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HIGHLIGHTS

e The difference between the results of Gy and Gga model is remarkable.
e The temperature effects are notable at very low temperature T~0.3Tg.

e The correlation effects increase the critical density for a MIT considerably.
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We investigate the mobility, magnetoresistance and scattering time of a quasi-two-dimensional electron
gas in a GaP/AIP/GaP quantum well of width L > L.=45.7 A at zero and finite temperatures. We consider
the interface-roughness and impurity scattering, and study the dependence of the mobility, the re-
sistance and scattering time ratio on the carrier density and quantum well width for different values of
the impurity position and temperature using different approximations for the local-field correction. In
the case of zero temperature and Hubbard local-field correction our results reduce to those of Gold and
Marty (Phys. Rev. B. 76 (2007) 165309) [3]. We also study the correlation and multiple scattering effects
on the total mobility and the critical density for a metal-insulator transition.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

GaP/AIP/GaP quantum well (QW) structures, where the elec-
tron gas is located in the AIP, have been studied recently at low
temperatures via cyclotron resonance, quantum Hall effect,
Shubnikov de Haas oscillations [1] and intersubband spectroscopy
[2]. In this structure, due to biaxial strain in the AIP and confine-
ment effects in the quantum well of width L, the electron gas has
valley degeneracy g,=1 for well width L <L.=45.7 A, and valley
degeneracy g,=2 for well width L> L. [3,4]. Recently, we have
calculated the mobility, scattering time and magnetoresistance for
a GaP/AIP/GaP QW with L < L. including the temperature and ex-
change-correlations effects [5]. In this paper, we present our cal-
culation for the case of wide GaP/AIP/GaP QW with L>L.. We
consider interface-roughness and randomly distributed charged
impurities as source of disorder. We investigate the dependence of
the mobility, the resistance and scattering time ratio on the carrier
density and QW width for different values of the impurity position
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and temperature. We also study the correlation and multiple
scattering effects (MSE) [6] on the total mobility and the critical
density for a metal-insulator transition (MIT) [6,7].

2. Theory

We assume that the electron gas (EG), with parabolic disper-
sion determined by the effective mass m®, is in the xy plane with
infinite confinement for z < 0 and z > L. For 0 <z <L, the EG in the
lowest subband is described by the wave function y
(0 <z<L)=2[Lsin(zz/L) [5,8].

When the in-plane magnetic field B is applied to the system,
the carrier densities n.. for spin up/down are not equal [5,9,10]. At
T=0 we have

n B
n,= 5[1 + B—S), B < Bs
ny=n,n_.=0, B>B;s (1)

Here n = n, + n_ is the total density and Bs is the so-called sa-
turation field given by gugBs = 2Er where g is the electron spin g-
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factor, ug is the Bohr magneton and Er is the Fermi energy. For
T>0, n. is determined using the Fermi distribution function and
given by [5,9]

n 1 et 4 J(e2x/t —1)2 4 de2+2x]t
—tln

2 2

n-n, (2)

ny =

n_.=

where x = B[Bs and t = T|Tz with Tg is the Fermi temperature. The
energy averaged transport relaxation time for the (+) compo-
nents are given in the Boltzmann theory by [5,8,9]
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with g = (ksT)!, e=n%?/(2m+*) and €. denotes the backg
round static dielectric constant. Here kp, = (4an./g,)'/?,

Ep, = #?k%r./(2m+), p, = In[ -1+ exp (BEr:)]/p, and 11.(q, T) is
the 2D Fermi wave vector, Fermi energy, chemical potential, Fermi
distribution function and polarizability for the up/down spin state,
respectively. G(q) is the local-field correction (LFC) describing the

exchange-correlation effects [8,11] and <|U (q)|2> is the random

potential which depends on the scattering mechanism [8]. For
interface-roughness scattering (IRS) the random potential is given
by [8]

2 4
<|U1RS( ‘ > - 2((12 )( ) (k:a] (epdafewicie (10)

where A represents the average height of the roughness perpen-
dicular to the 2DEG, A represents the correlation length parameter
of the roughness in the plane of the 2DEG and m, is the effective
mass perpendicular to the xy-plane.

For remote charged impurity scattering (CIS) the random po-
tential has the form

<|Uc15( |> N:(hf ;)FCIS(Q-ZI)

(11)

where N; is 2D impurity density, z; is the distance between remote
impurities and 2DEG, and Fas(q, zi) is the form factor for the
electron-impurity interaction given in Ref. [8].

The mobility of the nonpolarized and fully polarized 2DEG is
given by y = e <> [m: The resistivity is defined by p =1/c

where ¢ =0, + 6_ is the total conductivity and o, is the con-
ductivity of the (+ ) spin subband given by . = n.e%(z, )/m- [9]. It
was shown that multiple-scattering effects can account for the MIT
at low electron density where interaction effects become in-
efficient to screen the random potential created by the disorder
[6,7]. The MIT is described by parameter A, which depends on the
random potential, the screening function including the LFC and
the compressibility of the electron gas, and is given by [3,6,7]

P (lv@P ) r(9)Padg
4?2 Jo le(q)P ) (12)
For n > nyyr, where A < 1, the 2DEG is in a metallic phase and

for n < nyr, where A > 1, the 2DEG is in an insulating phase and
the mobility vanishes.

3. Numerical results

For the case L > L. we use the following parameters [1-3,12]:
e.=9.8, gv=2, m*=0.52m, and m,=0.3m,, where m, is the free
electron mass. The LFC is very important at low electron densities.
In the Hubbard approximation, only exchange effects are taken

into account and the LFC has the form Gu(q) = q/[g,8s\/q? + kZ |
where g; is the spin degeneracy [3-5]. We also use analytical ex-
pressions of the LFC (Gga) according to the numerical results ob-
tained in Ref. [11] where both exchange and correlation effects are
taken into account.

In Fig. 1, we show the mobility 4 versus electron density n for a
QW of width L=60 A for IRS with A =3 A and A =50 A for different
temperatures in two G(q) models. It is seen that correlation effects
are very important for n <102 cm~2 and the mobility depends
strongly on the approximation for LFC. The LFC reduces the
screening, increases the effective scattering potential, and hence
reduces the mobility. The temperature effect is remarkable for
T~0.3Ts (~1.6 K for n=10" cm~2 ). We have chosen A=3 A and
A=50A because, using these values, Gold and Marty [4] have
calculated the mobility for thin AIP QW of width L=40A and
obtained good agreement with experimental results. Furthermore,
although there is not very much known about the parameters A
and A, A values around 3 A and A values between 60 and 10 A
seem to be most realistic [4,13]. Our results can be helpful for
experimenters in determining the interface-roughness parameters
A and A for GaP/AIP/GaP QW structures. The minimum in the
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Fig. 1. Mobility y versus electron density n for a QW of width L=60 A for IRS with
A=3 A and A=50 A for different temperatures in two G(q) models.
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