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Hall mobility, Hall-to-drift mobility ratio, and the magneto resistance coefficient of the two-
dimensional (2D) electron gas in a square quantum well of GaAs are calculated in the temperature range

~0 K in the framework of Fermi-Dirac statistics. Carrier scattering via screened deformation poten-
tial acoustic, piezoelectric, and ionized impurity interactions are considered. The variation of the gal-
vanomagnetic coefficients is studied with lattice temperature, 2D carrier concentration, channel width,
and the magnetic field in the classical region. Our calculated mobilities agree well with the available ex-
perimental data. The rnagnetoresistance coefficient is found to be quite sensitive to the change of the sys-

tem parameters.

I. INTRODUCTION

Electronic transport properties of the two-dimensional
(2D) electron gas in quantum wells are of considerable in-
terest from both the physics and the device application
points of view. However, investigations of the gal-
vanomagnetic coefficients of the 2D electron gas for clas-
sical magnetic fields are scarce in the literature. In an
earlier paper, we studied the galvanomagnetic transport
of the 2D electrons in GaAs square quantum wells con-
sidering polar-optic and acoustic-phonon interactions.
Similar studies at low temperatures are important, since
the reduction of phonon scattering and the suppression of
impurity scattering due to modulation doping enhance
mobilities. Also, low temperatures are preferred to
reduce the noise and the energy spread of electrons in-
volved in transport. In this paper, we calculate the Hall
mobility, Hall-to-drift mobility ratio, and the magne-
toresistance coefficient of the 2D electron gas in a GaAs
square quantum well in the temperature range 4—40 K
where interactions with acoustic phonons via deforma-
tion potential and piezoelectric couplings and with ion-
ized impurities are important. The effects of the 2D car-
rier concentration, channel width, and the magnetic field
on the galvanomagnetic coefficients are studied. Our cal-
culated mobilities are found to agree with the experimen-
tal data.

inadequate. However, for sufficiently thick spacers, the
effect of the far remote impurities is negligibly small, '

and is therefore not considered here.
We set up a rectangular Cartesian coordinate system

with the z axis perpendicular to the interfacial planes so
that the electron gas is confined to move parallel to the
xy plane. The electric field 8 and the magnetic field B
are assumed to be along the x and the z axes, respectively.
The carrier distribution function is written as

f(&)=fo(E)— ~f0
[k g (E) to~ ky gy ( E—)j,X X

and

'(E)g„(E)= l to~(~(E)— (2)

where fo(E) is the equilibrium Fermi-Dirac distribution
function, e is the magnitude of the electron charge, A is
Planck's constant divided by 2~, m* is the electron
effective mass, co~ (=eB/m*) is the cyclotron resonance
angular frequency, and k, k are the components of the
2D wave vector k along the x and y axes, respectively.
g (E) and g are the perturbation functions to be deter-
mined from the Boltzmann transport equation which
gives

II. THEORY '(E)jy(E)=g, (E) . (3)

We consider a square quantum well with infinite bar-
rier height and of width L. Over the range of ternpera-
ture, the channel width, and the 2D carrier concentration
considered here, the separation between the first excited
state and the ground quantum state is found to be at least
five times the Fermi level. Consequently, the carriers are
assumed to populate only the ground quantum state.
Electron scattering via deformation potential acoustic,
piezoelectric, and background impurities is considered in-
cluding screening. Theoretical treatments of far remote
impurity scattering in modulation-doped systems are

Here, r(E) is the momentum relaxation time and is given
by

'(E)=r,, '(E)+r, '(E)+~; '(E), (4)

where r„(E),r~,(E), and ~; (E) are, respectively, the
momentum relaxation times for acoustic, piezoelectric,
and ionized impurity scatterings. The detailed expres-
sions for w„and ~, are found in Ref. 11 while that for

is given in Ref. 12. Equations (2) and (3) yield
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FIG. 1. Hall mobility vs lattice temperature for L = 16.1 nm,
1V»=1.64X10" m, iV; =6X10 ' m, and B =0.02 T. The
curves marked AC, PZ, and IM represent, respectively, the Hall
mobilities due to deformation potential acoustic, piezoelectric,
and ionized impurity interactions. The solid curve gives the
overall mobility due to all the scattering mechanisms. The
points show experimental results (Refs. 5 and 6).

ecog ~ r2(E)

mN~DA o 1+co~ r (E)
Bfo

dE .

In Eqs. (7) and (8), p„(0)is the value of p, „

for B =0.

III. RKSUI.TS AND DISCUSSIONS

Calculatioos are done with the following parameter
values of GaAs: effective mass I'=0.067mo, acoustic
deformation constant E, = 11 eV, longitudinal elastic
constant c& =14.03 X 10' N m, transverse elastic con-
stant c, =4.864X10' -Nm, static dielectric constant
Ko = 12.53, and piezoelectric tensor component
h&4=1.44X10 Vm '. Although the commonly accept-
ed value of E, is 7 eV, we use here a higher value of 11
eV which is obtained from the analysis of the energy-loss
rates of the 2D electrons. '

Figures 1 and 2 show the temperature dependence of
Hall mobility. The curves in Fig. 1 are calculated with
the experimental parameter values, viz. , channel width
L = 16.1 nm and the 2D carrier concentration
N2D =1.64X10' m,' the points refer to the measured
values of Ciuillemot et al. ' The curves in Fig. 2 are ob-
tained with the experimental parameter values L = 15 nm
and NzD =2X 10' m; the points give the experimental
values. ' The calculated results are found to agree with
the experimental data for a typical value of 6X 10 ' m
for the ionized impurity concentration N;. The curves in
Figs. 1 and 2 are for a magnetic field B =0.02 T. The
Hall mobility p~ is quite insensitive to a change in B: we
find that as B is reduced to O.OOS T, p~ changes by 1.2%%uo

only. Interestingly, the measured mobilities in the tem-
perature range concerned here could not be explained by
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FIG. 2. Hall mobility vs temperature for L = 15 nm,
XzD=2X10' m, X;=6X10 ' m, and B =0.02 T. The
curves have the same significance as in Fig. 1. The points give
the experimental values {Refs. 7 and 8).

Leon, Leon, and Comas' considering phonon scattering
only.

The mobilities limited by deformation potential acous-
tic and piezoelectric scattering are seen to decrease with
the increase of lattice temperature due to the reduction of
the phonon occupation numbers. However, the ionized
impurity-limited mobility increases with temperature ow-

ing to its Coulombic nature. The overall mobility de-
creases slowly with the increase in lattice temperature
and is dominated by ionized impurity scattering in the
low-temperature regime.

Figure 3 depicts the variation of the Hall-to-drift mo-
bility ratio with the lattice temperature for the parameter
values of Figs. 1 and 2. At very low temperatures, the
2D electron gas is strongly degenerate so that the Hall-
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