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ABSTRACT

Scan-basediesignsare widely usedto decreasdghe compleity
of the testgeneratiomprocessnonethelesshey increasdesttime
andvolume. A new scanarchitectureis proposedo reducetest
time andvolumewhile retainingthe original scaninput count. The
proposedarchitectureallows the useof the capturedresponsasa
templatefor thenext patternwith only thenecessarpits of thecap-
turedresponsdeingupdatedvhile observingthefull capturede-
sponse . Thetheoreticalandexperimentalanalysispromisesa sub-
stantialreductionin testcostfor largecircuits.

1. INTRODUCTION

As the exponentialincreasen thetransistorcounts aspredicted
by Moore’'s Law, limits the practicability of sequentiand func-
tional patterns,scan-basedesignsare widely usedto reducetest
generationcost. Full scan-basediesignreducestest generation
compleity by providing controllability andobsenrability of all the
memoryelementsn the circuit. The testpatterngtestresponses)
areseriallyshiftedin (out)throughascanchainto (from) themem-
ory elements.

Although scan-basedesignsare ableto boundtestgeneration
compleity within practicablelimits, they comeat anincreasen
testvolume and consequenthan increasen testapplicationtime
and a needfor higher costautomatictestequipment(ATE) with
high pin countsandhighmemorybandwidth.Currentcostsof such
ATEsrangeatthelevelsof thousandiollarsperpin [1].

In a traditional scanarchitecture the numberof scanl/O pins
determineghe numberof scanchainsin the circuit ascanbe seen
in Figurel. As thecompleity of thecircuitincreasesthe number
of scancells per scanchainincreasesincreasingthe testapplica-
tion time. Ontheotherhand,anincreasen thenumberof I/O pins
necessitatea highercostATE with high pin count. A numberof
approachebave beenproposedn theliteratureto reducetestcost
[2,3,4,5,6,7,8,9,10,11]. Generallythe proposedschemesiti-
lize a compressiomethodin conjunctionwith anon-chipdecom-
pressionhardware. Run-lengthcoding with cyclical scanchains
[2], Huffman code [3] and Golombcode [4] have beenutilized
to compresghe testdata. Thesemethodsexploit the variablefre-
quenciesof testpatternblocksto efficiently storethe testdataby
thedecompressioheingperformedon chip. [5] partitionsthescan
cellsinto theinternalscanchainsandall scanchainsareloadedin
parallelby the sametestdata;serialloadis usedfor the faultsthat
cannotbe detectedby the parallelload. [6] improveson [5] by
providing two differentscancell partioningsreducingthe number
of the serialtestpatterns. [7] assignsa LFSRto eachscanchain
andthe seedsof the LFSRsareshiftedin. [8, 9, 10] reducethe
numberof scanchainsvisible to the testerthrougha decompres-
sion network that exploits the low specifiedbit densityof the test
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Figure 1: Traditional Multiple Scan Architecture

vectors. [11] encodeghe bits thatneedto beflippedto obtainthe
next testslicefrom thecurrentone.

The testgeneratiorprocessgenerallystartsby obtaininga test
cube,which hasonly a few specifiedbits for eachfault. Com-
pactionschemesneige the compatiblecubes.The compactedie-
terministic test patternsgenerallyconsistof only a small number
of specifiedbits, 1%-5%asreportedin [12]. In practice,there-
maining unspecifiedbits are assignedo randomvaluesand fault
simulationis performedo dropthe accidentallydetectedaults.In
the traditional scandesignswhenshifting in the next testpattern,
the capturedresponsef the previous patternis shiftedout. Con-
sequentlyalthoughonly a small percentagef the testpatternbits
arespecifiedthis propertyof thetestvectoris notexploitedandall
bits of atestpatternareshiftedin.

In thiswork, ascanarchitecturds proposedo take advantageof
thefactthatonly asmallnumberof bitsis specifiedn eachpattern.
Thenew architecturewhile retainingthe original numberof circuit
pins, increaseghe numberof internal scanchains. The captured
responseof the previously applied patternis usedas a template
for the next patternin the new structureand only the conflicting
bits of the next patternareupdatecbn the capturedesponsef the
previous pattern. The proposedapproachpromisesa substantial
decreasén testapplicationtime andtestdatafor largecircuits.

