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Abstract: Getter materials are technically proven and industrially well-implemented solutions for 
maintaining a vacuum inside electronic devices to assure long lifetimes and proper operating 
conditions. The pressure requirements of some hermetically packaged microelectromechanical 
systems (MEMS) devices, such as gyroscopes, accelerometers, infrared (IR) bolometers, and digital 
mirrors, are very stringent. The internal pressure can be as low as in the 10−3 mbar range. Due to the 
desorption phenomena of gaseous species from the internal surfaces, the vacuum inside such 
hermetically sealed electronic devices tends to degrade over time and, in the worst case, can affect 
the proper operation of the device. The integration of a special nanostructured getter film is an 
effective way to preserve and guarantee the performance of such devices. In addition to the getter 
material, there is also the need to develop and customize analytical techniques for post-process 
vacuum quality control and reliability checks of hermetic bonding, which are extremely important 
for the assessment of a device’s overall performance, lifetime, and manufacturing process yield. 
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1. Introduction 

The packaging of microelectromechanical systems (MEMS) is a key technical challenge, since 
many devices require a vacuum or well-controlled atmosphere to properly operate and to increase 
their lifetime. The main challenges in achieving a suitable vacuum level or an adequate gas filling 
purity are related to the small volume of this type of device and to the high surface-to-volume ratio. 
The pressure requirements of some hermetically packaged MEMS devices, such as gyroscopes, 
accelerometers, infrared (IR) bolometers, and digital mirrors, are very stringent in the range of 10−3 
mbar [1–3]. 

The most used and accepted solution to keep the inner pressure of a hermetically sealed device 
constant is the getter material [4], which is able to chemically absorb active gases in a vacuum or in 
an inert gas atmosphere for the entire lifetime of the MEMS devices. Nanostructured getter film that 
is specifically designed and optimized for such applications can be integrated at the wafer level inside 
devices. This getter film has the functional property of getting rid of all the gas contaminations 
coming from the outgassing of internal MEMS surfaces and, to some extent, of managing possible 
micro-leaks of the sealing, thus ensuring the proper lifetime of the MEMS. 

The knowledge of the internal atmospheric composition of microelectromechanical systems 
(MEMS) is a key issue for deeply investigating the characteristics of these devices [5]. Such 
information can be obtained using dedicated measurements, which are performed with specific and 
custom-made experimental apparatuses, which are known as residual gas analysis (RGA) and 
outgassing tests. 
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2. Getter Technology for MEMS 

The getter film consists of a special Zr-based alloy, whose chemical composition has been 
optimized to maximize sorption performance and to get a material suitable for becoming active in 
specific sealing or bonding conditions. 

The typical thickness of the patterned getter films at wafer level is in the range of a few microns. 
The morphology of the getter film has been specifically engineered in order to optimize gas sorption 
performance. The main gases that can be absorbed by the getter film are H2, N2, CO, CO2, H2O, CH4, 
and O2. 

The getter film can be activated during the sealing process or the wafer-level bonding process. 
The different vacuum bonding technologies, such as anodic bonding, eutectic bonding, direct 
bonding, or glass frit bonding, offer a compatible range of temperatures and bonding times for 
properly activating the getter material during the wafer-level bonding process. 

3. Characterization Techniques 

The measurement of the vacuum level and the gas composition by means of residual gas analysis 
(RGA) allows one to obtain useful information about the quality of the bonding process, the 
hermeticity of the MEMS, and the internal outgassing level; it is possible to measure the leak rate, to 
extract predictions about device lifetime, and, finally, to investigate the presence of detrimental gas 
species and their possible removal using a getter film. 

The knowledge of the outgassing characteristics of several materials is a fundamental issue in 
the frame of evacuated sealed devices. With this measurement, in fact, it is possible to obtain different 
key information related to possible pressure increases inside a device as a function of both the 
bonding process and the expected lifetime, to perform a proper sizing of the getter material for the 
specific requirements of the application, and to provide straight indications for the selection of 
materials and their compatibility with vacuums. 

4. Conclusions 

Creating and maintaining a good vacuum or a high purity of a filling gas in miniaturized 
systems pose important challenges; special nanostructured getter films have been developed to 
effectively sorb contaminants and keep proper conditions in hermetically sealed devices. The 
availability of analytical techniques to determine outgassing rates and to measure residual gas 
compositions in the systems is a key aspect in supporting the continuous efforts in developing 
suitable solutions for sealed devices with high reliability and stable performance.  
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