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The effectsof randomvariationsduring the manugcturingproceson devicescanbe simulatedasa variationof transistor
parameters.Device degradation,due to temperatureor voltage stress,causesa shift of device parametersfor example
thresholdvoltage Vi, which canalsobe modeledasa degradationof transistorparametersTherefore,in orderto design
circuits, which arerobust andreliable, analysisand optimizationof their sensitvity to variationsin model parameterss
important.Furthermoregonstrainton the operatingregionsandvoltagedifferencef transistorareusedin orderto keep
operatingpointsstableover a large temperaturegange. In this work, usingthreecircuits for automotve applicationsand
currentprocessgdevelopmentikits (PDK), we shav how designcenteringsoftware canbe usedto considerboth sensitvity
reductiontowardsmodelparametewariationandconstrainto controlsafeoperatingareag SQA).

1 Intr oduction

Designfor reliability standsfor designmethodswhich re-
ducethe degradingeffectson device level andon metalliza-
tion level, as well as for implementingdesigntechniques
to toleratea reasonableamountof degradation[1]. Many
differentreliability issuesareto be consideredn the sub-
90nm erafor both interconnectsand devices. Among the
interconnecteliability issuesarefor exampleelectromigra-
tion, stress-inducedoiding andpower grid voltagedrop (IR
- drop). Device reliability issuesinclude gateoxide break-
through, negative bias temperaturdanstability (NBTI) and
hot carrier stress(HC). Statisticalprocessvariationsof de-
vice parametersireoften consideredo be a device reliabil-
ity issue,althoughit is not a stress-inducedegradationof
the circuit duringits lifetime, but is causedoy variationsin
the manufcturingprocess. Design-forYield (DfY) hasto
considerstatisticalprocessvariation on a device level, too,
but doesnot considerdevice degradationafterthe manufc-
turing.

Statistical processvariation, HC and NBTI all have in
commonthatthey causea soft degradationof device param-
eterssuchas V. On a circuit level, this can causea soft
(parametric)fault, i. e. the circuit is still functionalbut vio-
latesits speci cation,for examplemaximumoffset or min-
imum gain. This may causemore severe violations of the
speci cationat higherlevelsin thedesignhierarchy

In the sub-90nmera, device sensitvity towardsHC and
NBTI mustbe consideredduring technologydevelopment.
Statisticalprocesscontrol (SPC)is usedextensiely during
manufcturingto keepvariationsundercontrol. Layoutde-
sign rules and DFM methodshelp to avoid local defects.
Neverthelessthe remainingvariationscan causea signi -
cantparametricyield lossfor anincreasingnumberof de-

signsif they arenot considerechndsafgguardedagainstby
circuit design.

For mary analogcircuits, the impactof device parameter
variationon the performancegures at circuit level is usu-
ally notobviousanddepend®n thechosercircuit topology,
sizing,operatingpointandtype of performance.

To actuallysimulatethedevice degradationcausedy HC
andNBT], reliability modelshave beendeveloped2]. Their
modelparametersnustbe extractedin additionto the usual
device modelgenerationCircuit simulationto calculatede-
vicedegradatiorcanthenbecarriedoutin asequencef sim-
ulation stepscontrolledby specialtools[3]. Althoughthey
have beena topic of researctor nearlytwo decadesthese
reliability modelsand correspondingimulationtechniques
are not yet widely available in current PDKs and design

o ws. The situationis differentfor statisticalprocessvari-
ation,with currentPDKsusuallycontainingstatisticalinfor-
mation usedby standardndustry simulatorsto run Monte
Carlo simulation. As such,it is a realistic and interesting
guestion,how to considersensitvity towardsdevice degra-
dationandavoiding device stresssituations without having
reliability modelsand correspondingimulationtechniques
athand.

In this paper we explain a designcenteringtechnique,
which reduceghe sensitvity of a circuit's performanceo-
wards changesof device parametersjn combinationwith
electricalconstraintson operatingconditions. Existing de-
greesof freedomfor sizing are usedto nd the sizing,
which is leastsensitve towardsvariation of device param-
eterswhile avoiding conditionsthat may lead to increased
device stress.We further discusshow existing methodsfor
designcenteringhave to beenhancedo includeresultsfrom
reliability simulationfor technologiesvheresuchmodelsex-
ist andcanbeusedby the designeffor reliability simulation.
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Figure 1: De nition of worst-casepoint.

