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Environmental Stress Testing

Environmental stresstesting (EST) is a means ofsystematically improving
the reliability ofelectronic systems. In thispaper, we discuss:
- The background and rationale for EST;
- The utility ofaccelerated testing toachieve robust design margins, high

component quality, and well-controlled manufacturing processes;
- Various issues thatmust be addressed to make EST a safe and effective

process, including the principal modes ofimplementation, the application
ofvarious kinds ofstressstimuli and the associated faults thatareprecipi­
tated, and theclassification offailure types;

- Implementation issues, including methodology issues related to the stim­
ulation and detection offailures, and theuse ofbaseline experiments to
determine the operational and destruct limits ofa product, soas to arrive
at a safe and effective EST regimen; and

- Economic issues, including the importance offailure mode analysis and
corrective action toachieve a cost-effective EST methodology.

Introduction
Environmental stress testing (ESf) is

an effective method for improving product
reliability. Products mayoften have hidden
defects or weaknesses, which cancausefail­
ures during normal operation in the field. ESf
is a processin which environmental stress
stimuli are applied to a product to tum such
latentdefects into observable failures. The
ESf process thus prevents defective product
from beingshipped to the field, and offers an
opportunity to discover andcorrectweak­
nesses early in product life. The stress levels
applied mustbe severeenough to precipitate
the defects without causing damage to a good
product or nucleating defects, which might
causeearly wearout and reduced life in the
field. The application ofESf accelerates the
process ofprecipitation and detection oflatent
defects.

Environmental stress testinghas its
origins in the space program ofthe 1960's,
which required 100% defect-free systems.
While quality control wasthe ultimate objec­
tive, notmuchattention waspaid to the cost
ofdoing ESf. Subsequently, in the 1970's, ESf

was adopted by the defense electronics indus­
tries,which didmuchofthe pioneering work
to quantitatively establish the benefits ofESf
forquality control. Defense contractors are
contractually obligated to perform ESf on
100% oftheir final shipped products, which
canbe a costly process.

Morerecently, ESf has beenroutinely
applied in the commercial electronics indus­
tries,as well, andthe numberofcommercial
users is increasing at a rapid rate. While
defense electronics industries apply ESf as a
contractual obligation, commercial industries
have effectively applied ESf as a tool for
improving quality, while also making it more
costeffective. IBM, Hewlett Packard, andSun
Microsystems routinely use ESf during the
qualification ofnewdesigns andthe early
manufacture ofnewproducts.1-4 Within
AT&T, effective ESf-based, product-reliability
improvement programs are beingapplied to a
numberofproducts.5-8

Thispaperprovides a broad overview
ofthe concept ofESf as applicable to elec­
tronic systems. It also reviews various aspects
ofimplementing ESf that mustbe addressed
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Panel 1. Acronyms Used In This Paper

EM! - Electromagnetic interference
ESD - Electrostatic discharge
ESS - Environmental stress screening
EST- Environmental stress testing
FMA- Failure modeanalysis

to ensure it is a safeand effective processto achieve high
quality. The "Background" section discusses the ratio­
nalefor EST, and the concept ofaccelerated testing.
''Technical Aspects ofEST" describes various modesof
implementing EST, and discusses the application ofa
numberofstress stimuli and the faults such stresses pre­
cipitate, typesoffailures, and methodology issues related
to the stimulation and detection offailures. "ESTImple­
mentation Issues"covers the needfor robustdesign
margins, establishing baseline operational and destruct
limits ofequipment to arrive at a safeand effective EST
regimen, and the importance offailure analysis. The last
section, "ESTEconomic Issues," discusses the sourcesof
benefits, and someofthe cost issues,related to EST.

Background
Wewill beginbyfirstdiscussing the background

andrationale for EST, and then reviewing the concept of
accelerated testing.

Rationale for Stress Testing. Reliability problems
are generally causedby poordesign margins or exces­
sive product variations. Asillustrated in Figure1,prod­
uctfailures mayoccurwhenthe statistical distribution
fora product's strength,or its capability ofwithstanding
a stress, overlaps with the distribution ofthe operating­
environment stresses.

