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Abstract : A novel designmethodologyfor test pat-
terngenerationin BIST is presented.Herefaultsanderrors
in the generatoritself are detected. Two different design
methodologiesarepresented.The first oneguaranteesall
singlefault/errordetectionandthesecondmethodologyis
capableof detectingmultiplefaultsanderrors.Furthermore
theproposedLFSRsdo not have additionalhardwareover-
head.Also importantlythetestpatternsgeneratedhave the
potentialto achievesuperiorfault coverage.

1 Introduction

Built-in-Self-Test is widely usedfor both detectionof
manufacturingdefectsas well as for detectionof opera-
tional faults. The basiccomponentsof the BIST scheme
areillustratedin Fig 1. Thetestpatterngenerator(TPG)is
usuallybuilt usinga LFSR.Similarly, a testresponseanal-
yser(TRA) unit computingthesignatureis alsobuilt using
a LFSR.Thestandardpracticeis to assumethat theseLF-
SRsarehardcorelogic in thatthey cannotfail eitherin field
or duringtest,or areto betestedbeforeany testappliedto
circuit undertest(CUT). Whatwe proposehereis a novel
designmethodologyshown in Fig. 2 thatallows for detec-
tion of errorsthatmaybeinducedby eitheramanufacturing
defector operationalfault in theLFSR.Thisremovesama-
jor short-comingin BIST methodology[2]. Assumingthat
a BIST circuit is built out of samecomponentsasCUT it
is unrealisticto assumethat BIST hardwareis defect/fault
free. It is alsoimportantto locatethe fault anddetermine
whethertheTPGor theCUT is faulty for thefollowing rea-
sons:

(a) Often BIST technologyis insertedafter the designis
completed.Sopotentialdesignflawsthatcanbeintro-
ducedat thisstagecanaffect theoverall testcoverage.
Theability to distinguishcanbeimportant.

(b) After a fault occursin an ultra reliablesystemwhere
a repair may be impossible. Our proposeddesign
methodologycanenhancereliability whenthefault is
locatedto theTPG.

(c) WhenaCUT inputsareparityprotected(e.g.,in abus)
theproposeddesigncanbevery usefulin distinguish-
ing input faultsfrom thosein CUT.

T  P  G
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T  R  A

Figure 1. BIST Scheme

Thehardwareoverheadfor theproposedfault-detecting
testpatterngenerator(TPG) is minimal. Thereis no extra
logic for theLFSRitself. Theonly overheadis in theerror
detectingcircuit which requiresEx-or gatesandOR gates.
As shown later, theseadditionalgatesare external to the
LFSR itself andthereforedo not impedethe performance
of BIST. This is importantbecauseBIST canoftenbeused
for at speedtestingfor delayfaults.Also shown in this pa-
per is that thesenew LFSR designshave the potentialfor
achieving higherfault coveragethanstandardLFSR.

Basically, weproposetwo typesof design.Firstwepro-
posea designwhereall thetestpatternsgeneratedhave the
sameparity, thusallowing for all single fault/errordetec-
tion. Secondly, the designallows multiple fault detection
wherethe TestPatternGenerator(TPG) statescorrespond
to anonzerocodewordsof samecyclic code.Theproposed
designsarebasedonearlierwork reportedin [1].

The seconddesignallows designingLFSR wheretests
generatedareseparatedby a minimumdistanceof

�
spec-

ified by thedesigner. Both thedesignsasshown in theex-
perimentalresultsectionhasthepotentialto achievehigher
fault-coveragethanthestandardLFSRbasedTPGs.

This paperis organisedinto threemain sections. The
secondsectiondescribesthe designmethodologyand de-
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Figure 2. Enhanced BIST (EBIST)

velopsthe mathematicalframework for parity preserving
LFSR designfollowed by the third sectiondescribingthe
cyclic codewords generatingLFSR. The fourth section
presentsexperimentalresults.Thefinal sectionpresentsfu-
tureextensionandconclusions.

