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ABSTRACT 
  
With their extremely low mass and volume, low power 
consumption and tight integration with electronics, 
MEMS (microsystems) sensors and actuators are 
extremely appealing for reducing the size and mass of 
spacecraft without sacrificing functionality.  
In view of the harsh and remote environment of space, 
reliability and qualification is the crucial issues that are 
holding back MEMS from playing a larger role in 
space applications.  
We examine how MEMS reliability is handled in 
commercial MEMS devices used in safety critical 
applications on the earth and contrast the operating 
conditions on earth with those encountered during 
launch and in orbit. We explain the impact that 
vibration, mechanical and thermal shock, and radiation 
can have on MEMS devices fabricated using the most 
widespread silicon technology. Accelerated tests 
adapted to space qualification are presented as a means 
to determine the major failure modes. Hermetic 
packaging is crucial to ensuring long-term reliability. 
 

1. INTRODUCTION 
 
MEMS (Micro Electro Mechanical Systems, also 
known as microsystems) are a class of microfabricated 
devices that include moving parts. They are typically 
sensors and actuators with features on the micron scale. 
Reference [1] provide a good overview. 
MEMS have been commercially adopted in large 
volumes in a number of earth-bound applications, the 
most common being accelerometers for automotive 
(airbag) applications [2], pressure sensors for engine 
management [3], and micro-mirror arrays for display 
applications [4]. 
 
Combining low mass, low power consumption, small 
volume and possible integration with control and sense 
electronics, MEMS seem ideal for space applications. 
Considering the high reliability achieved on earth and 
the challenges of developing mechanisms for use in 
space, it is conceivable that a spacecraft including 
carefully designed MEMS could be more reliable than 
the conventional solution. 
 
Initially MEMS will serve simply as replacements for 
bulkier sensors (e.g., accelerometers or gyros). In the 

medium term MEMS technology will allow sub-
systems (such as phased array antennae, attitude 
determination, optical switches) to be reduced 
significantly in size and mass. In the longer run MEMS 
can enable new classes of extremely small, intelligent, 
self managing and relatively low-cost batch-produced 
picosatellites consisting primarily of bonded MEMS 
devices. 
 
In this paper we present a brief overview of MEMS 
technologies and the broad range of possible 
applications in space. We will then examine how 
MEMS reliability is handled in commercial MEMS 
devices used on earth and contrast the operating 
conditions on earth with those encountered during 
launch and in orbit. We explain the impact that 
vibration, mechanical and thermal shock, and radiation 
can have on MEMS devices fabricated using the most 
common silicon-based technologies. Accelerated tests 
adapted to space qualification are presented as a means 
of determining the major failure modes. We propose 
design rules for MEMS to avoid such failures, such as 
selective etching of dielectric for radiation hardness, 
material and suspension designs for high shock 
resistance (over 1000 G). Packaging is crucial to 
ensuring long-term reliability. Techniques for hermetic 
packaging of MEMS are discussed.  
 

2. OVERVIEW OF MEMS AND SPACE 
APPLICATIONS 

 
There are three major micromachining technologies: 
surface micromachining (successive deposition and 
patterning of a structural layer followed by a sacrificial 
layer), bulk micromachining (using deep etching 
techniques, notably Deep Reactive Ion Etching (DRIE) 
to pattern microsystems in the bulk of a wafer, and 
LIGA, the german acronym for Germanacronym for 
LIthographie Galvanoformung Abformung, which 
allows very high aspect ratio devices. 
 
By far the most common material used for MEMS is 
silicon, either poly-crystalline or increasingly single 
crystal silicon. Silicon is favoured for its mechanical 
properties (high strength, high stability), controllable 
conductivity, as well as its relative ease of 
micromachining on micron scale. 



Other materials used in MEMS are metals (the prime 
example if the Al-alloy used by Texas Instruments for 
their DMD display), as well as polymers which are 
being increasingly used in bio-MEMS and for 
microfluidic applications. Ceramics, SiGe, SiC and 
other materials are used in niche applications. 
MEMS is an extremely broad field, with devices made 
from many different materials and with one of several 
possible fabrications technologies. This means that 
there is no single representative MEMS device, which 
makes general comments on reliability more difficult 
to make. 
 
