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Abstract
The term ‘R eliability Testing’ is commonly used to refer to a set of tests that indicate how a
product will perform during its intended lifetime.

Given the long mission lives that are common with today’s products, it would take months, if not
years, to evaluate a product's long term behavior at normal operating conditions. Therefore, in
many cases accelerated life testing, utilizing increased levels of stress, is required to gather a
sufficient amount of data in an acceptable period of time.

Proper R eliability Testing will increase product quality and reliability, reduce time to market,
identify design flaws and defects to lower field failures, maximize MTTF, and increase customer
satisfaction.

Demonstrative Tests vs. Investigative T ests
Most product testing falls in to two categories, Demonstrative and Investigative.

Demonstrative Tests are used to demonstrate that a product/design meets certain specified
criteria, usually a specification or customer requirement. Demonstrative tests use stress levels
that are equal to simulate what a product will see during its lifetime. These are the tests
commonly referred to as Qualification Tests and include High Temp Operational, Low Temp
Operational, Drop, Sinusoidal Vibration, and other tests. These tests are used to prove that the
product/design is capable of performing correctly under its defined usage conditions.

Investigative Tests are used to investigate various aspects of a product/design such as
robustness, long term effects of stresses, design margin, estimated field failure exposure, and
mean time to failure (MTTF). Investigative tests usually utilize stress level higher (or much
higher) than the product will see during usage, creating a test thatis shortened in duration, thus
accelerating the results. Investigative tests are often performed until failures are observed.
Examples of Investigative Tests are HALT, Qualitative and Quantitative Accelerated Life,
Temperature or Vibration Step Stress, High Temp/Humidity dwell, etc.

W hen to use Demonstrative tests

Demonstrative Tests typically are used during the Design Verification and Validation stages of
product development to show compliance with a design specification, an external specification, or
a customer requirement. Demonstrative Tests can often be standardized such that the same test
suite applies across a product family, or to all products that will be used in similar environments.
Demonstrative Tests are usually performed at the product level.

W hen to use Investigative tests

Investigative Testing can be used at any point during product development. It can also be used
when revisions are made to released products, when field failure data indicates a trend, or
whenever there is concern about a product’s ability to successfully survive its intended lifetime.
Due to their very nature Investigative Tests are not standardized, each testis unique to the
specific product, and often to the specific failure mechanism being investigated. Investigative
Tests can be performed at the component, sub-assembly, or product level (in the examples below
| refer to ‘products’ but the same techniques can be applied to sub-assemblies or components).
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Examples of commonly used Investigative Tests

Temperature Step

During a Temperature Step test increasing amounts of temperature stress is applied to the
product. The temperature is stepped both cold and hot, exceeding the normal operating
conditions of the product. The product is held (dwell time) at each step long enough for the entire
product to achieve temperature.

The purpose of the Temperature Step test is to determine the operational margins of a product
beyond its Design Limits (normal operating conditions). The applied stress is increased until the
product’s Operational Limit, and in many cases the Destruct Limit, is determined. A product’s
Operational Limit is when the product ceases to function under the increased stress, but returns
to normal functionality when the stress is removed. The Destruct Limit is the amount of stress
that causes the product to cease functioning permanently.

The amount of margin, or separation, between the Design Limit, Operational Limit, and Destruct
Limit indicates how robust a product is.

Vibration Step
Vibration Step is similar to Temperature Step, in that increasing amounts of stress are applied to

the product, except that Vibration Step uses vibration as the stressor.

Again, the purpose is to determine the operational margins and the robustness of the product.

HALT

HALT (Highly Accelerated Life Testing) uses the combined effects of vibration, rapid temperature
transitions, and dwells at temperature extremes to rapidly reveal the effect of long term stress on
a product. It’s possible to simulate all of the stresses that a product would see throughout its
entire lifetime in just a few days. Other stresses may be applied during HALT, such as power
cycling, voltage margining, clock frequency margining, input voltage variations, etc.

The purpose of HALT is to reveal weaknesses in a design, as well as indicate how robust a
product is. HALT is not intended to be used to determine the MTTF of a product. The goal of
HALT is the stimulation of the product using elevated stresses, not the simulation of the stresses
the product would normally see.

It is important that the product under test is monitored continuously during HALT. Failures must
be investigated immediately upon occurrence. For each failure the root cause is determined and
the design is corrected.