2 Parity Preserving Test Pattern Generator
for Single Fault and Error Detection Capa-
bility

This sectiondevelopsthe theoryanddesignmethodol-
ogy for the proposedtest patterngeneratorwith built-in
fault/errordetectioncapability. This enhancedfeatureis a
byproductof ourdesignmethodology.

First we developthe theorybehindthedesignfollowed
by implementationdetails.Theproposeddesignis nomore
complex thanthe standardLFSR,usedin currenttechnol-
ogy, thereforemakingit analternativeattractive.

1 2x x 3x 4x 5x 6x

Figure 3. LFSR for distance 2

Now considertheLFSRshown in Fig. 3. This alsohas
7 stages.Let theinitial stateof theLFSRbe ������������� . The
successivestatesareshown in Table1.

This above tableillustratesthefirst 11 states.The total
numberof statesis 63. It maybenotedthat theminimum
distancebetweenany pairof testvectorsis 2. However, un-
like the previous LFSR these63 vectorsdo not constitute
codewordsin a code.But theminimumdistanceof 2 guar-
anteesall singlefault/errordetectionin theTPG asshown
in Fig. 4.

Sincethe testsall have odd parity the parity checkcir-
cuit will produce1 for error free testsand0 for erroneous
tests. This allows for a self-checkingparity circuit in that
any fault within a parity circuit canbedetectedby thecir-
cuit shown in Fig. 5. The two outputself-checkingparity
produces(1,0) or (0,1) in the absenceof any faults in the

00 0000001
01 1010001
02 1111001
03 1101101
04 1100111
05 1100010
06 0110001
07 1001001
08 1110101
09 1101011
10 1101011
11 1100100

Table 1. The fir st 11 tests generated by parity
preser ving LFSR in Fig. 3

L F S R
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Error

Parity

Check

Circuit

Figure 4. On-line and off-line detection in
TPG

parity circuit. However if thereis a singlefault in theerror
detectioncircuit itself it will be detectedbecausethis will
resultin an(0,0)or (1,1)outputfor sometestgeneratedby
LFSR.

1 2x x 3x 4x 5x 6x
Ex-nor

Ex-or

Figure 5. Self-Chec king Parity Circuit for Fig.
3

Thefollowing developsthetheorybehindthisdesign.
First we discusssomeof the basic characteristicsof

LFSRandalsointroducesomenotations.Thegeneralform
of an � -stageLFSRis shown in Fig. 6. In anLFSRthein-
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formationis assumedto besomerepresentationof elements
of aGaloisfield,andit hasnoexternalinputsexceptaclock
usedfor shifting.

si0
+

β1

si1
+

β2

sin-1
+

βn-1β0

Figure 6. Autonomous linear shift register

Thestates�	� aresymbolicrepresentationof thecontents
of anLFSRduringsuccessive shifts,given the initial con-
tent as ��
 . Using the theoryof LFSR, knowing its initial
contentsand feedbackconnections,one can algebraically
computeany stateof theLFSR.

The contentsof an � -stageLFSR can be represented
by an ���� degree polynomial over ��������� . Let
� ����� � ������������� � �! #"$� representthe contentsof � delay ele-
mentsfor the % th state � � (asshown in Fig. 6), where � �!&
is an elementof �����'��� � �)(�*+(,�-�.� . Then � � �0/��
is the polynomial representationof � � , given as � � �0/1�32
�	� �54 �	� � / 46������4 �	�  7"$� /18:9	; .

Thefeedbackconnectionsarealsorepresentedasapoly-
nomial <=�0/�� of degree� , referredtoasacharacteristicpoly-
nomialandgivenas <=�0/��>2?/18 4-@ 8:9	; /A8B9	; 4C������4-@ 
 ,
where @�D , an elementof ��������� , is the scalarmultiplier
usedin thefeedbackconnectionof the * th stage,asshown
in Fig. 6. Thus if @�D 2E� , then there is no connection
from the feedbackpath. If @�D 2F� , then the feedback
path is connectedwith the Ex-or gate. The following is
a fundamentalrelationshipbetweenthe statesin a cycle:
� � �G/1�526/ � 9IHJ� H �0/1� mod <=�0/1� .

