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Observation of (=2/3 Fractional Quantum Hall Effect in Silicon |111| Surface Electrons
Hu, B.; Yazdanpanah, M. and Kane, B.E. (Laboratory for Physical Sciences, U. Maryland)
Introduction 

While the fractional quantum Hall effect (FQHE) has been the subject of intense study for over thirty years, there are still aspects of it that are poorly understood.  Recently, there has been considerable theoretical debate on the ground state at filling factor (=2/3 in multicomponent systems, and it has been posited that non-abelian states may be realized in these circumstances1-3.  Multicomponent systems can arise in systems with valley degeneracy in the conduction band, and our group at Maryland has pioneered the development of high mobility electron systems on the silicon |111| surface, where the degeneracy of the conduction band is six.  Previous measurements at Maryland4 had demonstrated the FQHE was visible in our samples, but observation of (=2/3 would require access to the magnets at the NHMFL.
Experimental 

Measurements were made on a set of samples specifically developed5, 6 for the portable dilution refrigerator at the Magnet Lab.  Most significantly, devices were patterned with a six-fold hexagonal symmetry so transport anisotropy could be specifically associated with the underlying valley axes (Fig. 1).  Our measurements at B≤35 T and T=25 mK show (Fig. 2) that (=2/3 is indeed visible in our samples, but that the samples become strongly anisotropic at smaller filling factors, with the possible emergence of an insulating phase near or slightly below (=1/2.  
Results and Discussion


While our previous FQHE data, which was focused on the filling factors surrounding (=3/2, was well explained by the composite fermion theory applied to a degenerate two-component system, the data displayed below strongly suggest that this simple picture will not apply to the region around (=1/2 in our samples.   Further experiments will be necessary to elucidate the anisotropy and possible insulating behavior seen in the data below.  Of particular interest will be measurement in tilted magnetic fields, where the in-plane component of the magnetic field can introduce a controlled splitting of the six-fold valley degeneracy and perhaps pinpoint the origin of the observed anisotropy we seen in our data6.
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Fig. 1 (a) Hexagonal shaped device used in experiments.  For electrons, odd numbered regions are gates for lateral confinement, while even numbered regions are ohmic contacts. (b) Orientation of device with respect to crystal and valley axes.





Fig.2 Magnetoresistance traces on the samples taken to B=35 T.  Different traces are taken from different contact sets as labeled.  The (=2/3 fraction is strong, but the sample becomes highly anisotropic at smaller filling factors and no other fractions are visible.









