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ñYou can see a lot by observingò
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Benjamin Franklin, American Scientist and Statesman

E. Suhir
Bell Laboratories, Physical Sciences and Engineering Research Division, Murray Hill, NJ (ret),

University of California, Dept. of Electrical Engineering, Santa Cruz, CA, 

University of Maryland, Department of Mechanical Engineering, College Park, MD, and

ERS Co. LLC, 727 Alvina Ct.  Los Altos, CA, 94024

Tel. 650-969-1530, cell. 408-410-0886, e-mail: suhire@aol.com

Tutorial at PHM Conference,

Portland, OR, October 11, 2010



Dr. E. Suhir Page 2

Contents

I. Accelerated Testing (AT) and the Roles of Advanced 

Measurement Techniques (AMT) and Predictive Modeling (PM) 

II . Probabilistic Design for Reliability, Its Role and Significance:

What Could One Gain by Using It?

III. Do Electronic and Photonic Industries Need New 

Approaches to Qualify Their Products?



Dr. E. Suhir Page 3

I. Accelerated Testing (AT) and 

the Role of Predictive Modeling 

(PM) 
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Reliability is part of applied probability

üReliabilityEngineering(RE)dealswithfailuremodesandmechanisms,rootcausesof failure

occurrence,roleof variousdefects,methodsto estimateandpreventfailures,anddesignfor

reliability(DfR) methodologies.

üREprovidesguidanceonhowto make,throughtheappropriatequalificationtesting(QT),a

promisingandviabledeviceintoareliableandmarketableproduct.

üREis partof AppliedProbability(AP)andProbabilisticRiskManagement(PRM)bodiesof

knowledge,and includesthe item's (system's)dependability,durability,maintainability,

repairability, availability,and other propertiesthat shouldbe viewedand evaluatedas

probabilitiesoflikelyfailures.

üTheuseoftheAPandPRMapproachesandtechniquesputstheartandpracticesofREona

ñreliableòscientificfoundation.
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ñIf a man will begin with certainties, he will end with 
doubts; but if he will be content to begin with doubts, he 

shall end in certainties.ò

Sir Francis Bacon, English Philosopher and Statesman

ñWe see that the theory of probability is at heart only 
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 important questions of life 

are, for the most part, really only problems of 
probability.ò

Pierre Simon, Marquise de Laplace

ñMathematical formulas have their own life, they are 

smarter than we, even smarter than their authors, and 

provide more than what has been put into themò

Heinrich Hertz, German Physicist
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Reliability should be taken care of 

on the permanent basis

ñ

The reliability evaluation and assurance cannot be delayed until the device is made 
(although it is often the case in many actual industries).  Reliability should be

ü òconceivedó at the early stages of its design (a reliability and optical engineers should 
start working together from the very beginning of the optical device engineering),

ü implemented during manufacturing (quality control is certainly an important part of a 
manufacturing process), 

ü qualified and evaluated  by electrical, optical, environmental and mechanical testing 
(both the customer requirements and the general qualification requirements are to be 
considered), 

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

ü maintained in the field during the productõs operation, especially at the early stages of 
the productõs use.
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Why accelerated tests?

üIt isimpracticalanduneconomicaltowaitforfailures,whenthemean-time-to-failure(MTTF)for

atypicaltodayôsdevice(equipment)isontheorderofhundredsofthousandsofhours.

üForthisreasonAcceleratedTesting(AT)isa powerfulmeansin understandingandimproving

reliability. Thisis truewhetheronerunsnon-destructiveQT(ñtestingto passò)or destructive

AcceleratedLifeTesting(ALT) -ñtestingtofailò.

üToacceleratethedeviceôsdegradationandfailure,onehasto deliberatelyñdistortò(ñskewò)

oneormoreconditions(hightemperaturedwell; lowtemperaturestorage; temperatureorpower

cycling; etc.) affectingthedeviceôsfunctionalperformance,mechanical(structural,ñphysicalò)

reliabilityorenvironmentaldurability.

üALTuseselevatedstresslevelsand/orhigherstress-cyclefrequencyasstimulitoprecipitate

failuresovera shorttimeframe. Notethattheñstressòin REis notnecessarilymechanicalor

thermo-mechanical: it canbeanyelectrical,optical,thermalormechanicalfactorresponsiblefor

thedevicereliability.
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Accelerated test categories

Accelerated 

test type

(category)

Product development 

(verification) tests

(PDTs)

Qualification 

(ñscreeningò) tests 

(QTs)

Accelerated life tests 

(ALTs) and highly 

accelerated life tests 

(HALTs)

Objective

Technical feedback to 

ensure that the taken 

design approach is 

viable (acceptable)