Section2 discusseshe motivation that leadsto the methodin
this paperand introducesthe proposedscanarchitecturefor test
costreduction.Section3 presentshe testapplicationprocesswith
theproposedarchitecture Sectiond providesatheoreticablnalysis
of the testcostreductionwith the suggestedrchitecture.Section
5 present@nextensie experimentakvaluationanda brief conclu-
sionis offeredin section6.



2. MOTIVATION & SCANARCHITECTURE

Deterministictestpatternsonsistof no morethana smallnum-
ber of specifiedbits even post-compactionwith the ratio of the
specifiedbitsin the 1 to 5 % rangein practice [12]. We proposea
scanarchitectureyhich allows loadingonly the specifiedbits of a
patternquickly insteadof loadingall bits of a pattern.

In thetraditionalscanarchitectureN pinsareemplo/edto feed
N scanchainsasseenin Figurel. A compactedestpatternis gen-
eratedandthe unspecifiedits aresetrandomlyor by othermeans,
resultingin the testpatternbeingreadyfor applicationto the cir-
cuit undertest. The completelyspeficiedtest patternis loadedto
thecircuitthroughtheN scaninputs;consequentljthelongestscan
chaindetermineghe applicationtime of a pattern. Increasingthe
scanchaincountmay reducetestapplicationtime, but it comesat
anincreasen the scaninput pin count,raisingthe costof the ATE.

The proposedarchitecturesxploits the low specifiedbit density
of the test patternsand while limiting the parallel accessto all
scanchainsi,it increaseshe scanchaincountin the circuit without
changingthe pin count. In the preliminary form of the proposed
architecturepnly oneof the scaninput pinsin thetraditionalscan
architectureis allocatedto load the testdata. The remainingN-1
pinsareutilized to selectaninternalscanchainthrougha decoder
SinceN-1 pins canidentify 2% ~1 differentscanchains,the num-
ber of the scanchainsis increasedo 2V ~! from the original N
scanchainsin the traditional architectureyielding a reductionof
2V=1/N onthe averagescanchainlength. In the preliminaryar-
chitecture all scanchainsthat have correspondingpecifiedbit(s)
in the next patternare selectedn orderandloadedwith new test
data. The capturedresponseon the correspondingcanchains,to
the previously appliedpatternis shiftedout to a MISR while shift-
ing the new testdatain. If the specifiedbit densityis low, since
only alimited numberof chainshascorrespondingpecifiedits, a
reductionin thetestcostcanbe deliveredby this preliminaryform
of theproposedrchitecture Nonethelessherearetwo mainprob-
lemswith this approach.First, sincenew testdatais shiftedin to
a particularsetof scanchainsandonly their contentis shiftedout
to the MISR, a possiblefaulty testrespons®n the remainingscan
chainsmayresultin undetectediaults;acomplex andcomputation-
ally costlyanalysiss requiredto presere thefault coverageandto
predictthe next vectorsunderthe possiblyfaulty data. Second,
evenasinglespecifiechit on ascanchainnecessitateladingnew
testdatato all scancellsontheparticularscanchain;subsequently
it preventstheuutilization of theotherscanchainswhenascanchain
is beingloadedevenif thenext bit to beloadedof thecurrentchain
is unspecified.

To overcomethe aforementionedhortcomingof the prelimi-
nary architecture|t is re-shapedvith the following featuresre-
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vealingthe proposedarchitecturedenotedas Circular Scan. First,
the outputof eachscanchainis connectedo theinput of thesame
scanchain. Second,althoughone of the scanchainsis selected
throughthe decoderandsourcedwith new testdataasin the pre-
liminary architectureall otherscanchainsarealsoshiftedandthe
scaninputsof thesescanchainsare sourcedwith the scanoutputs
of the samescanchains. Finally, all scanchainoutputsare con-
nectedto a MISR. The proposedscanarchitecturecorresponding
to the circuit with traditionalscandesignin Figurel, canbe seen
in Figure2. The scan selection inputs identify a scanchain, test
datais loadedthroughthe data input and scanchain outputsare
connectedo scanchaininputsthrougha selectionunit. The scan
input selection unit is depictedin Figure 3. If a particularscan
chainis identifiedby the scanselectionnputsthroughthedecoder
the unit feedsthe scanchaininput with the new data; otherwise,
the scaninputis sourcedby the scanoutput. Sinceall scanchains
arealsoconnectedo the MISR andshift their contentthecaptured
responsef the previouspatternis fully obsered.

