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Abstract: Stresses are considered an integral part of any
modern industrial DRAM test. This paper describes a
novel method to optimize stresses for memory testing, us-
ing defect injection and electrical simulation. The new
method shows how each stress should be applied to achieve
a higher fault coverage of a given test, based on an under-
standing of the internal behavior of the memory. In addi-
tion, results of a fault analysis study, performed to verify
the new optimization method, show its effectiveness.
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1 Intr oduction

Theeffectivenessof memorytestsdoesnotmerelydepend
on a sequenceof write and readoperationswith the as-
sociateddata patterns;it heavily employs modifications
to variousoperationalparametersor stresses (STs), either
to ensurea higher fault coverageof a given test or to
target specific failure mechanismsnot detectedat nom-
inal operationalconditions[Falter00]. The STs usually
usedin testingaretemperature,supplyvoltageandtiming
[Vollrath00].

Experimentalstudiesontheimpactof STsonthefaulty
behavior show strong correlationbetweenthe analyzed
defect and STs. Many studieshave beenperformedto
optimize a large numberof supply voltagesat test time
[Schanstra99], to simulatethe operationof memorytests
for different stress combinations (SCs) [Goto97], and to
simulatethe effect of temperatureon the faulty behavior
[Al-Ars01]. Thesestudiesgivegeneralconclusions,based
onsomestatisticalanalysis,thatis notrepresentativeof the
behavior of a particulardefect.This makesthesemethods
not particularlyuseful to optimizeSTsfor industrialpro-
ductionpurposes.

This paperproposesa new methodto optimize STs,
using defect injection and electricalSpicesimulationof
a memorymodel. The resultsare specific to the simu-
latedmemorydefect,and indicatethe direction in which
eachST shouldbe driven to get the highestcoveragefor

a givenmemorytest. In addition,thefault analysisresults
of a numberof defectsaregiven to validatethe proposed
method.

Section2 of this paperidentifiesthe STs usedin op-
timizing memory tests and describeshow Shmoo plots
are usedto optimize them for a given defect. Section3
presentsthe fault analysisapproachthat makes test op-
timization, using simulation, possible. Section4 shows
theoptimizationmethodproposedin this paper. Section5
presentsthefaultanalysisresultsperformedto validatethe
methodology. Section6 endswith conclusions.

2 Stressspecification

Theexactspecificationof theusedSTsdependson thede-
vice being testedand the amountof control we have on
the internalbehavior of thememory. In general,thereare
threedifferenttypesof ST usedto optimizememorytests:
timing, temperature,andvoltage.

Almost all recentmemorydevices are so-calledsyn-
chronousmemories,referringto thefactthatall eventsthat
take placein the memoryaregovernedby a global clock
signal(an input signalto any synchronousmemory). For
theuseof timing asaST, thisclocksignalcanbemodified
in two differentways:by changingtheperiodof theclock
(alsocalledthe cycle time,

� � � �
) or by changingthe duty

cycle time (� ).
Temperaturemayalsobeusedasa ST to optimizetest-

ing. Temperaturehasproven to be a very effective ST to
bring devicescloserto failure. In general,a higher test-
ing temperatureresultsin ahigherfaultcoveragefor many
tests[vdGoor99].

Supplyvoltage( ��� � ) is onemoreST commonlycon-
trolledattesttimeto increasethefaultcoverageof memory
test. Accordingto memoryspecification,thereis a range
within which this voltagemayvary ( �	� 
 � , for example).

A Shmooplot is animportantmethodusedto optimize
STs for a given memorytest [Baker97], wheretwo STs
(S1andS2)areusuallychosento beoptimizedin a given
range.A testis thenappliedto thememoryand,for each
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combinationof S1andS2,thepass/fail outcomeof thetest
is registeredon theShmooplot. Thiscreatesa two dimen-
sionalgraphicalrepresentationof thepass/fail behavior of
thememoryundertheappliedtest.

