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|. Accelerated Testing (AT) and
the Role of Predictive Modeling

(PM)




Reliability is part of applied probability

U ReliabilitiengineerindRE)dealswithfailurenodesandmechanismspotcausef failure
occurrencepleof variougefectsmethodso estimatandpreventfailuresanddesigrfor
reliabilittPfR methodologies

U RE providegiuidancen howto makethroughheappropriatgualificatiotesting QT),a
promisingnaviabledevicentoareliablendmarketablproduct

U RE is partof AppliedProbabilitfAP)and ProbabilistiRiskManagemeliPRM bodiesof
knowledgeand includesthe item's (system's)dependabilitydurability maintainabilit
repairabilityavailabilityand other propertieshat shouldbe viewedand evaluatedas
probabilitiexflikelyfailures

U TheuseoftheAPandPRMapproacheandtechniquesutstheartandpracticesfREona
N r e |scieatifitbuadation
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nl f a man wi || begi n. with Il n
doubts; butif-he will'be content to begin with doubts, he
shall ‘end- -1 n cert al

Sir Francis Bacon, English Philosopher and Statesman

NnNWe see that the theory of =nr~ahkhabi
common sense reduced to calculations; it makes us
appreciate with exactitude what reasonable minds feel
by a sort of instincts, often without being able to

account for ité The most
are, for the most part, really only problems of
probability. o

Pierre Simon, Marquise de Laplace

nMat hemat 1 ¢ al for mul as - ha
smarter than we, even smarter than their authors, and
provi-de more than what h
Heinrich Hertz, German Physicist
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Reliability should be taken care of
on the permanent basis

~

n

The reliability evaluation and assurance cannot be delayed until the device is ma

(although it is often the case in many actual industries). Reliability should be

oconceiveddé at the early stages of
start working together from the very beginning of the optical device engineerir

implemented during manufacturing (quality control is certainly an important pe
manufacturing process),

qualified and evaluated by electrical, optical, environmental and mechanical t
(both the customer requirements and the general qualification requirements a
considered),

checked (screened) during production, and, if necessary and appropriate,

I N

ma | tained i n the field during the
the productds use.
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Why accelerated tests?

U ItisimpracticanduneconomidawaitforfailuresiyherthemearimetofailuréMT T For
atypicat o d deyic&exjuipmenig ontheordenfhundredsfthousandsfhours

U ForthisreasorAcceleratetiestindAT)is a powerfuineansn understandirapdimprovin
reliabilityThisis truewhethepbnerunsnondestructiv®T ( fi t dosptais s giegtructiv
AcceleratddfeTestingALT)-i t e ®ft a inlgo

U Toacceleratthed e v idegmedasoandfailurepnehasto deliberateliy d i ¢ 1 G ¥
oneor moreconditionghightemperatum@welllowtemperatuigtoragetemperatura powel
cyclingetc) affectinghed e v ifunaiangberformancenechanicdktructurall p h y
reliabilitgrenvironmentaurability

U ALTuseselevatedtresdevelsand/ohigheistresscyclefrequencgs stimulto precipitat
failureovera shorttimeframe Notethatthei s t m REissnotnecessarilgnechanicalr
thermanechanicat canbeanyelectricabpticalthermabrmechanicéhctoresponsibler
thedeviceeliability
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Accelerated

test categories

Accelerated

Product development

Qualification

Accelerated life tests

test type (verification) tests (Ascreeningo)| (ALEskand highly
(category) (PDTs) (QTs) accelerated life tests
(HALTS)
Technical feedback to| Proof of reliability; Understand modes and
Objective ensure that the taken | demonstration that the mechanisms of failure anc
design approach is product is qualified to accumulate failure statisti
viable (acceptable) | serve in the given capacity
Time, type, level, and/dPredetermined time and/¢oPredetermined number o
End point number of failures the # of cycles, and/or the percent of failures
excessive (unexpected)
number of failures
Follow-up Failure analysis, desigrPass/fail decision Failure analysis and
activity decision statistical analysis of the
test data
Perfect Specific definition(s) | No failure in a long time | Numerous failures in a
(ideal) test short time
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Some mostcommon accelerated test conditions

High Temperature (Steade) Soaking/Storage/ Baking/Aging/ Dwell,
Low Temperature Storage,

