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Abstract

Diagnosingfailing vectos in a Built-In Self Test (BIST)
ervironmentis a difficult task becauseof the highly com-
pressedsignatue coming out of the Multiple Input Shift
Raister (MISR). Theroot causeof the failure mustbe ini-
tially narrowed down to the failing vectos and also the
scancellsat which mismatbesoccurred. In this work, we
proposea methodfor accurtely determiningthe first cy-
cle at which incorrectresponsesvere capturedin the scan
chains along with the scancells that captured the incor-
rectresponsesi\e definea diagnosismethodolgy that de-
scribesa simpleway of diagnosingonechain at a timeand
further showsthat accurate diagnosisis possiblewith the
aliasing nature of the MISR having no impacton diagno-
sis. Theproposededniqueresultsin identifyingthefailing
vectoss alongwith the mismattiing scancells. After deter
mining the failing vectors and mismatting scancells, we
extendthe methodto identify potentialfaultsin the circuit
that mayhaveresultedn the scancellscapturingincorrect
responsesThemethodpresentedn this papercan be ap-
plied to diagnosemultiplefailing vectos also.

1 Intr oduction

Currentapplicationspecific integratedcircuit (ASIC) de-
signsusuallyemploy BIST for achiering their target fault
coverage.Therearea few reasondor usingBIST in such
designsandthe mostpopularonesbeingat-speedestingof
the circuit, avoiding the burdenof generatingest patterns
andmanipulatingthemfor testemeedsandthe consisteng
in testingthechip atthewaferlevel andatthe systemevel.
Most of the circuits with BIST have multiple scanchains
thataredriven by a pseudo-randorpatterngeneratar The
patternsbeingshifted out by the scanchainsarefed into a
MISR which compressethe valuescomingout of the scan
chainsand generates signature. At the end of the BIST
sessionthe generatedignatureis comparedwith the ex-
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pectedsignatureandthe testis classifiedas a passor fail
dependingon whetherthe actualsignatureis the sameas
the expectedsignatureor otherwise.

The goal of BIST diagnosisis to determinethe reasonfor
the faulty signaturethat cameout of the MISR. The root
causeof this problemis a faulty responsehat was cap-
turedis somescancells for somespecificBIST patterns.
Thus,the BIST diagnosiscapabilityshouldbe ableto iden-
tify BIST patternghatcausedhefaulty responseo becap-
turedin the scancells andalsolocatepotentialsitesin the
circuit, wherefaultscould have causedhe incorrectvalues
to be capturedin somescancells. In this work, we make
thefollowing assumptionsthecircuit is fully scannedvith
multiple scanchains. The numberof bits in the pseudo-
randomgeneratoshift register(LFSR)is equalto thenum-
berof scanchainsin thedesignandthe MISR is of thesame
lengthasthe LFSR. The scanchainsaredriven by onebit
eachof the LFSR andthe last scan-outof eachscanchain
drivesonebit eachof the MISR. A BIST patternconsists
of shifting in all the scancellsin all the scanchains,fol-
lowed by a completeshift-out of all the scancells through
the MISR. We consideronly the stuck-atfault model for
our experimentatiorpurposes.The scanchainlengthsare
balancedasfaraspossible.

Original work on diagnosingscanbaseddesignswas pre-
sentedn [1, 2]. Thelatterproposedtechniquefor setting
the scancells to specificvaluesand collect the diagnosis
information while the scanchainis unloaded. A method
for identifying failing BIST vectorsusing error correcting
codeswaspresentedn [3]. Theextra hardwareneededor
doing this was considerablyhigh. A programmableMISR
for collectingmultiple signaturesisingmultiple polynomi-
als waspresentedn [4]. A fault simulationapproachfor
locatingmultiple designerrorsis presentedn [5]. This ap-
proachis the mostfundamentamethodfor diagnosingary
kind of testvectorsincludingBIST andscanvectorsamong
others.A methodfor pseudo-randomlynaskingout there-
sponse$rom differentscanchainswaspresentedh [6]. By
analyzingthe signaturesnvolving a fewer setof scancell
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responsesthe faulty responsesre identified. The above
approachnvolvessomeprocessingf the signhaturedead-
ing to diagnosticcompleity.