2 DesignCentering

In orderto simulatestatisticalvariation and device degra-
dation,modelparametersf the transistormodelarevaried,
e.g., thresholdvoltageV;,, or mobility ng. Notethatelectri-
cal characteristicsuchasmax. lys or transconductancgn
aresimulationresultswhich dependnthe operatingcondi-
tions,but arenotparametersf atransistormodellike BSIM.
All suchvariablemodelparametersre collectedin the pa-
rametewectors. Anothersetof parameterss thevectord of
designparameterssuchasthewidth or lengthof thetransis-
tors. Theseparametersanbe setby the designeiin orderto
improve the performancendrobustnessf the circuit.

After production, model parametersare assumedo be
Gaussiardistributedwith a meanvectorsy anda covariance
matrix C.

Theyield Y is the percentag®f circuitswhich ful Il the
speci cations.A speci cationis alower boundon a perfor
mance,for exampleslen rate SR 3V=ns. If we denote
eachindividual speci cationwith fi(s;d) b;, thenthe set
of procesparametershatful lls aspeci cationsi is

Ai(d) = fgfi(s d) (1)

with asimilarde nition for upperbounds.Thesetof process
parameterectorsthatful lls all speci cationsis theaccep-
tanceregion

big;

\
A(d) = A(d):
i
The parametricyield Y; is the percentagef circuits that
fulll thespeci cationi:
Z
Yi(d) =

)

200l fep 55 9)’C s %) ds
3)
wherethe argumentof theintegral is the probability density
functionof themultinormaldistribution. Thetotalyield Y(d)
is thesameintegral over A insteadof A;.
Figure 1 shows the meanvalue, covarianceellipsis and
onespeci cationboundin procesgparametespace.Of all

processparametersetswhich violate a speci cation i, the
point that is closestto the meanvalueis called the worst-
casepointsyc. It marksthepositionin theprocesgparameter
spacewherethe probability densityof parametridaultshas
its maximum. Thedistancebetweenrs,. ands, is theworst-
casedistance

q

bwe =

$0)TC Hswe (4)

Due to device degradationduring operation,the mean
valueandthe covariancematrix of the circuits changewith
timet: s(t), C(t). Thereforethe percentagef circuitsthat
still ful Il their speci cationattimet is

(Swe o)

®)

Y(d;t) =
Z

. L1 1 T~ 1

i2pCj 2exp 35S S(t) C ~s s) ds
d)

A

If we considerthein uence of processvariationon the sen-
sitivity towardsstress-inducedegradatiorasa seconcbrder
effect, thenwe may assumeC(t) to be constant.The effect
of degradationduringoperatiorontheyield is thenformally
similarto aprocesdrift duringmanufcturing(see gure 2).
Theinitial valuesafterproductionatt = tp aresy(to).

For small changesn the position of the meanvalue,the
changeof worst-casalistanceovertimeis

o(t) So(to) © Swelto) Solto) =bi(to)
(6)
This changecanbe positive or negative, i. e. a performance
canbecomebetteror worseby device degradation.
In orderto resistprocesdrift and device degradation,it
is not sufcient to optimize only the yield gure Y(d;0),
becausehis value goesinto saturationat 100%. Standard
methodsfor the estimationof Y, which meanscounting
Monte Carlo samples.are not accurateenoughto estimate
the worst-casedistance. A robustanda non-rolustdesign
may shav the sameyield valueY(d; 0), but differentworst-
casedistanceswhich meansdifferent sensitvities towards

bie(t) = bi(to)

oV

Figure 2: Procesdlrift or device degradation.
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procesdlrift or device degradation. Optimizationfor yield
androbustnesstherefore hasto focuson theworst-caselis-
tancesasthe primary targetsfor optimizationof robustness
andyield [4].

As a result, this advantageof worst-casedistanceopti-
mizationin contrasto optimizationof Y become&venmore
importantfor the designof robust and reliable analogcir-
cuits. The combinationof worst-caselistanceoptimization
andSQAs is thebasisof ourapproachThe SQAs canbefor-
malizedasfunctionsof thedesignparametersyhichimpose
furtherconstrainton the optimizationproblem:

c(d) O: @)
During the worst-casedistanceoptimization, designpoints
areaccepteasvalid, only if they ful ll all suchconstraints.
The solutionhasto shav high worst-casalistancedor each
performancef, while satisfyingall constraintc 0.

