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Abstract

Low power designtechniqueshave beenemployedfor
mote than two decadeshowever an emeging problemis
satisfyingthe test power constaints for avoiding destruc-
tive testand improving the yield. Our reseach addresses
this problemby proposinga new methodwhich maintains
the benefitsof mixed-modebuilt-in self-test(BIST) (low
testapplicationtime and high fault coverage), and reduces
theexcessiveowerdissipationassociatedvith scan-based
test. Thisis achieved by employingdual linear feedbak
shift register (LFSR)re-seedingand genelating maskpat-
ternsto reducethe switching activity. Theoetical analy-
sisandexperimentakesultsshowthatthe proposednethod
consistentlyreducesthe switching activity by 25% when
compaedto the traditional approaches,at the expenseof
alimitedincreasein storage requirements.

1. Introduction

Scan-basebuilt-in self-test(BIST) representanattrac-
tive solutionto the challenge®f testingcomplex integrated
circuits. Using simple built-in structuresfor patterngen-
erationand test responseanalysiseliminatesthe needfor
expensve external test equipmentas well asthe problem
of externalaccesgo internal componentgcores)of com-
plex integratedcircuits. The generalapproachusesa sim-
plerandom-pattergeneratorfor examplealinearfeedback
shift register (LFSR), which minimizesboth the hardware
overheadandtheimpacton systems performancgl]. Sev-
eraltechniquefiave beenproposedor alleviating the prob-
lem of randompatternresistan{RPR)faults. Thesesolu-
tions rangefrom test point insertionto weightedrandom
patterntestingand mixed-modetesting[1] and offer dif-
ferenttrade-ofs betweerfault coverage area,performance
andtestingtime.

In mixed-modeBIST a limited number of pseudo-
randomvectorsare usedto cover the easy-to-detedtaults,
while the few remainingRPR (or hard-to-detectjaultsare
coveredwith a smallnumberof deterministicvectors.The
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deterministicvectorsare storedon-chipin a compressed
formatandexpandedduringtest(i.e. “store andgenerate”
architectures)s, 8, 6], or directly embeddednto anLFSR
sequencedy “bit-fixing” [11] or “bit-flipping” [13] tech-
nigues.Although“bit-fixing” and“bit-flipping” techniques
provide high quality tests,the correspondingBIST hard-
wareis very dependenbn the testsetandthe circuit under
test(CUT), thusary changen thetestsetor CUT requires
a completere-synthesiof the BIST hardware. “Store and
generate’BIST architecturesepresena moreflexible solu-
tion with comparablessociatedosts.In theseapproaches,
deterministicpatternsare encodedas seedsof simpletest
patterngenerator§ TPGs)suchas LFSRs([6] or multiple-
polynomial LFSRs (MP-LFSRs)[5, 8]. Koenemanr{6]
proposedaninterestingmethodof encodingtestdatabased
on controlledre-seedingf singlepolynomialLFSRs.This
techniqueis suitablefor scandesignsand delivers, at the
costof a smallstoragerequirementshortertestapplication
time when comparedo weightedrandompatterngenera-
tors. Hellebrandet al. [5] extendedthe LFSR re-seeding
techniqueo multiple-polynomialLFSRswhichreduceghe
storagerequirementandthe LFSR lengthwhencompared
to there-seedingf single-polynomiaL FSRs.Rajskiet. al.
[8] adaptedhe MP-LFSRTPG to a testervironmentwith
multiple scan-chaingndboundaryscanchain.