MEMS have been proposed for a number of space 
applications, either as lighter replacement parts or as 
entire new systems. We briefly list some of the more 
developed areas below, roughly in order of decreasing 
maturity. Certain topics such as power MEMS are not 
discussed. 
 
Inertial Navigation: accelerometers and gyroscopes are 
perhaps the most mature MEMS devices. Since these 
devices are available as COTS (commercial off the 
shelf) parts for commercial and military applications, it 
is likely that they can be re-qualified for space by de-
rating. There have been several studies [5,6,7] 
addressing this issue for space. COTS accelerometers 
have been shown to survive 1000 temperature cycles 
from -65C to +150C, as well as 30,000 mechanical 
shocks of 2000G. 
 
Bolometer: micromachining allows thermal isolation of 
small detectors, enabling both uncooled and cooled 
bolometer arrays to offer very high performance. Such 
devices are commercially available for earth-based IR 
detector applications. A MEMS bolometer from 
JPL/Caltech [8] is planned for the ESA/NASA Planck 
mission in 2007.  
 
RF Switches and Variable Capacitors: MEMS 
technologies enables the fabrication of very compact 
low-loss RF switches, as well as capacitors with a large 
tuning range. Such devices are just starting to be 
commercially available, for example from Teravicta [9] 
(Austin, Texas, USA). RF switches were flown in 
space on the OPAL Picosats in 2000. They were stored 
in orbit for a year, and then successfully operated [10]. 
IMEC has led several studies into the reliability of RF 
MEMS for Space [11] 
 
Optical Switching and Communication: The boom in 
optical MEMS between 1999 and 2002 led to the 
development of large optical switch matrices based on 
MEMS devices. There are ongoing ESA project on the 
development and qualification methodology of such 
MEMS switches for space. There have been studies of 
COTS parts [12], but no devices have been flown. 

 
Propulsion: There are two main approaches to using 
MEMS for propulsion in space. One approach is to 
miniaturize an ion-thruster by micromachining and 
integrating the electron source, gas handling, nozzle 
and other components [13]. The other approach is to 
microfabricate arrays of microthrusters [14] which are 
essentially micromachined cavities filled with solid 
propellant with a micromachined heater to ignite each 
microthruster one at a time. 
 
Bio and Microfluidics: SU8 and other polymers, as 
well as Pyrex and silica are used to create micro-fluidic 
devices, including channels, nozzles and pumps. Such 
devices are principally being developed for medical or 
pharmaceutical (lab-on-a-chip) applications, but could 
eventually be used as part of a propulsion system 

 
 

3. RELIABILITY OF MEMS AND FAILURE 
MODES 

 
3.1. Overview 
To determine the reliability of MEMS, a rigorous 
physics-based approach must be followed. One must 
understand the root cause of all possible failure modes. 
This starts with a test plan to reveal those failure modes 
by applying drive conditions (e.g., overvoltage) or 
environmental conditions (e.g., humidity, thermal and 
mechanical shock) that could accelerate failures. Once 
one understands the failure modes, one can perform 
experiments to determine the acceleration factors, and 
run tests that can provide accurate estimates of the 
lifetime in a time much shorter than that lifetime 
(which could be of order hundreds of years for a well 
designed and packaged device). An important strategy 
is concurrent design, also referred to as design-for-
reliability, as explained in reference [15]. The process 
is in reality very iterative, as once failure modes are 
uncovered, the design, fabrication process, packaging 
or materials can be improved to eliminate or minimize 
a given failure mode. 
 
Failure modes of MEMS devices can be categorized 
into a) mechanical and b) electrical failure modes. 
Much effort has been invested over the past 10 years 
into understanding mechanical failure modes, based on 
the intuitive assumption that it must be the moving 
parts that lead to failures and that electrical failure 
modes (and how to accelerate and avoid them) are well 
understood from the microelectronics industry. 
It is the author’s opinion (see reference [16]) that the 
mechanical design of MEMS has reached sufficient 
maturity that electrical failure modes often dominate, 
especially for high voltage designs, in large part 
because the thin films have been optimized for 
mechanical properties (e.g., ultra low stress) at the 



expensed of electrical ones (e.g., dielectric breakdown 
voltage). 
 