Shmooplottinghastheadvantageof directoptimization
of apairof STsfor agiventestonachip,in casethechip is
known to have thetargeteddefect.Shmooplottingsuffers,
however, from thefollowing disadvantages:possiblylong
testtimes,restrictedcontrollabilityandobservability of in-
ternalmemoryparts,and limited diagnosticability to re-
latetheexternallyobservedmemoryfailureto theinternal
faultybehavior. For a testdesigner, attemptingto optimize
a giventestfor a specificdefectusingShmooplots, these
mentionedproblemsmake optimizationa ratherdifficult
andchallengingtask.

3 Fault analysisapproach

The single most important developmentin fault analy-
sis that enablessimulationbasedoptimizationof STs is
the ability to statethe border resistance (BR) of a defect
[Al-Ars02]. BR is the resistive valueof a defectat which
thememorystartsto show faulty behavior. Usingthis im-
portantpieceof information,thecriterion to optimizeany
ST canbestatedasfollows:

Optimizing a given ST shouldmodify thevalueof BR in
thatdirectionwhichmaximizestheresistancerangethat

resultsin a detectablefunctionalfault.

In this section,we describethe approachusedto iden-
tify theBR of cell defects.Considerthedefective DRAM
cell shown in Figure 1, wherea resistive open( �	
 � ) re-
ducestheability to controlandobserve thevoltageacross
thecell capacitor( ��� ). Theanalysistakesarangeof possi-
bleopenresistances( � k ������
 ����� � M � ) andpossible
cell voltages(GND ����������� � ) into consideration.
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Figure1. Electricalmodelof memorycell.

Next, a numberof �	
 � valuesare selectedfor which
theanalysisis to beperformed.Threedifferent � ��� � ��
 �  
resultplanesaregenerated,onefor eachmemoryoperation
( !�� , !	� , and" ). Theseresultplanesdescribetheimpactof
successive !�� , successive !�� , andsuccessive " operations
on ��� , for a givenvalueof �	
 � . Figure2 shows thethree

resultplanesfor the threememoryoperationsperformed
for theopenshown in Figure1.

To generateFigures2(a)and(b), thefloatingcell volt-
age��� is initialized to ��� � for a !�� sequenceandto GND
for a !	� sequence,and then the sequenceof write oper-
ations is performed. The net result of this sequenceis
the gradualchangeof ��� towards a settlementpoint in
the plane. The voltage level after eachwrite operation
is recordedon the result plane,resultingin a numberof
curves. Eachcurve is indicatedby an arrow pointing in
thedirectionof thevoltagechange.Themid-pointvoltage
( �$#�� ) (thecell voltagethatmakesuptheborderbetweena
stored0 and1) is alsoindicatedin the figure with a solid
vertical line. The senseamplifier thresholdvoltage( �$% & )
is shown in thefigureasa dottedline. �$% & is thecell volt-
ageabove which the senseamplifier readsa 1, andbelow
which thesenseamplifierreadsa0.

To generateFigure2(c), first �$% & is establishedandin-
dicatedon the resultplane(shown asa bold curve in the
figure). As �	
 � increases,�$% & turnscloserto GND which
meansthat it getseasierto detecta 1 and more difficult
to detecta 0.1 Thenthesequence" " " ' ' ' " is appliedtwice:
first for ��� that is initially slightly lower than �$% & (0.12V
lower in this example),and a secondtime for ��� that is
slightly higherthan �$% & (0.12V higher).Thevoltagelevel
aftereach" operationis recordedontheresultplanewhich
resultsin a numberof curveson theplane.

It is possibleto usetheresultplanesof Figure2 to an-
alyzea numberof importantaspectsof thefaulty behavior
[Al-Ars02]. Onesuchaspectrelevant to this paperis the
valueof BR, which is the �	
 � valuewherethe cell starts
to causefaultsontheoutput.For thefaultybehavior shown
in Figure2, BR hasa valueof ( � � k � , which is thevalue
of �	
 � at theintersectionbetweenthe � �  !)� curveandthe
�$% & curve(indicatedasadot in Figure2(a)).