While mixed-modeBIST solvesthetestapplicationtime
andfaultcoverageproblemsassociateavith pseudorandom
test[2], its main drawbackis the excessve power dissipa-
tion causedy theuncorrelatedequencem thescanchain.
Theexcessie powerdissipatiormayleadto destructvetest
or manufcturingyield loss. Many techniquedor reducing
switchingactivity duringscanor BIST have beenproposed
recentlyandsummarizedn [4, 7]. The TPG schemedor
generatingcorrelatedvectors[12] or non-detectingpattern
suppressioffi3] requirevery little hardwareoverheadhow-
everthey donotprovide highfaultcoverageor circuitswith
RPRfaults,whichis thevery purposeof mixed-modeBIST.
To the bestof our knowledgeno previous approachebave
addressethe problemof high power dissipatiorassociated
with mixed-modeBIST, whichis the aim of this paper

This paperpresentsa new TPG architecturebasedon
re-seedingVIP-LFSR structureswvhich achiezeshigh fault
coveragdn shorttestapplicationtime while consistentlye-
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Figure 1. MP-LFSR approach for mix ed-mode
BIST [5, 8]

ducingthe numberof transitionsin the scanchainby 25%.
Therestof the paperis organizedasfollows. Section2 re-
viewsthe basicconceptdehindthe useof re-seedabl®P-
LFSRsandtheir high switchingactiity. Section3 presents
our methodfor reducingthe numberof transitionsin the
scanchain, and consequenththe power dissipationin the
circuit undertest, without affecting the test quality. Our
methodexploits the “masking” propertiesof AND andOR
logic functionsandthe randomnes®f patternsgenerated
by LFSRs.Section4 describeshe TPG architecturenhich
implementghemethodpresentedh section3. Sectionb re-
portstheresultsof the experimentgperformedo assesshe
efficiency of our method.

2. Deterministic test generation by re-seeding
multiple-polynomial LFSRs

In this sectiorwe summarizehetheoryfor encodingle-
terministictestcubesusing MP-LFSRsand, usinga moti-
vational example,we show that this approachcanleadto
unnecessarilpigh switchingactivity.

While mostfaultsin a circuit canbe detectedwith high
probability with any pseudo-randorpatternsequencef a
certain,yetreasonabldength,detectinghefew RPRfaults
of a circuit requiresprohibitively long pseudo-randonse-
guences.Hence,in orderto keepthe testapplicationtime
within acceptabldimits, in mixed modeBIST the easy-to-
detectfaults are coveredwith a limited numberof LFSR-
generateghseudo-randorpatternsandthe remainingRPR
faults are detectedusing a few deterministictest cubes
storedon chip. The sparsenessf “care bits” (or specified
bits) in deterministictestcubes(typically lessthan10% of
the lengthof the scanchain) suggestedhe idea of encod-
ing theminto acompressetbrm in orderto avoid largeand
unjustifiedtestdatastoragerequirements.

Figure 1 shaws the basicstructureof a MP-LFSR pat-
terngeneratar The decodinglogic is usedto selectoneof
the several possibleL FSR feedbackconfigurationsandthe
seedsareloadedserially or in parallelinto the shift regis-
ter. Hence,in this approacha testcubeC is encodedas
an identifier for the LFSR feedbackpolynomial (the g-bit
pollD from Figure 1) and the initial seed(the k-bit seed
from Figurel) whichwill generate testvectorcoveredby

C. Leth(z) = x’“+2f;01 hiz* bethefeedbackpolynomial

of theLFSRand

ao(t)
A(h) = [ 5 ]
ak,l(t)

the stateof the shift registerat clock ¢. The systemcanbe
describedhs
At +1) = TsA(t)

where
0 1 0 0 0
0 0 1 0 0
Te=| @ @ : :
0o 0 0 ... 1 0
0o 0 0 ... 0 1
1 hl h2 hk—z hk—l

representshe statetransitionmatrix for the given LFSR.
Let C = (cg,..-nem—-1) € {0,1,X}™ be atestcubeand
S(C) = {i | ; # X} thesetof specifiedbits of C. C
can be generatedising the LFSR describedby T’ if the
following systemof linearequations:

ci =a; = [Ts'A(0)],, foralli€ S(C) (1)

is consistentwhere [Ts* A(0)] = denotesthe r-th compo-

nentof [Ts*A(0)]. The solutionof this systemof equa-
tions, if It exists, representsheinitial seedfrom which the
LFSRdescribedy h(x) will generatextestvectorcovered
by cubeC'. It wasshown in [5] thatthe probability of not
finding a seedfor a testcubewith s = |S(C)| specified
bits usinga LFSR with s + 4 stagesand 16 possiblefeed-
back polynomialsis lessthan 10~6. Thus, by using this
techniquehestoragerequirementgor encodingatestcube
aredeterminedonly by the numberof specifiedbits in the
testcube. The procedurdor computingtheinitial seedfor
a giventestcubeandfeedbackpolynomialis illustratedin
thefollowing example.

