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Abstract

This paper addresses the problem of compacting test re-
sponses in the presence of unknowns at the input of the
compactor by exploiting the capabilities of well-known er-
ror detection and correction codes. The technique, called
i-Compact, uses Saluja-Karpovsky Space Compactors, but
permits detection and location of errors in the presence of
unknown logic (X) values with help from the ATE. The ad-
vantages of i-Compact are: 1. Small number of output pins
from the compactors for a required error detection capabil-
ity; 2. Small tester memory for storing expected responses;
3. Flexibility of choosing several different combinations of
number of X values and number of bit errors for error de-
tection without altering the hardware compactor; 4. Same
hardware capable of identifying the line that produced an
error in presence of unknowns; 5. Use of non-proprietary
codes found in the literature of 1950s; and 6. Independent
of the circuit and the test generator.

1 Introduction
Full scanhasfound wide acceptanceasa cost-effective

DesignFor Test (DFT) methodologyin circuits with mil-
lions or more gates. The scanchain is often broken up
into hundredsof smaller chains to reducethe test time
through parallel loading and unloading of data. How-
ever, a large numberof parallel scanchains implies the
use of a large number of pins for scan-in and scan-
out operationsas well as a large numberof scanchan-
nels on testers. One DFT method—theIllinois Scan
Architecture[1999]—simultaneouslyaddressesthe prob-
lem of pins, test time, and test data volume. However,
thedatacompactionsuggestedin Illinois Scanis the well-�
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known multiple-inputshift register(MISR), which is most
suitablefor circuits that do not generatemany unknown
logic values(X’s). To getaroundtheproblemof X’s,many
of thehardware-basedsolutionsusemasksto block out the
X’s, use test point insertion to force X’s to certain spe-
cific logic values,or readthe MISR out beforean X ar-
rivesandthenresetaftertheX is gone.Most of thesetech-
niquesrequirecircuit-specificandtest-vector-specifichard-
waremodifications.Most recently, Mitra andKim [2002]
addressedthis problemandgaveanelegantsolution,called
X-Compact,to handleX’s with a compactorthat is inde-
pendentof the circuit andtestvectors. They gave a novel
coding techniqueto accountfor a limited numberof X’s
in the input streamof a compactorwhile maintainingthe
desirederror detectioncapability. In this paper, we give
an alternative solution to the sameproblem; our solution
doesnot requirethe creationof new codesandis also in-
dependentof the circuit andthe testvectors.Our method,
i-Compact,requirescomparabletestermemorybut fewer
pins thanX-Compact. However, the biggestadvantageof
i-Compactis thatthesamecompactorcanbeusedfor vary-
ing degreesof errordetectioncapabilityin thepresenceof
avaryingnumberof unknowns.

The first useof error coding in the context of test re-
sponsecompactionwasproposedby Benowitz [1975] and
his colleagues.Otherearlypioneersof compactionby cod-
ing areFrohwerk[1977], who popularizedthe useof lin-
earfeedbackshift registers(LFSRs)andKonemann[1979],
who popularizedtheuseof MISRs.All of thesetechniques
did compactionof testresponsesin time andspace.Space
only compactionusing error codeswas first proposedby
Saluja and Karpovsky [1983]. In theseand many other
compactiontechniques,the problemof compactionin the
presenceof unknownswaslargely handledby ad-hoctech-
niquesof ignoring the unknowns with masksprovided by
eitherthe testeror the storageon-chip. To the bestof our
knowledge,Mitra andKim werethefirst to providea com-
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Figure 1. The i-Compact system model.

pactiontechniquethatdidn’t requireamaskbeforethedata
entersthecompactor. Theirpaperin ITC-2002givesanex-
cellentbackgroundon many othercompactiontechniques.
We follow their lead in exploring the problemof provid-
ing mask-freecompactionin the presenceof unknowns.
However, our work is primarily basedon SalujaandKar-
povsky, thus we term our compactorsSaluja-Karpovsky
Compactors.We extend their techniqueto accountfor a
variablenumberof unknownsgoing in to a compactorand
to explore tradeoffs betweentestermemoryrequirements
andtesttime.

