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Collapse of spin splitting in quantum
Hall effect

Increasing

disorder

m.phy.cam.ac.ul

(a quantum phase transition)

Background

« electron-electron (e-e) interaction and the interplay
between disorder and e-e interaction are the main theme in
qguantum condensed matter physics.

* no experimental evidence to a long-predicted, disorder
induced quantum phase transition from the many-body
guantum Hall ferromagnetic state to quantum Hall spin glass
state at v=1 integer quantum Hall effect (IQHE) state.

» Experimental verification helps better understanding of
guantum phase transition physics.

Results:
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+ Slow change in v=1 energy
gap in weak effective disorder
regime.

« Due to antidots, modulated
bottom of energy band (voids)
by strength of AV in energy vs.
position plot, as large scattering
centers for electron transport.

« Uniform anti-dot array fabricated
by interferometric lithography.

+ Commensurate oscillations as
well as Shubnikov-de Haas
oscillations seen at low magnetic
fields.

+ Well developed quantum Hall N T“T‘ab'e d|sprder streng(h»by
effect states at Landau level varying Fermi level E. relative
fillings v=1,2,3... D&%

+ Sharp drop at apparent critical
effective disorder.

« Evidence of a first order
quantum phase transition from
quantum Hall ferromagnetic
ground state to quantum Hall

. spin glass state

Basic
Energy
Sciences
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Background

« Even-denominator FQHE state, probably due to pairing of
composite fermions.

 Quasipatrticles of this state believed to obey non-abelian
statistic, application in topological quantum computation.

* Need to understand impact of disorder on this state to
achieve largest energy gap (larger gap > small error rate
and higher operational temperature).

Results:
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« Normalized energy gap decreases
sharply with increasing disorder in
modulation doped samples (red
symbols), where sample disorder is
of long range.

+ High quality heterojunction
insulated-gate field-effect transistor
(HIGFET).

« Density dependence of 5/2 FQHE state
performed.

* Weak disorder dependence in
HIGFET, where the disorder is of
short-range and dominantly caused
by charge-neutral surface
roughness scattering.

« No modulation doping. Electron « Thermally activated 5/2 state observed in

density induced by gate voltage, HIGFETs and thus true energy gap

V. measured.

« 2D density tunable from 2x10%° + Density dependent data of energy gap

to ~5x10 cm2, with a peak consistent with a spin-polarized 5/2 ground § . X
mobility of ~14x10° cm2/Vs. state. « Very different roles in affecting the
5/2 energy gap for long-ranged
Coulombic and short-ranged
charge-neutral disorders.

‘Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000.
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Density of states

Background

« Current interest in electron spin physics in semiconductors
for quantum computation applications.

* QHE being a unique system due to its tunability in spin
population and thus strength of exchange interaction.

« Exchange interaction enhanced g-factor responsible for
energy gaps of odd filling factor (v) QH states being large.

« Disorder induced collapse of spin splitting at odd v's, a
guantum phase transition.

Density of states

Results:
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« Landau level number as a function of the
critical electron density where the collapse
of spin splitting occurs.

* R,, versus v at different magnetic fields. * Avy_g as function of density
for two peaks flanking v=17

» Magpnetic field from top to bottom — quantum Hall state.

0.239, 0.229, 0.197, 0.176, 0.165, 0.144,
0.133, 0.122, 0.111, 0.101, 0.090, and
0.079T.

+ Red line — power-law dependence fit. « Solid line — a fit to equation
Avy, = axcoth[ax(n-c)¥?] —
bxcoth[bx(n-c)¥2], which
resembles the behavior of
the Brillouin function .

*Theoretical prediction shown as dotted
« Three traces at B = 0.197, 0.165, and line.
0.133T highlighted, showing the collapse
of spin splitting at v = 29, 23, and 17,
respectively.

«+ Discrepancy between experimental
result and theoretical prediction probably
due to finite g-factor in GaAs.

(), WATINSS

vl Nt Secan iy Aot


mailto:wpan@sandia.gov
mailto:mplilly@sandia.gov
mailto:sklyo@sandia.gov
mailto:jlreno@sandia.gov
mailto:latracy@sandia.gov
mailto:gtwang@sandia.gov
mailto:rpprasan@lanl.gov

	Quantum Electronic Phenomena and Structures�Wei Pan, PI, Sandia National Laboratories, wpan@sandia.gov; (o)1-505-284-9545 

