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Abstract

Theuseof Ippg testas a defectreliability screenhasbeen
widely used to improve device quality However, the

increasein subthesholdleakage currentsin deep-submi-
cron technolagies has madeit difficult to setan absolute
pass/failthreshold.Recentwork hasfocusedon strategies

that calibrate for processand/ortechnolagy-relatedvaria-

tion effects In this paper a new Ippqg tediniqueis pro-

posedthat is basedon an extensionof a Vpptbased
method called Transient Signal Analysis (TSA). The
method called QuiescenSignal Analysisor QSA,usesthe

IppoS measued at multiple supply pins as a meansof

localizing defects.Increasesin Ippo dueto a defectare

regionalized by the resistiveelementof the supply grid.

Theefore, eadh supplypin souicesa uniquefraction of the

total Ippg drawn by the defect. The methodanalyzesthe

regional Ippgs and “triangulates” the position of the

defectto an (x,y) location in the layout. This information
can be usedin combinationwith fault dictionary-based
techniquesas a meansof further resolving the defects

location.

1.0 Introduction

Ippg hasbeenusedextensiely asa reliability screen
for shortingdefectsin digital integratedcircuits. Unfortu-
nately traditional Ippg methodsappliedto devices fabri-

catedin newer deep-submicronechnologiesare resulting
in unacceptablyhigh levels of yield loss. The significant
increasan subthresholdeakagecurrentsin thesetechnolo-
giesis makingit difficult to setanabsolutepass/éil thresh-
old that fails only defectve devices[1]. Several methods
have beenproposedas solutionsto the subthresholdeak-
agecurrentproblemand, more recently to processvaria-
tionissuesCurrentsignature$?], delta-ppg [3] andratio-
Ippg [4] are basedon a “self-relatve” analysis,in which
the “average” parametricbehaior of eachdevice is fac-
tored into the pass/éil thresholdvalue. In the following
discussionwe will referto the technologydependeng of
subthresholdeakagecurrentasatecinolagy-relatedvaria-
tion effect to contrastit with the chip-to-chip variation
effects causedby changesn processparametergprocess
variation).

The approactproposedn this paperis basedon a pre-
viousVpprbasednethodcalled TransientSignal Analysis
(TSA) [5]. TSA usesregressionanalysisto calibratefor

processand technology-relatedariation effects by cross-
correlatingmultiple supply pin transientsignalsmeasured
under eachtest sequenceThe Ippg methodproposedin
this paper calledQuiescenBignalAnalysisor QSA, usesa
setof Ippg measurementsstead eachobtainedfrom the
individual supply pins of the Device-UndefTest (DUT).
The processandtechnologycalibrationprocedureusedin
QSA s basedn aregressioranalysisproceduresimilar to
TSA.

In TSA, we referredto signalvariationresultingfrom
defectsasregional variation, to contrastit with the global
variations introduced by processand technology-related
effects. For transientsignals,the supply rail's impedance
network modifiessignal characteristicssuchas phaseand
magnitudeat differentsupplypin testpoints.In QSA, only
the resistve componentof the supply rail network intro-
ducesvariationin the lppq valuesat differentsupplypins.
In eithercase the positionof the defectin the layout with
respectto ary given power supply pin is relatedto the
amountof regional “defect” variationobsered at that pin.
For QSA, the variationis directly relatedto the resistance
betweenthe defectsite andthe pin. For example,a larger
value of Ippq is expectedon supply pins closer to the
defectsitebecausef thesmallerR. Thereforethemultiple
Ippg Measurementsanbe usedto detecthedefectaswell

as “triangulate” the physical position of the defectin the
layout.

Defectdetectionexperimentsareon-goingandwill be
addressedn a future work. In this work, a diagnostic
method for QSA is developed and a set of simulation
resultsare presentedo demonstratéts defectlocalization
accurag. A characterizatioproceduras proposedhatcan
be performed beforehandto determine the mapping
betweenresistanceand distancein the layout. Our results
shawv thatthe (x,y) predictiongivenby the methodis within
10% of the actual defectlocation. This suggestghat the
techniqueis bestusedin combinationwith fault dictionary
techniquesas a meansof further resolving the defects
location.