A methodusingimplicit enumeratiorof linesin the circuit
for multiple errordiagnosids presentedn [7]. Appropriate
intersectionsof lines on the pathsthat contribute to mul-
tiple errorsare determinedo diagnosethe failing vectors.
A techniqueusingadditionalhardwarefor diagnosingscan
errorsis presentedn [8]. Testsare appliedsereral times
to gathermultiple signaturesand determinethe flip-flops
driven by erroneoussignals. A methodfor modelingthe
opendefectsanddiagnosingnultiple errorsis presentedn
[9]. A methodfor diagnosingmultiple errorsaffecting the
sameoutputis presentedn [10]. A methodthatgradually
determinesheactualsetof failing scancellsis proposedn
[11]. Startingfrom aninitial completesetof scancells,the
setis prunedo determinghenon-faultyandcertainlyfaulty
cells. It is showvn thatthe diagnosigime with thistechnique
is reducedcomparedwith earlierapproachesA three-step
procedurefor diagnosingscanchainsis presentedn [12].
Additional patternsare generatedo narrov down the sus-
pectsetof failing scancells. Stuck-atandtransitiontype of
failing defectsare handledby this technique. A fasttech-
nigue for eliminating false candidatesiuring diagnosisis
presentedn [13]. Thisis achievedby techniquesncluding
X-propagatiorfrom fanoutstemsandflipping the valuesat
theoutputs.

The motivation for the work proposedn this paperis the
needfor an efficient hardware-softvare approachthat can
be easilydeployedin anindustrial ervironment. This so-
lution mustinvolve minimal circuit modificationsandalso
enablea software solutionto quickly determinethe failing
vectorsandroot causethefailuresto a setof faultlocations
that causedhe failures. The proposedechniquerequires
circuit modificationsonly in the MISR circuitry, not affect-
ing thetiming of the functionallogic. The software partof
the solution postprocesseshe resultsfrom the BIST fault
simulationtoolsto determinethe potentialfaultsin the cir-
cuit that causedthe failures. The proposedsolution will
work for ary fault modelthatthe BIST tools usefor fault
coverageanalysis.In thiseffort, thedifferenttoolsandtech-
niguesavailablein theindustryfor BIST vectorgeneration,
fault simulationandconeextractionareintegratedtogether
to createa practicalsolutionthat canbe quickly deployed
for analyzinglargeindustrialdesigns.

Thekey contritutionsof this work aredescribedelon. We
proposea methodfor diagnosinglogic BIST failuresin a
multiple scanchainernvironment. The logic goinginto the
MISR is modifiedsuchthateachscanchaincanbeindivid-
ually diagnosedA one-hotcontrolleris designedsuchthat
it selectsonescanchainat atime thatis targetedfor diag-
nosingthe incorrectvaluescapturedn that chain. An ex-
tratestsignalensureghatthe scanchainvaluesgo through
the MISR unmodifiedandhenceensuringthatthe signature
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comingout of the MISR, sampledat specifictime instants,
is thesameasthevaluescapturedn thecorrespondingcan
chain. The above process,as we later shav, helpsusin
identifying the vectornumberandscancell(s) at which the
mismatches(spccurredduring the BIST session.We fol-
low this up by identifying the setof stuck-atfaultsthatare
responsibldor thefailing BIST test. This is doneby iden-
tifying the faults detectedby the failing vectorand elimi-
nating thosethat were detectedby vectorsbeforethe first
failing vectorandalsothosethataredetectedy thefailing
vectoratthescancellsthatdonothaveany mismatchesEx-
perimentareperformedonindustrialtestcasego shav the
effectivenesf the proposedechnique.We shav thatthe
proposedsolution can be easily incorporatednto the cur-
rently availabletools,techniquesndprocessesavailablein
theindustry