3 Physical SOA Motivation

Device reliability is becomingmore and more important
within circuit design. For designersa more generalde -
nition of a safeoperatingarea(SQA) is of interesthere.This
areais de ned as the voltage and current conditionsover
which the device canbe expectedto operatewithout self-
damageBasedonthis SQA de nition weturnedourinterest
to thefollowing four issues:

a) Substrateurrent,
b) Operatingemperature,

¢) Channelheating,which is causeddy the Jouleenepgy of
thedevice,and

d) Designoptimization.

Particularlyautomotive applicationglemanchighchipde-
vice reliability underextremeoperatingconditions. We un-
derstandlesignfor automotveapplicationgo assurale ned
functionalityandchipperformanceinderawidetemperature
range.In this caseit meanghatchipsmustwork underhigh
temperatureonditions,i. e.atabout150 C.

Thusoneof our rst intentions,which regardto device
reliability, wasconcentratedn substrateurrent,which can
be usedasanintegral monitorof procesgjuality [5]. In this
context we worked on designmethodgo additionallyelimi-
nateminority carriersin orderto suppressincontrolledsub-
stratecurrentd6]. Lateron,we optimizedthedesignof these
structuredo realizean absolutepreventionagainstiatch up
of CMOS structuresunderautomotve conditions[7]. As a
result,the designmeasurealevelopedallows trigger currents
of parasiticfour-layerbipolarstructuresashighas400mAat
150 C. Suchparasiticbipolar structurescannotbe avoided
within a standardCMOStechnology

Furthermore,it is known that the intrinsic carrier den-
sity within silicon [8] doublesfor every eleventemperature
degrees. Another point of view is demonstratedby A. M.
Abo [9] By analyzingthe breakdevn and degradationphe-
nomenonn MOS devices,hewasableto shav thatrelative

terminal potential determinedevice lifetime. Taking into
accounthe heating-upcausedy high power density[10] at
electric eld maximumsiit is ultimately the high operating
temperaturewhich posesadesignchallenge.

Additionalevidenceof themajorin uence of hightemper
atureon chip reliability canbetakenfrom the Arrheniusre-
lationship. The Arrheniusrelationshipwhich is commonin
mary physicalandchemicalprocessedhasalsobeenfound
to t failure ratesin ICs [11]. Figure 3 shaws the failure
rate over temperaturdor two activation enegies. Basedon
élantecsanalysisthefailure rate,for instancefor anactiva-
tion enegy of 1.0eV is 100,000times larger at a junction
temperaturef 150 C thanit isat 30 C.

M
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Figure 3: Failureratevs. junctiontemperaturgl1].

Usually, designfor reliability (DFR) of a chip identi es
designfeatureswhich are potentially vulnerableto various
physical effects, which canin turn degradecircuit perfor
mance.Thisis similarto designfor yield andmanugcturing
(DFY/DFM). For now our attentionis not directedat esti-
matingthedegreeof reliability by simulation.Currentmeth-
odsandtools arefocusedon reducingthe sensitvity of the
performancgarametero designprocesandoperatingpa-
rameterg12]. Suchanapproaclcorrespondguitewell with
thethreedesignstepsproposedy G. Taguchi[12]:

1. Systemdesign
2. Parametedesign
3. Tolerancalesign

In additionto the de nition of functionalconstraintswe
will now introducereliability constraintsThis procedurde-
comesohviousfor thesaturationvoltage.Herethefunctional
constraintde nes the lower limit of the saturationvoltage
andthe equivalentreliability constrainton the contraryde-

nes the upperlimit of the relatedsaturationvoltage. An

exampleof this methodologyis shovn in section4, regard-
ing the so calledself regulating cascode¢SBC), wherewe
limit the maximumdrainsourcevoltageof the maintransis-
tor, whichin turn drivesthe maximumcurrent.

Moreover, togetherwith the developmentof an 0:18mm
Automotive CMOS technology we are also working on a
methodto predictour productreliability. Thefuturegoalis
to predictthelong term performancef our designs.
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Figure4: Equivalentcircuit of self-biasingcascode$¢SBCs).

4 SafeOperating AreaConstraints

Constraintson circuit designto reducedevice stressare
basedon currentdensity The documentatiorof our current
PDKsgive theanalogdesignetinformationabout

1. Maximumvoltagedifference
2. Maximumpathcurrent
3. Safeoperatingarea

for every device [13].

Device voltagedifferencesanddevice absolutenodevolt-
agescanbechecledandspeci cationviolationcanbetraced
intoalog le. Thiscanberealizedatmodellevel. Onepos-
siblewayto achieve thisis usingverilogA-capsuledanodels.