Temperature (Thermal) Cycling,

Power Cycling,

Power Input and Output,

Thermal Shock,

Thermal Gradients,

Fatigue (Crack Initiation and Propagation) Tests,

Mechanical Shock,

Drop Shock (Tests),

Random Vibration Tests,

Sinusoidal Vibration Tests (with the given or variable frequency),
Creep/StredRelaxation Tests,

Electrical Current Extremes,

Voltage Extremes,

High Humidity,

Radiation (UV, cosmicays),

Altitude,

Space Vacuum

(- e en-E e - an-R e eI en-R an-R an-R an-RR an-R an-R an-R e e e e



Qualification Tests (QTS) -1

U QT is the majormeansthroughwhichthe industriegassurethat their productswill
successfulbatisithemarkeheeds

U QTistimelimitedand ideallynondestructive

U TheQT objectives to provethatthe reliabilityf the products abovea specifiedevel,
whichs definedby zeroor nextto-zeropercentagef failuregperlotand/othenumbeof
failureperunitime(failureate)

U QT enablennetoin r e dowda coenmord e n 0 midiffeeehpooductsas wellas
similaproductyutproducedydifferentmanufacturers

U QT reflectsthe stateottheart in a particulafield of engineeringas well as typical
requirementertheperformanaeftheproduct
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Qualification Tests (QTS) -2

U ProductthatmettheQTspecificatiorsseexpectetb beableto satisfactoriperforna
requiredunctionyithoufailuresrbreakdowniyra specifienvisagegeriomftimeand
undethestatedanticipatedperatioandmaintenancnditions

U AlthougimdustrgannotiowithouQTandstandardshet o d @Tardspecifications
mighbnlybegoodiorwhattheyareintendedto confirnthatthegivendevicas qualified
tobecome product

U IfadevicepassedheexistingT ,itis notalwaysleamwhyit wasgoodandifit failedit
Isofterequallyincleawhatcouldoedonetoimprovésreliability

U SinceQTis notsupposetb bedestructivee., doesnotleadto a failureit is unableo
provideéheultimateeliabilitinformationtheprobabilitgffailurenthefield
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Accelerated Life Tests (ALTS) -1

U ALT,on the otherhandis aimedat the detectinghe possiblgailuremodesand
mechanismandthereby at revealingigndunderstandinge physicof failure(PoB..
AnotheobjectiveftheALTistoaccumulatepresentatiailurestatistics

U ThusALTaddressethetwomajolaspecte®ftheREI physicandstatisticeffailure

U Adequatelyplannedcarefullyconductedand properlyinterpreteddALT providesa
consisterttasisforthe predictionf the probabilitgf failureunderthegiven(anticipated)
loadingstresstonditionandafterthegivertimeinservice

U This informatiorenablesone to effectivelydecideon what could be changedjf
necessarypdesigrandmanufactur@viableandreliablgproduct

U Anyfunctionaktructuralmaterial®r technologicalmprovememanben t r a n s
usinghe ALTdataandtheappropriateensitivitgnalysesntoa lowprobabilitgf failure
Inthefield
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Accelerated Life Tests (ALTS) -2

u WekldesigneandthoroughlynplementeflL Tcandramaticalkacilitatéhe solutions
tomanyengineeringndbusinesselategroblemgssociatedithcosteffectivenessd
timetomarket

U Itis highlydesirabléghatALTshoulde conducteoh additiorio, andpreferablipefore
theQT. TheranighbealsosituationsyhenALTcanbeusedasaneffectiveubstitution
fortheQT especiallfornewproductsyhersuitabl€) Tandstandarddonotyetexist

U Whilat is the QT thatmakesa devicantoa productit is the ALTthatenable®neto
understantthereliabilitphysic®ehindheproducand,ultimatelyp createa producivith
alowand jf necessargvencontrollegrobabilitgffailure

U Technicaliagnosticprognosticandhealthmonitoringndmanagemei@®HM can
playanimportanlein suchaneffort

U Advancedndreliableneasuremetgchnique@MT) area musintheAL Teffort
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Burn -ins 0 specialtype of ALTs

U BurAn( A s ¢ r estsarawidaymplementeaddetecandeliminatenfanimortality
failures

U Therationaldehindhe burnin testsis basedon a concepthatmassproductionf
devicegeneratesvocategoriesfproductshatpassgualificatiospecifications