The paperis organizedasfollows. Section2 discusseshe
basicconceptof theBIST ervironmentandalsointroduces
somespecificsaboutthecircuitsusedn thiswork. A design
enhancemertechniquethat usesa one-hotfinite statema-
chinefor controllingwhich scanchainto diagnoseis intro-
ducedin Section3. Thisis followedup by themethodology
for identifying the failing vectorsand scancells that have
incorrectvaluescapturedin them. A methodfor identify-
ing specificfaultsin the circuit thatmusthave contributed
to the failuresis also presented. Experimentalresultson
someindustrial circuits are presentedn Section4. These
resultsinclude additionalhardware requirementdor diag-
nosingonescanchainat a time andalsothe statisticsof the
numberof faultsthat mustbe analyzedfor detuggingthe
failing vectors. Conclusionandfuture work are presented
in Sectionb.

2 Background

ThebasicBIST architecturen a multiple scanchainervi-
ronmentis asshovnin Fig. 1. A pseudo-randorgenerator
determineghe patternsto be loadedinto the multiple scan
chains.All thescanchainsareloadedin parallel. Thenum-
ber of cyclesneededo load all the scanchainsis equalto
thenumberof flip-flopsin thelargestscanchain. Theoutput
of eachflip-flop in the pseudo-randorgeneratois fed into
onescanchaininput. A BIST vectorconstitutesonecom-
pletescan-inof all the scanchainsfollowed by onesystem
clockandthenacompleteshift-outof thevaluescapturedn
the scanchainsthroughthe MISR. Thefinal scan-outfrom
eachscanchainis fed into a MISR andthe signaturegen-
eratedin the MISR after eachBIST vectoris very highly
compressedA serialoutputfrom the MISR is usedto shift
out the compressedignaturewhich is comparedwith the
expectedsignatureto determinewhetheror not the BIST
sessionpassed. The logic BIST controller, which consti-
tutesthe pseudo-randongeneratorand its associatedtir-
cuitry, generatepatternsat speedandthe shifting through
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Figure 1. A basic BIST architecture .

the scanchainsis alsodoneat-speed.If partsof the logic
to be testedoperateat differentfrequenciesdifferentcon-
trollersareusedto testthemat their respectie frequencies.
If only one controller mustbe used,then the entire logic
is testedat the slowestpossiblefrequeng. The scanchain
lengthsarebalancedsfaraspossible TheMISR logic can
consisiof complex combinationalogic thatmanipulateshe
valuescapturedandshiftedout of the MISR eachcycle.
For eachBIST patterngeneratedfault simulationis doneto
determinghefaultsdetecteceachcycle. Therateat which
thefaultsaredetecteds very high in the initial cyclesand
it tapersoff towardsthe end of the BIST session.This is
becausdaultsmaygetdetectednultiple timesandthe new
faults that were not detectedbefore becomefewer as the
BIST sessiorprogressesAs a result, it may be expected
thatinitial failuresmayhappenatthevery beginningof the
BIST sessiorsincemary of thefaultsgetdetectedhefirst
timein this phase Sincetherearemultiple scanchainsand
the possibility of logic sharingbetweendifferentconesof
logic going into the scanflip-flops, the samefailuresmay
be obsened at multiple destinationflip-flops. BIST fail-
urediagnosignvolvesidentifying theuniquefaultlocations
that causedncorrectvaluesto be capturedat oneor more
destinatiorflip-flops.

3 DiagnosingBIST vectors

In thissectionwewill discusghehardwaredesignchanges
neededfor diagnosingthe BIST vectors. The proposed
hardwarechangesanbe easilyaccomplishedor arbitrary

designsand the accompaging methodfor diagnosisre-
sultsin identifying thefailing vectorandthe scancells(s)at
which the mismatche®ccurred. After the above areiden-
tified, we further describehow the actualfault locationsin
thecircuit, thatcausedhe mismatchescanbeidentified. It
shouldbe notedthatthe proposednethodsaredevelopedso
thatthesolutionsfrom varioustoolsavailablein theindustry
canbeputtogetherto createa diagnosticsolutionfor BIST
failures.Detailswill bediscussedateronin this section.