This paper is organized as follows. Section 2.0
describeselatedwork. Section3.0 presentshe experimen-
tal design.Section4.0 describeshe method.Section5.0
presentghe resultsof experiments.Section6.0 discusses



the regressionanalysistechniquethat can be usedto cali-
bratefor processvariation effects. Section7.0 provides a
summary and conclusions.

2.0 Background

Severaldiagnostianethodshave beendevelopedbased
on Ippg measurementsn generalthesemethodsproduce
alist of candidatefaultsfrom a setof obsenred testerfail-
uresusinga fault dictionary Thelikelihoodof eachcandi-
date fault can be determined by several statistical
algorithms For example signatureanalysisuseshe Demp-
sterShafertheory which is basedon Bayesianstatisticsof
subjectve probability [9]. Delta Ippg makesuse of the
conceptof differential currentprobabilisticsignaturesand
maximum likelihood estimation [10]. Although these
methodsaredesignedo improve the selectionof fault can-
didates,n mary casesthey arenot ableto generate sin-
gle candidate Other difficulties of thesemethodsinclude
the effort involved in building the fault dictionaryandthe
time requiredto generatethe fault candidatesfrom the
large fault dictionary using device tester data.

The QSA procedureproposedhere can help in the
selectionof the mostlikely candidatefrom the candidate
list producedby these algorithms. The physical layout
information generatedby our method can be used with
information that mapsthe logical faults in the candidate
liststo devicesin thelayout.In addition,it maybe possible
to usethe (x,y) locationinformationprovidedby QSA asa
meansof reducingthe searchspacefor likely candidatesn
the original fault dictionaryprocedureThis canreducethe
processing time and space requirements significantly

3.0 Experimental Design

QSA experimentswere conductedon a full-custom
designof an 8-bit 2's complemenmmultiplier. A block dia-
gram of this device is shavn in Figure 1. The primary
inputs, labeledA[0] throughA[7] and B[0] throughB[7]
areshavn alongthetop andright of thefigure.Only ten of
theprimaryoutputsarewired to the padframe(andobserv-
ableat the packagepins of the device.) The power supplies
for the corelogic arelabeledasVpp, throughVppg and
aredistributedevenly alongthe peripheryof the corelogic.
Thecorelogic consistof arectangulaarrayof AND gates
andfull addersshavn assquaresn thecenterof thefigure.
Bridging andopendefectswereinsertedinto thesecells at
the approximatelocationsshavn by the Xs in the figure.
The SFACE extractiontool wasusedto generateRC mod-
els from the layout [11].

Two methodsareusedto measurehe individual Ippg

valuesat the supply padsshavn in Figure 1. In a SPICE
simulation ervironment, the most straightforvard method
is to usethe Vpp branchcurrentsof the ideal sources

directly. For productiontest, this correspondgo usingthe
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Figure 1. The layout of the 8-bit multiplier.

Figure 2. Probe card model.

testerelectronicsat wafer probeto monitor a setof power
suppliesthat drive eachof the Vpp pads.It is recognized
that this may not be possibledueto testerlimitations on
available power supply channels. Therefore, a second
method basedon voltage measurementss proposed.At
waferprobe,it is possibleto measurehe currentasa volt-
agedrop by inserting seriesresistorsbetweenthe supply
padsand the supply ring on the probecard, as shavn in
Figure2. Thevalueof the seriesresistanc¢50 Ohmsin our
experimentsyepend®onthe “average’steady-stateurrent
drawn by devicesin the process.It may be necessarnto
“switch out” the resistorsto prevent excessve supply rail

voltage drops, when the DUT is switched between states.