Furthermore,if K is the leastpositive integersuchthat
<L�G/1� divides /1MN�O� , then for any state � � �0/�� ; � � �G/1�P2
/AML�Q�R�G/1� mod <=�G/1� .

Theinteger K is calledtheexponentof <=�0/1� andthepe-
riod of theLFSR.In thesequel,S=�0/�� will denoteaprimitive
polynomialof degree* in ��������� ; i.e.,theexponentof SL�0/��
is � D �-� .

Let ��
:�0/�� bethe �G���T��� degreepolynomialrepresenting
the initial stateand <L�G/1� is the �0�U�)��� degreefeedback
polynomial.Thestatesof theLFSRafterthe % th shift �	�R�0/��
canberepresentedas / � � 
 �0/��WVYX � <L�G/1� .
� � �G/1�32Z/ � � 
 �G/1�WVYX � <L�G/1� can also be representedas

/ � � 
 �G/1�[2\<L�G/1�W]��G/1� 4 � � �G/1� , where � � �0/�� is the �G�^�
��� degreepolynomial obtainedas the remainderdividing
/ � � 
 �G/1� with <=�G/1� .
Lemma 1 If <=�0/T2_�J�`26� , then the parity of all the states
reached by the LFSR is the same as that of the initial state.

Proof Firstit maybenotedthat / ��a 
$�0/1� hasthesameparity
as a 
$�G/1� as long as / �ba 
��0/�� hasdegreelessthanor equal

to �0�c�6��� . However whenthe degreeof / � �	�R�0/1� exceeds
�0�[�d��� then a �R�G/1��2e/ ��a 
��G/1�fVYX � <L�G/1� . Now it may be
notedthat / �ba 
 �0/��g2d]	�0/��h<=�0/�� 4 a � �0/�� where a � �G/1� is the
residueof dividing / ��a 
 �G/1� by <=�0/�� . Since <=�i�J�>2+� , we
havea � �i�J�52-]	�i�J�h<=�i�J� 4 a 
 �i�J�
Since <=�i���j2k� , onehasa � �h���`2 a 
 �i�J� .
Thustheparityof the % th stateis thesameastheinitial state
if <=�i�J�526� .

Considerfor exampletheLFSRshown in Fig 3 andthe
statesshown in Table1. Theparityof theconstantsof LFSR
is odd.Thisguaranteesall singleerrordetectionby thepar-
ity circuit shown below.

This circuit is guaranteedto detectall singleerrors.The
following is adirectconsequenceof theabove.

The above Lemmagivesa wide variety of choicesfor
selectingsingleerrordetectingLFSR.For example,onecan
designa singleerrordetectingLFSRof cycle lengthmuch
smallerthan �'�78l�-��� where� is thesizeof theLFSR.

Theorem 1 Any LFSR with an even number of Ex-or gates
in the feedback connections is parity preserving.

Proof Theproof is adirectconsequenceof Lemma1.

First it maybeobservedthat thenumberof inputs � to
theCUT canbeverylargebut thenumberof testpatternsto
beappliedcanbesignificantlysmallerthan ���78m�N��� . This
providesaninterestingoptimisationproblem.

Designa parity preservingLFSRwith a minimumnum-
ber of Ex-or gatesthat will producen testsfor a � input
circuit where npoq���78m�k�J� . Theimplicationof Theorem
1 saysthataslongasthenumberof feedbacktapsareeven,
one is guaranteedsingle fault detectingdesign. This re-
quiresthat <=�G/1� thefeedbackpolynomialhasanevennum-
berof terms.Sincetheterm /18 and1 is alwayspresentthe
problemthereforereducesto having a minimumnumberof
other / � termswhere %sr2t� and %ur2t� . Also the required
<=�0/1� musthaveanevennumberof these/ � terms.