Examplel Consider  test cube c =
(X,1,1,X,X,0,X, X,1, X) anda4-stageLFSRwith th
characteristiqolynomial given by h(z) = z* + 23 + 1.
The correspondindransitionmatrix will be

01 00
{0 o0 10

Ts=190 0 0 1

1 0 01

The equationswvhich needto be solvedin orderto find the

initial seedare

co=X ag 1 0 0 O ap
Cc1 = 1 T 0 ai _ 01 0 0 ail
Cy = 1 -5 as B 0 010 as
c3 = X as 0 0 01 as
and



Cy = 0 ag 1 1 0 1 agp
Ceg = X -T 5 ai _ 11 1 1 ai
Cr = X - 48 a2 B 1 110 a2
Ccg = 1 as 01 1 1 as

Solvingthe equationsabore will producethe following so-
lution, i.e. initial seed

ag
ai
as
as

—— -

The test pattern generatedby the given LFSR start-
ing from the computed initial seed will be P =
(0,1,1,1,1,0,1,0,1,1), where the underlined positions
representhe specifiedbits from the original testcube. This
examplehasshavn how a 10-bit testcubecanbe encoded
asa 4-bit LFSR seed. The patternP generatedisingthis
initial seedcontainsb transitionsbetweersuccessie bits.

Patternsgeneratedy LFSRs,with or without re-seeding,
containa large numberof transitionsbetweenconsecutie
bits dueto the pseudo-randonbehavior of LFSRs. In the
following sectionwe are proposinga methodfor reducing
thenumberof transitionsfrom LFSR-generategdatternshy
exploiting propertiesof AND andOR logic functions. Our
approach,tailored for a mixed-modeBIST environment,
overcomesghe shortcomingf previous solutionsfor low
power scantestingby providing high fault coveragewithin
shorttestapplicationtime andwith reducedbower dissipa-
tion duringtest.

3. Reducing the number of transitions in the
scan chain

This sectionexplains the methodwe are proposingin
orderto reducethe numberof transitionsin the scanchain
whenusing a MP-LFSR basedTPG. First, we give some
definitionsandbasicconcepts.

Given a logic signal S, the signal probability P;(.S)
representshe averagefraction of clock cycles when sig-
nal S is 1. Analogously Py(S) representghe average
fraction of clock cycles whensignal S is 0. Obviously,
Py (S) + Pi(S) = 1. If signalS is generatedy arandom
sourcejts signalprobabilitiesareequal Py (S) = P1(S) =
0.5 The transition probability of signal S, P;.(S) repre-
sentsthe averagefraction of clock cycles when the cur-
rent value of S is differentthanits previous value. As-
suming temporalindependencéetweenconsecutie val-
uesof S, the transition probability can be computedas
P, (S) = Py(S) x P1(S) + P1(S) x Py(S). Thetransition
probability of arandomlogic signalS is

P, (S)=0.5%x0.54+0.5%x05=0.5 (2)
Assumetwo mutuallyindependentandomsignalsS4 and

Sg,andlet Sanp = S4 AND Sg. Giventhemutualinde-
pendencef S4 and Sg, the signalprobabilitiesof Sanp

canbecomputedasfollows:

P (Sanp)
Py(Sanp) =

P1 (SA) X P1 (SB) =0.25
1—Pi(Sanp) =0.75
Hence thetransitionprobabilityof S4np is givenby
Pir(Sanp) = 2x Pi(Sanp) x Po(Sanp)
0.375 3

