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Abstract

Theeffectsof randomvariationsduringthemanufacturingprocesson devicescanbesimulatedasa variationof transistor
parameters.Device degradation,due to temperatureor voltagestress,causesa shift of device parameters,for example
thresholdvoltageVth, which canalsobemodeledasa degradationof transistorparameters.Therefore,in orderto design
circuits, which arerobust andreliable,analysisandoptimizationof their sensitivity to variationsin modelparametersis
important.Furthermore,constraintson theoperatingregionsandvoltagedifferencesof transistorsareusedin orderto keep
operatingpointsstableover a large temperaturerange. In this work, usingthreecircuits for automotive applicationsand
currentprocessdevelopmentkits (PDK), we show how designcenteringsoftwarecanbeusedto considerbothsensitivity
reductiontowardsmodelparametervariationandconstraintsto controlsafeoperatingareas(SOA).

1 Intr oduction

Designfor reliability standsfor designmethods,which re-
ducethedegradingeffectson device level andon metalliza-
tion level, as well as for implementingdesigntechniques
to toleratea reasonableamountof degradation[1]. Many
different reliability issuesare to be consideredin the sub-
90nm era for both interconnectsand devices. Among the
interconnectreliability issuesarefor exampleelectromigra-
tion, stress-inducedvoidingandpowergrid voltagedrop(IR
- drop). Device reliability issuesincludegateoxide break-
through, negative bias temperatureinstability (NBTI) and
hot carrierstress(HC). Statisticalprocessvariationsof de-
vice parametersareoftenconsideredto bea device reliabil-
ity issue,althoughit is not a stress-induceddegradationof
thecircuit during its lifetime, but is causedby variationsin
the manufacturingprocess.Design-for-Yield (DfY) hasto
considerstatisticalprocessvariationon a device level, too,
but doesnot considerdevice degradationafter themanufac-
turing.

Statisticalprocessvariation, HC and NBTI all have in
commonthatthey causea softdegradationof deviceparam-
eterssuchasVth. On a circuit level, this can causea soft
(parametric)fault, i.e. the circuit is still functionalbut vio-
latesits speci�cation,for examplemaximumoffsetor min-
imum gain. This may causemoresevereviolationsof the
speci�cationat higherlevelsin thedesignhierarchy.

In the sub-90nmera, device sensitivity towardsHC and
NBTI mustbe consideredduring technologydevelopment.
Statisticalprocesscontrol (SPC)is usedextensively during
manufacturingto keepvariationsundercontrol. Layoutde-
sign rules and DFM methodshelp to avoid local defects.
Nevertheless,the remainingvariationscan causea signi�-
cantparametricyield loss for an increasingnumberof de-

signsif they arenot consideredandsafeguardedagainstby
circuit design.

For many analogcircuits, the impactof device parameter
variationon the performance�gures at circuit level is usu-
ally notobviousanddependson thechosencircuit topology,
sizing,operatingpointandtypeof performance.

To actuallysimulatethedevicedegradationcausedby HC
andNBTI, reliability modelshavebeendeveloped[2]. Their
modelparametersmustbeextractedin additionto theusual
devicemodelgeneration.Circuit simulationto calculatede-
vicedegradationcanthenbecarriedoutin asequenceof sim-
ulationstepscontrolledby specialtools [3]. Although they
have beena topic of researchfor nearlytwo decades,these
reliability modelsandcorrespondingsimulationtechniques
are not yet widely available in current PDKs and design
�o ws. The situationis differentfor statisticalprocessvari-
ation,with currentPDKsusuallycontainingstatisticalinfor-
mation usedby standardindustry simulatorsto run Monte
Carlo simulation. As such, it is a realistic and interesting
question,how to considersensitivity towardsdevice degra-
dationandavoiding device stresssituations,without having
reliability modelsandcorrespondingsimulationtechniques
at hand.

In this paper, we explain a designcenteringtechnique,
which reducesthe sensitivity of a circuit's performanceto-
wardschangesof device parameters,in combinationwith
electricalconstraintson operatingconditions. Existing de-
greesof freedom for sizing are used to �nd the sizing,
which is leastsensitive towardsvariationof device param-
eterswhile avoiding conditionsthat may lead to increased
device stress.We further discusshow existing methodsfor
designcenteringhaveto beenhancedto includeresultsfrom
reliability simulationfor technologieswheresuchmodelsex-
ist andcanbeusedby thedesignerfor reliability simulation.
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Figure1: De�nition of worst-casepoint.