Anotheraspectrelevantto thispaperis generatingatest
thatdetectsthefaultybehavior of thedefect.In thecaseof
Figure2, faultscanbedetectedwith �	
 �+*�( � � k � using
thesequence!�� !	� !)� " � . Notethatthetwo !�� operations
arenecessaryto charge ��� up fully to ��� � when ��
 � has
a value closeto BR. Performingone !�� insteadof two,
charges��� up to a voltagebelow ��� � , which makesit less
demandingfor thesubsequent!)� operationto write a0.

4 Optimization methodology

Optimizing any ST cangenerallybe doneby performing
a full fault analysis(generatingthe threeresultplanesas

1This is causedby the fact that the precharge cycle setsthe bit line
voltageto , - - . Therefore,as .0/ 1 increases,a 0 storedin the cell fails
to pull the bit line voltagedown during a readoperation,andthe sense
amplifierdetectsa1 insteadof a0.
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Figure2. Resultplanesfor theoperations(a) 203 , (b) 254 , and(c) 6 .
shown in Figure2) for eachST valueof interest.The im-
pactof eachST valuecanbe inspectedby evaluatingthe
resultingborderdefectresistancein the way describedin
Section3. This methodis both labourintensive andtime
consuming.Fortunately, it is sometimespossibleto deduce
theimpactof differentSTson thevalueof theBR by per-
forming a limited numberof simulationsonly. Below, this
methodis outlinedin an exampleto optimizeSTsfor the
detectionconditionderived for the openin Figure1 with
respectto 7 8 9 8 , T, and :�; ; .

The resultplanesin Figure2 have beengeneratedfor
7 8 9 8 = 60 ns, T = +27< C and :�; ; = 2.4 V. The planes
show that, for nominalSTs, the BR hasa valueof about=�> ?A@CB D D

k E . This valueis determinedby the intersec-
tion pointof the F G H I D curveandthe :$J K curveasshown in
Figure2(a). Therefore,increasingtherangeof thefailing=�> ?

canbedonein two ways:
1. By reducingtheability of G I D to write a low voltage

into thecell. Thisstressesthe G I D operationandresultsin
shifting the F G H I D curve to higher :�L voltages.

2.By reducingtherangeof cell voltagesin which M de-
tectsa 0. This stressesthe M operationandresultsin shift-
ing the :$J K curve to lower :�L voltages.

4.1 Optimizing timing

Figure3 showsthesimulationresultsof reducing7 8 9 8 from
60 ns to 55 ns. The figure hastwo panels:the top is for
applyinga G I D operationandthebottomfor applyinga M .
The N -axisin thefigurerepresentsthetime axis,while theO -axisgivesthestoredcell voltage:�L .

Applying G I D : Thetop paneloutlinesthecell voltage
:�L while performinga G I D operationwith 7 8 9 8 = 60nsand
55ns.In thesimulation,theinitial cell voltage( :$P Q P ) is :�; ;
(physical1),

=�> ?
= 200k E andT = +27< C. By theendof

Rop=200 kOhm, Vdd=2.4 V, T=+27 C
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Figure 3. Simulationof reducingR S T S from 60 ns to 55 ns with U V V =
2.4V, WYX Z = 200k [ andT = +27\ C.

thewrite operation,thevalueof ]�^ is 1.0 V for _ ` a ` = 60
ns,while ]$^ = 1.9 V for _ ` a ` = 55 ns. This indicatesthat
reducingthecycle time reducestheability of b c�d to write
a0 into thecell. As a result,reducing_ ` a ` is consideredas
amorestressfulconditionfor the b c�d operation.