What makes MEMS different from larger mechanical 
devices? The main difference is one of scale: in MEMS 
surface effects dominate bulk effects, making contact 
between surfaces a key reliability issue as thin 
actuators tend to cold-weld to other surfaces if placed 
in contact.  
Another difference is the use of compliant supports for 
almost all MEMS. With the exception of a class of 
micromotors developed at Sandia National Labs 
(Albuquerque, NM, USA), almost all reliable MEMS 
devices rely on flexural or torsional supports to 
minimize any rubbing surfaces. 
 
For some high volume and safety-critical applications 
(most notably accelerometers for airbag deployment in 
cars) reliability has been extensively studied and has 
yielded parts with failure rates at the ppm level of 
lifetimes of over 10 years [17]. For smaller volume 
markets where reliability is still crucial (telecom), 
extremely reliable MEMS have also been 
demonstrated. For example Lucent Technology has 
developed Si-based micromirrors with FIT rates of less 
than 50 (i.e., fewer than 50 failures in 109 device 
hours). 
 
3.2 Most Common Failure Modes 
We summarize below some possible failure modes for 
MEMS devices, as well as a few possible design fixes. 
A comprehensive review can be found in [15] and [18] 
and references therein. The failure modes depend on 
the materials used for the device, the fabrication 
approach, the packaging, and of course the design. 
Most of the failure modes listed below can be 
eliminated through proper design and packaging 
 
Mechanical failure modes include:  

- Stiction and wear 
- Fatigue 
- Plastic deformation 
- Delamination 
- Curvature change 
- Shock and vibration induced fracture 
-  

Electrical failure modes include: 
- Short and open circuits 
- Arcing across small gaps 
- ESD 
- Dielectric charging 
- Corrosion 

 
It is beyond the scope of this paper to discuss all the 
techniques for mitigating the possible failure modes 
discussed above.  

We note however that extensive design rules have been 
developed to make highly reliable silicon and metal 
MEMS structures. In particular it is now well known 
thanks to careful research [19, 20] how to make Silicon 
suspension beams that exhibit no fatigue and no plastic 
deformation. One must first ensure there is no metal on 
the silicon beam. To avoid fatigue (growth of cracks 
due to cyclic stress) once must then operate in a dry 
ambient with maximum strains of less than 20% of 
yield strength. Using such principles, Lucent 
Technologies has built (and commercialized) 
micromirrors that operated with no change in 
parameters (no fatigue and no creep) for over 2x1010 
cycles [21].  
 
Figure 1 provides a summary of good design practices 
for developing a reliable silicon-based MEMS 
micromirror (from reference [18]). 

 
Figure 1. Schematic diagram of good design practices for 
electrostatically operated MOEMS devices. Most of the rules 
(in particular packaging and concurrent design) are 
applicable to all MEMS technologies. 
 
 
3.3 Accelerated Tests 
The failure modes for microelectronics devices are 
well known (such as electromigration), as are the 
accelerating factors (for instance current density and 
temperature for the case of electromigration). 
This allows such devices to be rapidly evaluated for 
their long-term reliability by operating them under 
conditions that are more sever than normal. 
 
The important question for MEMS devices is: how can 
one perform accelerated testing to develop the data 
needed to guarantee the device’s long term reliability? 
This is a field that is still being explored for MEMS. It 
bears noting that humidity is a major accelerating for 
most mechanical and electrical failure modes. This 
means packaging (and possibly getters) is an essential 
component of device reliability. Indeed, despite being 
high volume products, TI’s DMD chips are 
hermetically packaged, as are all devices for the 



telecom market. Shelf-life remains a challenging aspect 
to accelerate, and is also strongly tied to the quality of 
the packaging. 
 