4.0 Experimental Method

In this section,we describethe QSA techniqueused
for localizing shortingdefects.Sincethe simulationswere
carriedout on circuit modelsderived from a 2.0umnwell
technology backgroundcurrentwere very small (~30nA)
and,therefore arenotaccountedor directlyin this section.
However, Section6.0 describesseveral extensionsof the
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Figure3. Equivalent resistance network with defect
inside the circuit.

methodthat “calibrate” for the significantleakagecurrents
associated with current technologies.

The methodis composedof two phases:Resistance
Network Analysis and Resistance-to-Distance Analysis.

* Phase 1: Resistance Neftk Analysis

Theobjective of this phasés to determinghe“equiva-
lentresistance(Rqs) betweereachof the supplypadsand

thepointfrom whichthedefectdravs currentfrom the sup-
ply grid. The Re¢s arelabeledRg; throughReggin Figure

3. TheRges arecomputedby settingthe stateof the circuit

suchthatthe shortis provoked andthe voltagesat eachof
the supply padsis measuredUnder this condition, the
defectwill draw currentfrom eachof the supplypadspro-
portionalto thevalueof the Ry As explainedin the previ-
ous section,the 50 Ohm resistor(Ryopg Placedin series

with the supply pad probesallows the currentsto be mea-
suredasvoltagedropsin theseexperimentslf the appro-
priatemeasuremernihstrumentations available,l, through

Ig can be obtained directly

Figure4 shavs the supplypadvoltagesfrom a simula-
tion of a device with a defectinsertedat thelocationshavn
in Figure 3. The steady-stateraluesshavn along the left
portion in the figure indicate that the defect causesa
regional currentvariationin thedevice. The orderingof the
voltage waveforms (from top to bottom) in Figure 4 is
inverselyrelatedto the Regs betweenthe supply padsand
the defectsite. Therefore the supply padswith the largest
voltage dropsindicate they are in close proximity to the
defect.Althoughit is unlikely thattherelationshipbetween
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Figure 4. Voltage waveforms measured at the eight
supply pinswith the shorting defect provoked.

R anddistancaes strictly linearanduniformalongall direc-
tionsfrom the supply padsto pointsin the layout, it is cer-
tainly valid to assumet approachesucha functionif the
supplytopologyis grid-like andregular We will shav that
good results are obtainedunder this assumptionfor our
experimentakircuit. A procedurdor dealingwith irregular
topologies is proposed in thextesection.

Sincethe Ippq valuesarerelatedonly to the resistve
component®f the network asshawvn in Figure 3, the fol-
lowing systemof equationscan be written to describeits
behaior. The I; variable representghe branch currents

II X (Reql + Rprobe) = Vdef fori=1..8
i=1..8
Equation 1. System of equations

througheachof the supplypins, Ry gpeis knowvn (50 Ohms
in our experiments) andReys arethe unknavns. The volt-
ageatthedefectsite (V geratthe“star” in thefigure)is also

unknowvn but canbe usedasthe point of referenceor the
systemof equations.This formulation yields 8 equations
and 9 unknawvns. Therefore,without additional informa-
tion, we cannotsolve for the Res. However, theimportant

information is the relative differences betweenthe Regs

andnot their absolutevalues.This relationshipis captured
by computingratios. As describedn the next section,the
ratios can be scaledas easily as the real Rs to obtainthe
locationof the defect. Theratiosof the resistance®qq to

Regg arecomputedrom the equationggivenin Equation2
below.

Theseequationsxpress? of the Reys asa function of
the8th. Any Rechanbe choserasthereferenceesistance.
« Phase 2: Resistance-to-Distance Analysis

The objective of this phaseis to mapfrom the equiva-
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Equation 2. Resistanceratiosof R; to Rg

lent Res to a setof distancesn the layout, eachdirected

from a supply padto the defectsite. In the ideal case the
resistancescalelinearly to distanceuniformly along ary
vector However, complex and/orirregular supply topolo-
giesroutedin multiple levels of metal with resistive con-
tacts connectingthem, can complicatethe resistanceto
distance mapping function. Two mapping functions are
describedpnethe assumesinearity anda secondhathan-
dles more compiefunctions.

i) Method 1:

This methodsimply usesthe resistanceatios as dis-
tanceratios, which are scaledby a commonfactor as a
meansof finding a point of intersectionamongthem.The

probe

following steps summarize the process and its heuristics:

Step 1 Selectthe Vpp supply pad, Vppy, closestto the

defectsite. This is equialentto selectingthe larg-

est currentvalue, I,, or the minimum resistance,
Regk in Equation2. Sincedy is assumedoropor-

tional to Req Vppk is closestandis referredto as

the primary supply pad.