Thefollowing examplemotivatesthisproblem.
Considera 7 outputTPG. If it is neededthat the TPG

is requiredto produceonly 7 statesinsteadof the full 127
potentialstatesthat canbe achievedby the 7 bit LFSR, if
we usea degree7 primitive polynomial,thenonehasvari-
ouschoicesin thedesign.First selecta degree3 primitive
polynomial,thenmultiply this with �0/�v 4 ��� to obtainthe
feedbackpolynomial. The degree3 primitive polynomial
guaranteesthatat least7 stateswill beproduced.

Let S=�0/1�P2w/1x 4 / 4 � which is a primitive polyno-
mial. Thefeedbackpolynomialcanbeobtainedas <=�0/��y2
SL�G/1�z�h� 4 /�v#�`2k/1{ 4 /1| 4 /�v 4 / x 4 / 4 � .
This LFSR,shown in Fig. 7, wheninitialized to ������������� ,
an odd parity vector, will produce7 testswith odd parity.
Howeveratrivial examplewith noEx-orgateswill produce
7 testswith odd parity asshown in Fig. 8. This therefore
posesaninterestingoptimisationproblem.
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1 2x x 3x 4x 5x 6x

Figure 7. LFSR with feedback pol ynomial
( /A{ 4 /1| 4 /Av 4 / x 4 / 4 � )

1 2x x 3x 4x 5x 6x

Figure 8. Optimal single parity preser ving
LFSR to producing 7 tests with odd parity

3 Test Pattern Generation Using Cyclic Code

To motivate this sectionwe first presentthe following
example. Considerthe LFSR shown in Fig. 3 below. Let
theinitial stateof theLFSRbe �����I������� . Table1 illustrates
thestates(tests)generatedby successiveshiftsin theLFSR.
The cyclic lengthof this LFSR is 15. The initial stateis
reachedagainafter16shifts. It is importantto notethatthe
vectorsareseparatedby distance3 or more.Thusall single
anddoubleerrorsin the testscanbedetected.In this case
theLFSRgeneratesall non-zerocodewordsin a(7,4)cyclic
Hammingcode.

00 1101000
01 0110100
02 0011010
03 0001101
04 1011100
05 0101110
06 0010111
07 1010001
08 1110010
09 0111001
10 1000110
11 0100011
12 1001011
13 1111111
14 1100101
15 1101000

Table 2. Fifteen Nonzero Code Words of Ham-
ming (7,4) Code

A list of codewordsof any cycle codecanbe usedas
teststimuli. The codestructureof the cyclic code,in that

case,provideserrordetectionand/orcorrectionover faults
in the test patterngenerator. In this section,it is shown
that all nonzerocodewordsof any cyclic linear codecan
be generatedin a fixed andorderedchainby meansof an
autonomouslinear-feedbackshift register. The initial con-
tent of this shift register is chosento be any codeword.
Eachshifting operationin the register producesthe next
codeword in the orderedchainasa linear function of the
symbolsin thepreviouscodeword.

Basically, suchapatterngeneratorcreatestestpatternsin
a predeterminedsequenceof arbitrarily long lengthandsi-
multaneouslyprovidesanerrordetectionand/orcorrection
capabilityof any desiredlevel. This testpatterngenerator
canbe implementedasa softwarealgorithmor by means
of a feedbackshift registerconstructedfrom binarystorage
and logic elements. The algorithmcreateseachnew test
patternby simplebinaryoperationson thebinarydigits of
theprevioustest.