In a similar fashionwe can computethe transition prob-
ability of an OR compositionof S4 and Sg, Sor =
Sa OR Sg:

PtT(SOR) =

From equationg2), (3) and (4) we concludethat both
AND and OR compositionsof two mutually independent
randomsignalsproducesignalswith transitionprobabilities
25%lower thanthoseof the original signals. The factthat
LFSR-generatetit-sequenceexhibit a high degreeof ran-
domnesgogetherwith the previous obsenation motivated
the useof AND/OR compositionfor reducingthe number
of transitionsin the scanchain,andconsequentiyhe power
dissipatiorin the CUT. In thefollowing we will explainhow
this methodcan be usedin a mixed modeBIST environ-
ment. Therearetwo problemswhich needto be addressed
in orderto guarantedhe fault coverageof patternsgener
atedby AND/OR composition:

0.375 (4)

e Thefirst problemis to ensurethat by AND/OR com-
position we can producepatternswith good random
propertiedor coveringthe easy-to-detedaultswithin
areasonablamountof time. Thisis achiezed by per
forming the AND/OR compositionon mutually inde-
pendenpatterns.

e Thesecondproblemis to employ AND/OR composi-
tion for generatingatternsorrespondingo determin-
istic testcubesfor RPRfaults. Thisis addressedext.

The previous sectionhas shavn how a pattern P cover-
ing the specifiedbits in a testcube C' can be generated
by re-seedingan LFSR. Whatwe neednow is an algorith-
mic methodfor deriving a “mask pattern” M P which, by
AND/OR compositionwith P, will producea pattern P’
which covers the specifiedbits from C, S(C) = {i €
Clc; # X}. The procedurewe are proposingfor gener
ating the suitable“maskpattern” consistsof the following
steps:

1. choseacompositionfunction feomp € {AND, OR}

2. from C' computethe“maskcube” M C' comprisingthe
bitsin M(C) = {i € S(C) | ¢i = NCV(fcomp)}
where NC'V (feomp) iS the non-controllingvalue of
feomp, i-€. 1 for AND andO for OR;

3. generata“maskpattern”M P which coversthespec-
ified bitsin M (C).



The M P constructedisingtheabove procedureguarantees
thatthepatternP’ = feomp(P, M P) will coverall thespec-
ified bits from C. This is becausehe bits in M(C) are
coveredbothby P and M P, andhencethey arepresered
throughf.,mp, While thebitsin S(C') — M (C') arecovered
by P andhaving thecontrollingvalueof f.,,, they arenot
alteredby f.,mp. Thus,both P andM P canbegenerated
by seedingd_FSRstructures.The seeddor P and M P can
be computedasdescribedn the previoussection. The fol-
lowing exampleillustratesthe procedurgor generatinghe
“maskpattern”for a giventestcube.

Example2 Assumewe want to generatethe “mask pat-
tern” M P correspondingo the AND compositionfor the
deterministicubeC = (X,1,1, X, X,0,X, X, 1, X) from
Examplel. The “mask cube” for AND compositionis
MC=(X,1,1,X,X, X X X 1, X). Considerh,,(z) =
x® + x + 1 asthe characteristipolynomial LFSR we will

useto generatel P. We computetheinitial seedfor M C
asdescribedin the previous section. The statetransition
matrix associatedo the LFSRis:

010
Ts,,=|0 0 1
110

Theequationsieededo computetheinitial seedare:

Cop = X agp 1 0 0 agp
Cc1 = 1 = Tgmo ai = 01 0 ai
Co = 1 as 0 01 as
and

Cg = X Qg 1 0 1 [¢%))
cr=X |=Tsp%| a1 |=]1 0 0 ay
Ccg = 1 as 0 0 1 as

Solvingtheseequationawill leadto thefollowing seed:

HEH

The “mask pattern” which will be generatedusing this
seedis MP = (1,1,1,0,0,1,0,1,1,1), wherethe un-
derlined positionsrepresenthe specifiedbits from M C.
The patternresultedby AND compositionof P and M P
isP'=(0,1,1,0,0,0,0,0,1,1), wheretheunderlinedpo-
sitionsshaw the specifiedbits from the original testcubeC,
preseredthroughAND composition. The patternP from
Examplel generatedby thetraditionalMP-LFSRTPG has
5 transitionsbetweerconsecutie bits, while the patternP’
producedby our methodfor the samedeterministiccube
containsonly 3 transitionshetweerconsecutre bits.

