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DOPANT DISORDER-FREE 2DEG GaAs/AIGaAs HETEROSTRUCTURE
FET DEVICES FOR QUANTUM HALL AND NANOSTRUCTURE STUDIES
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Two-dimensional electron gas (2DEG) GaAs/AIGaAs heterostructures have been
grown by molecular beam epitaxy (MBE) in which gate-induced accumulation of
carriers replaces the more usual modulation doping1. These novel devices have the
advantages of reduced disorder and a high degree of tunability in the carrier density.
Because modulation doping is not used, disorder effects in the 2DEG due to nearby
dopants are eliminated. Mean free paths for electrons exceed 30 jam at low
temperatures. Electron densities are accurately tunable over nearly two orders of
magnitude, from 9xlO9 cm"2 to 4X1011 cm*2. Very high electron mobilities, exceeding
3xlO6 cm2/Vs at 4.2 K, are obtained. With such a combination of density tunability
and low disorder, these layers provide unique opportunities for studying low
dimensional systems following further lithography. Nanolithography with feature sizes
under 50 nm will be possible at UNSW in early 1996.

In preparation for 1-dimensional and 0-dimensional structure fabrication, the 2DEG
samples have been characterised in steady fields at temperatures - 5 0 mK. Recent
theory has explained the fractional quantum Hall effect at electron filling factor v=V£ in
terms of composite fermions (made up of interacting electrons) behaving as if they are
a non-interacting system at B=0. The question of the mobility JJC of composite
fermions in the new devices, and how it varies as the electron density varies, has been
studied. Preliminary measurements at v=V4 yield //c~104 cm2/Vs. The composite
fermion mobility is nearly independent of electron density beyond an apparent
threshold N= 0 . 5 x l 0 u cm"2, and independent of temperature in the range 50 to 200
mK. The electron N threshold coincides with the crossover of the carrier Fermi
wavelength and the mean free path.

1 B.E. Kane, L.N. Pfeiffer, K.W. West. Applied Physics Letters, 67,9, pp 1262-1264; 1995.