1) robus{ i s t compongribptarenotexpectetbfailinthefieldand

1) relativelynreliablé i w eampbangn(s i f rtleasviknsoslikelyfailinthefieldin
somduturdimejfshippedothecustomer
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ALTs cannotdo without predictive modeling -1

U ALTcannotowithousimpleandmeaningfydredictivenodelindt is on thebasisof
thePMthatonedecidesvhichALTparameteshoulde acceleratedhowto processhe
experimentdhtaand,mosimportantiiqowtobridgehegapbetweemwhaionen s eas s
aresulbftheALTandwhathe/shavililmosilikelyii g mthedieldconditions

U By considerinthe fundamentghysicghat mightconstrairihe finaldesignPMcan
resultnsignificargaving®ftimeandexpenseandshedmportadightonthePoF

U ThemoswidespreadlL TmodelareaimedatthepredictionftheMTTE

U Examples

Aowetaw(usedvherthePoFis stillunclear),

ABoltzmanArrheniugquatior{usedwhenthereis a beliefthatthe elevatedemperatures the
majorcauseffailure),

KCoffiiMansorequatioriinverseowetaw usedparticulariwhenthereis a needto evaluatéhe
lowcyclefatigudifetime),

Kraclgrowtlequation@usedoassesshefracturéoughnessfbrittlenaterials),
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ALTs cannotdo without predictive modeling -2

Buech&hurkowandEyringequationgusedto assesghe MTTFRwhenboththehightemperature
andstresareviewedsthemajoicauseoffailure),

MPeckequatiorfusedto considetherole of the combinedctionof the elevatedemperaturand
relativéaumidity)

Blaclequatiofusedoconsidetherolesoftheelevatetemperatuandcurrentlensity),
MMinesPalmgrerule(usedoconsidetheroleoffatiguavhertheyieldstresss notexceeded),
Kreepateequations,

Aveakedinkmode({usedoevaluatéheMTTFn extremelyrittlenaterialaithdefects),
Kstressstrengtinterferenaaodelwhictis, perhapshemostflexible@ndwellsubstantiatedodel
AloubleexponentiaftheextremealuedistributiofEVD}ype

t Variou$M,othethandirectlyelatedo ALT canbeextremellgelpfuto understanihe
PoFandcanbeeffectivelysedooptimizéheperformanchfetimeindcosteffectiveness
oftheitemofinterestprovidedyf coursethatitsPoHswellunderstood
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Boltzmann -Arrhenius equation -1

U If Boltzmanfirrhenius equation is used, the medmftiueeltau, is proportional to

exponential function, in which the argument is a fraction, where the activation
i's in the numerator, and t h%¥.0%9/fKoaddu
the absolute temperature, T, is in the denominator:

The equation was first obtained by the German physicist L. Boltzmann in the ¢
of gases, and then applied by the Swedish chemist S. Arrhenius to describe fti
sucrose. Boltzmakmhenius equation is applicable, when the failure mechanisi
attributed to a combination of physical and chemical processes.

Since the rates of many physical processes (such as, say, solid state diffusior
semiconductor degradation mechanisms) and chemical reactions (such as, s
are temperature dependent, it is the temperature that is used as an accelerati



Boltzmann -Arrhenius Equation -2

U Asto thefailurerate, if, for instancepneassumeshatthe randomimeto failureis
distributeth accordanceiththe exponentidhw,thenthe steadystatefailureratefora
systenwhosemearimetofailures givenby the BoltzmanArrheniugquatiorcanbe

foundas

/:iexpé'- s
l g k(T'T*)H

U Theprobabilityffailureatthemomentoftimecanbefoundas

P=1-¢"

Thidormulas knowrasexponentidrmulafreliability

Dr. E. Suhir Page 18



Mechanical Behavior and Reliability
of Solder Joint Interconnections
in Thermally Matched Assemblies

Example

E. Suhir
AT&T Bell Laboratories
Murray Hill, New Jersey



ADVANCED VLS| PACKAGING (AVP) TECHNOLOGY

IC FLIP-CHIP SOLDER BUMP TECHNOLOGY
AND SILICON SUBSTRATE WITH MULTILAYER INTERCONNECTION

AVP STRUCTURE
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