Our work relies on the coding theory results of Ep-
stein[1958] for error detectionandcorrectionin the pres-
enceof erasures. An erasurein the testing context is a
known bit-line thatcarriesanunknown logic value.Unlike
a bit-error, thelocationof theoffendingbit-line is known a
priori at the time of decoding.We show that theunknown
logic valuescominginto a spacecompactorcanbe treated
identicallyto theclassicalerasuredefinitionwith additional
supportfrom atester.

In thenext section,we show how any linearbinarycode
canbeusedto constructacompactor. Thefollowingsection
illustratesour hardware implementationwith an example.
Finally, we discusssomepracticalissuesinvolving testers.

2 Preliminaries

For the purposesof this paper, we consideronly binary
linearcodes.A binarycode������	�
 is asetof ��
 codewords
of length � bits. Generally, a binary linear codeis repre-
sentedby an ����� checkmatrix � (��������	 ), andthe
relation ������� definesthe valid codewords (the code
word � is an ����� vector).For codeswith reasonableerror
controlcapabilities,� is a smallfactortimes���! �"#� .

Considerthe test systemdiagramin Figure 1, which
illustratesthe i-Compactapproachin the absenceof un-
knowns. As shown by Salujaand Karpovsky [1983], in
the context of test compaction,any � -bit data word �
canbe enteredinto the compactor;the compactorapplies
the codematrix � to the dataword to producea check
word $%�&��� of � bits thatservesasthecompactedtest

response.The expectedtest responseandcheckword (as
producedby a logic simulator)areunprimedin the figure
(and text), while the actualtest responseand checkword
(asproducedby a chip undertest)areprimed. The actual
responsemaycontainerrors,which areincludedby adding
(XOR’ing) anerror term ' to theexpectedresponse� , as
shown in thefigure.

Theorem 1 (Saluja-Karpovsky) If a codeusedfor com-
pactionprovidesa Hammingdistanceof ( betweenvalid
codewords,nodistincttestresponsescloserthandistance(
canproducethesamecheckwords.

Proof: A proof by contradictionis straightforward. Let �
and �*) be separatedby a Hammingdistancesmallerthan( but have the samecheckword $ . As the codeis linear,�+�,�.-��*),
/�0$1-�$2�3� , implying that �4-��5)��&' is
a valid codeword with a Hammingdistanceof lessthan (
from thecodeword of all 0s,contradictingtheassumption
thattheoriginal codeprovidesdistance( .

Using a checkmatrix � with Hammingdistance( as
a compactor, all distance-basedcoding theory resultsare
directly applicable. The differencesbetweensuchappli-
cationsandthe useof i-Compactariseprimarily from the
factthati-CompactprovidestheAutomaticTestEquipment
(ATE) with only thecompactedform of theactualchip re-
sponseto atest;theresponseitself isnotavailable.Informa-
tion suchasthe bit positionsof unknowns(erasures)must
thusbestoredexplicitly ontheATE.Considerthefollowing
theorem,analogousto thatof classicalcodingtheory.

Theorem 2 An i-Compactcompactormatrix with distance( cando any oneof thefollowing:
(1) detectup to (6�3� single-biterrors,
(2) detectup to 7 errors in the presenceof up to 8 un-

knowns,where 7/-98+:;( , or
(3) correctup to < errorsandidentify up to 8 unknowns,

where�=<�-98+:>( .
Proof: Part (1) simply restatesTheorem1. For theremain-
derof theproof, we usethenotationof Figure1, andwrite? �,�@�A�5)B
 for theHammingdistancebetween� and �5) .