Thuswe have shovn how suitable“mask patterns”which
reducethe numberof transitionsin the scanchainby AND
(OR)compositiorcanbegenerateth asimilarmannemwith
patterndor deterministictestcubes.By usingour method,

a deterministiccubeis encodedastwo (polynomialidenti-

fier, initial seed)pairs: one pair encodeghe deterministic
testcubewhile the secondpair encodeghe “mask cube”,

correspondingdo the testcubeandto the selectedcompo-
sition function, which ensureghat the specifiedbits in the

testcubearepreseredthroughcomposition.Thefollowing

sectiondescribessnew TPGarchitecturavhichimplements
this method.

4. Test pattern generator for low power mixed-
mode BI ST

In the previous sectionwe have shovn how AND(OR)
compositionof MP-LFSR generatedpseudo-randonse-
guencesanbe usedto reducethe numberof transitionsin
the scanchain during pseudo-randontest. We have also
provided a methodof generating‘mask patterns”for re-
ducing the numberof transitionsduring the deterministic
testingmodewithout affecting the fault coverage. In this
sectionwe will describethe architectureof our TPG based
on AND(OR) compositionrandre-seedingf MP-LFSRs.

The basicideais to have two different MP-LFSRsop-
eratedin parallelandapply to the input of the scanchain
the AND/OR compositionof the bit-sequencegenerated
by the two MP-LFSRs. The main MP-LFSRwill actasa
traditionalMP-LFSRTPG[5, 8], while the secondaryMP-
LFSRwill producé'maskpatterns'to reduceghenumberof
transitionsn the scanchain. We have implementedhis so-
lution with theTPGshawnin Figure2. Thetwo MP-LFSRs
sharethe decodinglogic for selectingthe feedbackconfig-
urationsin orderto minimize the hardware overheadand
the memoryrequiredfor storingthe polynomialidentifiers
for thetestandmaskcubes.Therandomnessf thetestpat-
ternsgeneratetby suchanarchitecturewhich ensuresapid
coverageof easy-to-detedaults,canbe easilyachievedby
usingdifferentprimitive characteristigpolynomialsfor the
two MP-LFSRs. Generationof deterministicpatternsfor
coveringthe RPRfaultsis achieved by re-seedinghe two
MP-LFSRswith storedseedsomputedasexplainedin sec-
tions2 and3.

Theminimumlengthof theMP-LFSR,andconsequently
thesizeof thememoryfor storingtheinitial seedsis given
by the numberof specifiedbits in the cubeto be encoded,
asmentionedn section2. Thesizeof themainMP-LFSR,
k from Figure2, is determinedby the maximumnumberof
specifiecbits percubein theprecomputedestcubes How-
ever in the caseof the secondaryMP-LFSR,for eachtest
cubewe have two possiblemaskcubesponefor AND com-
positionandonefor OR composition. We canexploit this
factby selectingor eachtestcubethecompositiorfunction
which leadsto the maskcubewith lessspecifiedvectors.
The M S bit from Figure2 is usedto selectthe appropriate
compositionfunction for eachtestcube. In the following
we will determinean upperboundfor the maximumnum-
ber of specifiedbits in mask cubeswhenwe can choose
for eachcubebetweenAND and OR composition. Given
atestcubeC, let Manp(C) and Mog(C) be the setsof
specifiedbits of themaskcubescorrespondingo AND and
OR compositionrespectiely. Themaskcubewhichwill be
selectedn orderto minimize the MP-LFSRsizewill have
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Figure 2. Proposed dual MP-LFSR TPG architecture for low power mixed-mode BIST

s' = min(|Manp(C)|,|Mor(C)|) specifiedbits. As the
setsof specifiedbits of M4np(C) and Mpor(C) aredis-
joint, andtheir unionis equalto S(C), the setof specified
bits of C, we have

|Manp(C)l + |[Mor(C)| =|S(C)| (5)
s < |Manp(C)| (6)
s' < |Mogr(C)] (7)