Applying e : Thebottompaneloutlinesthecell voltage
]�^ while performinga e operationwith _ ` a ` = 60nsand55
ns. In thesimulation,]�f g f = 1.1V, which is slightly below
]$h i , j�k l = 200k m andT = +27n C. Thefigureshows that
after about _ = 13 ns, ] ^ is pulled low anda 0 is written
backto cell,whichmeansthesenseamplifiersensesa0 for
bothvaluesof _ ` a ` . Note that thefigure is only important
to show theimpactof STon ] h i (i.e.,whetherchangingST
promotesdetecting0 or 1); thefinal of ] ^ afterperforming
e is not importanthere.Thefigureindicatesthattheability
of thesenseamplifierto detect0 or 1 doesnot changeasa
resultof changesin timing. This meansthattiming hasno



impacton o$p q .
In conclusion,decreasingr s t s is morestressfulfor theu v�w

operationandhasno impacton thedetectedvalueof
the x . Therefore,reducingthecycle time is morestressful
for thetest.

4.2 Optimizing temperature

Figure 4 shows the simulationresultswith T = y{z z | C,
+27| C and+87| C. Thefigurehastwo panels:the top is
for applyinga

u v�w
operationandthebottomfor applying

a x .
Rop=200 kOhm, Vdd=2.4 V, tcyc=60 ns
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Figure 4. Simulationwith T = }0~ ~ � C, +27� C and+87� C, � � � = 2.4
V, �Y� � = 200k � and � � � � = 60ns.

Applying � �)� : Thetop paneloutlinesthecell voltage���
while performinga � ��� operationwith T = ��� � � C,

+27� C and+87� C.Thesimulationused
�$� � �

=
��� �

(phys-
ical 1), �	� � = 200k � and � � � � = 60 ns. By theendof the
write operation(at � = 60ns),thevalueof

���
is 1.1V for T

= +87� C,
���

= 1.05V for T = +27� , while
���

= 1.0V for
T = �{� � � C. This indicatesthatincreasingthetemperature
reducesthe ability of � ��� to write a 0 into the cell. This
behavior canbeattributedto thegradualdecreasein drain
currentas temperatureincreases,which is in turn caused
by thedecreasingmobility of chargecarrierswith increas-
ing T. As a result, increasingT is consideredas a more
stressfulconditionfor the � ��� operation.

Applying � : The bottompaneloutlines
� �

while per-
forming a � operationwith T = ��� � � C, +27� C and+87�
C. Thesimulationusedaninitial cell voltage

�$� � �
= 1.3V,

which is slightly above
�$� �

, and ��� � = 200k � . Thesense
amplifierdetectsa 1 with T = +27� C, while it detectsa 0
both ��� � � C and+87� C. This is aninteresting,rarelyob-
servedbehavior, whereincreasingST changesthestresses
in a non-monotonousway (increasingthen decreasing).
Thissuggeststhepresenceof multiple temperature-related

mechanismswith an opposingeffect on the faulty behav-
ior, suchas:theincreasedtransistorthresholdvoltage(pro-
motesdetecting1), the increaseddrain current(promotes
detecting0), andthedecreasedleakagecurrent(promotes
detecting0) with decreasingT. This indicatesthatincreas-
ing or decreasingtemperaturefrom +27� C shifts the

� � �
curveto theright. As aresult,+27� is consideredasamore
stressfulconditionfor the � operation.

In conclusion,themoststressfulT caneitherbeatroom
temperatureor hightemperature.To specifywhichof these
shouldbe selected,the BR hasto be identifiedfor high T
andcomparedwith theBR for roomT. TheBR canbeiden-
tified by performinga numberof simulationsto construct
the � � � �)� curve and the

�$� �
curve. This hasbeendone,

andthe resultsindicatethat high temperatureis moreef-
fectivesinceit reducestheBR by 5 k � .

4.3 Optimizing voltage

Figure 5 shows the simulationresultswith
��� �

= 2.1 V,
2.4 V and2.7 V. Thefigurehastwo panels:the top is for
applyinga � �)� operationandthebottomfor applyinga � .