Determining qualification tests for MEMS requires a 
good understanding of the failure modes. If the modes 
are not identified and understood, the device might 
pass what appear to be stringent qualification tests, 
only to fail later. The challenge is that while certain 
aspect are now well understood (e.g., fatigue), other are 
still hard to model (such as stiction). Qualification tests 
are further complicated by the very diverse nature of 
MEMS devices: it is not appropriate to use the same 
qualification method on a polymer fluidic circuit as on 
a SiC MEMS accelerometer. 
 
Accelerating factors (AF) for mechanical failures are 
listed below: 

• Fatigue. AF: 1. number of cycles, 2. maximum 
applied strain, 3. humidity. Accurate models 
exist to extrapolate to the number of cycles to 
failure under nominal operating condition based 
on number of cycles to failure under accelerated 
conditions 

• Plastic Deformation (Creep). AF: 1. 
temperature, 2. applied strain. This is a field that 
is well understood. The homologous 
temperature provides a good guide to the 
magnitude of the expected creep for different 
materials. 

• Stiction: AF: 1. humidity. This is a much more 
difficult effect to model, especially for shelf 
life. There are many mitigation techniques, but 
few well established accelerated test techniques. 

• Shock and Vibration induced fracture. The AFs 
are repeated mechanical shocks and vibration on 
three axes. It may be necessary to use SEM or 
TEM to study the microstructure, as well as 
very accurate measurements of resonant 
frequency to look for the growth of minute 
cracks that could lead to later failures. 

• Delamination: AF: 1. thermal shocks, 2. 
mechanical shocks. 

 
We list below accelerating factors (AF) for electrical 
failures. These failure modes are similar to those in the 
microelectronics world. One must use caution however 
because MEMS devices often use combinations of 
materials not used in microelectronics, as well as high 
(>100V) for many actuators. 

• Short and open circuits: AF: 1. electric field, 2. 
temperature, 3. humidity 

• Arcing across small gaps: AF: 1. electric field, 
2. gas pressure and composition 

• Dielectric Charging. AF: 1. electric field, 2. 
temperature, 3. radiation, 4. humidity 

• Corrosion: AF: 1. humidity, 2. voltage and 
polarity (if anodic corrosion), 3. temperature 

 
An intriguing question for MEMS devices is Burn-In. 
This is a standard process for microelectronics devices, 
designed to weed out devices with built-in weaknesses 
or defects, by operating the devices for a short period 
of time under harsh environmental or drive conditions. 
How is this best done for MEMS devices? Answering 
this question fully requires understanding the failures 
rate vs. time. This extensive data is only available for a 
few high volume parts (this information is rarely 
published). The TI DMD mirrors undergo an effective 
burn-in when tested after manufacturing. 
 

4. SPACE SPECIFIC RELIABILTY 
CONCERNS 

 
The ultra-high reliability MEMS parts used on earth 
are manufactured by the millions, which allows a 
careful statistical study to be performed. When coupled 
with root cause analysis of the failed parts, this allows 
a very complete picture of device reliability to be 
assembled. 
 
A major challenge for space applications is the 
possibly very limited total number of devices 
fabricated if a customized solution is used, as opposed 
to a COTS part. A limited supply of parts, or parts that 
are not particularly mature, complicates the 
qualification process. 
 
We consider below radiation, vacuum, thermal shock 
and vibration as space-specific operating conditions, 
and their possible impact on MEMS reliability. Other 
possible considerations included atomic oxygen and 
plasmas. 
 
4.1 Radiation 
 
Most MEMS devices are radiation hard by default. Of 
much more concern are the drive/control electronics, 
which may need to be shielded or built with a rad-hard 
design and components.  
 
Radiation damage is typically thought of a causing 
latch-up or single event upsets for electronics, or a 
continuous deterioration of optical coatings and lenses. 
Microelectronic circuits typically consist of millions of 
transistors, separated by fractions of a micron, with 
very thin (nm) dielectrics or gate oxides, and with each 
device’s conductivity controlled by locally applying a 
gate voltage to doped semiconductors. 
 