2 DesignCentering

In order to simulatestatisticalvariation and device degra-
dation,modelparametersof thetransistormodelarevaried,
e.g., thresholdvoltageVth or mobility m0. Note thatelectri-
cal characteristicssuchasmax. Ids or transconductancegm
aresimulationresults,whichdependon theoperatingcondi-
tions,but arenotparametersof atransistormodellikeBSIM.
All suchvariablemodelparametersarecollectedin the pa-
rametervectors. Anothersetof parametersis thevectord of
designparameters,suchasthewidth or lengthof thetransis-
tors.Theseparameterscanbesetby thedesignerin orderto
improvetheperformanceandrobustnessof thecircuit.

After production,model parametersare assumedto be
Gaussiandistributedwith a meanvectors0 anda covariance
matrixC.

Theyield Y is thepercentageof circuitswhich ful�ll the
speci�cations.A speci�cationis a lower boundon a perfor-
mance,for exampleslew rate SR � 3V=ms. If we denote
eachindividual speci�cationwith fi (s;d) � bi , thenthe set
of processparametersthatful�lls a speci�cationsi is

Ai(d) = f sj fi (s;d) � big ; (1)

with asimilarde�nition for upperbounds.Thesetof process
parametervectorsthat ful�lls all speci�cationsis theaccep-
tanceregion

A(d) =
\

i

Ai(d) : (2)

The parametricyield Yi is the percentageof circuits that
ful�ll thespeci�cationi:

Yi(d) =
Z

Ai (d)
j2pCj �

1
2 exp

�
�

1
2

(s� s0)TC� 1(s� s0)
�

ds

(3)
wheretheargumentof theintegral is theprobabilitydensity
functionof themultinormaldistribution. ThetotalyieldY(d)
is thesameintegral overA insteadof Ai .

Figure 1 shows the meanvalue, covarianceellipsis and
onespeci�cationboundin processparameterspace.Of all

processparametersetswhich violate a speci�cation i, the
point that is closestto the meanvalue is called the worst-
casepointswc. It marksthepositionin theprocessparameter
spacewheretheprobabilitydensityof parametricfaultshas
its maximum.Thedistancebetweenswc ands0 is theworst-
casedistance

bwc =
q

(swc � s0)TC� 1(swc � s0) (4)

Due to device degradationduring operation, the mean
valueandthecovariancematrix of thecircuits changewith
timet: s0(t), C(t). Therefore,thepercentageof circuitsthat
still ful�ll theirspeci�cationat timet is

Y(d;t) = (5)
Z

A(d)
j2pCj �

1
2 exp

�
�

1
2

�
s� s0(t)

� TC� 1�
s� s0(t)

�
�

ds

If we considerthein�uence of processvariationon thesen-
sitivity towardsstress-induceddegradationasasecondorder
effect, thenwe mayassumeC(t) to beconstant.Theeffect
of degradationduringoperationon theyield is thenformally
similarto aprocessdrift duringmanufacturing(see�gure 2).
Theinitial valuesafterproductionat t = t0 ares0(t0).

For small changesin the positionof the meanvalue,the
changeof worst-casedistanceover time is

b (i)
wc(t) = b (i)

wc(t0) �
�
s0(t) � s0(t0)

� T�
swc(t0) � s0(t0)

�
=b (i)

wc(t0)
(6)

This changecanbe positive or negative, i.e. a performance
canbecomebetteror worseby devicedegradation.

In orderto resistprocessdrift anddevice degradation,it
is not suf�cient to optimize only the yield �gure Y(d;0),
becausethis valuegoesinto saturationat 100%. Standard
methodsfor the estimationof Y, which meanscounting
Monte Carlo samples,are not accurateenoughto estimate
the worst-casedistance.A robust anda non-robust design
mayshow thesameyield valueY(d;0), but differentworst-
casedistances,which meansdifferentsensitivities towards

s1

s2

Figure 2: Processdrift or device degradation.
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processdrift or device degradation.Optimizationfor yield
androbustness,therefore,hasto focusontheworst-casedis-
tancesastheprimary targetsfor optimizationof robustness
andyield [4].

As a result, this advantageof worst-casedistanceopti-
mizationin contrastto optimizationof Y becomesevenmore
importantfor the designof robust and reliable analogcir-
cuits. Thecombinationof worst-casedistanceoptimization
andSOAs is thebasisof ourapproach.TheSOAs canbefor-
malizedasfunctionsof thedesignparameters,whichimpose
furtherconstraintson theoptimizationproblem:

c(d) � 0 : (7)

During the worst-casedistanceoptimization,designpoints
areacceptedasvalid, only if they ful�ll all suchconstraints.
Thesolutionhasto show high worst-casedistancesfor each
performancefi , while satisfyingall constraintsc � 0.