Rop=200 kOhm, tcyc=60 ns, T=+27 C
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Figure 5. Simulationwith � � � = 2.1 V, 2.4 V and2.7 V, � � � � = 60 ns,�0� � = 200k � andT = +27� C.

Applying � �)� : Thetop paneloutlinesthecell voltage���
while performinga � �)� operationwith

��� �
= 2.1V, 2.4

V and2.7 V. Thesimulationused
� � � �

=
��� �

(physical1),
�	� � = 200 k � andT = +27� C. By the endof the write
operation(at � = 60 ns),thevalueof

���
is 1.0V for

��� �
=

2.4V,
���

= 1.2V for
��� �

= 2.7V, while
���

= 0.9V for
��� �

= 2.1 V. This indicatesthat increasingthe supplyvoltage
reducesthe ability of � ��� to write a 0 into the cell. As
a result, increasing

� � �
is consideredasa morestressful

conditionfor the � ��� operation.
Applying � : The bottom paneloutlinesthe cell volt-

age
���

while performinga � operationwith
��� �

= 2.1 V,



opR    [k   ]Ω opR    [k   ]Ω opR    [k   ]Ω

OUTPUT 1

(c) Plane of r

OUTPUT 0

(a) Plane of w0

Vdd

1000

100

1.2

Vc [V]

GND1.8 0.6 1.2 1.8

1000

100

10

1

Vc [V]

Vmp

Vc [V]

Vmp

(b) Plane of w1

1

VddVdd GND 0.6

10

GND 0.6 1.2 1.8

1000

100

10

1

Vsa

(1) w0 (1) w1

(2) w1

(1) r

(2) r

(2) w0

(1) r

Vsa

Vsa

Figure 6. Resultplaneswith   ¡ ¡ = 2.1V, ¢ £ ¤ £ = 55nsandT = +87¥ C, for theoperations(a) ¦Y§ , (b) ¦Y¨ , and(c) © .
2.4 V and2.7 V. In thesimulation, ª$« ¬ « = 1.1 V, which is
slightly below ª$­ ® , ¯�° ± = 200 k ² andT = +27³ C. The
figureshowsthatafterabout́ = 13ns, ª�µ is dischargedfor
ª�¶ ¶ = 2.4V and2.7 V, which meansthat thesenseampli-
fier detectsa 0 with thesevoltages.On theotherhand, ª�µ
is chargedup for ª�¶ ¶ = 2.1V, which meansthat thesense
amplifierdetectsa1. Thisindicatesthatincreasingthesup-
ply voltageincreasesthe rangeof ª�µ valuesthat result in
detectinga 0. As a result,increasingª�¶ ¶ is consideredas
a lessstressfulconditionfor the · operation.

In conclusion,increasingª�¶ ¶ is morestressfulfor the¸ ¹�º
and lessstressfulfor the · . This providesno infor-

mationon theway ª�¶ ¶ stressesthetest.Therefore,theBR
shouldbeidentifiedbyperforminganumberof simulations
to constructthe » ¸ ¼ ¹)º curveandthe ª$­ ® curvewith ª�¶ ¶ =
2.7 V and2.1 V. This hasbeenperformedandthe results
indicatethattheBR is

¸ ½ º
k ² for ª�¶ ¶ = 2.1V, ¾ º º k ² for

ª�¶ ¶ = 2.4 V and ¾ ¾ º k ² for ª�¶ ¶ = 2.7 V. This meansthat
ª�¶ ¶ = 2.1V is themosteffectivevoltagesinceit givesthe
lowestBR.

4.4 SCevaluation

After identifyingmoststressfulvaluesof eachST, it is im-
portant to apply the resultingSC and constructthe fault
analysisplanesof

¹)º
,
¹	¸

and · againto seewhethernew
detectionconditionsareneededto detectthefaulty behav-
ior. Figure6 showstheseresultplanesusingtheSC: ª�¶ ¶ =
2.1V, ´ ¿ À ¿ = 55 ns,andT = +87³ C.