For part (2), considertheset C of correcttestresponses
generatedby replacingtheunknownsin � with all possible



combinationsof 0sand1s. Let D bethesetof all possible
test responses:in this case,the setgeneratedby injecting
all membersof C with arbitrarycombinationsof up to 7 er-
rors. To provepart (2), it sufficesto show thatno response
in C hasthe samecheckword asa test responsewith er-
rors (in D1EFC ), allowing error detectionthroughcompari-
sonwith thecheckwordsof all correcttestresponses.LetGIH C be an arbitrarycorrecttest response,andassume
that �5) H D>E5C containsat leastoneerror. Let J H C
be the correcttest responseformed by correctingthe bits
of �5) . As �5) can have no more than 7 errors,we have? �BJK�L�5)B
NM�7 . Similarly, as any two correct responses
differ only in the valuesassignedto the unknown bits in� , we have

? � G �AJ*
�MO8 . By the triangle inequality,? � G �L�*)P
+M ? � G �LJ*
Q- ? �,JK�L�*),
+MR89-�7�:S( . We
thenapply Theorem1 to seethat the checkwordsfor � )
and
G

cannotbethesame,completingtheproof, sincethe
choicesof �*) and

G
were arbitrary. As is the casewith

classicalcodingtheory, the checkwordsof two responses
with errorsarenotnecessarilyunique,andthevaluesof the
unknownscannotbedeterminedunlessthenumberof errors
is furtherrestricted,asin part(3).

To provepart(3), we takeanapproachanalogousto that
usedfor part (2). Theset C is definedin thesamemanner
asbefore,andthe set D in an analogousmanner(with the
numberof bits in errorlimited to < ). Observethatit suffices
to show thatnotwo responsesin D producethesamecheck
words,allowing error correctionanduniqueidentification
of unknown values.Let �5) T H D and �5)" H D betwo arbi-
trary possibleresponseswith up to < errorsin each,andletJ T H C and J " H C be the correcttest responsesformed
by correctingthe errorsin �5) T and �5)" , respectively. We
apply the triangleinequalitytwice to obtain

? �,� ) T �A� )"�
UM? �B�5) TV�LJ T 
W- ? �BJ T �LJ " 
X- ? �BJ " �L�*)" 
�M2<W-Y89-9<�MZ( .
Theorem1 thus guaranteesthat the checkwords for �5) T
and �5)" areunique,allowing theATE to matchtheobserved
checkword andto identify boththeobservedvaluesof un-
knownsandthebits in errorin theobservedresponse�5) .

Considerfor a momentthe natureof the comparatorin
the ATE in Figure 1. In the absenceof unknowns in the
expectedresponse,thiscomparatorsimplymatchesthepre-
calculatedexpectedcheckword storedin memoryagainst
theactualcheckword receivedfrom the circuit undertest.
When somenumberof unknowns are presentin the ex-
pectedresponse,the unknown valuescantake eitherlogic
value(0 or 1) in theactualresponse,requiringthat several
possibleresultsbe considered.Towardsthis end, the two
checkwords arebitwise XOR’d to producean error syn-
drome. If we restricttheactualresponse� ) to a Hamming
distanceof ( from the expectedresponse,this syndrome
servesasthestartingpoint for mostof theerrorcontrolap-
plicationssuggestedby Theorem2. The theoremprovides
only boundson thecapabilityof a code,however. Thereis

noguaranteethatcost-effectivepracticalerrorcontroltech-
niquesexist for compactionwith anarbitrarycodeof min-
imum distance( . We discussthe difficulty and practical
tradeoffs of makinguseof thesyndromelater in thepaper,
afterproviding a few examples.

