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We discuss a polycrystalline silicon surface-micromachined inchworm actuator that provides detailed information about friction at the microscale.  

With this actuator, we find that different monolayer coupling agents exhibit different coefficients of friction, indicating that they traverse tortuous routes through the device.  We have also demonstrated that Amonton's Law, which states that friction force is proportional to normal force, is valid over a broad range (from 50 micronewtons to 1000 micronewtons) [1].  However, as applied load is reduced to zero there still exists friction, in violation of Amonton’s Law [2].  This can quantitatively be attributed to an adhesive force of 5 micronewtons for our counterfaces.  We have further developed a dynamic friction measurement methodology that allows fitting to the full one-dimensional equation of motion.  This measurement indicates that dynamic friction exists even under a small tensile load (0.3 micronewtons).  

Paradoxically, the static and dynamic coefficients values measured under test conditions do not describe the inchworm behavior under operational conditions.  Our investigations resolved this paradox by uncovering a phenomenon known as "pre-sliding tangential deflections" [3].  These stable nanometer-scale deflections, which persist up to 200 nanometers in length before the static friction limit is reached, dominate the inchworm behavior under operational conditions because the step size is only 40 nanometers.  

In an effort to understand our friction results in more detail, Robert Carpick at the University of Wisconsin is performing atomic force microscopy (AFM) measurements to characterize our surface topographical features.  Professor Carpick is also performing nanotribology measurements of monolayer coupling agents attached to silicon surfaces to determine how friction force microscopy can be used to predict MEMS friction measurements.  
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