3.1 The diagnostichardware

ThemodifiedBIST architecturén amultiple scanchainen-
vironmentis shown in Fig. 2. Oncethe scanchainsare
completelyloadedusingthe valuescomingfrom the LFSR
logic, onesystenclock is executedandthe valuescaptured
in the scanflip-flops arecompletelyshiftedout throughthe
MISR. Theabove processonstituteoneBIST vector This
is repeatedor asmary BIST vectorsselectedr thedesired
fault coverageis achiesed. At theendof the BIST session,
thesignaturecomingout of the MISR is comparedvith the
expectedsignatureto determinewhetheror not the BIST
sessiorpassedsSincethesignaturecomingoutof the MISR
is highly compresseda failing signaturemay not contain
ary clearinformationaboutwhich BIST vector(s)failed or
which scanflip-flops capturedncorrectvalues.We propose
thefollowing designchangedo solve theabove problemof
identifying thefailing BIST vectorsandthe scancells cap-
turing theincorrectvalues.
Theproposediesignmodificationsareshovnin Fig. 2. The
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Figure 2. Selecting one scan chain for diagnosis.

final scan-ousignalof eachscanchaingoinginto the MISR

is interceptedvith a 2-inputmultiplexer (MUX). Oneinput
to thisMUX is heldata constanvalue0 andthe selectline

for eachMUX is drivenby a uniqueflip-flop outputfrom a
one-hotencodedinite statemachine. The finite statema-
chinehasasmary flip-flops asthe numberof scanchains
in the design. The idea behind making the above design
changesds asfollows. Sincethe signhaturecoming out 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 easyand effi-

cientway to locatescancells with mismatchesTheisola-
tion of scanchainsis achievedby allowing the valuesfrom

only onescanchainto affectthe valuesin the MISR. Since
theselectline for eachMUX is drivenby a uniqueflip-flop

outputfrom theone-hoffinite statemachine constan0 val-

uesfrom all the scanchains(with the correspondingUX

selectline setto a 0) exceptonescanchainarefed into the
MISR logic. Therewill beonly onescanchain,whoseval-

uesareshiftedout asthey areinto the MISR logic sincethe
selectline for only its MUX is drivenby avaluel. Hence,
for eachstateof theone-hoffinite statemachine pneunique
scanchaincanbe diagnosedndependentf the valuesbe-
ing shiftedout of the otherchains.

Theabove procesensureghatonescanchainis delugged
atatime. The next stepis to somehav make surethatthe
valuesfrom the singlescanchainbeingdiagnosedserially
shifted out of the MISR logic unmodified. This helpsus
in observingthe scanchainvaluesevery BIST cycle andin
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turndetermingheBIST vectorthatfailedandthescancells
having themismatcheén thefailing cycle.

Fig. 3 shaws the additionalmultiplexers neededto make
surethe contentsof one scanchain are transferredto the
MISR for eventualshifting out beforea new BIST vectoris
loadedinto the scanchains. The connectiondo the XOR
gatesin the MISR logic areinterceptecdoy a MUX whose
otherinputis connectedo a constan. Theselectlines of
theseadditionalmultiplexersaredrivenby atestsignalthat
selectgheinput drivenby a constan®, duringthetime the
scanchainvaluesareshiftedthroughthe MISR logic. It can
be seenthatthesecondnput of the multiplexersusedto se-
lectonechainfor shiftingits valuesthroughthe MISR logic
is alsodriven by a constant0. During the diagnosispro-
cessgiventhe above describedextra hardware,all thescan
chainsexceptthe one beingdiagnosedshift out constantd
values.Theoutputsof all the multiplexersdriving the XOR
gatesarealsoQ’s. As shavnin Fig. 3, in this situation,only
thevaluescomingfrom the scanchainbeingdiagnosedre
capturedin the MISR unmodifiedand shifted out through
the MISR. For example,if the MISR lengthis 20 bits and
thefifth scanchainis beingdiagnosedthe valuesfrom the
fifth scanchaincomeout of the MISR serially afterthefirst
five shifts or fifteen shifts dependingon whetherthe serial
shift out of the MISR is the closestor farthestto the fifth
bit of the MISR. This responsdrom the scanchainmustbe
comparedo the expectedvaluescapturedn the scanchain
to seeif the BIST vectorfailedandcausedary mismatches
in thatparticularscanchain.
Theadditionalhardwareneededo selectonescanchainat
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Figure 3. Single chain contents shifted out without modifications.