Step 2 Selectthe supply padswith the secondand third
largestcurrentvalues.Thesepadsarelik ely neigh-
bors of the primary supply pad.If the supply pad
configurationis similar to the oneshaown in Figure
1,it is possiblethatthesechoicesresultin aline of
padsalongonedimensionof the layout. For exam-
ple, if the supply padsVpps, Vpps andVpps are
selectedn thedesignshown in Figurel, only they
dimensionis “covered”. In this case,the supply
pad that ranks fourth in the sortedlist of supply
currents should be selectedinstead (e.g. Vpp»)
sinceit “covers” the x dimension.Similar heuris-
tics can be usedfor other supply pad configura-
tions.

Step 3 Usingthethreeselectedsupplypads.establishaset
of circleswith radii proportionalto theratioscom-
putedin Equation2. The simplealgorithmis used
to iteratively scalethe radii by the samefactorand
testsfor intersectionThe pointof intersectionndi-
catesthe (x,y) locationin the layout at which the
defect dravs current from the supply grid.

An applicationof this methodis shovn in Figure5 for
Bridging Experiment#1. The figure representshe layout
of the multiplier with the x andy scalesgiven in units of
lambda. The supply pad locations are shovn as “stars”
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Figure5. Bridging Experiment #1 using localization
Method 1.

alongtheedgef thefigure. Threecirclesareshovnin the
upperright hand corner centeredaroundthe supply pads
Vpp2: Vppz andVpps. Thesesupply padswere selected
becausé¢hey sourcedhelargestcurrentsasgivenin Steps
1 and2 in themethod.The circleshave beenscaledsothat
they have a commonpoint of intersection.The predicted
andactual(x,y) locationsaregivenby “star’s in thefigure.

if) Method 2:

Thesecondnethodusesa contourto mapresistancdo
distancen the layout. Sincethe actualmappingfunctionis
not easily obtained this estimateis designedo provide a
moreaccuratgredictionfor supplygrid designswith irreg-
ular topologies.The datato constructthe contourcan be
obtainedeasily using a defect-freedevice or a simulation
model.

Themethodusesthe equivalentRgs betweerthe sup-

ply pads.They can be obtainedbetweeneachpairing of
supply padsby settingthe supply padundertestto a volt-
age slightly less (e.g. 100mV) than the nominal supply
voltage.Theremainingsupplypadsaresetto theirnominal
voltage and the currentsmeasuredThe distancebetween
eachpairing of supplypadsis easilyobtainedirom thelay-
out. Theratio of distanceandresistancelefinesthe scaling
factoralongeachof thevectoreddirectionsfrom the supply
pad undertestto the other supply pads.The experiments
producea setof contourg(onefor eachsupplypad)thatare
usedinsteadof the circles in the localization procedure
described for Method 1.

This methodsimulateghe presencef a defectat each
of the supply pads.Therefore the Rq obtainedfrom the
measuremenaccuratelyreflectsthe R for defectsin the
vicinity of that supply pad. The drawback of contoursis
thatthey may produceseveral differentpoints of intersec-
tion underdifferentscalingfactors.Therefore several pre-
dicted locations may be generatedby the algorithm
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Figure 6. Theresistance-to-distance mapping contour
for VDDl'

described in Method 1 abe.