In theproposedarchitecturethefirst testpatternis loadedby se-
lectingeachscanchainin orderandshiftingin thetestdatathrough
thedata input, whereinun-specifietits arerandomlyset. There-
mainingpatternsusethe capturedesponsen the scancellsto the
previously appliedpatternasa template.Only the scancells with
acorrespondingpecifiedbit areloadedwith new testdataif their
currentcontentsare at variancewith the correspondingspecified
bits of the pattern.

3. CIRCULARSCAN TEST APPLICATION

In the proposedarchitecturethe first testpatternis loadedseri-
ally. An internalscanchainis selectedone at a time throughthe
scan selection inputs. Thetestdatafor the selectecchain,wherein
theunspecifiedits arerandomlyset,is shiftedin throughthedata
input.

The remainingpatternsuse the capturedresponseon the scan
cellsto the previously appliedtestpatternasa template. The con-
tentof a scancell is changedf it correspondso a specifiedbit of
thenext patternto beappliedandif its currentcontents atvariance
with the particularspecifiedbit.

The bits of a test pattern,correspondingo the scancells that
have equaldistanceto the scaninputs, constitutea testslice. In
thecurrenttestslice, if a setof bits differsfrom the corresponding
bits in the scancells, one of themis selectedhroughthe decoder
andthe valuein the scancell is updatedthroughthe data input.
Sinceonly one of the conflicting bits of the currenttestslice can
be changedht eachcycle, multiple full rotationsof the scanchain
contentmay berequired. Therefore the testslice with the highest
numberof conflicting bits of a testpatterndetermineshov mary
timesthe scanchainshave to befully rotatedto apply the current
pattern.In thefirst rotation, the capturedresponsef the previous
patternis fed to the MISR, thusdelivering full obsenration of the
testresponses.



1 2 3 45 6 7 8

-—Slicet-11X01XXX

-—Slice2—-1 XXXX001

+—Slice3—=X0 X0 XX0 X

+——Slice4—- X XXX X1XO0
(a) (b)

Figure4: Captured Test Response and Next Pattern

Example Assumethat the capturedresponseor the previous
testpatternis givenin Figure4 (a) andthe next testpatternto be
appliedis givenin Figure4 (b). If thetraditionalscanarchitecture
in Figurel is emplo/ed, the applicationof the next testpatternis
performedby shifting the testpatternthroughthe 4 input pinsin a
total of 8 cycles.If CircularScan is used thereareonly 4 specified
bits of the currentpatternthat vary from the capturedresponsef
the previously appliedpattern. Consequentlyonly updatingthese
particularbitswith thenew architectures sufiicientto loadthenext
pattern.In thefirst cycle, chain8 is selectedandlogic 0 is shifted
to the selectecthainthroughthe datainput. Otherchainsalsoshift
onecycle andthe valueson the chainoutputsarefed to the chain
inputs. Thecontentof the scancellsafterthefirst cycleis shavn in
Figure5 (a). Chain4, chain7 andchainl areselectedn thegiven
orderfor theconsequerthreecyclesandlogic 0, 0 and1 areshifted
in throughthe datainput, respectiely. The contentof the scan
cellsis shawvn in Figure5(b)-(d) afterthe cycles2-4, respectiely.
Consequentlyin thisexample,only 4 cyclesarenecessaryo apply
thenext patternandtheunspecifieits arepseudo-randomilfilled
with theresponsef the previous pattern.

4. TEST APPLICATION COST ANALYSIS
FOR CIRCULARSCAN

Testapplicationtime andtestdatavolumedepend®n the num-
ber of testpatterns,T, the numberof input pins, I, the numberof
scancells, N, andthe scanfrequeng, F. In thetraditionalscanar-
chitecture,if perfectlybalancedscanchainsanda scanchainper
input pin is assumedthe testapplicationtime, ¢, andtestdatavol-
ume,v, canbefoundby thefollowing equations:

t=T x ([N/I|+1)x F~" )

v=Tx[N/I|xI 2

In the proposedarchitecturethe numberof scanchains,S that
can be supporteds increasedo 2/~! even asthe numberof the
pinsnecessaris keptconstantSincethefirst testpatternis loaded
serially N cycles are requiredto apply it. The applicationtime
of the remainingpatternsis determinedby the testslice with the
highestnumberof conflicting bits. Formally, let £; be the number
of bits that conflict with the capturedtestresponseén the jth test
sliceandlet Kmq, bethe maximumof k;’s. The scancontentis
fully rotatedK .. timesto applythenext patternandeachrotation
requires| N/S] cycles.