MEMS devices can operate on several principles, the 
most common being electrostatic, thermal, and piezo-
electric. All those actuation schemes require a good 
electrical contact between a bond pad and the actuator 
(electrode) of the device.  In a MEMS device the line 
spacing is typically several microns or tens of microns, 
and the exact level of doping is not important as long 
as the material is sufficiently conductive. There are no 
active areas like a transistor, only zones where the 
electric potential needs to be well defined. The 
dielectric films are thick (of order a micron). 
 
For MEMS devices the main failure mode at 
sufficiently high doses is the accumulation of charge in 
dielectric layers, which at first causes a change in the 
calibration of the device (essentially by applying a 
quasi-constant electrostatic force), and ultimately could 
lead to complete failure by a short circuit. We discuss 
below the radiation levels needed to begin degrading 
performance, not the higher levels needed for complete 
device failure. 
 
Few radiation tests have been performed on MEMS 
devices. It is clear that the design and materials play an 
important role in total acceptable dose. For example, 
micro-engines from Sandia National Labs in 
Albuquerque, NM, USA were reported to only change 
their behaviour at doses of order 10 MRads [22]. 
However tests on accelerometers showed a change in 
calibration at doses of 100 krad (though the devices 
remained functional) [23, 24]. These doses are for 
unpackaged devices so that the sensor element is 
directly irradiated. Similar doses on packaged devices 
would lead to significantly less damage. 
RF switches [25] showed no change in operation at 
does of up to 150 kRad for one design, but for a 
different design the device’s calibration started to 
slowly change at doses of 10 kRad, although the device 
continued to operate after doses of 300 kRad, but with 
an 80% increase in required drive voltage. The 
difference between the two devices is due to the 
location of the dielectric layers. 
The difference in sensitivity to radiation of the devices 
discussed above is due to the different impact that 
trapped charge in dielectric will have on different 
actuations schemes and MEMS devices. 
Reference [16] contains a detailed discussion of 
possible geometry changes that can be made to 
minimize the effect of trapped charge on device 
performance. The source of trapped charge in ref [16] 
is not from radiation but from an applied electric field, 
but the reasoning and mitigation techniques are the 
same. 
 
Figures 2 (from reference [16] is a schematic cross-
section of two micromirror devices. The black dots 
represent trapped charge. The top device is the simpler 

geometry that is susceptible to performance 
degradation due to trapped charge. The bottom device 
is an improved geometry where all the dielectric not 
screened by conductive electrodes was selectively 
etched (using buffered HF) so that any trapped charges 
no longer affect the micro-mirror tilt angle. This 
bottom design can cope with large radiation doses with 
no change in device characteristics.  
 

 
 

 
 
Figure 2 (from [16]). Top: a simpler geometry that is 
susceptible to performance degradation due to trapped 
charge. Bottom: improved geometry with selective etch to 
remove dielectric so that device performance is no longer 
affected by trapped charge. 
 
Similar strategies can be employed to further radiation 
harden MEMS devices. The AF for radiation is 
principally radiation dose. 
 
4.2 Vacuum 
 
Devices in space operate in an extremely high vacuum. 
From a MEMS device perspective, operation in 
vacuum is only an issue if one of two conditions are 
met:  a) the device is not hermetically packaged, or b) 
the device generate more than a few mW of heat. 
Both those conditions are very unlikely. Power 
dissipation by a MEMS device is usually of order a few 
microwatts (except for thermally actuated MEMS). 
Special cases where cooling of the device are required 
(for example if using a MEMS micromirror to steer a 
high-power laser beam) can usually be dealt with by 
packaging the MEMS device hermetically with an 
exchange gas to allow for convective cooling, and then 
cooling the package. 



 
For space applications (where the cost of a truly 
hermetic package is negligible compared to the cost of 
testing) it is the opinion of the author that all MEMS 
devices must be hermetically packaged. A true 
hermetic package with welded or soldered seals (no 
glues or adhesives because they are permeable to gases 
including water vapour) can guarantee that the device 
will operate under a well defined atmosphere for times 
in excess of 20 years. This is particularly important for 
damping: a well defined pressure of a gas is often used 
to achieve critically damped or overdamped behaviour 
to avoid ringing. Devices designed to operate in 
vacuum anyway require a hermetic package to allow 
for testing on earth in laboratory conditions. 
 