Figure 6 shaws the contourobtainedfor Vpp4 in our

experiments.The lines representinghe contour are each
labeledwith the Req they defineat pointsin the layout
undertheir curve. A full setof contourswould consistof
onesuchmappingfor eachsupplypin. Figure7 shavs the
methodappliedto theresistancelataobtainedfor Bridging
Experiment#1. In comparisonto the localization result
shawn in Figure5, only slightly betterresultsare obtained
for this xperiment using contour maps.

5.0 Experiments Results

The results of several experimentsare shavn using
graphicalrepresentationn this section.A table is pre-
sentedat the endof the sectionthat summarizeghe errors
betweenthe actualand predictedlocationsof the defects.
The erroris computedasthe ratio of the distancebetween
thepredictedandactual(x,y) locationsandthewidth of the
layout. Thelocalizationcurvesfor Bridging Experiment#1
areshown in Figures5 and7 anddescribedn the previous
section.The errorfor this experimentis approximately7%
using eithelResistance-to-Distandgethod 1 or 2.

Figure 8 shaws a portion of the transmission-gte full
adderschematicusedin the design. The implementation
usesa 2-to-1 MUX whoseselectlines are driven by an
XOR gateandaninverter The openis shavn at the output
of theinverter The undriven nodefloatsto OV leaving the
p-channelransistorin the uppertransmissiorgate perma-
nentlyon. Underacircuit statethatcauseshe XOR to out-
put a 0, the opposingvalueson the inputs to the MUX
createa shortasshawvn by thethick line in the figure. Fig-
ure 9 shows the resultsfrom this experimentin graphical
form. The actualand predictedlocationsare indicatedin
the figure using supply pad test points Vppg, Vpp7 and

Vbps:

A summaryof the prediction errors for the experi-
mentsis givenin Table 1. The left-mostcolumnidentifies
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Figure7. Bridging Experiment #1 localization using
contour maps (Method 2).
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Figure 8. A portion of thetransmission gate full adder
illustrating the shorting behavior caused by an open
defect.

the experiment.The secondcolumn givesthe actualposi-
tion of the defectin the layout(in units of lambda)andthe
third columngivesthe predictediocation. The lastcolumn
gives the error as describedpreviously. The width of the
layoutis 2,200lambda.As obsenredin the right-mostcol-
umn of the table, the worst casepredictionresultis less
than 10%.

6.0 Process Variation and L eakage Current

Thebackgroundeakagecurrentsmeasuredn the sim-
ulationexperimentg< 30nA) werevery small. However, in
deep-submicrotechnologiesthesecurrentsare ordersof
magnitudehigherand mustbe accountedor in any useful
testing techniquebasedon steady-stateurrents.Current
signatures delta-ppg and ratio Ippg methodsare pro-
posedasalternatves.In this section,we describea regres-
sion analysis procedurefor QSA that can be used to
calibratefor backgroundcurrents.The methodis adapted
from the procedure defined for TSA (see [5]).

The defective device Ippg consistsof two compo-
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Figure 9. Open Experiment #7 resultsusing
localization Method 1.

nents,the currentdravn by the defect,andthe processand
technology-relateteakagecurrent,e.g. subthresholdeak-
age current. This changesthe formulation presentedin
Equation 2 to that sken in Equation 3 bela.

(1 leakagei * Idefecti) [(Reqi + Rprobe)

= (l leakagek + Idefectk) E(Reqk + Rprobe)

Equation 3. Equation 2 reformulated with
background current

Theleakagecurrentis givenasa setof currentsljgak-
agei IN the equations eachrepresentinghe currentdravn
througheachof the supplypins.If the transistordensityin
thelayoutis regular, thentheleakagecurrentwill beevenly
distributed amongthe supply pins yielding a single value
for licakagei However, if the transistordensityin the layout
varies acrossthe design, then the ljgaageiWill also vary
sincethe supplyrail will distribute the currentproportion-
ally asafunctionof its resistanceThe“localized” variation
of theleakagecurrentwill adwerselyaffectthelocalization
methodsdescribedin the previous section unlessit is
accounted for

Thekey obsenationconcerningeakagecurrentis that
it is effectedmostsignificantly by the “global” variations
introducedby changesin processand technology-related
parametersin other words, the current variationsintro-
ducedby variationsin theseparametersvill affectall tran-
sistorsandjunctionsin adevice in asimilarmannerWe are
not claiming that intra-device variationsdo not exist, but
rather that they are smaller in magnitude and can be
ignored. The more significantglobal variationswill scale
theleakagecurrentsin all supplyrails proportionally mak-
ing it possible to track it usinggeession analysis.