In eachtest, the last } bits are parity checksover the
other * bits, and they form a legal codeword of a cyclic
�'* 4 } � *I� code. Theparity-checkcomputations,however,
arenot explicit; they areonly the resultsof the character-
istic polynomialandtheinitial stateof theregister. This is
the uniquepropertyof this testpatterngeneratorwhich is
not availablewith any otherknown testpatterngenerating
means.An �G� � *I� cyclic codeis a * -dimensionalsubspace
of the � -dimensionalvectorspaceover �����'��� . Thecyclic
shift of any codewordis alsoacodeword. Thiscodeis usu-
ally characterizedby meansof an }�2k�~��* -degreepolyno-
mial ]	�0/�� over �����'��� , known asthegeneratorpolynomial.
Any � -vectorover ��������� is a codeword in thecodeif and
only if its ����� -degreepolynomialrepresentationis divisi-
bleby ]	�0/�� . An additionalpropertyof ]	�0/�� is thatit always
divides /A8Y�C� . Any errorsin a codeword canbe repre-
sentedby an � -vector � . An error � is detectableif anonly
if �u�0/�� is not divisible by ]	�0/�� . This conditionguarantees
thatthecorrespondingerrordoesnotchangeacodewordto
anothercodeword. Detailedtreatmentof cyclic codescan
befoundin any bookonerror-correctingcodes.

Thefollowing, we presenta techniqueto designLFSRs
in which the initial contentswhen set to one of the code
wordswill thereaftergenerateall the nonzerocodewords
of a �G� � *I� cyclic code;i.e., � D �U� consecutiveshiftsof the
shift registerwill produce� D �-� distinctnonzerowordsof
the codein a fixed order. The following Theoremis from
[1].

Theorem 2 Let <=�0/��52N]	�0/�� � SL�G/1� , where ]��G/1� is a gener-
ator polynomial of a �0� � *I� cyclic code and S=�0/1� is a prim-
itive polynomial of degree * . The � D �N� consecutive shifts
of an LFSR characterized by polynomial <L�G/1� produce all
� D �N� nonzero code words of the cyclic code generated by
]��G/1� , provided the initial content of the LFSR is one of these
nonzero code words.

Following is anexamplefor a circuit with 55 inputs.
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Example 1 Consider a CUT which has 55 inputs. One
can use the following construction which can generate test
patterns with distance 4. This will allow detection of up to
3 errors. Altogether �#v��y�k� tests can be generated by this
generator. These constitute all the codewords in a (55,48)
shortened Hamming code.
]��G/1�`2.�i� 4 /1�z�h� 4 / 4 /1���
SL�0/��`2_� 4 / 4 /A� 4 /�v 4 /1| 4 /1{ 4 /�v��
<L�G/1�s2tSL�G/1� � ]��G/1�u2w� 4 / 4 / x 4 /1| 4 /�; 
 4 /�;h� 4
/�; x 4 /	;Wv 4 /Av�� 4 /A| 
 4 /A|Rv 4 /A|�| .

4 Experimental Results

1 2x x 3x 4x 5x 6x

1 2x x 3x 4x 5x 6x

1 2x x 3x 4x 5x 6x

Figure 9. Diff erent LFSR setup for the experi-
ment

We perform experimentson some ISCAS85 bench-
marks. First we comparethe fault-coverageachieved by
standardLFSR and parity preservingLFSR. The results
demonstratepotentialfor higherfault-coveragefor thepro-
poseddesign. We have chosenodd parity for our experi-
mentbecausethis allows fault detectionin theparity check
circuit. In Table 3, thereare two columns. The column
1 describesfault-coveragefor standardLFSR wherecol-
umn2 providesfault-coveragefor parity preservingLFSR.
It shouldbe noted that we obtain improvementin fault-
coveragein most cases. This when viewed with the fact
that we also detectall singleerrorsin LFSR can provide
an attractive alternative to standardLFSR. Next for each
benchmark,we considersix different typesof LFSR pat-
terngeneratorsandwe generatea setof testpatternsusing
eachLFSR. The test patternsare then appliedto the cir-
cuit andfault simulationusingFSIM is carriedout to de-
terminethe fault coverageof eachsetof testpatterns.We
comparethevalueof fault coveragegivenby differentsets
of test patternsin Table 3. Column 2 shows the number
of testpatternsinvolved in a simulation. Column3 gives
theresultgivenby anLFSRusinga primitive polynomial.
If we use < � �G/1� and S � �G/1� � �0%P2�� � � ��� � to representthe
codepolynomialassociatedwith theLFSRanda primitive
polynomial,respectively, thenColumn3 canbecharacter-