3 Physical SOA Moti vation

Device reliability is becomingmore and more important
within circuit design. For designers,a more generalde�-
nition of asafeoperatingarea(SOA) is of interesthere.This
areais de�ned as the voltageand currentconditionsover
which the device can be expectedto operatewithout self-
damage.BasedonthisSOA de�nition weturnedour interest
to thefollowing four issues:

a) Substratecurrent,

b) Operatingtemperature,

c) Channelheating,which is causedby theJouleenergy of
thedevice,and

d) Designoptimization.

Particularlyautomotiveapplicationsdemandhighchipde-
vice reliability underextremeoperatingconditions.We un-
derstanddesignfor automotiveapplicationsto assurede�ned
functionalityandchipperformanceunderawidetemperature
range.In this caseit meansthatchipsmustwork underhigh
temperatureconditions,i.e.at about150� C.

Thus one of our �rst intentions,which regard to device
reliability, wasconcentratedon substratecurrent,which can
beusedasanintegralmonitorof processquality [5]. In this
context we workedon designmethodsto additionallyelimi-
nateminority carriersin orderto suppressuncontrolledsub-
stratecurrents[6]. Lateron,weoptimizedthedesignof these
structuresto realizean absolutepreventionagainstlatchup
of CMOS structuresunderautomotive conditions[7]. As a
result,thedesignmeasuredevelopedallows triggercurrents
of parasiticfour-layerbipolarstructuresashighas400mAat
150� C. Suchparasiticbipolar structurescannotbe avoided
within astandardCMOStechnology.

Furthermore,it is known that the intrinsic carrier den-
sity within silicon [8] doublesfor every eleven temperature
degrees. Anotherpoint of view is demonstratedby A. M.
Abo [9] By analyzingthe breakdown anddegradationphe-
nomenonin MOS devices,hewasableto show thatrelative

terminal potentialdeterminesdevice lifetime. Taking into
accounttheheating-upcausedby highpowerdensity[10] at
electric�eld maximums,it is ultimately the high operating
temperature,whichposesadesignchallenge.

Additionalevidenceof themajorin�uenceof hightemper-
atureon chip reliability canbetakenfrom theArrheniusre-
lationship.TheArrheniusrelationship,which is commonin
many physicalandchemicalprocesses,hasalsobeenfound
to �t failure ratesin ICs [11]. Figure 3 shows the failure
rateover temperaturefor two activationenergies. Basedon
élantecsanalysis,the failurerate,for instancefor anactiva-
tion energy of 1.0eV, is 100,000times larger at a junction
temperatureof 150� C thanit is at 30� C.
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Figure3: Failureratevs. junctiontemperature[11].

Usually, designfor reliability (DFR) of a chip identi�es
designfeatureswhich arepotentiallyvulnerableto various
physicaleffects, which can in turn degradecircuit perfor-
mance.This is similar to designfor yield andmanufacturing
(DFY/DFM). For now our attentionis not directedat esti-
matingthedegreeof reliability by simulation.Currentmeth-
odsandtoolsarefocusedon reducingthesensitivity of the
performanceparametersto design,processandoperatingpa-
rameters[12]. Suchanapproachcorrespondsquitewell with
thethreedesignstepsproposedby G. Taguchi[12]:

1. Systemdesign

2. Parameterdesign

3. Tolerancedesign

In additionto thede�nition of functionalconstraints,we
will now introducereliability constraints.Thisprocedurebe-
comesobviousfor 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 shown in section4, regard-
ing the so calledself regulatingcascodes(SBC),wherewe
limit themaximumdrainsourcevoltageof themaintransis-
tor, which in turn drivesthemaximumcurrent.

Moreover, togetherwith the developmentof an 0:18mm
Automotive CMOS technology, we are also working on a
methodto predictour productreliability. Thefuturegoal is
to predictthelong termperformanceof our designs.
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Figure4: Equivalentcircuit of self-biasingcascodes(SBCs).