If the specifiedbit densityof thetestsetis p, asinglebit of atest
vectorexhibits a conflicting valueto the capturedesponsit with
aprobability of p/2. The probability of having i conflictingbits in
thejth testslice (P(k; = 4)) is givenby thefollowing equation:
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Figure5: Application of the Next Pattern

Givenatotal of N scancellsandS scanchains thetotal number
of testslicesis [%1. Subsequent|ythe probability of K., being
equalto i (i.e., P(Kmaz = %)) canbe found by the following
equations:

P(Kmao =) = (P(k; <)) 51— (P(k; <i— 1))/ §1 (4)

rasm=(3(5)®°0-97") ©

Assumingthe specifiedbits are uniformly distributed,the num-
ber of rotationsneededo apply a test patternis, on average,the
expectedvalueof the K oz (E(Kmaz)):

S
E(Kmaz) = Y i X P(Kpao =1) =
i=1

SE(Ee ey ) o

Consequentlyfor the specifiedbit densityof p, thetestapplica-
tion time, ts, andtestdatavolume,v,, with CircularScan canbe
foundby thefollowing equations:

ts = (N + (T —1) X (E(Kmaz) X [N/S]+1)) x F~" (7)

v =N+ (T —1) X E(Kmaz) X [N/S] x I (8)

Given the equationg(1), (2), (7) and(8), the reductionsin test
applicationtime andtestdatavolumecanbe obtainedby theequa-
tions(9) and(10), respectiely.

t=1— (%) ©)

Vs

v=1— (—) (10)

v

Theprovidedtheoreticaknalysisof thetestapplicationtime and
testdatavolume assumes uniform distribution of the specified
bits in atestvector In practice,the scancellsof a particularscan
chainareusuallydriven by the samelogic. As aresult,the speci-
fied bits only appearon a few scanchainsinsteadof asa uniform
distribution; it canbe subsequentlgxpectedthatthe resultsof the
proposedarchitecturenay exceedeventhe strongresultspredicted
by the provided mathematicahnalysisshavn here.
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s13207| 54.6| 55.0| 63.6

64.

1/ 65.5|66.2| 68.0| 68.8

s15850| 29.8| 29.8| 37.8

38.

0|43.5|43.8|43.0| 43.3

s35932| 6.2 | 4.0 | 17.2

15.

1/19.9|17.8| 22.7| 20.7

s38417| 25.4| 25.9| 35.9

35.

8143.3|43.4|41.8|41.8

s38584| 32.1| 32.0| 43.3

43.

3|/51.5|51.6/55.1|55.3

Table 1: Test Application Time and Test Volume Reduction

5. EXPERIMENTAL RESULTS

Theproposedcanarchitecturexploitsthelow specifiedbit den-
sity of the testvectorsto reducetestdatavolumeandtestapplica-
tion time. The newv scanarchitectureexponentiallyincreaseghe
numberof scanchainswhile retainingtheoriginal scaninputcount.
Consequentlthetestcostsavings of the proposednethodcanbe
obseredbestin circuitswith a high gateandscaninputpin counts.

5.1 Experimental Framework

Theperformancef the proposednethodhasbeenanalyzedvith
thelargerlISCAS89[13] benchmarlcircuits. The ATALANTA test
generatiortool [14] andthe HOPEfaultsimulationtool [15] have
beenusedfor theexperiments Thegeneratestinformationregard-
ing the circuits canbe seenin Table2; the secondcolumndenotes
the numberof scancells, the third columndenoteshe numberof
testvectors thefourth columndenoteshenumberof faultsandthe
lastcolumndenoteghe specifiedbit density(p) of thetestvectors
onaverage.

The compactionalgorithm employed in this work is shawvn in
Figure6. The algorithmis a slightly modified versionof the one
presentedn [9]. Thealgorithmselectsa seedfault from thefault
list andgenerates testcubefor this particularfault. Thefaultlist
is traversedandthetestcubesof thefaultsthatarecompatiblewith
the seedare meigedwith the seedcube. Wheneer a fault thatis
notcompatiblewith the seeds encounteredhefaultcounteris in-
cremented Whenthe fault counterexceedsa predeterminedimit
orthefaultlist is exhaustedtheunspecifiedits of thecurrentcom-
binedcubearefilled by thecorrespondingespons#its of the pre-
vioustestvector® andfault simulationis performed.The detected
faults are droppedfrom the fault list andthe algorithm continues
by selectinga new seedfaultfrom thefaultlist.