A graphicalrepresentationf leakagecurrenttracking
behaior is shavn in Figure 10. The x axis plots Ippq for

Table 1. Experiment results

Defect Actu_al Prediqted %
L ocation L ocation Error
BR#1 (1540,1736) | (1640,1640) | 6.3%
BR#2 (962,870) (755,825) 9.5%
BR#3 (1465,1365) | (1580,1550) | 9.9%
BR#4 (1460,1600) | (1600,1630) | 6.5%
BR#5 (1120,1240) | (1173,1215) | 2.6%
BR#6 (1020,1120) | (1150,1210) | 7.1%
BR#7 (912,993) (770,835) 9.5%
BR#8 (1064,950) (1190,1209) | 6.3%
OP#3 (1465,1365) | (1580,1550) | 9.9%
OP#7 (962,870) (760,835) 9.3%
OP#9 (880,830) (735,800) 6.7%
IppQi
Linear Rgressio
Defect-free
Defective
device
S Varaion ¥
Zone oG
IbDoK

Figure 10. Scatter plot to determinetheratios
between each two test pointsin defect free devices

supplypin k while they axis plotsit for supplypini. The
labeledpoints A throughF represenmeasuredralueson
thesetwo pinsfrom a setof defect-freedevices.As notedin

the figure, the pairs of Ippgs from eachdevice track each
other e.g.,changesn onevaluearematchedoy changesn

the othervalue.The correlationin thesepairingsis tracked
by the regressionline (bestfit line) shavn in the figure.
Unmodeledfactorssuch as intra-device processvariation
andnoisewill make thesedatapointsnon-colinearThere-
fore, 3 sigmapredictionlimits areusedto delimit a region

around the line (labeled ProcessVariation Zone). It is

within this region that the data points from defect-free
devices are gpected todill.

In contrast, the “regional” variation causedby an



active shortingdefectwill disruptthe correlationbetween
thelppgs from this pair of supplypins. The datapointrep-

resentedby G in the figure shawvs this graphically
Although we do not presentresultsin this paper defect
detectionis possibleusinga stratgyy basedon the analysis
of outliers (point G in the figure). The details of sucha
methodare given in referencd5]. Sincethe focus of this
paperis on diagnosticsonly the procedureusedto cali-
bratefor processand technologyvariation effectsis out-
lined here.

Figure 11 illustrates the “regional” versus “global”
effectgraphically As indicatedabove, the backgroundur-
rents for our experimentsare extremely small (<30nA).
However, they are measurablen the noise free environ-
mentof the simulation.The waveformsshavn in thefigure
representhe Ippgs undertwo differentstatevectors.The
region labeled“Shorting Region” arethe Ippgs whenthe
circuit stateis setsuchthatthe shortingdefectis activated.
The region on the right are the Ippgs measuredindera
non-shortingeircuit state.Althoughit is not discerniblein
the figure, the ordering of Ippgs underthe non-shorting
circuit stateis differentthanthe orderingunderthe shorting
state.The orderingis givenin the figure. This is expected
since the shorting condition adds different amounts of
regional currentto the backgroundraluesdependingpn the
locationof the defectwith respecto the supplypin. In con-
trast, the waveforms in either region from a defect-free
device whoseprocesgparameterare differentis expected
to generatehe sameorderingin bothregionsasthe order-
ing shavn on the right in Figure 11.

