
NEW APPLICATION OPPORTUNITIES 
for MEMS sensors continue to grow in 
2017 with predicted double digit com-
pound average growth rates (CAGR) over 
the next 3 years. Key market segments 
such as mobile, automotive, networking, 
high power computing (HPC), and the 
Internet of Things (IoT) are continuing to 
drive miniaturization, improved integra-
tion, superior performance, lower cost, 
and increased reliability. In such a fast-
paced market, it is important to develop 
new products quickly and efficiently 
while minimizing costs. Well thought 
out environmental test plans can help 
streamline product development while 
being very cost effective. As a result, 
knowing how to implement a successful 
environmental life test strategy is critical 
to product development success.   

ultraviolet testing (to simulate exposure 
to sunlight), or it could be a humidity 
test, heat test, thermal shock test, thermal 
cycle test, etc. As an example, automotive 
applications undoubtedly require a ther-
mal cycle test. This test is typically in the 
range of -40˚C to +125˚C with 30 minute 
dwell for 3000 cycles. It is important to 
establish these requirements up front. 
They will  help determine the longest 
lead time requirements so that the test 
plan can be populated. This will also aid 
in the product development cycle if the 
“test early, test often” approach [1] is used.
 No environmental test is valid unless 
an established output from that test can 
be accurately and precisely measured. If 
the output of a test cannot be measured, 
or it is not quantified, it serves no value [2]. 
The output of an environmental test is 

 Developing an effective environmen-
tal life test plan is one of the challenges 
seen in new product design. Some cus-
tomers may not “require” environmental 
testing, but many customers will and may 
want to see the corresponding test data 
and results. Regardless of customer obli-
gations, almost all new product designers 
have an internal minimum requirement 
for demonstrated environmental test 
endurance. Each of these environmental 
life test plans should be viewed with a 
“top down” approach. Looking at the 
top-most assembly level environmental 
endurance requirements first then flowing 
that requirement down to the lowest com-
ponent level.
 Environmental testing strategy begins 
with determining what specific testing 
is required. It could be high intensity 

Environmental Test Strategies for 
MEMS Sensors Product Development

22  MEPTEC REPORT   SPRING 2017 meptec.org

 William Boyce
 SMART Microsystems Ltd.

Your Microelectronic 
Package Assembly Solution 

for MEMS Sensors

AEROSPACE AUTOMOTIVE DEFENSE DEVICE MANUFACTURERS MEDICAL ENVIRONMENTAL INSTRUMENTS & CONTROLS FOOD & AGRICULTURE MANUFACTURING ENERGY NETWORKING & COMMUNICATIONS



Your Microelectronic 
Package Assembly Solution 

for MEMS Sensors

new product development of MEMS 
sensors should considered carefully. A 
well thought out test plan that includes 
a top-down approach, lead times and 
contingencies, measurable outputs, and a 
defined quantity of parts for analysis can 
be very cost effective. Integrating this test 
plans into a “test early, test often” strat-
egy can further streamline early learning 
and ensure that objectives are met. New 
product development for MEMS sensors 
is very challenging and the proper strate-
gy for environmental testing can get your 
product to market with the lowest overall 
development time and cost.  ◆
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However, in some cases, the customer 
may request one interval, but the design 
group holds the product to a higher stan-
dard and may decide to extend the test 
length. In other cases, it may be neces-
sary to run a test, collect the data at the 
determined “end of test” point, and then 
continue to run the test until the product 
fails. This can help determine the theo-
retical end of life under a given condition.  
In any case, it is important to have a well 
thought out test plan at the beginning of 
the new product development cycle.
 Once the specific tests, duration, 
quantity, sequence, and outputs are deter-
mined, the test plan can begin to take 
shape. The table shown on the previous 
page is an example of a typical test plan 
that includes some of the variables dis-
cussed. It is easy to see that the heat soak 
and cold soak tests become gaiting items 
due to the extended time requirements. 
The test plan must meet all of the product 
durability requirements while consider-
ing the time constraints. When creating 
the test plan it is also wise to consider a 
contingency plan in the event that there is 
a failure during test.
 In addition to a well thought out and 
properly documented test plan there are 
some other things to consider during 
product development. The “test early, test 
often” strategy can be used to check basic 
design and process assumptions. This is 
the strategy of conducting specifically 
targeted early environmental testing on 
selected subassemblies, components, or 
complete devices as early as possible in 
the design cycle. This allows the design 
team to gain an understanding of the 
design strengths and weaknesses before 
the design is frozen and the final test plan 
is executed.
 An environmental test strategy for 

typically a function test of the part or 
device. It can also be a physical measure-
ment to determine if the part has changed 
dimension (which is often done after a 
humidity test), or it may require that the 
part be disassembled and examined for 
signs of damage after testing is complete. 
Sometimes it is necessary to continuously 
power and monitor the output of the part 
during test to determine if there is an 
output shift as a result of certain test con-
ditions. In some cases it is necessary to 
derive more than one output from a test, 
like a dimension and electrical output. 
Regardless of the test parameters, all test-
ing must have a measurable output.
 The next step in creating an effective 
test plan is to determine how many parts 
to test, the sequence of the testing, and 
duration of each test. During  this step, 
the test plan matrix is filled out. The 
quantity of parts to be tested is governed 
by the need for output data. (It is impor-
tant to understand that this is not a statis-
tical test. Since the results are pass/fail, 
it is not necessary to test a statistically 
significant sample size - like 32 parts.)  
In most cases 5 parts will be more than 
adequate to collect meaningful data.  
 If it is not called out in a customer 
requirement, the testing sequence will 
require some planning. Depending on 
the application, some of the tests may 
need to be placed in sequence. The same 
group of 5 parts may go form one test 
directly to another to simulate a specific 
environmental condition. For example, 
a single group of parts may go from UV 
test directly to humidity or heat soak to 
simulate a humid island environment.
 Once the sequence of tests is known, 
the duration of each test must be deter-
mined. In most cases the test is complete 
at a pre-determined time or interval.  
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