Thefigureshowsanumberof interestingchangesin the
behavior ascomparedto Figure2, aslistedbelow:

1. TheBR representedby the intersectionpoint of the
» ¸ ¼ ¹�º curve andthe ª$­ ® curve is reducedto about50 k ²

(seethedot in Figure6(a)).
2. With theusedSC,a new detectionconditionshould

be usedthat includesmore
¹	¸

operationsto charge the
cell to a high enoughvoltage. The detectionconditionisÁ » Â Â Â Ã ¹�¸ Ã ¹�¸ Ã ¹�¸ Ã ¹)º Ã · º Ã Â Â Â ¼ .

3. The appliedSC inducesa fail in the
º ¹�¸

operation
for the ¯	° ± range150 k ² to 200 k ² (seethe two dotsin
Figure6(b)). But this ¯�° ± valuedoesnot representa BR
since

¸ ¹)º
failsat a lower ¯�° ± .

4. The usedSC is very stressfulsince(evenwith ¯�° ±
= 0 ² ) a

¹)º
operationcannotdischarge ª�µ from ª�¶ ¶ to

GND, and
¹	¸

cannotcharge ª�µ up from GND to ª�¶ ¶ .

5 Analysis results

The optimizationmethodoutlined in Section4 hasbeen
appliedto optimizeteststo detectthe faulty behavior of a
numberof DRAM cell defects.This sectionpresentsthe
simulationmethodologyfirst, thentheanalysisresultsare
discussed.

5.1 Simulation methodology

Theusedelectricalsimulationmodelis asimplifieddesign-
validationmodelof a real DRAM. The simplified model
includesonefoldedcell arraycolumn(2 Ä 2 memorycells,
2 referencecells, precharge devices and a senseampli-
fier), one write driver and one data output buffer. The
usedsimulationtool is the electricalSpice-basedsimula-
tor Titan, which is a proprietarysimulatordevelopedby
Siemens/Infineon.

Figure7 showsthe7 analyzeddefects:3 opens,2 shorts
and2 bridges. Opensareaddedresistive componentson



signallineswithin memorycells. Shortsareresistive con-
nectionsto Å�Æ Æ or GND. Bridgesareresistive connections
betweennodeswithin thememorycell.

Sg
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Figure 7. Simulatedcell defects:(a)opens,(b) shortsand(c) bridges.

5.2 Simulation results

Table1 summarizesthe simulationresults. The first col-
umn lists the analyzeddefectsasshown in Figure7. De-
fectsdescribedby “true” aresimulatedon thetruebit line,
while defectsdescribedby “comp.” aresimulatedon the
complementarybit line. The column “Nom. border Ç ”
gives the value of the border Ç at a nominal SC. The
columnswith theSTsgivethedirectionin whichtheseSTs
shouldbemodifiedin orderto stressthememorytest.The
tablealsolists the stressedvalueof the border Ç andthe
correspondingdetectioncondition.

Table 1. ST optimizationresultsfor defectsshown in Figure7.