Proof of reliability; 

demonstration that the 

product is qualified to 

serve in the given capacity

Understand modes and 

mechanisms of failure and 

accumulate failure statistics

End point

Time, type, level, and/or 

number of failures

Predetermined time and/or 

the # of cycles, and/or the 

excessive (unexpected) 

number of failures

Predetermined number or 

percent of failures

Follow-up 

activity
Failure analysis, design 

decision

Pass/fail decision Failure analysis and 

statistical analysis of the 

test data

Perfect 

(ideal) test
Specific definition(s) No failure in a long time Numerous failures in a 

short time



Some most common accelerated test conditions

ü High Temperature (Steady-State) Soaking/Storage/ Baking/Aging/ Dwell,
ü Low Temperature Storage,

ü Temperature (Thermal) Cycling,

ü Power Cycling,

ü Power Input and Output,

ü Thermal Shock,
ü Thermal Gradients,

ü Fatigue (Crack Initiation and Propagation) Tests,

ü Mechanical Shock,

ü Drop Shock (Tests),

ü Random Vibration Tests,
ü Sinusoidal Vibration Tests (with the given or variable frequency),

ü Creep/Stress-Relaxation Tests,

ü Electrical Current Extremes,

ü Voltage Extremes,

ü High Humidity,

ü Radiation (UV, cosmic, X-rays),

ü Altitude,

ü Space Vacuum
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Qualification Tests (QTs) -1

üQT is the majormeans,throughwhichthe industriesassurethat theirproductswill

successfullysatisfythemarketneeds.

üQTistimelimitedand,ideally,non-destructive.

üTheQTobjectiveis toprovethatthereliabilityof theproductis abovea specifiedlevel,

whichisdefinedbyzeroornext-to-zeropercentageof failuresperlotand/orthenumberof

failuresperunittime(failurerate).

üQT enablesoneto ñreduceto a commondenominatoròdifferentproducts,as wellas

similarproducts,butproducedbydifferentmanufacturers.

üQT reflectsthe state-of-the-art in a particularfieldof engineering,as well as typical

requirementsfortheperformanceoftheproduct.
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Qualification Tests (QTs) -2

üProductsthatmettheQTspecificationsareexpectedtobeabletosatisfactorilyperforma

requiredfunction,withoutfailuresorbreakdowns,foraspecificenvisagedperiodoftimeand

underthestated(anticipated)operationandmaintenanceconditions.

üAlthoughindustrycannotdowithoutQTandstandards,thetodayôsQTandspecifications

mightonlybegoodforwhattheyareintended- toconfirmthatthegivendeviceisqualified

tobecomeaproduct.

üIfadevicepassedtheexistingQT,it isnotalwaysclearwhyitwasgood,andif it failed,it

isoftenequallyunclearwhatcouldbedonetoimproveitsreliability.

üSinceQTisnotsupposedtobedestructive,i.e., doesnotleadtoa failure,it isunableto

providetheultimatereliabilityinformation- theprobabilityoffailureinthefield.
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Accelerated Life Tests (ALTs) -1

üALT,on the otherhandis aimedat the detectingthe possiblefailuremodesand

mechanisms,andthereby- at revealingandunderstandingthephysicsof failure(PoF)..

AnotherobjectiveoftheALTistoaccumulaterepresentativefailurestatistics.

üThus,ALTaddressesthetwomajoraspectsof theREïphysicsandstatisticsoffailure.

üAdequatelyplanned,carefullyconducted,and properlyinterpretedALT providesa

consistentbasisforthepredictionof theprobabilityof failureunderthegiven(anticipated)

loading(stress)conditionsandafterthegiventimeinservice.

üThis informationenablesone to effectivelydecideon what couldbe changed,if

necessary,todesignandmanufactureaviableandreliableproduct.

üAnyfunctional,structural,materialsor technologicalimprovementcanbeñtranslatedò,

usingtheALTdataandtheappropriatesensitivityanalyses,intoa lowprobabilityof failure

inthefield.



Dr. E. Suhir Page 13

Accelerated Life Tests (ALTs) -2

üWell-designedandthoroughlyimplementedALTcandramaticallyfacilitatethesolutions

tomanyengineeringandbusiness-relatedproblems,associatedwithcosteffectivenessand

time-to-market.

üIt is highlydesirablethatALTshouldbeconductedin additionto,andpreferablybefore

theQT. Theremightbealsosituations,whenALTcanbeusedasaneffectivesubstitution

fortheQT,especiallyfornewproducts,whensuitableQTandstandardsdonotyetexist.

üWhileit is theQTthatmakesa deviceintoa product,it is theALTthatenablesoneto

understandthereliabilityphysicsbehindtheproductand,ultimately,tocreateaproductwith

alowand,ifnecessary,evencontrolledprobabilityoffailure.