# of test Fault coverage(%)
Circuit patterns Non-parityPres. Parity Pres.

Stand.LFSR LFSR
c6288 100 99.290 99.096

1k 99.561 99.561
c3540 10k 95.916 95.799

100k 96.004 96.004
c1908 10k 99.521 99.521

100k 99.521 99.521
c1355 1k 98.475 95.616

10k 99.492 99.492
c7552 100k 96.808 96.901

1m 97.497 97.523
c2670 100k 88.387 85.948

1m 93.557 93.265
c5315 10k 98.897 98.897

100k 98.897 98.897
c880 10k 98.832 100

100k 100 100
s1196 10k 98.390 97.504

100k 100 100
s1238 10k 93.432 92.399

100k 94.908 94.908
s1423 10k 98.548 98.614

100k 99.076 99.076
s1488 10k 91.992 96.164

100k 91.992 96.164
s1494 10k 91.102 95.485

100k 91.102 95.485
s9234 100k 89.404 89.736

1m 91.771 91.973

Table 3. Fault-co verage comparisons be-
tween standar d LFSR and parity preser ving
LFSR with odd parity

ized by < ; �G/1�l2)S ; �G/1� . In Column4, we adda factorof
�i� 4 /1� , i.e., < � �G/1�52�S � �0/1���i� 4 /1� . In Column5 and6, we
use < x �0/��f2d] x �0/���S x �G/1� and < v �0/���2�] v �G/1��S v �G/1���i� 4 /�� ,
respectively, where ]����0/�� is a generatorpolynomialwhose
degreeis at leastequalto the �����A��SA%��0/1�R� .

The fault-coverageareaggregateaveragesover a wide
varietyof LFSRsetupsasillustratedin Fig 9.

Exampleof order7:
]��G/1�52k/Ax 4 / 4 �
< ; �G/1�52�S ; �G/1�526/A{ 4 / 4 � ;S � �0/1��2_/A� 4 / 4 � � < � �0/1�y2NS � �G/1���i� 4 /���2C/A{ 4 /A� 4/A� 4 � ;
S x �0/1�j2k/Av 4 / 4 � � < x �0/1�j2-]	�0/1�0S x �0/��52k/1{ 4 /1| 4 / x 4/A� 4 � ( this is a (7,4)hammingcode);
S v �0/1�)2�/ x 4 / 4 � � < v �0/��.2F]	�0/���S v �G/1�z�h� 4 /��O2/A{ 4 /A� 4 / x 4 /1� 4 / 4 � ;
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# of test Fault coverage(%)
Circuit patterns � ; �G/1� � v �0/�� � | �G/1� � � �0/��
c6288 100 98.425 95.222 88.946 99.290

500 99.561 99.535 99.561 99.561
1k 99.561 99.561 99.561 99.561

c3540 1k 89.994 92.882 93.349 94.516
10k 96.004 95.916 95.887 95.916
100k 96.004 96.004 96.004 96.004

c1908 1k 95.317 96.807 94.359 96.381
10k 99.468 99.468 99.361 99.521
100k 99.521 99.521 99.521 99.521

c1355 500 88.945 95.680 89.708 95.299
1k 98.094 98.920 94.473 98.475
10k 99.492 99.492 99.492 99.492

c7552 1k 66.172 80.490 73.536 78.159
10k 96.199 95.748 96.079 95.828
100k 97.523 97.06 96.887 96.808
1M 97.801 97.470 97.483 97.497

c2670 1k 52.239 57.080 46.050 66.254
10k 84.092 84.347 74.736 84.092
100k 88.751 85.402 84.565 88.387
1M 94.066 93.411 93.775 93.557

c5315 1k 61.140 63.252 61.682 75.607
10k 98.879 98.150 98.822 98.897
100k 98.897 98.897 98.897 98.897

c880 1k 75.902 97.240 78.344 92.781
10k 98.408 100 99.045 98.832
100k 100 100 100 100