To prevent product failures, reliability may be
achieved througha combination ofrobustdesignand
tightcontrol ofvariations incomponent quality and man­
ufacturing processes. Design enhancements increase a
product's ability to withstand stresses, and stricterqual­
itycontrol in component and manufacturing processes
tightensthe product's capability distribution. Thus,when
the product undergoes sufficient improvements, there
will no longerbe an overlap between the stresses
encountered and productstrength distributions, as is
illustrated in Figure2.Asa resultofthis modification,
field failures should be greatly reduced.
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In general, it is desirable to improve product
reliability by usingenvironmental stress testingto reveal
product deficiencies earlyin a product's life. Root-cause
analysis can then be pursuedto determine the causesof
the deficiencies, andcorrective actions canbe quickly
takento eliminate anyreliability problems. Thisproduct­
improvement orientation is whatdifferentiates EST from
simply screening a product for defects-a process usu­
ally referredto as environmental stress screening (ESS).

. EST and Accelerated Testing. Environmental stress
testinggenerally involves applying an amplified or accel­
eratedstress, usually in excessofthe product's specified
limits, to a potentially unreliable product to stimulate any
latentdefects to the point ofdetection. The stress condi­
tionsapplied are not meantto replicate the stress condi­
tionsina normal operating environment. Rather, they
are designed to stimulate the failures that might be
causedby stresses in that environment.

To this end, the use ofaccelerated test condi­
tionsoffers several advantages. Asillustrated in Figure 3,
product variations are better revealed at heightened
stress levels because a largersection ofthe failure distri­
bution "tail" is exposed. Thus, forexample, design mar­
ginsmaybe quickly established usinga small sample
size. Another advantage ofaccelerated testingis that the
time to achieve a given level ofstressingmay be dramati­
cally reduced.

However, the stress levels used in EST mustbe
selected so that theyneitherdamage an otherwise good
product nor significantly reducethe product's life. As
shown in Figure 4,the intentofEST is to screenout
defects that could leadto infant mortality without
significantly wearing out the product. Bydetermining
the rootcauseofthese early failures, andtaking action to
eliminate them, infant mortality in the field canbe
greatly reduced. It is important to understand that infant
mortality often represents a weak sub-population ofa
product. This sub-population is normally well separated
from the main, robustpopulation. EST is intended to
causethis weak sub-population to fail and, whenproperly
applied, doesnotaffect the main population.

Technical Aspects of EST

Environmental stress testing may be viewed
from many perspectives. There are several issuesof
importance to the effective application ofEST.

Modes of EST. There are several modes ofdoing
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Environmental stress level or product strength level

Figure 1. Typical probability distributions are
shown for the operating environmental stress

levels, and the product's strength or capability

to withstand an environmental stress. This illus­

trates that product failures may occur when the

statistical distribution for a product's strength

overlaps with the distribution of the operating
environment stresses.
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Figure 2. Desired distributions for environmental

stress and product strength illustrate that when

a product undergoes sufficient improvements,

there will no longer be an overlap between the

stresses encountered and the product's capabil·
ity to withstand those stresses. Thus, field

failures will be eliminated.

Environmental stress level or product strength level

EST. We will discuss them in the order ofdescending
desirability.

Design Quallflcation EST. Aproductis tested near
the end ofthe design stage to see if it is robust with
respect to stress levelsin excess ofthose likely to be
encounteredin the operatingenvironment. If
deficiencies are found, the root cause is determinedand
corrective actionsare taken to fixthe underlying causes
ofthe problem. This is the most productive mode of
doingEST, because the benefitsare realized over the
whole life of the product.

Manufacturing Quallflcatlon EST. Arepresentative
sampleofa productis subjectedto EST, during the manu­
facturing ramp-up, to identify any deficiencies in compo­
nent quality or manufacturing processes. In addition,
design-margin deficiencies that did not showup in .
designqualification ESTmaybe found. The emphasis
againis on failure modeanalysis (FMA) and corrective
action, so that deficiencies in the productcan be quickly
eliminated beforeproduction volumes becomelarge.

Production Sampling EST. For products requiring
high reliability, it is useful to continue to perform EST on
a sampling basis, to monitor production forprocessor
component quality variations, evenafterthe products
havesatisfactorily passed the design-qualification testing.
The emphasiscontinues to be on determining the root
cause ofanyproblemsfound, and takingcorrective
action to correct them.

Ongoing EST. Sometimes ESTis performed with
the intention ofdoinggood FMA,and quickly correcting
anyproblemsfound, but quality problems continue to
persist.For a high-reliability product, it may stillbe eco­
nomically feasible to continue to do ESTon an ongoing
basis,withsome degree ofFMAand corrective action, but
this modeis certainly less desirable than the approaches
mentioned above.