5.2 Experimental Data Evaluation

Tablel liststheresultsof theapplicationof the proposednethod
to thebenchmarlcircuits. In Table1, the secondthird, fourth and
fifth columnsdenotethetestapplicationtime reduction(t,.) andtest

L1f the currentcubeis thefirst testvector the unspecifiecbits are
setrandomly

Circuit | Flop#| T f (%)
s13207| 669 | 299| 9664 | 5.6
s15850| 597 | 186| 11336/ 11.3
s35932| 1728 | 34 | 35110/ 10.3
s38417| 1636 | 270| 31015| 14.1
s38584| 1452 | 251 | 34797| 7.7

Table 2: General Circuit Information

ﬁ‘ Generate a seed cub%
[
‘ Generate a test cube

‘ Fault dropping ‘
T
Jﬂs

Figure6: Compaction Algorithm

datavolumereduction(v,) for scaninput countsof 6, 7, 8 and9,
respectiely. EventhelargerISCAS89benchmaricircuitsarerel-
atively quite smallin comparisorto currentindustrialcircuits and
their smallfaultlists allow a compatibilitycheckamongalarge set
of testcubesin afeasibletime duringthe compactiorprocess.As
canbe seenfrom thelastcolumnof Table 2, the specifiedbit den-
sity of the compactedestvectorsis high in comparisorto the re-
portedspecifiedbit densityof theindustrialtestvectors.Sincethe
proposedarchitectureis designedto exploit the low specifiedbit
densityof thetestset,thetestcostreductionobtainedfor ISCAS89
circuits as presentedn Table 1 is not a strongindication of the
expectedtestcostreductionfor the muchlargerindustrial circuits
typical of the stateof the art nowvadays.It canbe expectecthatthe
proposedarchitecturewill provide bettertestcostreductionfor the
larger circuits. Theincreasan the testcostreductionasthe spec-
ified bit densitydecreases Table 1 supportsthis expectationfor
thelargecircuitswith low specifiedbit densityof thetestvectors.

The mostimportantfeatureof the proposedarchitectures that
it increasesotal scanchaincountexponentially;2’~! scanchains
insteadof the original I scanchains.Sincethe benchmarlcircuits
haveasmallnumberof scancells,theresultsin Tablel arereported
up to theinput pin countof 9 only. Sincethe proposednethodex-
ponentiallyincreasesghe scanchaincount, it will provide a much
improvedreductionin testcostfor thelargerscaninput counts;the
steadyincreaseof thetestcostreductionin the providedresultsas
the scaninput countgetslarger is a strongindication of the pre-
dictedimprovementin testcost.

In thesecondsetof experimentsjn orderto explorethepossible
test costreductionby the proposedarchitecturefor lower speci-
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fied bit densitiesthe compactioralgorithmis slightly modifiedto

stopthe compactiorprocessvhenthe specifiedbit densityof atest
vectorreaches predeterminedalue. Thegraphsin Figure7 pro-

videthetestapplicationtime reductior? for thespecifiecbit density
rangeof 1%-5%andfor the scaninput countsof 6-9. As depicted
in the graphs,the scaninput countincreaseand the specifiedbit

density decreasaleliver a steadyincreasein the testapplication
time reduction. The reductionmavesup to 85-90%levels for the
lower specifiedbit densities.Thereportedtestcostreductioneven

for the smallinput countsof 6-9 is very promisingfor the possible
reductionin the circuitswith largerscaninput counts.

In orderto validate the theoreticalanalysisthat hasbeenpre-
sentedin Section4, for the samecircuits and test setsthat have
beenusedin the experimentakesultsof Figure7, thetheoretically
predictedtestapplicationtime reductions,calculatedby equation
(9), areprovidedin Figure8. As the comparisorof the resultsin
Figure7 andFigure 8 indicates the actualbehaior andthe theo-
retically expectecbehaior arevery similar. Theactualreductionis
slightly betterthanthetheoreticallyobtainedreductionfor mostof
thecasessaresultof the pessimisninherentin the uniform spec-
ified bit distribution assumptiorin the theoreticalanalysis. Con-
sequentlythe provided analysiscanbe usedsafelyto estimatethe
expectedreductionfor a givencircuit andtestset.

Sincetest applicationtime reductionand test volume reduction
is similar, only the resultsfor testapplicationtime reductionare
provided.