3 Examples
We now exploretheerrorcontrolcapabilitiesof Saluja-

Karpovsky compactorsthrougha seriesof examples. We
usethecheckmatrix for the(7,4)HammingCodeextended
to the (8,4) SEC-DEDcodeby addinga parity bit over all
databits,givenby

�[�
�\�]�^�]� �]�]�� �_�^� �`� �]��^� �\� �a�_� ��^�]�^�]�a�]�]�

Denote the expected test response � by( T ( " (cb!(cde(cf!(cge(ch!(ci , and the expected check word $
by j T j " jBb!jkd . Thefollowing equationsspecify $ :

j T � ( TKl (cg l (ch l (Ai
j " � ( " l (cf l (ch l (Ai
jBb � (Ab l (cf l (cg l (Ai
jBd � ( TKl ( " l (cb l (Ad l (cf l (Ag l (ch l (ci

Thesebits are pre-computedand stored in ATE mem-
ory. The sameencoderis used to compact the actual
test response�5) on-chip,andonly the actualcheckword$ ) �1��� ) is delivered to the ATE. The code usedis a
distance-4code,so it cancorrectup to 81M&m erasures;or
detectup to 7 errorsin thepresenceof up to 8nMom5�p7 era-
sures;or correctoneerrorandoneerasure.Wedemonstrate
thesecapabilitiesin thefollowing threeexamples.

3.1 Three unknowns and no errors
Let �`� G T G " G bc�q�e�V�#� and �*)9�r�q�e�V�#�!�V�#� . The

actualcheckword is then $Q)K�;���5)s�p�#�V�q� . Keepingthe
symbolicnamesfor X’s, we find $ in termsof the

Gut
. We

XOR $ with $ ) to find theerrorsyndrome,which we then
equateto 0 andsolve for the

Gvt
. Theequationsin this case

are: � � G T
� � G "
� � G b
� � G T l G " l G b

Thesolutiongivestheuniquevalues:
G T �w� , G " �x� ,

and
G b �2� , but notethatsomeerrorscannotbedetected.

For example,changing( )i to 0 doesnot prevent the equa-
tions from being solved. In general,for large codesand
largenumberof erasures,oneneedsto solve a setof linear
equationsasoriginally suggestedby Epstein[1958]. How-
ever, in our situation,the numberof X’s is small and the



codedistanceis small.Sowe canuseeithertrial-and-error,
or useanexhaustivesearchfor asolution,by trying all pos-
sible binary combinationsof X’s. In the above case,for
example,we can generateall eight possiblecheckwords$ and pick the combinationthat matches$Q) . Other ap-
proachesarepossible,tradingtestermemoryfor testtime,
aswediscusslater.

3.2 Two unknowns and one error
Whenonly two inputsareunknown, thesamedistance-4

codecandetectany singleerror. Let �y�%�!�#� G T �#� G " �
and �5)0�\�e�q�V�#�!�e�V� . The actual check word is then$Q)u�z�{�5)|�R�!�#�V� . Computingall possiblevaluesfor$ by setting

G T G " �.�e�}�k�#�=�~�V�}�~�!� , we find respectively$��R���!�e� , �q���q� , ���!�q� , �#�V�e� . As noneof thesematches$Q) , wedeclareanerror.

3.3 One error and one unknown
The samecodecanbe usedto identify a singleerror in

thetestresponsein thepresenceof anunknown. Suchaca-
pability is usefulin failureanalysisanddiagnosisof chips.

Let ���0�#�V�e�q�V�e� G T and �5)��0�#�V�q�e�V�e�q� . Theactual
checkword is then $Q)s�;���5)s�>�e�V�e� . Possiblevaluesfor$ includeonly �e�q��� and �!�V�#� , giving $u-�$Q)s�>�!�!��� whenG T �o� and $v-�$Q)s���!�e�q� when

G T �;� . Only thesecond
matchesa columnof � , andthecolumnmatchedis thatof
bit position4, indicatingthat

G T �4� and ( d wasobserved
in error. Sincethe diagnosisis usuallya slow process,off
of themaintestfloor, storageandcomputationalcomplexity
for errorcorrectionareusuallynot a seriousconcern.