Ongoing ESS. Traditionally called environmental
stress screening (ESS) , this approach is directedmostly
at sorting the good productfromthe bad,which is then
repaired. But littleemphasisis put on FMAand taking

AT&TTECHNICALJOURNAL. MARCH/APRIL 1994 79



I
-- At elevated stress level

Applying stresses above the
specified upper stress level

will expose more latent
product flaws and, thus, a

larger section of the
weak tail of the
product strength

distribution

At specified upper level ----:

Figure 3. A comparison of testing at specified
and accelerated stress levels illustrates that
product variations are better revealed at
heightened stress levels, because a larger sec­
tion of the failure distribution "tail" Is exposed.

Environmental stress level or product strength level

corrective action. Although this mode may be suitable
for limited production volumes, wherethere is little
opportunity forproduct improvement, it is not nearly so
productive as the approaches mentioned above for
higher-volume products.

Stress Stimuli and Flaws. There are a variety of
stress stimuli that canbe applied to a product as partof
an ESTregimen. Wewill review the mostcommonly used
stimuli here, and notesomeofthe typesofproduct
deficiencies theyare likely to stimulate to failure.

Elevated Temperature. Testinga product foran
extended period at an elevated temperature, or burn-in,
is probably the mostcommon form ofstress testing.
Marginal product designs often exhibit a temperature
threshold above which the product will not function satis­
factorily. Failure modesthat involve chemical or diffu­
sionprocessescan often be effectively accelerated at ele­
vated temperatures. However, formany electronic prod­
ucts, there is a tendency to test the product only to the
nominally specified uppertemperature limit. Testing
beyond the nominal temperature limit is productive,
however, sinceonecanbetter assess the robustness of
the product.

Power Cycling. Turninga product on andoffis
anothercommon form ofstress testing, and it is com­
monly donein conjunction with other types ofstress test­
ing. The temperature transients that occurduringpower­
up canoften stimulate thermo-mechanical defects. For
electronic systems involving possible variable conditions
resulting from an abruptshut-down, on/offpowering
also mayreveal design deficiencies.

Temperature Cycling. Anumberofinterconnection
andpackaging failure modesmay best be stimulated by

temperature cycling. The higher transient temperature
conditions that occurduringtemperature cycling also
canreveal design deficiencies notnormally found during
the slow transients associated with getting up to bum-in
temperatures. Cycling to low temperatures canalso
reveal temperature-threshold problems notcovered by
traditional bum-in tests.

Voltage Variations. Varying the voltage supplied to
an electronic system canreveal design-margin problems
andmarginal performance ofspecific components. This
type ofstressingoften is combined with testing at tem­
peraturelimits, which increases the detection ofmargi­
nalconditions.

Clock Variations. Varying the clock rate canreveal
timing-margin problems. This type ofstressingis often
difficult to achieve, however, because ofthe highdegree
ofintegration ofclocks in the product circuitry. Often,
special design provisions mustbe madeforsuchtests to
be feasible.

Vibration and Mechanical Shock. Vibration or
mechanical shockstressinghas traditionally beenused
to reveal structural-support problems; problems in secur­
ingspecific, often largeor heavy, components; andcon­
nectorization andcabling problems. In addition, prob­
lemswith surface-mount solderjointsare also increas­
ingly beingaddressed usingvibration testing.

Elevated Humidity. Elevated-humidity testingis
usually doneinconjunction with high-temperature test­
ingto reveal problems with corrosion or high-voltage iso­
lation breakdown. Extended testingis often required to
get results.

ESD and Power Surge. Specialized testingis often
doneforelectrostatic discharge (ESD) andpower surges
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Figure 4. The classical product lifetime, or bath­
tub failure curve, illustrates that the intent of
EST is to detect and screen out defects that

could lead to infant mortality-without
significantly contributing to the wearout of the
product.

to check the adequacy ofisolation andgrounding
designs. Suchtesting is generally not performed on prod­
ucts that are shippedto the customer.

EMI Susceptibility. Electromagnetic interference
(EM!) testingalso is done to verify design robustness,
though oftenonlyat ambientconditions. However, EMI
testingdone in conjunction withtemperaturecycling can
reveal additional problems withleakage paths not found
under staticconditions.