atime andto shift its valuesthroughthe MISR is composed
of the one-hotfinite statemachine the routing neededor
the constant0 signal, the additionaltestsignal D andthe
multiplexersin the scanchainselectionogic andthe MISR
logic. Thetotal numberof 2-input multiplexersneededs
equatto thenumberof scanchainsplusthenumberof inputs
to the XOR gatesin the MISR logic, minusthe numberof
scanchains.The numberof scanchainsmustbe subtracted
in the above equationbecausethe valuescomingfrom the
scanchainsmust be propagatedhroughthe MISR XOR
logic asit is.

3.2 The diagnosticprocess

We shallnow explain the overall operationof the modified
BIST logic shown in Fig. 3. During normal operation,
the one-hotfinite statemachinemustbe placedin the re-
setstateso thatthe multiplexersat thefinal shift-outof the
scanchainsselectthe valuescomingfrom the scanchains.
TheD signalis assertedo avaluesuchthatthemultiplexers
selecttheinput otherthatthe oneheldat constan®. In this
mode, the circuit functionsasif the extra hardwareis not
presenttall.

If the signatureat the end of the BIST sessions different
from the expectedone,the additionalhardwarecanbe used

asfollows. Theone-hoffinite statemachineis allowedto go

into one of its legal states.Lets assumahat the first legal

stateenablesscanchain 1 to shift its valuesonly through
theMISR logic. The BIST patternsareshiftedinto thescan
chainsin the normalfashion. Onceall the scanchainsare
loaded,the circuit goesthroughone systemclock andthe
new valuesarecapturednto 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

scanchainare appropriatelyhandled. The valuesfrom the

first scanchainarenow shiftedthroughthe MISR logic by

selectingheappropriatezalueof D. This processontinues
until differencesrenoticedin thevaluescomingoutof scan
chain 1 for every cycle. This way, the first BIST vector
that causedincorrectvaluesto be capturedinto first scan
chaincanbeidentified. At the sametime, the mismatching
scancells in the first scanchain can also be identified by

determiningwhich scancellsin thatscanchaincapturedhe

incorrectvalues.

Theaboveprocessanberepeatedor eachstateof thefinite
statemachinesothata differentscanchainis selecteceach
time for diagnosispurposes.Eachtime the failing vector
andthe correspondingaulty scancells are identified, the
individual fault sitesin thecircuit thatcausedhe scancells
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to captureincorrectvaluesmustbe identified. We explain
this processn the next sub-section.

3.3 Identifying the responsiblefaults

After the failing BIST vectorandthe scancells with mis-
matchesareidentified,the next stepis to identify thefaults
in the circuit that causedhe mismatchego occur In order
to do this, we needto identify the faultsthat are detected
by the failing vectorand eliminatethosethat are detected
by earliervectors.We alsoneedto make surewe eliminate
thosefaultsthataredetectedy thefailing vectoratthescan
cellswith mismatchesindalsoatotherscancells. This step
avoids classifyingsomefaultsasresponsibldor thefailure
whenin factthey arenot. We consideronly stuck-atfault
basedBIST diagnosidn this work.