4 Space-Time Tradeoffs
Theerroranalysisin theprevioussectionsillustratesthe

capabilitiesof Saluja-Karpovsky compactors,but doesnot
provideany insightasto apracticalimplementation.In this
section,wediscussthreeapproachesthroughwhichonecan
tradebetweenspacein the form of ATE memoryandtime
in theform of additionalcomputationto handleunknowns.

The first approachis the simplestandfavors the useof
additionalATE memoryin exchangefor fastandsimpleop-
erations. When an expectedtest responsecontains8 un-
knowns, this approachsimply storesall ��� checkwords,
allowing the ATE to comparethemoneby oneagainstthe
actualtestcheckword andto avoid any complexity.

Thesecondapproachreducesthememoryrequirements
on the ATE by requiring the ATE to producelinear com-
binationsof checkwords. We produceonly 8�-&� check
wordsfor anexpectedtestresponsecontaining8 unknowns:
onein which all unknown bits aresetto zero,anda com-
pactormatrix column � for eachunknown in the expected
test response.Checkwords for comparisonare thensim-
ply sumsof the checkwords provided. As an example,
with threeunknowns, the checkwords $������ , ����� T , �e� T � ,

and � T ��� arewritten into theATE memory. Theremaining
checkwords—correspondingto all non-zerocombinations
for unknowns—arethen calculatedby the ATE for com-
parisonwith theactualtestcheckword usingthefollowing
equations:

$ ��� T � $ ����� l � ��� T
$ � T � � $ ����� l � � T �
$ � T�T � $ ����� l � � T � l � ��� T
$ T ��� � $ ����� l � T ���
$ T � T � $������ l � T ��� l ����� T
$ T�T � � $������ l � T ��� l ��� T �
$ T�T�T � $������ l � T ��� l ��� T � l �e��� T

A third option replacesthe checkword basiswith the
positionsof the unknown valueswithin the expectedtest
response.Eachposition requires �����! �"#��� bits to specify,
which is fewer than � if ( is large. Thecompactormatrix
is also storedon the ATE, allowing the checkword basis
usedin the last approachto be looked up using the posi-
tions of the unknowns ascolumn indices. More complex
approachesbasedon error correctioncapabilitiesare also
possible,but cannotin generalprovide significant reduc-
tionsin storage.

The tradeoffs betweenthesethreeapproachesarecom-
paredin Table1. Thememoryrequiredto storetheactual
testcheckwordsareincludedasseparatetermsin eachen-
try in the table; in practice,only thosecheckwords cor-
respondingto expectedresponseswith unknownsneedbe
stored.Notethattheunknown anderrordetectioncapabili-
tiesof eachof theapproachesareequivalent: 8Y-o7U:>( .
5 Implementation of i-Compact

In this section,we presentthe overall organizationof
i-Compact, including the encoder(compactor),the mem-
ory organizationon theATE side,andthebasicoperations
necessaryto performerrordetection.Sincetheencodercost
mustbesmallin any practicalapplicationof i-Compact,we
mentionhereonly two typesof codesamongmany. The
first is the distance-4HammingCode[1950] and the sec-
ond is the BCH codeby BoseandRay-Chaudhuri[1960]
and independentlyby Hocquengham,of distancefive or
higher. More powerful codesareunlikely to be necessary
for mostchip testingapplications.A distance-4Hamming
codenotonly detectsupto threeerrors,but alsodetectsany
oddnumberof errorsandseveralevennumbersof errorsas
well. Theerrorescapeprobabilityin thechiptestingcontext
is extremelysmall. The defectescapeprobability is even
smaller, asa defectmayproduceerrorbits severaldifferent
times in the test session,and is unlikely to produceerror
patternsthatall escapedetectionby theHammingcode.So
it is unlikely thata userof i-Compactneedsa largerHam-
ming distancecodesuchasa BCH code.We mentionthem