Types of Stress Failures. Productsthat are under
stress mayfail in different ways. The most appropriate
way to perform ESTon a productwill dependon the
nature ofthe failure modes. Wewill now considerthree
principal typesof stress failures.

Threshold Stress Failure. Aproducttypically
exhibits a statistically distributed strength to withstand a
given stress, as is illustrated in Figure 1.In the simplest
case,a failure occurs in a specific productsample when
the stress level exceeds the threshold strength ofthe
sample. Examples ofthe threshold strengths are the
mechanical strength ofa brittlematerial, or the tempera­
ture level at which an electronic component begins to
malfunction. Ascreeningprocess at a certainstress level
maysort out the weakproductswithout damaging or
wearing out the good products, whichpossess a thresh­
oldstrength higher than the screeningstress level.

Cumulative Stress Failure. Some failures occur
under the cumulative effects of repeatedlow-level stress­
ing. Although these stresses maybe well below the level
that would cause immediate productfailure, each time

they are applied they produce someirreversible changes
in the product. Thus, afterrepeatedexposureto these
stresses, the cumulative changegrowsto a failure level.
Well-known examples ofcumulative-stress failure are
electromigration in a device under high-current density,
and fatigue failure ofsolderjointsdue to extended ther­
malcycling. Screening weakproducts byapplying cumu­
lative stress is appropriate onlywhenthe product
strength ofthe main population is muchhigher than that
ofthe weaksub-population..

Combined Threshold-Cumulative Failure. Besides
threshold stress andcumulative stresses, a combination
ofthese mayalsostimulate certainfailure modes. Thus,
a high peakstress might initiate an incipient failure that
later results in a hard failure due to cumulative stresses.
For example, a device witha crackedpackage may be
ableto operatefor a time,but maybe vulnerable to
futurefailure due to subsequentcorrosion. Thus, the use
ofhigh stress to screen out weakproducts mustbe done
withcaution. If the incipient failure, such as the cracked
housinginduced by exceeding the thresholdstrength,is
not driven to an observable failure, a later field failure
mayoccur.

EST Implementation Issues
The following section discussesthe selection of

an appropriate stress testing regimen, howone demon­
strates that the selectedregimenis safefor a goodprod­
uct,and alternate schemesfor detecting faults stimulated
by the applied stress regimen.
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Figure 5. This illustration shows a bimodal product strength
distribution, shown as a solid line, having a weak sub­
population. This population is significantly lower In strength
than the main part of the product population's strength dis­
tribution. This population also is weak relative to the distri­
bution of the maximum lifetime stresses, shown by the red
line, that the product may encounter during its life.

Stress Stimuli &election. Inplanning an ESTpro­
gram, one ofthe first tasks is to decide whatstress stim­
uli should be employed in examining the reliability ofa
given product. During design qualification EST, it is advis­
ableto use a fairly wide spectrum ofstress stimuli. How­
ever, in a production environment, wherethe costofper­
forming ESTcanbe quitelarge, it is advisable to focus on
those areasfound to be ofsignificance indesign
qualification testing, or which address the typesoffailure
modes beingfound in the field for similar products.

Stress Level Determination. Once the relevant
stimuli havebeen selected, appropriate stress application
levels mustbe determined fora test regimen. During
design qualification EST, one ofthe primary objectives is
to verify that satisfactory design margins havebeen real­
ized. Forexample, let's consider a printed circuit board
that is designed to operate as part ofa highly reliable
system in a O°C to 50°C environment. Guidelines estab­
lished forhowthe systemperforms above, or below,
these specified temperature limits regard 10°C beyond
the specified limit as "marginally robust," 20°C beyond
as "acceptable" or "robust," and 30°C beyond as "excel­
lent" or ''veryrobust." Margins should be product-

specific andmustbe clearly established for eachproject.
It is useful to set targetsforan acceptable design margin
foreachofthe stress stimuli applied to the product.

Alternatively, ifrobustdesign margins cannot be
verified, GreggHobbs, an industry ESTconsultant, has
suggested a procedure1 for determining the appropriate
stress levels fora test regimen to be usedin the manu­
facturing environment. In this procedure, stress levels
are incrementally increased until a significant
percentage-greater than 50o/0-0f the sample size no
longerfunctions. Hobbs suggestsadopting a stress level
that is approximately midway between the specified and
operational limits. Atthis point, it is useful to distinguish
between operational anddestruct limits. The operational
limit is the stress level at which a product no longer func­
tions, but recovers oncethe stress level is reduced. The
destructlimit is the stress level at which a product fails,
but doesnot recover evenwhenthe stress level is
reduced.

