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Understanding the Onse of Plasticity in Materials Using Quantitative In-Situ Nanoindentation

Nanoindentation is widely accepted as the preferred technique to study localized mechanical
deformation phenomena in materials. However, the mechanisms of deformation can only be
inferred from the load-displacement data obtained during a typical instrumented nanoindentation
test. In order to elucidate the underlying physics of these process, we have developed and
exploited a new technique, that of in-situ nanoindentation in a transmission

electron microscope (TEM). In this technique, a voltage-actuated piezoceramic tube is used to
position a sharp diamond in plane with the edge of an electron transparent sample. The tip is
driven into the material in order to induce deformation and the corresponding deformation is
observed in real time and at high spatial resolution. In this talk, I will review the details of our
experimental technique, as well as summarize our results from selected materials systems. In
particular, we have studied thin films of aluminum deposited on top of microfabricated wedges
of silicon, allowing us to observe such effects as initial deformation modes, size effects on
hardening, grain boundary motion and dislocation nucleation, as well as the effects of solute
additions on both dislocation propagation and grain boundary movement.

Additionally, experiments on harder materials have permitted the observation of unexpected
deformation modes. In the case of single crystal silicon, we have found a size-dependent
transition from pressure-induced phase transformation to room temperature deformation by
dislocation nucleation and propagation.
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