6. CONCLUSIONS

As the circuits get larger, the scan-basedesignsare usedex-
tensiely to reducethe compleity of the testgenerationprocess.
Although scan-basedesignoffers practicaltestgeneratiortimes,
it comesat an increasein testapplicationtime andtestdatavol-
ume.A new scandesign Circular Scan, hasbeenproposedn order
to reducethe test applicationtime and test datavolume with no
necessityfor high costATEs.

In practice ,even compactedestcubesare composedf a small
numberof specifiedbits. The proposedarchitectureis designed
to exploit thelow specifiedbit densityof the testvectors. Instead
of loadingall bits of a testvector the responseo the previously
appliedvectoris usedas a templateand only the bits that are at
variancewith the next patternareupdated Circular Scan increases
exponentiallythe scanchaincountin thecircuit while retainingthe
original scaninput pin count.Oneof thevaryingbits of atestslice
in the new scanchainsis updatedfor eachshift cycle; achiered
by sourcingone of the scanchainsthroughthe datainput and by
feedingtherestof the scanchainsby their own output.

A mathematicahnalysisandassociate@xperimentakresultsin-
dicatethat a substantiateductioncanbe achiered in testapplica-
tion time andtestdatavolume. The proposednethodis not only
easily scalableto larger industry circuits but the experimentalre-
sults and the theoreticalanalysisfurther predict even higher test
costreductionfor thelargercircuits.
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7. REFERENCES

[1] V. Agrawal andM. Bushnell,Essentials of Electronic Testing
for Digital, Memory and Mixed-Sgnal VLS Circuits, Kluwer
AcademicPublishers2000.

[2] A. JasandN. Touba,“TestVectorDecompressionia Cycli-

cal ScanChainsand Its Application to TestingCore-Based
Designs”,in ITC, pp.458-464,1998.

[3] A. Jas,J. Ghosh-DastidaandN. Touba,“ScanVectorCom-
pression/Decompressiddsing StatisticalCoding”, in VTS,
pp.25-29,1999.

[4] A. ChandraandK. Chakrabarty‘'System-on-a-chifest-Data
CompressiorArchitecturesBasedon GolombCodes”,|IEEE
TCAD, vol. 20,n. 3, pp. 355—-368March2001.

[5] I. HamzaogluandJ. Patel,“ReducingTestApplication Time
for Full ScanEmbeddedCores”,in FTCS, pp.260-2671999.

[6] A.R.Pandg andJ.H. Patel,“ReconfigurationTechniquefor
ReducingTest Time and Test Data Volumein lllinois Scan
ArchitectureBasedDesigns”,in VTS, pp.9-15,2002.

[7] A. Jas,B. Pouyaand N. Touba, “Virtual ScanChains: A
Meansfor ReducingScanLengthin Cores”,in VTS, pp. 73—
78,2000.

[8] I. BayraktarogluandA. Orailoglu,“Testvolumeandapplica-
tion timereductionthroughscanchainconcealment’in DAC,
pp.151-1552001.

[9] I. Bayraktarogluand A. Orailoglu, “DecompressiorHard-
ware Determinationfor Test Volume and Time Reduction
throughUnified TestPatternCompactiorand Compression”,
in VTS, pp.113-1182003.

[10] W. Rao,l. BayraktarogluandA. Orailoglu,“TestApplication
Time andVolume CompressioMhroughSeedOverlapping”,
in DAC, pp.732—-7372003.

[11] S.RedaandA. Orailoglu, “ReducingTestApplication Time

ThroughTestData Mutation Encoding”,in DATE, pp. 387—
393,2002.

[12] T. Hiraide, K. O. Boateng,H. Konishi, K. Itaya, M. Emori
andH. Yamanaka;BIST-Aided ScanTest- A New Method
for TestCostReduction”,in VTS, pp.359-3642003.

[13] F. Brglez,D. BryanandK. Kozminski,“CombinationalPro-
files of SequentiaBenchmarkCircuits”, |[EEE Int. Symp. on
Circuits and Systems, vol. 3, pp. 1929-1934May 1989.

[14] H. K. LeeandD. S. Ha, On the Generation of Test Patterns
for Combinational Circuits, TechnicalReport12-93,Depart-
ment of Electrical Eng., Virginia Polytechniclnstitute and
StateUniversity.

[15] H. K. LeeandD. S. Ha, “HOPE: An Efficient Parallel Fault
Simulator”,in DAC, pp.336—-340,1992.



	Main Page
	DATE'04
	Front Matter
	Table of Contents
	Author Index