From Equation3, it is clearthat the systemof equa-
tionsis solvable(in thefashiondescribedn Section4.0) if
the leakaged areknown quantities.Thereare several alter-

natives for deriving thesevalues,all of which dependon
the existenceof a set of scatterplotsthat correlate the
expected Ippg Vvalues betweenthe supply pins of the
design.If it is true that the vectorto-vector background
current variation remains correlatedbetweenthe supply
pins to a reasonablextent, then the regressionanalysis
proposedabore under a single state vector can be used
acrossvectors.In this case,an accurateestimateof the
lieakaged Under the shorting circuit statecan be obtained
from measurementmadefrom the samedevice undera
non-shortingstate.A secondalternative involves comput-
ing themeanvaluefrom the setof defect-freecharacteriza-
tion devicesusedto derive the scatterplotslf the vectorto-
vector variation is small comparedto processvariation,
thenthemeanvaluemaybegoodestimate®f theljgakages-

The best alternatve is to keep the vectorto-vector
variation out of the picture. In other words, the best
approachis to measurethe Ippgs of the defective device
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Figure 11. Vpp waveforms showing the effects of a
shorting defect on the ordering of | ppg supply pin
values

under the statevector that causesthe short but to do so
without causingthe short. Thisis clearlyimpossiblebut an
closeapproximatiommaybe possible Theresultspresented
previously give a total ordering of the Ippgs underthe
shortedcircuit state.The largestthreecurrentvalueswere
selectedor thelocalizationmethodsandthe smallervalues
wereignored,sincetheir supplypinswere presumablyfur-
ther removed from the defectsite. This suggestghat the
smallesiof thesevalueshasthe smallestfraction of current
drawvn by the defect.If it is assumedhat this currentis
entirely leakagecurrent, then this value can be usedin a
backward mapping acrossthe scatterplotsto obtain the
fraction of total currentthatis leakagein eachof the other
supply pins. The ljgakagep Obtainedcan then be plugged

into theequationgyivenin Equation3 andsolvedin aman-
ner similar to that proposed for Equation 2.

7.0 Summary and Conclusions

In the paperwe describea methodbasedntheanaly-
sis of multiple power supplypin Ippg valuesfor thelocal-
izationof defectsThetechniquewhichis calledQuiescent
Signal Analysis(QSA), consistsof two phasesin thefirst
phase,the relative values of the individual supply pin
Ippgs areusedasa meansof determiningthe “equivalent”

resistanceébetweeneachsupply pin andthe defectsite. In

the secondphase,a mapping function that relatesresis-
tancedo positionsin the layoutis usedto predicttheloca-

tion of thedefect.The proceduras proposedor calibrating

for leakagecurrentdueto processandtechnology-related
variation effects that is based on linear regression analysis.

A set of simulation experimentswere conductedon
defective versionsof an 8-bit multiplier circuit to demon-
stratethe methodandits accurag. Theresultsof theexper-
imentsshaw thatit is possibleto predictthe actuallocation



of the defectwith less that 10% error. Although better
resultsareexpectedasthe accurag of the extractedmodel
is improved, this techniqueis bestusedin combination
with fault dictionary-basedechniquesas a meansof fur-

ther resolving the defestlocation.

With respecto a hardwareimplementatiorof thetech-
nigue, our main concernsis related to instrumentation
accurag. The simulation results of the device in 2.0um
technologyindicatethatthe ratio betweerthe resistancef
thedefectnetwork to groundto the“equivalent” resistances
(from the supply pin to the defectsite) are on the order of
200to 1. In otherwords,a defectthat dravs 1mA current
will producel ppq variationsin eachsupplypin in the 10's
of uA range If themeasuremerihstrumentatioris capable
of distinguishingbetweenvaluesin that range,then good
defectlocalizationaccuray is expected Technologytrends
and a betterextraction proceduremay reducethis ratio in
more advancedtechnologiesfurther improving the accu-
ragy of the method.

Simulationsand hardware experimentsare undervay
to investicate otheraspectof the QSA procedure Among
theseincludeexperimentgdesignedo testthe processali-
bration techniquesproposedin section 6.0. The defect
detectioncapabilitiesof the methodwill beevaluatedn the
course of the research.
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