4 SafeOperating Ar eaConstraints

Constraintson circuit design to reducedevice stressare
basedon currentdensity. Thedocumentationof our current
PDKsgive theanalogdesignerinformationabout

1. Maximumvoltagedifference

2. Maximumpathcurrent

3. Safeoperatingarea

for everydevice [13].
Devicevoltagedifferencesanddeviceabsolutenodevolt-

agescanbecheckedandspeci�cationviolationcanbetraced
into a log �le. This canberealizedat modellevel. Onepos-
sibleway to achievethis is usingverilogA-capsuledmodels.

A minimizationof thevoltagedifferenceis suggestedfor
highcurrentpaths.Specialcircuit topologyandoptimization
canhelpto realizethis. Figure4 showsa practicalexample.

Dueto theapplicationof theSBCstructureinsideanam-
pli�er (seesection5.1), high currentload is possibleinside
thebranchvD to vS. Stressof themostcritical deviceM1 can
belimited by de�ning thedrain-sourcevoltagevds of thede-
viceupsideandcloseto thesaturationvoltagevdsat . For this
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Figure5: Overview of constraintsfor theSBCcircuit.
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Figure6: SOA diagram.

purposeanactivecontrolstagewasintegratedto improvethe
cascodepropertiesand to limit the drain-sourcevoltageof
M1 certainmili voltagesabove the saturationvoltagevdsat .
A constraintsclassi�cationfor this exampleusedwithin the
optimizationregardingreliability is presentedin �gure 5.

SOA diagramsgiveadditionalparametersin generalabout
specialdevices(see�gure 6). Suchrulesareusedduringcir-
cuit designusingpowerandhighvoltagedevices.Themath-
ematicalformulationof the rulescanbe preparedby PDK
or designer. WiCkeD [14] supportsstructureconstraints
andperformanceconstraintswhichareconsideredduringthe
analysisandoptimization.In general,thePDKhasto contain
templatesfor structuralconstraintswhich allow automatic
constraintgeneration. The designercan add other perfor-
manceconstraintsmanually. Theexamplein �gure 7 shows
constraintsfor aspecialhighvoltagedevice.
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Figure7: Constraintsfor specialdevices(see�gure 6).
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5 Examplesand Results

Thenext threeexampleswererealizedusingZMD' s 0:6mm
automotiveCMOStechnology[15]. Thecurrentfeaturesof
thePDK wereusedto considerreliability issuesduring the
designand optimizationphases.Sensitivity reductionand
SOA rules,asdescribedabove, wereusedto designrobust
andreliablecircuits.

5.1 ComplexOperational Ampli�er

The �rst example for automotive applicationsis an op-
erational transconductanceampli�er (OTA) for a 14 bit
cyclic redundantsigneddigit (RSD)analog-digitalconverter
(ADC). Figure8 shows the simpli�ed schematicof the re-
alizedOTA [16]. As a specialmeasure,we replacedsimple
cascodesof a commonOTA structurewith self-biasingcas-
codes(SBC) to realizethe demandedhigh dc gain, which
wasbasedonearlierdesignanalyses[17,18].

Thetradeoff betweendc gainhigherthan110dBandset-
tling time fasterthan100nscouldbesolvedfor driving aca-
pacitive loadof 3pF– 9pFover theautomotive temperature
rangefrom � 40� C up to 150� C. In the literature,you will
only �nd solutionsfor smallertemperatureranges,e.g.[19].

Designcenteringandfurther analyseswith WiCkeD tool
features,suchasmismatchandsensitivity analysis[14] were
used. The resultsareshown in table1 anda chip photoin
�gure 9.

Besidesthe built-in constraintsof the WiCkeD tool, we
found essentialconstraintsto guaranteethe function andto
reducethestressof thedevices(cf. �gure 5). Saturationcon-
straintswerede�ned to ensureSBC's functionality of high
output resistance.Constraintsto control device stressare
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Figure8: Simpli�ed schematicof thefully differentialfoldedcas-
codeOTA.
CMFB: commonmodefeedback,nSBC:n-channelself-
biasingcascode,pSBC:p-channelself-biasingcascode

Performance Value Comment

DC Gain >110dB

GBW >50MHz

Settlingtime <100ns error< 0.01%

Area 300x300mm2 0.6mCMOS

Supplycurrent � 2.5mA @ 5V

Yield prediction � 98%

Table1: Performancesof theOTA with key parameters.Operating
range:temp:-40� C upto 150� C, capacitive load:3pFup
to 9pF, power supply:5� 0.5V.

voltagedifferencesinside the SBCswhich arecalledSOA
constraintsin thispaper.

