing vectors
shown in Column1. Thesesuspectsweredeterminedasex-
plainedearlierby pruningthedetectedfaultsandretaining
thosethatweredetectedat the failing scancellsonly. The
scancellschosenin Columns4,5 and6 aredistinctandthey
donothaveany commonscancells.Also, thescanchainsto
which they belongarealsodifferent.It canbeseenthatthe
pruningresultsin a largereductionin thefaultsresponsible
for thefailure.
It is clear from the above resultsthat the proposedtech-
niquecanbe usedeffectively for determiningthe suspects
for BIST failures.Theproposedhardwareenhancementsdo
notposeany restrictionsontheareaoverheadin ourdesigns
sinceconsiderablearearequirementsfor testpurposeshave
beenaccommodated.It wasseenhow transparenttheaddi-
tional logic will beduringnormaloperationandhow easily
the additionalcircuitry canbe madeoperationalin the di-
agnosismodeby making the one-hotFSM go into oneof
its legal statesandactivating the selectlines of the multi-
plexers. Also, thereis no timing impacton the functional
logic sincetheadditionalhardwareis associatedonly with
the MISR logic. If therearemultiple clocksin the design

thathaslogic BIST in it, theBISTcircuitry operatesatafre-
quency lessthanor equalto theslowestclock in thedesign.
Furtherinvestigationis neededto seeif theproposedhard-
wareenhancementsarestill valid in sucha situationsince
theMISR modificationsarecombinationalin natureandthe
one-hotFSM operatesat thefrequency of theBIST logic.
In theproposeddiagnosistechnique,largernumberof scan
chainscanhavea directimpacton theextrahardwaresince
it requiresa larger one-hotFSM andextra multiplexersin
the MISR logic to make sureonly onechainshifts out its
contentsthroughtheMISR. A bettertechniquethatallows
multiplechainsto shift out theircontentsthroughtheMISR
reducesthe hardwareoverheadneededin the MISR logic.
If thePRPGandMISR sizesarelargerthanthenumberof
scanchainsin thedesign,theproposedmethodcanbeeas-
ily extendedto addextramultiplexersin theMISR logic that
ensurethevaluescomingoutof ascanchainshift outof the
MISR in anunmodifiedmanner. However, if thesizeof the
MISR is smallerthanthenumberof scanchainsandtheval-
uescomingoutof thescanchainsarecompactedbeforethey
reachtheMISR itself, theproposedhardwareenhancements
in the MISR logic cannotbe appliedin a straight-forward
manner. Thediagnosismethodologyfor suchasituationbe-
comesmorecomplicatedandbettertechniquesareneeded
to ensurecorrectdiagnosisof theBIST failures.

5 Conclusion

In this work, we presenteda combinationof softwareand
hardwaremethodsfor diagnosinglogic BIST failures.The
hardware part of the solution provided a meansfor diag-
nosingonescanchainat a time by usinga finite statema-
chinethatisolatestheotherchainsfrom interactingwith the
MISR. The methodfurther enhancedthe visibility of the
eachscanchainby interceptingtheXOR gatesin theMISR
logic to make surethe valuesfrom a singlescanchaingo
throughthe MISR logic unmodified. We showed that this
methodcan be usedto determinethe failing vectorsand
scancells with mismatches.Oncethe mismatchingscan
cells areidentified,a methodis proposedto determinethe
faultsin thecircuit thatcausedthescancells to capturein-
correctvalues.
Experimentswereperformedonablock in anindustrialde-
signandresultswereobtainedin termsof thesuspectscaus-
ing the BIST sessionto fail. The proposedtechniquewas
successfullyimplementedin the industryandthehardware
changeswerealsoeasilyincorporatedinto theindustrialde-
signswith minimaleffort. It clearlyshowsthatthesolutions
proposedin this work arepracticalandeasyto implement
usingthecurrenttechniquesandmethodologiesin practice.
Thetechniquesproposedhereareapplicableto designswith
multiple scanchainsandseparateBIST controllersfor dif-
ferentblocksin thedesign.Effort is in progressto evaluate
the failureson the interconnectfor differentblocks in the
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design.Methodsmustbeproposedto testthe interconnect
anddiagnosetheir failures.Theproposedanalysisis for de-
terminingthe suspectsmustbe extendedto BIST method-
ologiesthattargetnewerdefectmodelsandthecorrespond-
ing typesof faults.Theeffect of multiple clock domainsin
a block createsnew challengesfor BIST diagnosticefforts.
Work is in progressto evaluatethe interactionsof multiple
clock domainsandtheir impacton BIST diagnosis.
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