TheBIST toolsavailablein theindustryoperateon designs
thataresolargethatit requiresalot of memoryto reportall
thefaultsin thedesign.They only list thefaultsthatarenot
detectedby the BIST vectorssincethe memoryresources
neededor listing themaremoremanageablé/Ne make use
of thelist of undetectedaultsto figure out the setof faults
detectedy thefailing BIST vectot

Initially, we simulateall thefaultsin thedesignfor n cycles,
wheren is thefailing BIST vectornumber We collectthe
faults that are not detectedby n BIST vectors. We then
simulateall thefaultsfor n - 1 cyclesandcollectthelist of
faultsthatarenotdetectedy n- 1 BIST vectors.We getthe
list of faultsdetectedoy thent” BIST vectorby takingthe
differencebetweerthetwo lists of faultsabove. We have to
prunethis setof detectedfaultsby consideringonly those
thataredetecteddy the nt" vectorat the mismatchingscan
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 blocks have a single
clock domain. If a block hasmorethanoneclock domain,
the methodologyis to usea uniquelogic testcontrollerfor

eachdomainor to useonly onelogic testcontrollerrunning
attheslowestfrequeng of theclockdomains.Thestatistics
for theblock usedin our experimentsareshovn in Tablel.

Columnsl and3in Tablel representhevariousparameters
relatedto thecircuit. Columns2 and4 give thecorrespond-
ing numbersfor eachparameter The block hasmultiple
scanchainsand there are a total of 96 scanchains. The
maximumnumberof scanflip-flops in ary chainis 499. It
canbe seenthatthe numberof gatesandlinesin the block
arefairly large. Thereis only onemain clock driving this
block butin generaltherecanbemorethanoneinputclock
to a block resultingin asmary clock domains.The single
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# Chains 96 Max # Flops 498

# Gates 433537 | #Lines 798884
#PlIs 46543 | #POs 48650
# Faults 812911 # Clocks 1

# Vectors 16K | FCwi/otestpoints || 84.82%
FCwith 100

testpoints 95%

Table 1. Statistics for the block.

stuck-atfault coveragefor the block using16K vectorsand
without ary testpointsis 84.82%. The correspondingov-
eragewith 100testpointsandthe samenumberof vectors
is 95%. Out of the 100testpoints, 78 arecontrolling type
and22 areobsenationtype.

Sincethereare96 scanchaingn thedesign 96flip-flopsare
neededor theone-hot-SMfor observinghevaluesonone
chainatatime, throughthe MISR. Also, 96 2-input multi-
plexersare neededasshawn in Fig. 2 for disablingall the
otherscanchainswhenonescanchainis beingdiagnosed.
Thesecondnputof thesemultiplexersis tied to the ground.
A resetsignalis neededo placethe one-hotFSM in the
all-0 stateduring normal operation. All the above logic is
synthesizedndaddedo theoriginal BIST inserteddesign.
As shawvn in Fig. 3, the MISR logic needssomemodifica-
tionssothatthevaluesfrom thescanchainbeingdiagnosed
go throughthe MISR logic unmodified. The MISR logic
for the above block is suchthatthereare 91 2-input XOR
gatesfor which oneof theinputsis the scanousignalfrom
auniguescanchain. As shavn in Fig. 3, oneof theinputs
to the XOR gates,coming from the feedbackpaths,must
beinterceptedby aMUX sothattheinputto the XOR gate
canbecontrolledto a0. Hence for this designwe needd1
2-input multiplexerswhoseselectline selectsthe scanout
signalfrom the scanchainsduring normal operation. The
secondinput of eachMUX is tied to a constant0 value,
which canbe connectedo theinputsof the multiplexersin
Fig. 2 thataretiedto aO.

The next stepin the experimentsis to diagnosethe failing
patternsusinga software approach.For experimentalpur-
poseswe assumedhefirst cycle numbersat which the ac-
tual signaturein the MISR is differentfrom the expected
one. If the circuit underconsiderations alreadymanufic-
tured,the proposedechniquecanbe usedto determinethe
first failing BIST vectorandthe correspondingscancells
with mismatchesThisis accomplishedy makingthe one-
hot FSM selectone scanchain at a time and get the sig-
naturesfor eachchains. Thesesignaturecanbe compared
with the expectedsignaturego determinethefailing vector
numbersandthe exactscancellswith mismatches.
Table2 shavstheresultsassuminglifferentfailing vectors.
It canbeseerthatmostof the stuck-atfaultsaredetectedn



