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   S.Putterman1, J. Escobar1, R. Budakian2
   1Physics Department, University of California, Los Angeles CA 90095
   2IBM Research Division, Almaden Research Center, San Jose CA95120
   As the size of a device shrinks, interactions at surfaces become more
   important in determining its response to external forces. So, at the
   nano-scale, friction is a force to be reckoned with. Furthermore,
   friction is a naturally nano-scale phenomenon. Even when macroscopic
   surfaces are brought into contact, friction is due to spontaneously
   arising domains of interaction that have nanometer dimensions. We have
   found that electronic processes are a key aspect of friction. For
   example, by using techniques that measure and image charge exchange
   between metal-insulator surfaces in relative motion, we have found
   that stick-slip friction is accompanied by charge transfer events. The
   charge is bunched at the stick locations and is proportional to the
   force jumps. The constant of proportionality is measured in
   electron-volts/angstrom and has a small variance over a large range of
   slip sizes suggesting that macroscopic friction at these interfaces
   originates from intrinsic electronic interactions. Use of a friction
   force microscope along with measurement of the electrical conductance
   of two macroscopic gold surfaces brought into contact indicates that
   nano-scale junctions [or cold-welds] spontaneously form over a long
   time scale that can reach 60seconds. The effective Young’s modulus of
   these junctions has been measured from angstroms to tens of
   nanometers. At the angstrom level the modulus is 100 times larger than
   at the mesoscale. Again bonding controls frictional interactions. The
   dynamics of longitudinal rupture [the pull off force] of these
   spontaneously forming junctions matches the dynamics of stick-slip
   friction. Various quantum mechanical signatures characterize the
   junctions which form between macroscopic bodies brought into contact.
   The manner in which uniformly applied stresses focus down to
   nanoscopic domains to create friction, should also provide insight
   into the processes which govern the failure of materials. For
   instance, creep and plasticity of stressed materials can be due to
   internal friction mediated by the surfaces that separate different
   crystal domains. The irreversible build-up of these internal slip
   events can eventually lead to failure. Via use of an interference
   microscope capable of angstrom resolution, we are searching for the
   smallest 'creep' event [the hydrogen atom of creep and hysteresis] in
   small stressed samples such as metallic laminas and cleaved mica. We
   are also trying to determine if the bond rupture theory of stick-slip
   friction provides insight into the mechanism of crack initiation.
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