By addinginequalities(6) and(7) and using equation(5)

we obtain:

1S
2

s’ <

(8)

Thusthe upperboundfor the lengthof the secondaryMP-
LFSR, k' from Figure 2, is given by @ + I, wherel
is a small constant,2 in our experiments,which ensures
thatthe probability of finding aninitial seedfor eachmask
cubeis high,andconsequentlyhetotal numberof feedback
polynomialsis small. Althoughintuitively it seemghatwe
needto doublethe storagerequirementsinequality (8) has
shawn that the length of the secondarymask) MP-LFSR
from Figure2 is only approximately50% of the length of
the main MP-LFSR,whoselengthis dependenbn |S(C)|
(seesection?).

5. Experimental results

We have performedsereral experimentsusing the full
scanversionsof the ISCAS-89circuitsin orderto asseshe
efficiency andthe costof the proposedmethod. We have
usedATALANTA [9] for automaticgenerationof the de-
terministictest cubesand FSIM [10] for fault simulation.
Themethodfor computinginitial seedsaindfeedbackpoly-
nomialsdescribedn section2, andour methodfor deriving
maskpatterngdescribedn section3 wereimplementedus-
ing C++.

In our experimentsshavn in Table 1, we have first as-
signedsomedefault initial seedsand feedbackpolynomi-
alsto thetwo MP-LFSRs.We have alsoselecteda default
compositiorfunction,AND for example.Usingthis config-
urationwe have generated k pseudo-randorpatternsand

N
o
o

100 T T T T T T T T
Single MP-LFSR TPG: Non-deterministic fault coveragé -
Number of deterministic patterns -
Dual MP-LFSR TPG: Non-deterministic fault coverage~—
Number of deterministic patterns&—

-1 300

Non-deterministic fault coverage
1
N
3

Number of deterministic patterns

80 1 1 1 1 1 1 1 1

0
0 2000 4000 6000 8000 10000 12000 14000 16000
Non-deterministic sequence length

Figure 3. Circuit s38584: Non-deterministic
fault coverage vs. the number of determinis-
tic patterns for single and dual MP-LFSR TPG

fault simulatedthemon the target circuit. For the remain-
ing undetectedaultswe have usedATALANTA to derive
the deterministictestcubes. We have setthe lengthof the
main MP-LFSRt0 PDm = Sy, + 2 Wheres,,q. is the
maximumnumberof specifiedbits s in all thetestcubesin

theprecomputedestcubeset. We have setthelengthof the
secondarMP-LFSRto PDs = s, .. +2wheres! . isthe
maximumnumberof specifiecbits s’ in all themaskcubes.
Having setthe length of both MP-LFSRs,we have com-
putedfor eachtestcubeandcorrespondingnaskcubethe
initial seedsfeedbackpolynomialsandcorrespondingut-

put patternsfor the two MP-LFSRsaswell asthe pattern
resultedfrom the compositionof the latter ColumnNC

from Table 1 givesthe numberof deterministictestcubes
computedto achieve maximal fault coverage. Columns
NPm andNPs shav thenumberof polynomialsusedby the
main andsecondarnyMP-LFSRsto cover all testandmask
cubes.ColumnsPDm andPDs give thelengthof the poly-

nomialsusedby thetwo MP-LFSRs(main andsecondary).
ColumnsT C andorigT C give the numberof transitionsin

the scanchainobtainedby usingour TPG andrespectiely
a traditional TPG with a single MP-LFSR[5, 8]. Column
redTC% shaws thereductionin transitioncount,whichis



