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Lubrication of Aerospace-based MEMS Devices
While they hold promise for aerospace advances, issues plaque devices 
built around Micro- and Nano-Electro-Mechanical Systems (MEMS and 
NEMS).  Stiction occurs when surface adhesion forces are higher than 
the mechanical restoring force of the micro-structure and the device 
permanently adheres to the underlying substrate.  Many approaches have 
been taken to mitigate this phenomenon including surface modification, 
development of novel materials and self-assembled monolayer (SAM) 
lubricant coatings. SAM coatings have been shown to alleviate stiction, 
friction and wear but at the same time possess limitations related to 
their chemistry. X-ray absorption spectroscopies (XASs) were used to 
describe the growth mechanism and associated tribological properties 
of self-healing SAM lubricant coatings based on perfluoropolyalkylether 
(Fomblin Zdol).  The coating is composed of two phases: a bound layer 
that is chemically adhered to a substrate and mobile layer that is allowed 
to disperse across the surface.  The two components individually have 
poor lubrication properties but when placed on the surface together 
show significant improvement by working in synergy.  The bound layer 
decreases diffusion of the mobile phase out of the contact region and 
thereby prevents lose of lubricity that leads to rapid failure.

Fricition traces of various Fomblin Zdol coatings on a silicon substrate.  
Note that the bound and mobile phases as single components failed 
within ~200 cycles whereas a two component system of bound and 
mobile phases lasted four times longer.

Synchrotron advantages over conventional 
research techniques:
• �Investigation of real samples ranging from macro 

structures to nano structures.

• �Ability to examine substrate materials through  
surface coatings.

• �In-situ experimentation at operational temperatures.

• �Fast residual stress mapping for advanced  
engineering analysis.

• �Non-destructive analysis of components.

• �Element and elemental state specific techniques such  
as X-ray absorption and X-ray photoemission.
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