5.2 Curr ent Reference

Currentsupplyconceptsfor analogblocksarebasedon cur-
rent referencesin general.Themainschematicof a current
referenceis shown in �gure 10. It is also known as a Vt-
referencedbiascircuit andcommonlyusedin CMOS tech-
nologieswherethebipolartransistorsareparasiticdevices.

Thefunctionanddesignof suchbasicblocksaredescribed
in detail in [20,21]. Thefeedbackloop forcesthesamebias
currentof bothbipolartransistorsQ1 andQ2. Thesetransis-
tors differ by the factorn = mQ1=mQ2. Hencea difference

nSBCnSBCnSBC

pSBCpSBCpSBC

input
 stage CMFB

12 transistors
0 capacitors
2 resistors
20 design parameters
0 SOA constraints

12 transistors
3 capacitors
0 resistors
15 design parameters
1 SOA constraints

12 transistors
3 capacitors
1 resistors
15 design parameters
1 SOA constraints

6 transistors
2 capacitors
1 resistors
13 design parameters
0 SOA constraints

Figure9: Chipphotoof therealizedOTA.
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Figure10: Coreof thecurrentreference.

in thetwo base-emittervoltagescanbeseenacrosstheresis-
tors. Thetemperaturedependency of thecurrentIQ depends
on the bipolar transistorsas well as the resistor. To get a
smallertemperaturecoef�cient the resistoris realizedasa
combinationof two singleresistorsusingpositiveandnega-
tive temperaturecoef�cients:

IQ(T) =
VT ln(n)

R(T)
with R= Rtc1 + Rtc2 (8)

Thevariationof thereferencecurrentof theinitial design
(cf. table2) fails thespeci�cationiref = 10� 20%. At this
point it wasnot clearif anoptimizationof thecircuit would
passthe speci�cation, or whetheradditional topology ac-
tions, suchastrimming, would be necessary. We followed
asystematic�o w to improvethecircuit asdescribedin [22].
For a �x ed setof the factorn, a designcenteringof the re-
sistorandthe feedbackloop partswascarriedout. The de-
signcenteringstepof WiCkeD's optimization�o w [14] was
the importantstep(seetable2) towardsimproving the cir-
cuit's performance.Theresultingtemperaturecoef�cient of
the resistorpair wasadjustedand the mismatchsensitivity
of theNMOS transistorsMn1� 4 thresholdvoltagescouldbe

Performance Design

initial centered

Yield 90% 100%

WorstCaseDistance 1.2s 3.7s

CPK 0.5 1.4

Area 180x140mm2 180x180mm2

Table2: Performancesof the currentreferenceiref = 10m� 20%.
Operatingrange:temp: -40� C up to 165� C, power sup-
ply: 5� 0.5V.

reduced.Thesecondimprovementitem requiredadditional
area(seetable2), but it consumedlesseffort asa trimming
solution. This actionwould compriseadditionalpartssuch
asa trimming network andanEEPROM. For theoptimized
circuit thisactionis only advisableif amoreambitiousspec-
i�cation is used.

5.3 Hierar chical Analog Block

LIN transceiver ICs area standardproductwithin theZMD
portfolio [23]. LIN (Local InterconnectNetwork) is a low
cost serial communicationsystemintendedto be usedfor
distributedelectronicsystemsin vehicles[24]. Thecommu-
nicationis basedon theSCI (UART) dataformat,a single-
master/multiple-slave concept,a single wire 12V bus and
a clock synchronizationfor nodeswithout a stabilizedtime
base.

Figure11 shows thesimpli�ed LIN interfaceblock of the
busline driverandreceiver(transceiver),whichis con�gured
asan IP cell. Inversepower protectionanda padstageare
alsopartof theblock. Besidesthevoltageandcurrentsupply
(not shown in �gure 11), a high voltagesupplyVboard anda
currentreferenceiref haveto beappliedfor application.

The interfaceconvertsthe digital transmissionsignaltxd
to the analog12V LIN bus signal. Therebythe slew rate
controlstageformstherisingandfalling edgeandtheoutput
stagedrives it to the LIN bus. The performanceparame-
ter, e.g., slew rateSR= 0:5V=ms:::3V=ms andsymmetryof
transmitterpropagationdelaySYM= � 2ms at theLIN bus,
arespeci�edwith closetolerances.In theoppositedirection,
ananalogsignalat the12V LIN busis convertedin theinput
stageinto thedigital receivesignalrxd. Boththetransmitting
andreceiving proceduresusethesamepadstage.