[ Circuit | NC | NPm | PDm | NPs | PDs | TC | origTC | redTC% | xStorage% | origfC% [ mFC% |
s420 | 44 2 22 1 8 231378 306721 24.56 36.36 76.92 72.3
s526 | 32 2 15 1 8 116369 152027 23.46 53.33 95.49 86.99
s641 23 1 24 2 10 577057 753730 23.44 41.67 96.32 88.98
s713 22 2 24 2 12 573862 753044 23.79 50 90.53 84.3
s820 53 5 15 1 8 108245 143475 24.55 53.33 91.41 81.52
s832 52 4 15 1 8 108090 143284 24.56 53.33 89.88 79.66
s838 | 131 1 38 1 8 904106 1202210 24.8 21.05 58.75 59.39
s953 | 39 1 17 3 9 404086 532909 24.17 52.94 83.31 91.47
s1196 | 124 1 19 4 9 227156 294182 22.78 47.37 88.64 73.91
s1238 | 130 1 19 4 9 228405 295494 22.7 47.37 83.1 68.48
s1423 | 28 1 28 2 13 1611456 2137027 24.59 46.43 96.96 93.33
s5378 | 199 2 29 5 15 | 10188661 | 13592997 25.04 51.72 93.78 86.17
$9234 | 243 2 53 2 27 | 14152373 | 18707043 24.35 50.94 70.72 63.7
13207 | 319 3 24 3 13 | 120663103| 161446001 | 25.26 54.17 79.82 81.14
s15850] 238 | 3 40 2 21 | 86268594 | 115238803 | 25.14 525 86.23 84.65
s38417] 498 | 3 88 2 45 | 771889958| 1027848936] 24.9 51.14 86.19 84.89
38584 | 351 4 56 2 29 | 543841106| 722223634 24.7 51.79 90.32 83.74

Table 1. Experimental
fault coverage

consistenwith the probabilisticestimationof 25% reduc-
tion from section3. ColumnxStorage% showvstheamount
of additionalstoragerequiredfor storing the maskseeds,
relative to the storagesizefor thetestseedsresultwhichis
consistenwith the theoreticalupperboundof nearly 50%
determinedn sectiord. Finally, columnsorigFC andmFC
compardhefaultcoverageof 1k pseudo-randorpatternse-
guencesandl1k patternsequencegeneratesisingour TPG
in non-deterministienode. Thelower fault coverageof the
non-deterministicequencegeneratedy our TPG, a side
effect of the maskingprocessjs compensatetly a higher
numberof deterministicpatterns,neededo achiese max-
imal fault coverage. Figure 3 shaws, for both the tradi-
tional TPGwith a single MP-LFSRaswell asfor our dual
MP-LFSR TPG, the relation betweenthe numberof non-
deterministidestpatternstheirfaultcoverageandthenum-
ber of deterministictest patternsneededo achieze maxi-
mal fault coverage. The numberof deterministicpatterns
for full fault coveragedecreasessthe length of the non-
deteterministicsequencéncreases.Hence,the storagere-
guirementscan be controlledby varying the length of the
non-deterministicequence.

6. Conclusions

In this paperwe have proposeda nev TPG for mixed-
mode BIST basedon mask pattern generationand re-
seedingof dual MP-LFSRs. By employing AND andOR
masking,our TPG, at the cost of additional, yet limited,
storagerequirementsreduceshe numberof transitionsin
the scanchain by 25% while preservingthe fault cover-
ageandtestapplicationtime whencomparedwith a tradi-
tional TPGwith asingleMP-LFSR]5, 8]. Futurework will
investigatethe trade-ofs in power dissipationand storage
requirementsvhen using AND/OR compositionfunctions
which have anincreasedan-in andhenceadditionalmask
MP-LFSRsthatwill furtherlower power dissipationduring
test.

results for 1k pseudo-random patterns and deterministic patterns for maximal
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