A minimizationof the voltagedifferenceis suggestedor
high currentpaths.Specialkircuit topologyandoptimization
canhelpto realizethis. Figure4 shavs a practicalexample.

Dueto theapplicationof the SBC structureinsideanam-
pli er (seesection5.1), high currentloadis possibleinside
thebranchvp to vs. Stresof themostcritical device M1 can
belimited by de ning thedrain-sourcevoltagevys of thede-
vice upsideandcloseto the saturationvoltagevysg . For this

geometrical electrical
g Vgs'V th = \ invmin
8 L,=L
° L2 Vds'(v gs'V th) >V satmin
=
=
&= IV ds,1 -V ds,2 | <V dsdiffmax
§ L>L min
% W > Wmin
2 LW > A in
o
S
2
=
@ Vds'(v gs -V th )<V satmax
©
S

Figure5: Overview of constraintdor the SBCcircuit.
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Figure6: SQOA diagram.

purposeanactive controlstagewasintegratedto improvethe
cascodepropertiesandto limit the drain-sourcevoltage of
M1 certainmili voltagesabove the saturationvoltagevgysz .
A constraintlassi cationfor this exampleusedwithin the
optimizationregardingreliability is presentedn gure 5.

SQA diagramgyive additionalparameterg generabbout
specialdevices(see gure 6). Suchrulesareusedduringcir-
cuit designusingpower andhigh voltagedevices. Themath-
ematicalformulation of the rules canbe preparedcby PDK
or designer WiCkeD [14] supportsstructureconstraints
andperformanceonstraintavhichareconsiderediuringthe
analysisandoptimization.In generalthePDK hasto contain
templatesfor structuralconstraintswhich allow automatic
constraintgeneration. The designercan add other perfor
manceconstraintsnanually The examplein gure 7 shows
constraintdor aspecialhigh voltagedevice.

geometrical electrical
g Vgs'vth >V invmin
g Vds'(v gs'V th) >V satmin
=
()]
8 L>L min
% W > Wmin
2 LW > A in
2
>
2
E Vds <V dsmax
8 V.. <V
— gs gs2
g

Figure7: Constraintdor specialdevices(see gure 6).
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5 Examplesand Results

The next threeexampleswererealizedusingZMD's 0:6mm
automotve CMOStechnology{15]. The currentfeaturesof
the PDK were usedto considerreliability issuesduring the
designand optimization phases. Sensitvity reductionand
SQA rules,asdescribedabove, were usedto designrobust
andreliablecircuits.

5.1 Complex Operational Ampli er

The rst example for automotve applicationsis an op-
erational transconductancampli er (OTA) for a 14 bit
cyclic redundansigneddigit (RSD)analog-digitakcorverter
(ADC). Figure 8 shaws the simpli ed schematioof the re-
alizedOTA [16]. As a specialmeasureye replacedsimple
cascode®f acommonQOTA structurewith self-biasingcas-
codes(SBC) to realizethe demandechigh dc gain, which
wasbasedn earlierdesignanalyse$17,18].

Thetradeoff betweerdc gainhigherthan110dBandset-
tling time fasterthan100nscouldbe solvedfor driving a ca-
pacitive load of 3pF— 9pF over the automotve temperature
rangefrom 40 Cupto 150 C. In the literature,you will
only nd solutionsfor smallertemperatureangese.g.[19].

Designcenteringandfurther analysesith WiCkeD tool
featuressuchasmismatchandsensitvity analysid14] were
used. Theresultsare shavn in table1 anda chip photoin
gure 9.

Besidesthe built-in constraintsof the WiCkeD tool, we
found essentiatonstraints¢o guaranteahe functionandto
reducehestresof thedevices(cf. gure 5). Saturatiorcon-
straintswere de ned to ensureSBC's functionality of high
output resistance. Constraintsto control device stressare
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R
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Figure 8: Simpli ed schematiof thefully differentialfoldedcas-
codeQTA.
CMFB: commommodefeedback,nSBC:n-channekelf-
biasingcascodepSBC:p-channekelf-biasingcascode

Performance Value Comment
DC Gain >110dB

GBW >50MHz

Settlingtime <100ns error< 0.01%
Area 300x300m? | 0.6mCMOS
Supplycurrent 2.5mA @5V

Yield prediction 98%

Table 1: Performancesf the OTA with key parametersOperating
range:temp:-40 Cupto 150 C, capacitieload: 3pFup
to 9pF, power supply:5 0.5V.

