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MAGNETOCONDUCTIVITY OF 2D CONDUCTORS

A. ISIHARA and Y. NAKANE
Department of Physics, State University of New York at
Buffalo, Buffalo, New York, 14260, USA

Abstract In consideration of the correlations between Landau
levels for low electron densities, we evaluated the magneto-
conductivity of 2D conductors as a function of frequency for

a set of filling factor v. Our results show negative shifting
of the resonance position when v is increased from 1.5 to 3.0,
in agreement with a recent experiment of Wilson, Allen and
Tsui.

INTRODUCTION

Two-dimensional electron systems show interesting and anomalous
properties in a strong magnetic field which is applied perpendicu-
larly. We evaluated recentlyl the dielectric function2 and analyzed
cyclotron rescnance in 2D conductors.

In using the dielectric function, we avoided divergences in
cyclotron resonance by introducing a small imaginary part into the
function. This step, although phenomenoclogical, is consistent with
the broadening of the Landau levels due to impurity scattering.

It is the purpose of the present work to investigate the con-
ductivity and cyclotron resonance of 2D systems taking into consid-
eration the couplings of low-lying Landau levels which are ellip-
tically broadened. We adopt the Green's function of Ando and
Uemura3 and investigate the range of 1l<v<3, Here, v is the filling

n__ o
eH/ch ~ Mgl

and €5 is the ideal Fermi energy. The above range of v is inter-

factor defined by v = where n is the electron density

esting because as v increases from 1, the electrons are excited to
low-lying Landau levels and yet the number of these levels is small.

169



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:06 20 February 2013

170 A. ISIHARA AND Y. NAKANE

MAGNETOCONDUCTIVITY

The conductivity is expressed in terms of the memory function M(w)

as follows:

o o) = EfE
w-» +Mw (1)

where w, is the cyclotron freguency, and M(w) is given to lowest

order in impurity scattering as follows:

1 1
M( ) = m‘iq IV q)l Ty{ e(q,ﬂ (q,o) } (2)

N is the total number of electrons, v{(q) is the impurity potential,

ulq) is the Coulomb potential, and the dielectric function e(q,w)

is
e(q,o) = 1 + ulglxlq,w), wiq,u) = iEJ Cij(q)nij(m) (3)
Here, for t = 9—3)—2 and £ = ;ﬁ: 2O te ‘:g -(%5— t%e ‘t[Li(t)]'?.
The real and imaginary parts of I, J(m) are given by
e, () = 2 [ 6(a) [Rec, (300)1m60, (a)+eG (-0)G, )10z (4)
tar; () = 2 [ 006 [0(2)-2(20)1 Tn, (s40)Tn0, (2)az (5)

£(z) is the Permi distribution function and G(z) is the Green's
function. For a delta-function type short range potential, the

broadening parameter T in the Green's function is given by

2
T

h(——-n v, 2 , vhere n, is the impurity concentration and

vio)/elo,0}.

v
o

RESULTS AND DISCUSSIONS

The present theory is applicable to low temperature 2D electron
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systems such as chalcogenide compounds MX,, Si inversion layers
and GaAs/GaAlAs. However, the density of the electrons is assumed
to be small so that 3>v>1.5. We use the recent cyclotron data on
Si inversion layersh and choose the theoretical parameters accord-
ingly. The broadening parameter which depends on the strength of
the impurity potential is set to be 0.3 w . This value is close
to what Isihara and Mukal used.

The resulting magnetoconductivity is plotted against frequency
in Figure 1. The ordinate is the real part of the conductivity in
arbitrary units, agd the abscissa is frequency in cm_l. As can be
seen, the curves are asymmetric and are higher as v increases.

The peak positions show shifting. In the range v>2.5, the shift

w-w is of order -3 cm-l, which is negative. The negative shift

and magnitude agree well with the experimental data. However, the
anomalous shifting for v<l cannot be explained by the present theory,
requiring improvements on the treatment of electron-electron corre-

lations.
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FIGURE 1 Magnetoconductivity of 2D conductors vs. frequency.
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