Defect Nom.border È É Ê ÊYË Ì Í Ì T Str. border È Str. detectioncondition

O1–3(true) È�Î{Ï Ð Ð k Ñ ÒÓÒ�Ô È�Î{Õ Ð k Ñ×Ö Ø Ù Ù Ù Ú Û Ü Ú Û Ü Ú Û Ü Ú Û Ð Ú Ý Ð Ú Ù Ù Ù Þ
O1–3(comp.) È�Î{Ï Ð Ð k Ñ ÒÓÒ�Ô È�Î{Õ Ð k Ñ×Ö Ø Ù Ù Ù Ú Û Ð Ú Û Ð Ú Û Ð Ú Û Ü Ú Ý Ü Ú Ù Ù Ù Þ
Sg(true) È�ß�Ü M Ñ ÔÓÒ�Ô È�ß�Ü Ð GÑàÖ Ø Ù Ù Ù Ú Û Ü Ú Ý Ü Ú Ù Ù Ù Þ
Sg(comp.) È�ß�Ü M Ñ ÔÓÒ�Ô È�ß�Ü Ð GÑàÖ Ø Ù Ù Ù Ú Û Ð Ú Ý Ð Ú Ù Ù Ù Þ
Sv(true) È�ß5á Ð Ð k Ñ ÒÓÒ�Ô È�ß�Ü GÑâÖ Ø Ù Ù Ù Ú Û Ð Ú Ý Ð Ú Ù Ù Ù Þ
Sv(comp.) È�ß5á Ð Ð k Ñ ÒÓÒ�Ô È�ß�Ü GÑâÖ Ø Ù Ù Ù Ú Û Ü Ú Ý Ü Ú Ù Ù Ù Þ
B1 (true) È�ß{Ï Ð Ð k Ñ ÒÓÒ�Ô È�ß�Ü Ð Ð k Ñ�Ö Ø Ù Ù Ù Ú Û Ð Ú Ý Ð Ú Ù Ù Ù Þ
B1 (comp.) È�ß{Ï Ð Ð k Ñ ÒÓÒ�Ô È�ß�Ü Ð Ð k Ñ�Ö Ø Ù Ù Ù Ú Û Ü Ú Ý Ü Ú Ù Ù Ù Þ
B2 (true) È�ß{Ï Ð Ð k Ñ ÔÓÒ�Ô È�ß�Ü Ð Ð k Ñ�Ö Ø Ù Ù Ù Ú Û Ð Ú Ý Ð Ú Ù Ù Ù Þ
B2 (comp.) È�ß{Ï Ð Ð k Ñ ÔÓÒ�Ô È�ß�Ü Ð Ð k Ñ�Ö Ø Ù Ù Ù Ú Û Ü Ú Ý Ü Ú Ù Ù Ù Þ

Notethat theborder Ç valueaswell asthedirectionof
ST optimizationare the samefor true andcomp.defects
in the table. In addition, the detectionconditionsfor the
comp.entrieshavethesamestructureastheir truecounter-
parts,but with 1sand0s interchanged.This is dueto the
factthatthephysicalvoltagesstoredwithin thecell arethe
samefor thetrueandcomplementarydefects.

Thetableshows that theappliedSCsarevery effective
in increasingtherangeof thefailing Ç . In termsof testing,
this meansthat theappliedSCsincreasethecoverageof a
giventest.For example,theBR of cell opens(O1–3)have
beenreducedfrom 200k ã to 50 k ã .

For all analyzeddefects,reducingtheclock cycle time
hasproven to be more stressfulthan relaxing the clock.
Thiscanbeexplainedby notingthatreducingä å æ å reduces
the time the memoryhasto charge or discharge the cell,
which affectsthe write operationandnot the readopera-
tion. Sincethe more stressfulsituationoccurswhen we
limit the ability of a write to influence Å�ç , it follows di-
rectly thatreducingä å æ å is themorestressfulcondition.

For all analyzeddefects,increasingthetemperaturehas
provento bemorestressfulthanreducingthetemperature.
This canbeattributedto thefact thatall simulateddefects
aremodeledusingregularohmic resistances,the valueof
which doesnot changein the simulation. Modeling the
defectsto increasetheir Ç with decreasingT (which is the
casewith silicon baseddefects)may result in a different
stressvaluefor T.

6 Conclusions

This paper presenteda new approachto optimize the
stressesfor testsof cell defects,usingdefectinjectionand
electricalSpicesimulationof a memorymodel. The ap-
proachprovidesmoreinsight into theeffectivenessof dif-
ferentstressesthantraditionaloptimizationmethodssince
it internally studiesthe impactof eachstressfor the tar-
geteddefect.Thepaperalsopresentedtheresultsof astudy
performedto verify thenewly proposedapproach.There-
sultsshow that the stressesarevery effective in bringing
defective devices closer to failure, and in increasingthe
fault coverageof memorytests.
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