Table 1. ATE stora ge requirements for an � -to- � compactor using a distance ( code , � test cycles,
and 8 t unkno wns in test cycle � . The rightmost terms account for stora ge of actual responses.

bitsstored bitsstored computational
approach pertest persession complexity

storeall
checkwords

�Y� �!� -Y� �
�
t�� T � ��� -9�|� word-by-wordcomparison

storebasisfor
checkwords

����8 t -p�e
�-Y� �u��-Y�
�
t�� T 8

t -Y�|� calculate�����#��� linear
combinationsin ATE

storeindicesof
unknownsand

compactormatrix
�[-98 t �����e !"#���6-Y� �|��->�����e !"#���

�
t�� T 8

t -9�|�{-9�|� look up matrixcolumns,then
calculate�����#��� linear

combinationsin ATE asabove

only for thosewho needa guaranteeof minimumdetection
of errorsgreaterthanthree.

The overall organizationof i-Compactappearedin Fig-
ure 1. Test responsesare madeup of � bits, which are
compactedinto � bits. With a distance-4Hammingcode,��M������ T �x� . Implementationof the encoderasXOR
treesandits testabilityis coveredby Reddy, SalujaandKar-
povsky [1985]. If thedelaythroughXOR treeexceedsthe
maximumallowabledelayfor aspecifiedscan-outrate,one
caneasilypipelinetheXOR treeto meetthespecifiedrate.

On the ATE sidea suggesteddatastructurefor storing
the expectedresponsesareshown as ����-o�q
 -bit memory
words.Eachword hasa 2-bit tagandan � -bit checkword,
with tagvaluesassignedthefollowing meanings:

00: (No X) One Expected response.
01: (OneX) Two Alternate Correct responses.
10: (Two X’s) Four Alternate Correct responses.
11: (Toomany X’s) Ignore some bits of the response.

With the last entry above, the ATE ignoresthosebits
of thecheckword affectedby the unknowns,eitherby us-
ing existingmaskingtechniquesor by explicitly storingone
maskwordandonecomparisoncheckword.

If we wereto usea distance-6BCH code,we candetect
an error in the presenceof 4 unknowns. Sucha scheme
requirestheATE to compareagainst2, 4, 8 or 16 possible
correctcheckwords. An arbitrarynumberof thesecheck
wordscanbe storedasa contiguouslist in memoryusing
2-bit tags,with list structureencodedin the tag asshown
below.

0x: Null list (Ignore some bits of the response.)
10: Startlist
11: Endlist

6 Handling More X’s
Supposewe facea situationwherea particularchip pro-

ducesmorethantwo X’sonmany morescan-outcyclesthat

we cannotignore. Or thatcertainfaultscannotbedetected
withoutproducingseveralX’sattheoutputs.Do weneedto
usemoreexpensivecodes?Theshortansweris, not neces-
sarily. We cancontinueto useHammingdistance-4codeto
detecterrorsin presenceof morethantwo unknowns.How-
ever, wecannotguaranteethatwealwaysdetectsucherrors.
We couldfor examplestore32alternatecheckwordsin the
ATE for a responsewith five X’s. Let us take the exam-
ple of circuit with 500scanoutputs.The Hammingcheck
word width � is 10, resultingin compactionby a factorof
50. Thereare1024possiblecheckwords. Theprobability
of a randomerrormappingin to the32 storedresponsesis
just 32/1024,providing a 96.8%detectionprobabilityof an
errorin thepresenceof fiveX’s. Wecanimprovethiscover-
ageby usinglessefficientcompaction.For example,wecan
use12 insteadof 10 bits for the checkword width, which
still compactsresponsesby a factorgreaterthan40. With
a 12-bit checkword, we increasethe randomerror detec-
tion probabilityto (1- 32/4096)= 99.2%.Similarly, we can
store64 or 128 responsesto handlesix or seven X’s, with
a detectionprobabilitiesof 98.4%and96.8%,respectively.
Thereis notmuchimpactontheATE memoryrequirement,
sincewe needto storemultiple responsesonly a few times
out of severalhundredthousandscancycles.

