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Accelerated Testing Background

� Reliability is a powerful marketing tool

� Today's manufacturers face strong pressure to:

I Develop newer, higher technology products in record time.

I Improve productivity, product �eld reliability, and overall

quality using new technology.

� Implies increased need for up-front testing of materials, com-

ponents and systems.

� Accelerated tests provide timely information for product de-

sign and development.

� Users must be aware of potential pitfalls
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Overview

� Di�erent kinds of accelerated tests

� Example 1|Evaluation of an insulating structure

� Example 2|New-technology microelectronic logic device

� Accelerated Life Tests versus Accelerated Degradation Tests

� Importance of physics of failure and physical/chemical models

(and sensitivity analysis)

� Example 3|Microelectronic RF ampli�er device

� Other problems and pitfalls

� Links with six-sigma.

� Concluding remarks
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Types of Accelerated Tests

� Assess component or material reliability or durability.

� Identify and �x potential failure modes at system/subsystem

level (STRIFE TESTS).

� Screening (100% or audit) testing of manufactured product

(e.g. ESS and burn-in).

� System test to simulate �eld-use at accelerated use-rates.
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Breakdown Times in Minutes of a Mylar-Polyurethane

Insulating Structure (from Kalkanis and Rosso 1989)
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Inverse Power Relationship-Lognormal Model

The inverse power relationship-lognormal model is

Pr[T � t; volt] = �nor

"
log(t)� �

�

#

where

� � = �0+ �1x, and

� x= log(Voltage Stress).

� � assumed to be constant.
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Plot of Inverse Power Relationship-Lognormal Model

Fitted to the Mylar-Polyurethane Data (also Showing

361.4Kv Data Omitted from the ML Estimation)
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Lognormal Probability Plot of the Inverse Power

Relationship-Lognormal Model Fitted to the

Mylar-Polyurethane Data
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Methods of Acceleration

Three fundamentally di�erent methods of accelerating a re-

liability test:

� Increase the use-rate of the product (e.g., test a toaster 400

times/day). Higher use rate reduces test time.

� Use elevated temperature or humidity to increase rate of

failure-causing chemical/physical process.

� Increase stress (e.g., voltage or pressure) to make degrading

units fail more quickly.

Use a physical/chemical (preferable) or empirical model re-

lating degradation or lifetime at use conditions.
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Analysis of Interval ALT Data for a New-Technology

IC Device

� Tests run at 150, 175, 200, 250, and 300�C.

� Developers interested in estimating activation energy of the

suspected failure mode and the long-life reliability.

� Failures had been found only at the two higher temperatures.

� After early failures at 250 and 300�C, there was some concern

that no failures would be observed at 175�C before decision

time.

� Thus the 200�C test was started later than the others.
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Lognormal New-Technology Integrated Circuit Device

ALT Data
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Elevated Temperature Acceleration of

Chemical Reaction Rates

� The Arrhenius model Reaction Rate, R(temp); is

R(temp) = 
0 exp

�
�Ea

kB(temp �C+ 273:15)

�
= 
0 exp

�
�Ea � 11605

tempK

�

where tempK = temp �C + 273:15 is temperature in degrees

Kelvin and kB = 1=11605 is Boltzmann's constant in units

of electron volts per K. The reaction activation energy, Ea,

and 
0 are characteristics of the product or material being

tested.

� The reaction rate Acceleration Factor is

AF(temp; temp
U
; Ea) =

R(temp)

R(temp
U
)

= exp

�
Ea

�
11605

temp
U
K
�
11605

tempK

��

� When temp > tempU , AF(temp; tempU ; Ea) > 1.
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The Arrhenius-Lognormal Regression Model

The Arrhenius-lognormal regression model is

Pr[T � t; temp] = �nor

"
log(t)� �

�

#

where

� �= �0+ �1x;

� x= 11605=(tempK) = 11605=(temp �C+ 273:15)

� and �1 = Ea is the activation energy

� � is constant
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Arrhenius Plot Showing ALT Data and the

Arrhenius-Lognormal Model ML Estimation Results for

the New-Technology IC Device.