The HALT profile is unique to each product tested and is based on the Limits determined during
Temperature Step and Vibration Step. This is to ensure that sufficient levels of stress are used to
stimulate the product, without overstressing it and causing failures that are not representative of
what may be seen in the field.

Qualitative Accelerated Life
Accelerated Life Tests use elevated levels of one or more stresses to accelerate the effect of the
stresses on a product. Commonly used stresses are temperature, humidity, voltage, etc.

Qualitative Accelerated Life tests are used to compare 2 or more configurations of the same
product, or 2 or more similar products. Since this is a comparative test the goal isn’t to correlate
results to actual time in the field, but to assess one configuration versus another. A typical result
of a comparative test would be “Configuration B survived the Accelerated Life Test 10 times
longer than Configuration A”.
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Examples of when to use Qualitative tests:
e During product development when you have 2 or more possible configurations and you
want to know which is the more robust
¢ You want to compare components from 2 or more suppliers
e You have a component that is causing know failures in the field, and you want to see if
the possible solution(s) are actual improvements

With any Accelerated Test it is important to carefully evaluate each failure that is observed, and to
determine if the failure is one that would normally occur in the field, or if it has been caused solely
by the elevated stress levels.

Please note that for any Accelerated Life test results to be valid the observed failure mechanism
must be the same at each of the different stress levels.

Quantitative Accelerated Life

Quantitative Accelerated Life tests also use elevated levels of stress to shorten the amount of
time it takes to observe the effects of the stress on a product. However, with Quantitative tests
the correlation of exposure at elevated stress to time in field is calculated, usually as a ratio of
MTTF at elevated stress to MTTF at field conditions.

To determine the correlation between elevated stress and normal stress conditions an
Acceleration Model is used. The Acceleration Model is the mathematical formula used to
estimate a device’s life in response to varying levels of a stress factor.

Examples of commonly used Acceleration Models are the Arrhenius Model for temperature stress
and Peck’s Model for combined temperature and humidity stress. There are many others and
care should be taken in selecting the Acceleration Model that is appropriate for the product under
test.

For optimal results a Quantitative Accelerated Life test should be performed to failure at a
minimum of two different elevated stress levels, with one level being as close to operational
conditions as possible while still allowing the observation of failures within a useful timeframe.
This allows for the calculation of the specific Acceleration Factor and Activation Energy for the
specific failure mechanism observed.

The Acceleration Factor is the ratio between the MTTF at one stress level and the MTTF at a
second stress level. An Acceleration Factor of >1 indicates that an increased stress level is
accelerating the failure rate for the failure mechanism associated with the stress. The Activation
Energy determines the slope of the acceleration factor with respect to temperature. Activation
Energies of 1.0 or greater indicate a failure rate that is very strongly dependent upon
temperature. An Activation Energy of approximately 0.53 results in a failure rate that roughly
doubles with every 10°C increase.

Please note that for Quantitative Accelerated Life test results to be valid the observed failure
mechanism must be the same at each of the different stress levels. Each failure mechanism will
have a unique Acceleration Factor and Activation Energy.

Again, it is important to carefully evaluate each failure that is observed, and to determine if the
failure is one that would normally occur in the field, or if it has been caused solely by the elevated
stress levels.

Qualitative Accelerated Life tests are very useful. They are much more accurate at predicting a
product’s expected field life than traditional Reliability Prediction calculations such as MIL-HDBK-
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217. They also provide meaningful MTTF estimation without having to wait for sufficient and
accurate field failure data.

High Temperature/Humidity Bias

Another useful Investigative Test is Temperature Humidity Bias. As its name suggests it uses the
combined stress of elevated temperature and humidity with a voltage bias. This test is used to
discover such problems as corrosion, dendrite growth, localized over heating, etc.

Other Investigative Tests

There are many more possible investigative tests, limited only time, budget, and imagination.
Almost any stress that a product experiences during its lifetime can be utilized to perform an
Investigative Test.

Summary
While Demonstrative Tests are important, much more can be learned about a product by

performing Investigative Tests, particularly if the tests are performed to failure. Demonstrative
tests can only show how a product performs at a single point in time and in a specific
environment. Investigative tests can be used to explore how a product will perform throughout its
entire expected lifetime.
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