the early BIST vectorsandhencethe increasedrobability
that failuresmay be obsenred in the initial vectorsitself.
Five different vectorswere chosenas the failing vectors
basedn the feedbackrom the manuficturewheretesting
wasalsodone.Column1 showvsthefailing vectornumbers
and Columns2 and 3 show the total numberof detected
faultsuntil the failing vectorand the numberof faultsde-
tectedby thefailing vectorrespectiely. Notethatthe BIST
faultsimulatorwe used dropsthefaultsasit goesalongand
hencethefaultsreportedn columns2 and3 arethe unique
faults detecteduntil the cycle in Columnl1. Simulatinga
fault only until its first detectionis acceptabldor diagnosis
purposedecausdf afaultdetectedn anearliercycleis re-
sponsibldor the BIST failure,thenthe BIST sessiorwould
have failedin the earliercycle itself.

vector# Det. Faults Suspects
Failing ScanCells
Total FailingVec.| 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 shav the actual number
of suspectsvhen2, 4 and6 scancells have incorrectval-
uescapturedin themfor the correspondindailing vectors
shavn in Columnl. Thesesuspectsveredeterminedasex-
plainedearlierby pruningthe detectedaultsandretaining
thosethat weredetectedat the failing scancellsonly. The
scancellschoserin Columns4, 5 and6 aredistinctandthey
donothave any commonscancells. Also, thescanchainsto
whichthey belongarealsodifferent. It canbeseenthatthe
pruningresultsin alargereductionin thefaultsresponsible
for thefailure.

It is clear from the above resultsthat the proposedtech-
nigue canbe usedeffectively for determiningthe suspects
for BIST failures.Theproposedardwareenhancemenio
notposeary restrictionsontheareaoverheadn ourdesigns
sinceconsiderablarearequirementsor testpurposedave
beenaccommodatedt wasseenhow transparenthe addi-
tionallogic will beduringnormaloperationandhow easily
the additionalcircuitry canbe madeoperationain the di-
agnosismodeby making the one-hotFSM go into one of
its legal statesand activating the selectlines of the multi-
plexers. Also, thereis no timing impacton the functional
logic sincethe additionalhardwareis associate@nly with
the MISR logic. If therearemultiple clocksin the design

thathaslogic BIST in it, theBIST circuitry operatestafre-
queng lessthanor equalto the slowestclock in the design.
Furtherinvestigationis neededo seeif the proposechard-
ware enhancementarestill valid in sucha situationsince
theMISR modificationsarecombinationaln natureandthe
one-hotFSM operatesatthefrequeng of the BIST logic.
In the proposeddiagnosigechniquejargernumberof scan
chainscanhave adirectimpacton the extra hardwaresince
it requiresa larger one-hotFSM and extra multiplexersin
the MISR logic to make sureonly one chain shifts out its
contentshroughthe MISR. A bettertechniquethatallows
multiple chainsto shift outtheir contentghroughthe MISR
reduceghe hardware overheadneededn the MISR logic.
If the PRPGandMISR sizesarelargerthanthe numberof
scanchainsin the design.the proposednethodcanbe eas-
ily extendedo addextramultiplexersin theMISR logic that
ensurghevaluescomingoutof a scanchainshift out of the
MISR in anunmodifiedmanner However, if the sizeof the
MISR is smallerthanthe numberof scanchainsandtheval-
uescomingoutof thescanchainsarecompactedbeforethey
reachthe MISR itself, theproposedardwareenhancements
in the MISR logic cannotbe appliedin a straight-forward
manner Thediagnosianethodologyor suchasituationbe-
comesmore complicatedandbettertechniquesare needed
to ensurecorrectdiagnosisof the BIST failures.