Anothermethodfor handlingmoreX’s is by finding the
relationbetweenvariousX’s. Sayfor example,duringlogic
simulationof a test vector, we find that a bus is produc-
ing unknownsbut no otherlogic gateis producingany un-
knowns. If we do a logic simulationwith theX at the bus
asa Booleanvariable,all outputswill now be 0, 1, X or
X ) . No matterhow many fan-outsthe bus has,the output
containsonly onetrue unknown from the point of view of
our decoder. If we have two nodesin the circuits produc-
ing unknowns,we cancarrytwo logic symbols

G T and
G "

throughlogic simulation. If thesetwo variablesconverge
at an AND gate, for example,we can declarethe outputG T G " . However, to simplify thelogic simulationcode,one
canalsodeclaretheoutputasX, a trueunknown. In either



case,fewer trueunknownsreachthe outputswhenexpres-
sionsbasedon

G T and
G " arepropagated.Logic simulation

with many unknowns is coveredby Carter, Rosen,Smith
andPitchumani[1989].

7 ATE Considerations

Mostof today’sATE architectureshaveadedicatedcon-
trollerperpin. Eachpin ismonitoredindependentlyof other
pins. During a testsession,anATE cannotmake animme-
diatedecisiononseveralalternatepossibleresponses.A pin
monitorcanonlydecideif theexpectedresponseis0 or1,or
it canignoretheresponse,asin thecaseof anexpectedX. It
cannot,for example,processacommandthatsaysthatboth
0000and1111arecorrectresponses.Mitra andKim’s X-
Compact[2002], which requiresabouttwice asmany out-
put pins as i-Compact,hasan advantageover i-Compact
methodin this regard.Eachbit from theX-Compactcanbe
independentlymonitored,sincetheconstructionof thecode
guaranteesthatan error reachessomepin while otherpins
are ignoring X’s. In i-Compact,thereis no conceptof an
X reachingthe compactoroutputpins. Therefore,with i-
Compact,theATE mustfirst collecttheresponsesandthen
analyzethemlater. For all testresponsesthat do not have
any X’s, thei-Compactapproachpermitspin-by-pincheck-
ing,andafailing responsecanbedeclaredimmediately. For
all otherresponses,theATE mustrespondlater. However,
thisaspectis not reallyadisadvantagefor goodchips,since
most test sessionsinvolve someprocessingafter the ATE
hascollectedthedata.In otherwords,adieundertestis not
instantlydeclared“go” immediatelyafter it haspassedthe
Booleantest. Therearea numberof parametricmeasure-
mentsthatareanalyzedlater. In somedefect-basedtesting,
for example,the die position with respectto the wafer is
partof thedecision-makingprocess.In this case,thego/no
go decisionis postponeduntil after all dies on the wafer
havebeentested.In summary, theneedsof i-Compactdata
processingarecompatiblewith moderntestpractices.

8 Concluding Remarks

We presentedi-Compact,a spacecompactionorganiza-
tion thatis effective in reducingsay500outputsby a factor
of 50, or 1,000outputsby a factorof 90, while detecting
errorsin thepresenceof unknowns.Thecompactoritself is
basedon well-known codessuchasHammingor BCH.

We showed that the erasure and error detection-
correctionpropertiesarepreservedin our ATE-basedcom-
pactor. We did so by usingSaluja-Karpovsky compactors
and classicalcoding theory to createi-Compact,a com-
pactorassistedby ATE. In the process,we also demon-
stratedthat an erasureis equivalent to an X in the testing
domainwith the appropriateassistancefrom an ATE. We
alsoconsideredseveralpossibleapproachesto tradeoff be-

tweentest time andATE memoryrequirements.The pro-
posedtechniquei-Compactis circuit and ATPG indepen-
dent.
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