voltagedifferencesnside the SBCswhich are called SOA
constraintsn this paper

5.2 Curr ent Reference

Currentsupplyconceptdor analogblocksarebasedon cur
rentreferencesn general. The main schematiof a current
referenceis shavn in gure 10. It is alsoknown asa ;-
referencedias circuit and commonlyusedin CMOS tech-
nologieswherethebipolartransistorsareparasiticdevices.
Thefunctionanddesignof suchbasicblocksaredescribed
in detailin [20,21]. ThefeedbacKoop forcesthe samebias
currentof bothbipolartransistor€Q; andQ,. Thesetransis-
tors differ by the factorn = mg;=mg,. Hencea difference

12 transistors

3 capacitors

0 resistors

15 design parameters
1 SOA constraints

12 transistors

0 capacitors

2 resistors

20 design parameters
0 SOA constraints

6 transistors

2 capacitors

1 resistors

13 design parameters
0 SOA constraints

12 transistors

3 capacitors

1 resistors

15 design parameters
1 SOA constraints

Figure 9: Chip photoof therealizedOTA.
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Figure 10: Coreof thecurrentreference.

in thetwo base-emittevoltagescanbe seeracrosgheresis-

tors. Thetemperaturelependengof the currentlg depends
on the bipolar transistorsas well asthe resistor To geta

smallertemperaturecoefcient the resistoris realizedasa

combinationof two singleresistorausingpositive andnega-

tive temperatureoefcients:

VrIn(n)
R(T)

Io(T) = with R= Ri1+ R (8)
Thevariationof the referencecurrentof theinitial design
(cf. table2) fails the speci cationi;es = 10  20%. At this
pointit wasnot clearif anoptimizationof the circuit would
passthe speci cation, or whetheradditional topology ac-
tions, suchastrimming, would be necessaryWe followed
asystematico w to improve thecircuit asdescribedn [22].
For a x edsetof the factorn, a designcenteringof the re-
sistorandthe feedbackoop partswascarriedout. The de-
signcenteringstepof WiCkeD's optimization o w [14] was
the importantstep(seetable 2) towardsimproving the cir-
cuit's performance Theresultingtemperatureoefcient of
the resistorpair was adjustedand the mismatchsensitvity
of the NMOS transistordMy; 4 thresholdvoltagescould be

Performance Design

initial centered
Yield 90% 100%
WorstCaseDistance 1.2s 3.7s
CPK 0.5 1.4
Area 180x140m7 | 180x180m¥

Table 2: Performance®f the currentreferencaref = 10m 20%.
Operatingrange:temp: -40 C upto 165 C, power sup-
ply: 5 0.5V.

reduced.The secondmprovementitem requiredadditional
area(seetable?), but it consumedesseffort asa trimming
solution. This actionwould compriseadditionalpartssuch
asatrimming network andan EEPROM. For the optimized
circuit thisactionis only advisablef amoreambitiousspec-
i cation is used.

5.3 Hierar chical Analog Block

LIN transcever ICs area standardproductwithin the ZMD

portfolio [23]. LIN (Local InterconneciNetwork) is a low

cost serial communicationsystemintendedto be usedfor

distributedelectronicsystemsn vehicles[24]. Thecommu-
nicationis basedon the SCI (UART) dataformat, a single-
master/multiple-shee concept,a single wire 12V bus and
a clock synchronizatiorfor nodeswithout a stabilizedtime
base.

Figurel1 shavs thesimpli ed LIN interfaceblock of the
busline driverandrecever (transcever),whichis con gured
asan|P cell. Inversepower protectionanda padstageare
alsopartof theblock. Besideghevoltageandcurrentsupply
(notshown in gure 11), a high voltagesupplyVpoag @anda
currentreference,es haveto beappliedfor application.

The interfacecorvertsthe digital transmissiorsignaltxd
to the analog12V LIN bus signal. Therebythe slew rate
controlstageformstherising andfalling edgeandthe output
stagedrivesit to the LIN bus. The performanceparame-
ter, e.g., slew rateSR= 0:5V=n5.::3V=n5 andsymmetryof
transmitterpropagatiordelaySYM= 2nsatthe LIN bus,
arespeci edwith closetoleranceslin the oppositedirection,
ananalogsignalatthe12V LIN busis corvertedin theinput
stagdnto thedigital receve signalrxd. Boththetransmitting
andreceving proceduresisethe samepadstage.