üTechnicaldiagnostics,prognosticsandhealthmonitoringandmanagement(PHM) can

playanimportantroleinsuchaneffort.

üAdvancedandreliablemeasurementtechniques(AMT) areamustintheALTeffort.
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Burn -ins ðspecial type of ALTs

üBurn-in(ñscreeningò)testsarewidelyimplementedtodetectandeliminateinfantmortality

failures.

üTherationalebehindtheburn-in testsis basedon a conceptthatmassproductionof

devicesgeneratestwocategoriesofproductsthatpassqualificationspecifications:

1) robust(ñstrongò)componentsthatarenotexpectedtofailinthefieldand

1) relativelyunreliable(ñweekò)components(ñfreaksò)thatwillmostlikelyfailinthefieldin

somefuturetime,if shippedtothecustomer.
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ALTs cannot do without predictive modeling -1

üALTcannotdowithoutsimpleandmeaningfulpredictivemodeling. It is on thebasisof

thePMthatonedecideswhichALTparametershouldbeaccelerated,howtoprocessthe

experimentaldataand,mostimportantly,howtobridgethegapbetweenwhatoneñseesòas

aresultoftheALTandwhathe/shewillmostlikelyñgetòinthefieldconditions.

üBy consideringthefundamentalphysicsthatmightconstrainthe finaldesign,PMcan

resultinsignificantsavingsoftimeandexpense,andshedimportantlightonthePoF.

üThemostwidespreadALTmodelsareaimedatthepredictionoftheMTTF.

üExamples:

Åpowerlaw(usedwhenthePoFisstillunclear),

ÅBoltzmann-Arrheniusequation(usedwhenthereis a beliefthat theelevatedtemperatureis the

majorcauseoffailure),

ÅCoffin-Mansonequation(inversepowerlaw; usedparticularlywhenthereis a needto evaluatethe
lowcyclefatiguelife-time),

Åcrackgrowthequations(usedtoassessthefracturetoughnessofbrittlematerials),
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ALTs cannot do without predictive modeling -2

ÅBueche-ZhurkovandEyringequations(usedto assesstheMTTFwhenboththehightemperature

andstressareviewedasthemajorcausesoffailure),

ÅPeckequation(usedto considertheroleof thecombinedactionof theelevatedtemperatureand

relativehumidity)

ÅBlackequation(usedtoconsidertherolesoftheelevatedtemperatureandcurrentdensity),

ÅMiner-Palmgrenrule(usedtoconsidertheroleoffatiguewhentheyieldstressisnotexceeded),

Åcreeprateequations,

Åweakestlinkmodel(usedtoevaluatetheMTTFinextremelybrittlematerialswithdefects),

Åstress-strengthinterferencemodel,whichis,perhaps,themostflexibleandwellsubstantiatedmodel.

Ådoubleexponentialoftheextremevaluedistribution(EVD)type

üVariousPM,otherthandirectlyrelatedtoALT,canbeextremelyhelpfultounderstandthe

PoFandcanbeeffectivelyusedtooptimizetheperformance,lifetimeandcosteffectiveness

oftheitemofinterest,provided,ofcourse,thatitsPoFiswellunderstood.



Boltzmann -Arrhenius equation -1

ü If Boltzmann-Arrhenius equation is used, the mean time-to-failure, Ű=tau, is proportional to an 
exponential function, in which the argument is a fraction, where the activation energy, Ua, eV, 
is in the numerator, and the product of the Boltzmannôs constant, k=8.6174³10-5eV/ºK, and 
the absolute temperature, T, is in the denominator:

The equation was first obtained by the German physicist L. Boltzmann in the statistical theory 
of gases, and then applied by the Swedish chemist S. Arrhenius to describe the inversion of 
sucrose.  Boltzmann-Arrhenius equation is applicable, when the failure mechanisms are 
attributed to a combination of physical and chemical processes. 

ü Since the rates of many physical processes (such as, say, solid state diffusion, many 
semiconductor degradation mechanisms) and chemical reactions (such as, say, battery life) 
are temperature dependent, it is the temperature that is used as an acceleration parameter.  
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Boltzmann -Arrhenius Equation -2

üAs to thefailurerate,if, for instance,oneassumesthattherandomtimeto failureis

distributedin accordancewiththeexponentiallaw,thenthesteady-statefailureratefora

systemwhosemean-time-to-failureis givenby theBoltzmann-Arrheniusequationcanbe

foundas

üTheprobabilityoffailureatthemomentt oftimecanbefoundas

Thisformulaisknownasexponentialformulaofreliability.

 

( )ùú
ø

é
ê

è

-
-=

*

0

exp
1

TTk

Ua

t
l

 teP l--=1



Dr. E. Suhir Page 19

Example
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