Having the MEMS device in a hermetic packaging 
avoids any possible issue of outgassing, mass loss and 
contamination of other surfaces on the satellite due to 
the MEMS device, since the MEMS device is not 
exposed to the vacuum of space. 
 
The Paschen curve [1] describes a simple model for 
breakdown voltage (arcing) vs. gap and gas pressure. A 
controlled gas pressure and chemistry also helps 
control arcing, providing yet another reason for a 
hermetic package. 
 
AFs include vacuum tests, coupled with thermal shocks 
under vacuum. 
 
4.3 Thermal shocks 
 
Thermal shock for MEMS, especially those used in 
picosats in LEO orbits, could be quite severe, of order 
16 cycles from -80C to +100C per day, with possibly 
much larger temperature excursions possible 
depending on the orbit and mission (e.g., mercury 
orbiter, or a Mars lander). 
Assuming that the materials have been appropriately 
chosen for the maximum temperature (for example 
Aluminum up to 200C with a low strain design, Silicon 
up to 350C, SiC up to 800C), the biggest challenges is 
the Coefficient of Thermal Expansion (CTE) mismatch 
either between the components of the MEMS device, 
or between the MEMS device and package (i.e. die 
attach failure). Thermal shocks can lead to failure of 
the die bond, cracking of the chip, and to delamination 
of the layers in the MEMS devices. The curvature of 
free-standing surfaces consisting of more than one 
material (such as a metal coated cantilevers) can also 
change, leading to device failure. 
 
For MEMS level delamination, one solution is to use a 
monolithic process so all materials have the same CTE. 
Another is to assemble the device from materials with 
same CTE; this can be a technologically difficult 

solution. For device to package level reliability, one 
should try to make use of compliant attachment 
schemes and to include stress relief in the design of the 
microsystem. 
 
Accelerated testing is straightforward: repeated thermal 
shocks with temperatures exceeding the expected 
ranges, but by far more than the 10 degrees suggested 
for qualification in ECSS-E-10-03. The device should 
be operating during the thermal shocks, and its 
characteristics continuously monitored for any sign of 
degradation. 
 
 
4.4 Vibration and Mechanical Shock 
 
The vibrations experience during launch and the 
mechanical shock experienced during separation may 
be much larger the vibration and shocks experienced in 
typical industrial applications on earth. The vibration 
levels depend on the launcher, but let us consider as a 
representative example a sine vibration from 5 to 
100Hz and from 3 to 20G, and shock of 500G at stage 
and fairing separation (these values could be much 
higher for certain mission). 
 
The common perception is that MEMS devices are 
susceptible to shock and vibration. If care is taken in 
the design and package, this is not the case. Newton’s 
second law: 

force = mass * acceleration 
allows us to quickly understand why MEMS can be 
built to survive very large shocks. Their mass is 
typically of order micrograms or less, so even shocks 
of 1000G produces only mN forces, and suspension 
that can handle mN forces are not difficult to design. 
Commercially available accelerometers from Analog 
Devices and Colibrys are specified to survive 1000G 
shocks. Sandia National Labs has published data 
demonstrating MEMS devices that operate after 
40,000G shocks [26]. Of course a poorly designed 
device will fail sooner, but by creating a symmetrically 
suspended geometry, avoiding stress concentration 
(e.g., no sharp corners, only rounded bends), and 
minimizing strain, one can readily fabricate mm-scale 
suspended structures that can survive repeated shocks 
in excess of 1000G for 0.5 ms pulses.  
 
Regarding vibration, the most important factor is the 
coupling of the frequency ω of the applied vibration 
with the natural frequency ω0 of the MEMS structure. 
The applied mechanical force F0 is amplified as: 
              F = F

0
×[(1- ω2/ω2o)2 +(1/Q)2 ω2/ω2o ]-1/2 

where Q is the quality factor of the particular 
mechanical mode.  