Degrees C on Arrhenius scale
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Lognormal Probability Plot Showing the

Arrhenius-Lognormal Model ML Estimation Results for

the New-Technology IC Device
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Lognormal Probability Plot Showing the

Arrhenius-Lognormal Model ML Estimation Results for

the New-Technology IC Device with Given Ea = :8
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Pitfall 4: Masked Failure Mode

� Accelerated test may focus on one known failure mode, mask-

ing another!

� Masked failure modes may be the �rst one to show up in the

�eld.

� Masked failure modes could dominate in the �eld.

17

Possible results for a typical temperature-accelerated

failure mode on an IC device

Degrees C

H
ou

rs

 40  60  80 100 120 140

101

102

103

104

105

106

  10%

18



Unmasked Failure Mode with Lower Activation Energy
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Pitfall 5: Faulty Comparison

� It is sometimes claimed that Accelerated Testing is not useful

for predicting reliability, but is useful for comparing alterna-

tives.

� Comparisons, however, are subject to some of the same dif-

�culties.

� Beware of comparing products then the have di�erent kinds

of failures.
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Comparison of Two Products I
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Comparison of Two Products II
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Some Practical Suggestions

� Build on previous experience with similar products and ma-

terials.

� Use pilot tests

� Use results from failure mode analysis.

� Seek physical understanding of cause of failure.

� Seek physical justi�cation for life/stress relationships.

� Limit the amount extrapolation used

� Use degradation data, if possible
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Percent Increase in Resistance Over Time

for Carbon-�lm Resistors

(Shiomi and Yanagisawa 1979)
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Pitfall 8: Predictions of Variable Environments

is Complicated

� Most accelerated tests are run under carefully controlled, usu-

ally constant, conditions.

� Prediction of life in environments (e.g., e�ects of outside

weathering) is complicated.

� For example, manufacturers of paints and coatings still rely

on outdoor testing.

� Substituting \average" conditions into simple acceleration

modes can give misleading results in predicted spread and

location.

� There is some hope of using kinetics cumulative damage

models to make useful predictions.
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Strife Test
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E�ect of Component Drift Over Time

3-� process
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E�ect of Component Drift Over Time

6-� process

LSL -> <- USL
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Relationship to 6-�-Type Strategy

� Measure critical (failure-related) reliability variables at time

0 and over time.

� Analyze causes of failure, sources of variability (identify im-

portant ones), and e�ect of critical reliability variables on

failure.

� Improve by using designed experiments, searching for robust

design options, degradation reduction alternatives, strength-

ening critical components, etc.

� Control manufacturing processes to maintain reduced vari-

ability.
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Planning Accelerated Tests

� Limit, as much as possible the amount of extrapolation used.

� In accelerated life tests (failure time is response) allocate

more test units to low acceleration factor level than high

acceleration factor levels.

� Consider including some tests at the use conditions.

� Use simulation to investigate properties of alternative ALT

plans.

36



Simulation of a

Proposed Accelerated Life Test Plan

Degrees C
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ay

s

 40  60  80 100 120 140 160

100
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  10%

Temp= 78,98,120 n= 155,60,84 
 centime= 183,183,183 parameters= -16.7330,  0.7265,  0.6000

Log time quantiles at 50 Degrees C
Average( 0.1 quantile)= 8.014    SD( 0.1 quantile)= 0.4632
Average( 0.5 quantile)= 9.138    SD( 0.5 quantile)= 0.5116
Average(Ea)= 0.7266    SD(Ea)= 0.08594

Results based on 500 simulations
Lines shown for 50 simulations
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Concluding Remarks

� Accelerated Testing can be valuable tool when used carefully

� There is no magic in Accelerated Testing

� Cross-disciplinary teams are needed to deal e�ectively with

all issues

I Product/reliability/design engineers to identify product-

use pro�les, environmental considerations, potential fail-
ure modes or weaknesses that need to be evaluated, etc.

I Experts in materials and the chemistry/physics of failure

to help in the understanding of an suggest/develop appro-

priate models for acceleration of particular failure modes.

I Statisticians to help with stochastic modeling, plan tests,

�t models, and to help quantify uncertainty in results.

� Users of Accelerated Testing must beware of pitfalls and land

mines
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