rxd

txd

LIN

C
load

R
load

LIN transceiver

V
board

iref

vb

IREF

slew rate 
control

output 
driver

LIN
pad

inverse 
polarity 

protection

input
stage

Figure11: Block view of theLIN transceiver IP cell. Low voltage
andcurrentsupplynot shown. SOA ruleshave to be
checkedinsidethegrey markedblocks.
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Design Main Step Description Tool

OTA A Feasibilityof maintopology FO,NO

B Optimizationof theSBCsub-blocks FO,NO, MC

C Optimizationof maincircuit FO,NO, WCO

D Yield analysisandoptimization MC, WCD, MM, YO

E Final centering,roundingandveri�cation YO, MC, WCA

IREF A Optimizationof maincircuit NO, YO

B Searchmismatchpairsto reducedeviation MM

C Final centering,roundingandveri�cation YO, MC

LIN A Searchsensitiveblocksanddevices PS,ST

B Optimizationof theslew ratecontrolblock NO, YO

C Final centering,roundingandveri�cation YO, MC

Table3: Main designstepsof eachexample.
Key: FOFeasibilityOptimization,NO DeterministicNominalOptimization,WCOWorstCaseOperationAnalysis,MC Monte
CarloAnalysis,PSCParameterScreening,ST Sensitivity Analysis,WCA WorstCaseAnalysis,WCD WorstCaseDiagnosis,
MM MismatchAnalysis,YO Yield Optimization.

The veri�cation of the initial designusing our in-house
veri�cation environmentcalled zmdAnalyser[25] showed
problemsin the parameterslew ratesymmetrySYMat one
automotive operatingcondition. First a sensitivity analysis
andparameterscreeningwereusedto isolatethe problem-
atic part (seetable3) of thehierarchicaldesign,which con-
tainsapproximately300devices.Theslew ratecontrolblock
andits currentbankstage(not shown in �gure 11) couldbe
initially extractedascritical parts. However, a singleveri-
�cation of the slew ratecontrol andthe currentbankblock
showedthat theblockscannotbe treatedseparatelyandthe
blocksof the completetransmitsignalpathalsohave to be
considered,including the high voltagepart. Furthermain
stepsof the circuit improvementaregiven in table3. The
designcenteringstepwasusedto reducethe sensitivity of
the designto the global processdeviation and wascarried
outusingWiCkeD [14].

In this case,thehigh voltagestageof theLIN transceiver
wasnot part of the optimizationprocess.To ensurethe re-
liability of thehigh voltagedevices,thePDK providescon-
ventionalSOA rules. SOA diagramswere usedto design
the high voltagestage. Node voltage limits were derived
from theSOCdiagramandusedwithin theveri�cation step.
Finally SOA constraintswereappliedfor checking(seeta-
ble 7). The SOAs wererealizedascalculatorexpressions.
So theexpressionscanbe usedfor both tools WiCkeD and
thezmdAnalyser.

The �nal resultsof the optimizationaregiven in table4.
Thecolumn“designcenteredA” containstheresultsafterthe
slew rateblockoptimization.Theright column,labeled“de-
signcenteredB”, presentstheresultswhenonly thecurrent
referenceblock is replacedby theoptimizedblockdiscussed

above. This exampleshows thatcenteredblockscanbead-
vantageouslycombinedin anIP cell conceptdesign.

Performance Design

initial centeredA centeredB

Yield 71% 95% 95%

WorstCaseDistance 0.56s 1.64s 1.66s

AdditionalArea — 80x80mm2 180x40mm2

Table4: Performancesof the LIN transmitterwith the parameter
symmetry= � 2ms. Operatingrange:temp:� 40� C up to
140� C, low voltagesupply:5� 0.5V, highvoltagesupply:
6.5V–18V.

6 Summary and Outlook

In thispaperwehaveshown,how reliability issuesof current
PDKs can be taken into accountby using WiCkeD, using
threepracticaldesignexamplesfor automotiveapplications.
At this point, designcenteringis usedto decreasethesensi-
tivity of parameterchangesandto checkSOA constraints.

Eventhoughthedesigneffort directedathigherreliability
includesasetof measuressuchashandlingsubstratecurrents
thedesigncenteringis thekey to improving theyield.

Theuseof SOA methodologyis a way of ensuringrelia-
bility. Thecombinationof bothyield improvementandcon-
siderationof SOA constraintsis onekey to designingrobust
andreliablecircuits.

In this context, besidesthe substratecurrentand future
predictionof long term reliability via simulation,our main
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attentionis focusedon thein�uence of high temperatureson
parameterchange.
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