So it is essential to design devices with: either 
resonance frequencies above the frequencies expected 
during launch (this is not too difficult since typical 
resonant frequencies are 500 Hz to 10 kHz), or with 
Q<3 to eliminate or reduce the force amplification due 
to the coupling effect. It is advisable to keep the 
maximum acceleration due to applied vibration well 
under 100G to eliminating the possibility for fracture 
of the MEMS parts. 
 
4.5 Packaging  
 
The importance of a hermetic package for the long-
term reliability of MEMS devices has been mentioned 
several times above. Package failure could lead to a 
dramatically reduced lifetime. For high reliability 
applications the packaging costs can often exceed the 
cost of the device. 
 
Traditional hermetic packages contain at most 5,000 
ppm of water vapor at the time of initial sealing. The 
maximum standard allowed leak rate is 10-8 
atm.cm3/sec to prevent entry of significant moisture 
during the device’s expected lifetime. Such a leak rate 
is a meaningful upper allowable limit for a large 
package, but can be unacceptably high for the small 
volumes enclosed in typical MEMS packages. 
Hermetic packages are made from ceramics, metals, 
and possibly glass or sapphire. There can be no glued 
seals: all seals are welded or soldered to ensure that no 
gas can enter or leave the package. All materials are 
permeable to a certain extent to gasses; hence true 
hermeticity can never be achieved. However since the 
diffusion of water vapour through metals and silicon is 
several orders of magnitude smaller than diffusion 
through polymers, by suitable choice of packaging 
materials one can maintain a well controlled 
environment over a 20 year product life. Getters can be 
used if necessary, but they typically require thermal 
activation, and can produce particulates. 
 
Thermal shock testing of the package itself is important 
to accelerate any leakage due to cracked or failed 
seams. The package being tested need not include an 
active device. Ideally a humidity sensor is included in 
the test packages. One alternates between a series of 
thermal shocks (for example -85C to +120C to 
accelerate package failure) with exposing the package 
to 85% humidity at 85C (to allow moisture to enter). 
One then looks for moisture ingress by measuring the 
humidity level in the package. A more sensitive (but 
destructive) technique is to perform the accelerated 
tests on the package, and then do a residual gas 
analysis on the package contents: this has the 
advantage of identifying all substances may have 
outgased from the interior of the package, as well as 
possible moisture or air ingress. 

 
An alternative to a standard hermetic package is to 
perform the packaging on the chip- or wafer- level, 
using wafer bonding techniques (such as fusion or 
anodic bonding):  a cap wafer or chip is hermetically 
bonded onto the MEMS device chip or wafer. This cap 
can be a Silicon wafer (for example for accelerometers) 
or a glass wafer (for example for optical MEMS). 
Wafer-scale packaging offers many advantages 
including lower cost (no expensive ceramic packages 
and is a batch process), and requires much less space 
and weighs much less than a conventional package.  
Despite these advantages, wafer-level packaging is still 
in its infancy for MEMS, as it requires a more complex 
fabrication scheme than traditional packages and 
imposes a stricter thermal budget during fabrication. 
 

5. CONCLUSION 
 
The growing acceptance of MEMS in safety critical 
application on earth (most notably accelerometers for 
airbags systems, and also IMUs) as well as in 
consumer electronics (projection displays) is a 
testament to the high level of reliability that can be 
achieved in suitably designed and packaged MEMS. 
 
Space presents a unique environment that may lead to 
additional failure modes, for instance due to radiation. 
A fundamental physics-based understanding of the 
failure modes is required to be confident that the 
accelerated tests provide an accurate prediction of 
device lifetime. While details depends on the specifics 
of each MEMS design, MEMS is a sufficiently mature 
field that all major failure modes are now well 
understood. The techniques for accelerated testing of 
MEMS are well established (except for stiction). 
Qualifying COTS MEMS for space can follow a very 
similar approach to qualifying COTS microelectronic 
devices for space.  
 
The package plays a key role in ensuring the long-term 
reliability of a MEMS device. For space applications 
(where the cost of a truly hermetic package is 
negligible compared to the cost of testing) all MEMS 
devices must be hermetically packaged. 
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