5 Conclusion

In this work, we presentedh combinationof software and
hardwaremethoddor diagnosindogic BIST failures. The
hardware part of the solution provided a meansfor diag-
nosingonescanchainat a time by usinga finite statema-
chinethatisolatesghe otherchainsfrom interactingwith the
MISR. The methodfurther enhancedhe visibility of the
eachscanchainby interceptinghe XOR gatesin the MISR

logic to make surethe valuesfrom a single scanchaingo
throughthe MISR logic unmodified. We shaved that this
methodcan be usedto determinethe failing vectorsand
scancells with mismatches. Once the mismatchingscan
cells areidentified, a methodis proposedo determinethe
faultsin the circuit that causedhe scancellsto capturein-

correctvalues.

Experimentsvereperformedon ablockin anindustrialde-
signandresultswereobtainedn termsof thesuspectsaus-
ing the BIST sessiorto fail. The proposedechniquewas
successfullymplementedn theindustryandthe hardware
changesverealsoeasilyincorporatednto theindustrialde-
signswith minimal effort. It clearlyshovsthatthesolutions
proposedn this work are practicaland easyto implement
usingthe currenttechniguesandmethodologien practice.
Thetechniquegroposedereareapplicableto designswith

multiple scanchainsandseparatdIST controllersfor dif-

ferentblocksin thedesign.Effort is in progresgo evaluate
the failureson the interconnectfor differentblocksin the
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design. Methodsmustbe proposedo testthe interconnect
anddiagnoseheirfailures.The proposedanalysidgs for de-
terminingthe suspectsnustbe extendedto BIST method-
ologiesthattargetnewver defectmodelsandthecorrespond-
ing typesof faults. The effect of multiple clock domainsin
ablock createmew challengedor BIST diagnosticefforts.
Work is in progresdo evaluatethe interactionsof multiple
clock domainsandtheirimpacton BIST diagnosis.

References

[1] R.C.AitkenandV.K. Agarwal, “A diagnosismethod
using pseudo-randomvectors without intermediate
signatures”Proc. Intl. Conf ComputerAidedDesign
pp.574-577,1989.

[2] S.Kundu,“On diagnosisof faults on a scan-chain”,
Proc. VLS| TestSymposiunpp. 303-308,1993.

[3] T.R.Damarla,C.E. StroudandA. Sathaye, Multiple
error detectionandidentificationvia signatureanaly-
sis”, Journal of Electronic Testing: Theoryand Appli-
cations vol. 7, no. 3, pp.193-207,1995.

[4] Y. Wu andS. Adham,“BIST fault diagnosisin scan-
basedVLSI environment”, Proc. Intl. TestConf, pp.
48-57,1996.

[5] S.-Y. Huanget.al., “Error Tracer: A fault simulation
basedapproacho designerror diagnosis”,Proc. Intl.
TestConf, pp.974-981,1997.

[6] J.RajskiandJ. Tyszer “Fault diagnosisn scanbased
BIST”, Proc. Intl. TestConf, pp.894-902,1997.

[7] A. Venerisandl.N. Hajj, “Designerrordiagnosisand
correctionvia test vector simulation”, IEEE Trans.
CAD, 18(12):1803-1816Dec.1999.

[8] J. Rajski and J. Tyszer “Diagnosisof scancells in
BIST ernvironment”,IEEE Trans.Computes, vol. 48,
Issue:7, pp.724-731,1999.

[9] S.VenkataramaandS.B.Drummonds;'A technique
for logic faultdiagnosiof interconnecbpendefects”,
Proc. VLSITestSymposiunpp. 313-318,2000.

[10] S.-Y. Huang,“On improving the accurag of multiple
defectdiagnosis” Proc. VLS| TestSymposiunpp. 34-
39,2001.

[11] I. BayraktarogluandA. Orailoglu, “Diagnosisof scan
basedBIST: Reachingdeepinto signatures”,Proc.
DesignAutomationand Testin Europe pp. 102-109,
2001.

Paper 29.2
744

[12] R. Guoet.al., “A techniquefor fault diagnosisof de-
fectsin scanchains”, Proc. Intl. TestConf, pp. 268-
277,2001.

[13] N. SridharandM.S. Hsiao,"On efficienterrordiagno-
sis of digital circuits”, Proc. Intl. TestConf, pp. 678-
687,2001.



	ITC03
	Table of Contents
	Author Index




