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Motivation

In noninteracting 2D charge carrier systems, it is well known that any amount of disorder will localize the carriers and lead to an insulating state.  Recent experiments on Si MOSFETs have shown a “metallic” behavior at low temperature, and identified a possible metal-insulator transition.  While a true metal-insulator transition (MIT) in 2D would be strong evidence for a new non-Fermi liquid ground state, experiments on high mobility 2D systems have been inconclusive.

Scientific Accomplishment

We have explored the metal-insulator transition using extremely high quality 2D electron samples and shown the that temperature dependence of the resistivity in the metallic regime can be explained using conventional Fermi liquid physics.  These experiments rely on techniques developed at Sandia to achieve record low densities (as low as 1.5(109 cm-2) using an undoped GaAs/AlGaAs heterostructure fabricated in a field-effect transistor (FET) geometry.  For low density 2D electrons, the resistivity is non-monotonic with temperature, and at low temperature decreases as the temperature decreases.  This “metallic” behavior of the resistivity can be qualitatively understood by using a detailed scattering model that includes phonons and ionized impurities[1].  At low density, the Fermi temperature is low and phonons freeze out.  The observed temperature dependence arises from a competition between screening and a crossover from a degenerate Fermi gas to a classical system.  Similar phenomena have been observed in 2D hole systems that were fabricated at Sandia by collaborators at Princeton and Bell Labs [2,3].  These experiments indicate that the underlying physics of the metal-insulator transition in is conventional Fermi liquid physics.

Significance

Our achievement of high mobility and ultra-low density 2D electron and hole systems allows transport to be studied in new regimes that have heretofore been inaccessible. The advances described here will benefit fundamental studies of interacting nanoscale systems.  By starting with high mobility material and utilizing the range of processing techniques at Sandia, novel structures such as electron-hole bilayers should be possible.
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