Regardless ofwhich method is used, determin­
ingthe stress level for robustdesign mustbe viewed as
an iterative process. Hence, it may be necessary to
repeatthe processthroughthe following loop several
times:
- Stressand test product,
- Analyze failures,
- Takecorrective action to eliminate the failures, then
- Re-test the improved design.

Safety Testing. ESTshould precipitate flaws ina
marginal product before it is shipped from the factory,
but it should not induce flaws or failure modes that nor­
mally would notbe presentin a goodproduct. In addi­
tion, the useful life ofa productshould notbe diminished
by EST. To prevent this from happening, safety testing
should be applied to the candidate regimen.

The preferred safety test method fora manufac­
turingstress test is to repeatedly apply a candidate stress
testingregimen ''X'' to a product until failure canbe
shown to occurbeyond somelevel, ''Y,''where ''Y' is
muchlargerthan ''X.''For example, suppose a candidate
regimen of10thermalcycles is proposed. Then, ifexper­
iments are conducted showing that morethan 1000 ther­
malcycles are neededto eventually "break" the product,
one may reasonably conclude that the proposed regimen
of10cycles will not significantly reducethe useful life of
anygoodproduct.

In usinghighly accelerated stress testing, it is
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Figure 6. This contour plot shows the joint probability that a
specific product having strength "Y," characterized by a
product strength distribution, will experience a lifetime max­
imum stress, "X." The plot shows the part of the product
population that is subject to field failure (including infant
mortality of the weak sub-population and early wear-out of
the weak tail of the main population), and how the applica­
tion of EST reduces potential field failures by finding weak
product before it is shipped.

quality products, however, a moreimportant benefit may
be in meeting-or exceeding-eustomer expectations
fora highly reliable product, leading to increased sales
andmarketshare. Forcertain products, suchas comput­
ers or telecommunications systems that may be critical
to a customer's revenue stream, a product failure may
resultin substantial losses. The cost to the customer for
redundant capacity, or maintenance capabilities to avoid
suchlosses, canbe substantial.For such situations, high
reliability canbe a significant factor fora customer in
making a decision to buya product. In other markets,
suchas consumer products, a customer may buya prod­
uct basedprincipally on costor features, provided the
reliability is acceptable.

In order to plan an appropriate ESTprogram, it is
important to have a clearly defined reliability objective
fora product, andto understand the economic factors
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EST Economic Issues
The nextsection reviews someofthe principal

factors that impact on the economic benefits and costs
associated with an effective ESTprogram.

Benefit.. Aprincipal directbenefit ofan EST pro­
gramis a reduction inwarranty repaircosts. Forhigh-

also necessary to perform sufficient safety testingon
potentially combined threshold-cumulative failure
modes. This is neededto be assuredthat the elevated
stress levels are not causing incipient damage that can
leadto later failures due to the cumulative effect ofa sec­
ondary stress.As mentioned earlier, the corrosion of
metal within a device package that has been cracked by
an elevated mechanical stress is an example ofsucha
concern.

The burdenofdoing safety testingis greatly
diminished as onegainsexperience, sincethe results
from safety tests for a technology used on one product
may laterbe applied to other products usinga similar
technology. It is important to develop a mechanistic
understanding ofthe relationship between applied stress
conditions and observed failures, so that one can prop­
erlyjudgewhenit is appropriate to extrapolate previous
safety testing, andwhenadditional testingis required.

Stimulation/Detection Scheme.. In performing
EST, fault stimulation andfault detection may be concur­
rent or sequential. The three stimulation and detection
schemesare as follows:
- Passive -Unpowered stressing, with laterfault detec­

tion.
- Static - Powered, but electrically non-functioning while

stressing, with laterfault detection.
- Dynamic -Powered andelectrically functioning during

stressing, with concurrent fault detection.
Intermittent failures tend to comprise a

significant percentage ofoverall failures. Therefore, one
should strive to do dynamic testing, if possible.4-8 It may
be quiteproductive, however, to "precondition" a prod­
uctwith a low-cost, passive- or static-stress regimen to
helpprecipitate failures, followed by an abbreviated
dynamic-stress test aimed principally at detection. Pre­
condition stressingmay be doneselectively to only those
elements ofa systemforwhich it is mostproductive.
However, the detection phaseofEST generally is most
effective if it is applied to the smallest, fully testable part
ofa system.
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influencing that objective. This is particularly important
in settinga criterion forwhether continued screeningis
economically justified.