board

vb

S iref
inverse
polarity
IREF protection
s Ll >
slew rate output
control driver E R
load
L JEIN
LIN i
:: pad Cload
rxd 4@
input
stage
LIN transceiver

Figure 11: Block view of theLIN transceier IP cell. Low voltage
and currentsupply not shawvn. SQA rules have to be
checledinsidethegrey markedblocks.
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Design | Main Step | Description Tool
OTA A Feasibilityof maintopology FO,NO
B Optimizationof the SBCsub-blocks FO,NO,MC
C Optimizationof maincircuit FO,NO,WCO
D Yield analysisandoptimization MC, WCD, MM, YO
E Final centeringroundingandveri cation YO, MC, WCA
IREF A Optimizationof maincircuit NO, YO
B Searchmismatchpairsto reducedeviation | MM
C Final centeringroundingandveri cation YO, MC
LIN A Searcltsensitve blocksanddevices PS,ST
B Optimizationof the slew ratecontrolblock | NO, YO
C Final centeringroundingandveri cation YO, MC

Table 3: Main designstepsof eachexample.

Key: FO FeasibilityOptimization,NO DeterministicNominal Optimization, WCO WorstCaseOperationAnalysis,MC Monte
Carlo Analysis,PSCParameteiScreening ST Sensitvity Analysis,WCA Worst CaseAnalysis, WCD Worst CaseDiagnosis,

MM MismatchAnalysis,YO Yield Optimization.

The veri cation of the initial designusing our in-house
veri cation ervironmentcalled zmdAnalyser[25] shoved
problemsin the parametesslen rate symmetrySYMat one
automotve operatingcondition. First a sensitvity analysis
and parameteiscreeningwere usedto isolatethe problem-
atic part (seetable 3) of the hierarchicaldesign,which con-
tainsapproximately300devices.Theslew ratecontrolblock
andits currentbankstage(not shovn in gure 11) couldbe
initially extractedas critical parts. However, a single veri-

cation of the slew rate control andthe currentbankblock

shavedthatthe blockscannotbe treatedseparatelyandthe
blocksof the completetransmitsignal pathalsohave to be
consideredjncluding the high voltage part. Furthermain
stepsof the circuit improvementare givenin table 3. The
designcenteringstepwas usedto reducethe sensitvity of
the designto the global processdeviation and was carried
out usingWiCkeD [14].

In this case the high voltagestageof the LIN transcever
wasnot part of the optimizationprocess.To ensurethe re-
liability of the high voltagedevices,the PDK providescon-
ventional SQA rules. SQA diagramswere usedto design
the high voltage stage. Node voltage limits were derived
from the SOCdiagramandusedwithin the veri cation step.
Finally SQA constraintavere appliedfor checking(seeta-

ble 7). The SQAs wererealizedas calculatorexpressions.

Sothe expressionganbe usedfor both tools WiCkeD and
thezmdAnalyser

The nal resultsof the optimizationaregivenin table4.
Thecolumn“designcentered\” containgheresultsafterthe
slew rateblock optimization.Theright column,labeled‘de-
signcentered”, presentgheresultswhenonly the current

above. This exampleshaws that centereblockscanbe ad-
vantageouslgombinedn an|P cell conceptdesign.

Performance Design

initial | centeredA | centeredB
Yield 71% 95% 95%
WorstCaseistance 0.56s 1.64s 1.66s
Additional Area — | 80x8am? | 180x4Qm?

Table 4: Performance®f the LIN transmitterwith the parameter
symmetry= 2ns. Operatingrange:temp: 40 Cupto
140 C,low voltagesupply:5 0.5V, highvoltagesupply:
6.5\\+-18V.

6 Summary and Outlook

In this papemwe have shavn, how reliability issuef current
PDKs can be taken into accountby using WiCkeD, using
threepracticaldesignexamplesfor automotve applications.
At this point, designcenteringis usedto decreas¢he sensi-
tivity of parametechangesndto checkSQA constraints.

Eventhoughthedesigneffort directedat higherreliability
includesasetof measuresuchashandlingsubstrateurrents
the designcenterings the key to improving theyield.

The useof SQA methodologyis a way of ensuringrelia-
bility. Thecombinationof bothyield improvementandcon-
siderationof SQA constraintss onekey to designingrobust
andreliablecircuits.

In this context, besidesthe substratecurrentand future

referenceblockis replacedoy theoptimizedblock discussed predictionof long term reliability via simulation,our main
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attentionis focusedonthein uence of hightemperaturesn
parametechange.
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