Table 4. Fault-co verage between standar d
LFSR and cyclic code generating LFSR

S | �G/1�52k/A| 4 /1� 4 � � < | �0/��52[S | �0/��z�h� 4 /A�J�52N/1{ 4 /A| 4/�v 4 � ;
S � �G/1�62�/A� 4 / 4 � � < � �G/1�62�]��G/1��S � �G/1�z�h� 4 /1���62/A{ 4 /A� 4 /A| 4 /Av 4 /1� 4 � .
Since in this example, thereexists an XOR betweenthe
highesttwo stagesof S � �0/1� dueto the low order, we omit
thisfigure.

If we needanLFSRof degree n with no XOR gatebe-
tweenthe highesttwo stagesnZ�_� and n , suchthat an
error in stagen��6� doesnot contaminatetheentirefeed-
backpathbeforeit is detected,thenwe canupdate< � �0/��
and < v �0/�� respectively with the codepolynomialsas fol-
lows: <1�� �G/1��2C< | �G/1�f2-S | �0/1���i� 4 /1��� , <1�v �0/��f2C< � �0/��f2S � �G/1�W] � �0/��z�h� 4 / � � .

The correspondingresultsgiven by theseLFSRs are
shown in Column2, 3 and4. Weuseonebenchmarkc6288
asanexampleto describethepolynomialsassociatedwith
theLFSRsasfollows(thenumberof inputsof c6288is 32):
< ; �0/��52�S ; �G/1�526/ x � 4 /A��� 4 /1�R{ 4 / 4 � ;S � �G/1�[2�/A��| 4 / x 4 � , < � �0/���2,]��G/1��S � �G/1�z�h� 4 /��c2

/ x � 4 / x ; 4 /1�R{ 4 /1�R| 4 /�; 
 4 /A� 4 /A{ 4 /1� 4 /A| 4 / x 4 /A� 4 � ;
S x �0/1�j2k/ x


 4 /�;h� 4 /�;h| 4 / 4 � , < x �0/��52�S x �G/1�z�h� 4 /1�#�`2/ x � 4 / x 
 4 /	;i� 4 /	;i{ 4 /	;i� 4 /�;h| 4 / x 4 /1� 4 / 4 � ;
S v �0/1�y2_/A�Rv 4 /Av 4 / x 4 / 4 � , < v �0/��y2NS v �0/��z�h� 4 / 4/ � �z�h� 4 / � �`26/ x � 4 / x 
 4 / ��{ 4 / �R� 4 / �R| 4 / �hv 4 / ;i� 4
/�;�; 4 /�; 
 4 /1� 4 /A� 4 /�v 4 / x 4 � .

Fromthetable,we observe that in mostcasestheuseof
LFSRswith larger Hammingdistances(Column2, 3 and
4) enhancesthe fault coverage.However, theseLFSRsof-
fer testpatternswith error detectingaswell ascorrecting
ability. In addition,thefault coverageof usingLFSRswith
no XOR gatebetweenthe highesttwo stages(Column 3
and4) is comparablewith thosegivenby otherLFSRs.We
furthernoticethat the testgeneratedcanyield higherfault
coveragethantheoriginalLFSRgenerator, especiallywhen
arelatively smallnumberof testpatternsaregenerated.

5 Conclusions

We havepresenteda new testpatterngenerationscheme
using LFSRswith built-in fault/errordetectioncapability.
This is an integral part of the designandnot obtainedby
augmentationasdonefor incorporatingerrordetectionca-
pability. An interestingby productof ourdesignmethodol-
ogyis thatsincethetestvectorsareseparatedby aspecified
minimumHammingdistance,it hasthepotentialto achieve
betterfault coverage. Futureresearchcan examineother
relateddesigns[3, 4, 5, 6].
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