Additional benefitscan flow froma well-planned
ESTprogram. Accelerated stress testingcan be used to
more quickly and economically achieve a target level of
reliability, rather than simply relying on more traditional
mild-stress testingtechniques, such as bum-in at the
upper-specified temperaturelimit ofthe product. Finally,
and perhaps most importantly, the lessons learnedfrom
performing ESTon one productare often retainedand
applied to future products. Asa result, reliability
enhancement becomesmorefirmly ingrained in the cul­
ture ofan organization when the results of reliability
improvement efforts are more readily apparent.

Cost of EST. The cost ofperforming ESTinvolves
the directcost ofdoing the stress testing, as well as the
cost ofrepairing a defective product. An effective EST
programis aimed at productimprovement and the asso­
ciatedcosts ofperforming failure-mode analysis, how­
ever, and takingcorrective action to fix problems should
also be factored intothe totalESTprogramcost. For
designqualification and manufacturing qualification EST
programs, these latter costs for FMA and corrective
action mayfar exceedthe more direct costs ofperform­
ingstress testing and repair. Nonetheless, improving the
reliability ofa productearlyin its life is the best way to
achieve highlyleveraged economic benefits.

Optimizing the Application of EST. It is often difficult
to judge the most appropriate extentofan ESTprogram,
sinceit is difficult to project the relationship between fail­
ures found through ESTand the probability that these
failures would haveoccurred in the field. To illustrate
this difficulty, we return to a discussion ofthe statistical
distributions ofa product'sstrength and the stress
encountered in the field. Figure5 showsa bi-modal
product-strength distribution which, for illustrative pur­
poses,has a significantly weakpopulation that is distinct
from the mainpopulation. Wewill considerthat the early
failures showing up in the bathtubcurvein Figure4 are
principally associated withthis weakpopulation.

Now considerFigure 6.This is a contourplot
showing the jointprobability that a specific productofa
given strength will experience a maximum stress ofa
given level duringits productlife (called lifetime maxi­
mumstress). The population lying to the lower-right of
the diagonal line is subjectto failure in the field because
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the lifetime maximum stress level, ''X,''exceedsthe
strength, ''Y.''The population to the upper-left ofthe
diagonal will not fail in the field becausethe strength
exceedsthe lifetime maximum stress to which it is
exposed. Thus, evena weakproductmaysurvive a rela­
tively benignstress environment.

An objectofESTis to precipitate failures in the
weakpopulation. The appropriate stress level to achieve
this is shownas the solid horizontal linein Figure6.As
seen in this figure, however, this stress level does not
catchthe lower-right part ofthe main population that will
fail in the field becauseit happensto experience an
abnormally high-stress level. Ifwe raise the ESTstress
level to the level shown by the dashed line, in an attempt
to eliminate this part ofthe population, wethen fail a
significant portion ofthe mainpopulation that, though
relatively weak, would nonetheless survive in a typical
stress environment. Thus, we see that the main popula­
tionmust be veryrobustwithregard to the stress levels
required to screen outweakand predominantly unreli­
ableproduct. Otherwise, a stress screen mayfail sub­
stantially more productthan would fail in the field.

We can thus conclude that, to economically
achieve high reliability, a productmust be robustwith
regard to the stress levels encountered in an operational
environment. If it isn't, stress screeningmaybe a costly
way oftryingto achieve high reliability. ESTis principally
ofvalue in helping to achieve a robust productthrough
productimprovement and, ifveryhigh reliability is
required, in screeningout a small, weakpopulation that
is well separatedfrom a robust mainpopulation.

Summary
The use ofESTis increasing rapidly among com­

mercial electronics companies. The conceptofESTis the
application ofaccelerated stresses-usually beyond prod­
uct specifications-to stimulate potentially weakprod­
ucts to detectable failures. This is followed by root-cause
analysis and corrective action to eliminate the causeof
failures, thereby ensuringa robust product.
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