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Abstract

Hall Mobility and magnetoresistance of the two-dimensional holes in CdSe single quantum wells (SQWSs)
are calculated in the temperature range of 1K-16K incorporating deformation potential acoustic, piezoelectric, and
background and remote ionized impurity scatterings by the iterative solution of the Boltzmann transport equation.
The individual contribution to the mobility due to ionized impurity scattering only has also been calculated. The
nature of the variation of the Hall mobility with temperature agrees fairly well with that obtained by experimental
workers. Hall mobility is found to be mainly governed by the ionized impurity scattering in the temperature range
considered. The oscillatory nature of the magnetoresistance coefficient variation with the temperature points towards

the magnetophonon oscillations.
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I. INTRODUCTION

The emerging research interest in ZnTe/CdSe single
quantum wells (SQWSs) has been aroused in recent
years due to their scientific importance and
technological applications [1-3]. In particular, such
quantum wells are used in optoelectronic devices like
lasers [3]. Theoretical studies of the 2D hole transport
in SQWSs are scarce in the literature although some
experimental data are available [4].

In this paper, we calculate the Hall Mobility and
magnetoresistance of the two-dimensional holes in
CdSe single quantum wells (SQWSs) incorporating
Fermi-Dirac statistics and the relevant lattice scattering
mechanisms in the temperature range of 1K-16K. The
individual contribution to the Hall mobility due to
impurity scattering only has also been calculated. The
variation of the magnetoresistance coefficient with
temperature has been investigated taking into account
all the relevant scattering mechanisms.

I1. ANALYTICAL DETAILS

The band gaps of ZnTe and CdSe are taken as 2.34
eV and 1.75 eV, respecvely [5]. Resembling
AlAs/GaAs QWs, the conduction band offset in the

ZnTe/CdSe single QWs is taken to be 60% of the
difference of the band gaps. The conduction band
offset for the ZnTe/CdSe QWs is much higher than the
Fermi energy E; so the CdSe square well can be
assumed to be infinite.

We consider a rectangular Cartesian coordinate
system with z-axis perpendicular to the interfacial
planes so that the 2D transport occurs parallel to the xy
plane. The electric field & is assumed to be along x-axis
and the non-quantizing magnetic field B along z-axis.
The carrier distribution function can be written as.
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where k is the 2D wave vector of holes with energy E,
fo(E) is the equilibrium Fermi- Dirac function, e is the
carrier charge, is Planck’s constant divided by 27, m”
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is the electron effective mass, kx and k, are the x- and

y-components of k, g = e_Ei is the cyclotron
m

resonance frequency, and & and & are the perturbation
functions.

The perturbation functions obtained from the

Boltzmann transport equation are
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Here, 7#(E) is the combined relaxation time for all the
scatterings:

We have calculated Hall Mobility and
magnetoresistance coefficient taking into account
elastic scattering processes, viz., acoustic scattering via
deformation potential and piezoelectric couplings and
screened Coulomb scattering for both background and
remote ionized impurities. The expressions for the
scattering rates have been taken from the reference [6].
The expressions remain unaltered in the case of hole
transport considered here because electrons and holes
differ only in charge sign and effective mass value
which we have incorporated in our numerical
computations.

The Hall mobility 4 and magnetoresistance
coefficient Ry, are given by following [5] :
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and the drift mobility z4x(0) is the value of s for B=0.
I1. RESULTS

The effective mass of the holes for CdSe is taken as
m = 0.45mg, where mq is the electron rest mass [7]. The

ey : XI(_%j EyEdE,
N i~ oE

other parameter values related to CdSe and used in our
calculations are taken from Rode [8] and given in table
1. We take the 2D carrier concentration Npp = 4.8 x

10*/m?.
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Table 1. Materical parameters of CdSeused in the calculations

Parameters Values
Static dielectric constant o4
Cptic dielectric constant 6.1

Longitudnal elastic constant 7.37x10" M

Transverse elastic constant 2.459x 10" M

Acoustic deformation potential constant 3.7 &V
Flezoelectric tensor carmponent for

parallel maode scattering 3.37x10 Vm'!
Plezoelectric tensor cornponent for

perpendicular mode scattering 2.36210° v
Folar LO phonon temperature 303K

In figure 1 the variation of Hall mobility with
temperature is displayed, the mobility is limited by
ionized impurity scattering (zm) only. The widths of
the QWs are taken as 10nm, 8nm and 5nm
respectively. Figure 2 displays the variation of overall
mobility () with temperature, the mobility is limited
by the combined scattering mechanisms, namely,
deformation potential acoustic phonon scattering,
piezoelectric parallel mode and perpendicular mode
scatterings and ionized impurity (both background and
remote) scattering . The variation of the overall
mobility is displayed over the temperature range 1 to
16K for channel widths 10nm, 8nm and 5nm
respectively, with magnetic field B=0.2T. The ionized
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impurity concentration is taken as N, =8.6x10%/m? in
our calculations. Figures 1 and 2 show the same trend
of mobility variation with temperature; in both the
figures the Hall mobility almost remains constant up to
4.2K. The same feature has been obtained by
experimental workers for SiGe SQWs [4].The
theoretical explanation for this is that none of the
scattering processes dominate in such low temperature
range so the mobility almost remain constant up to
4.2K.

In figure 1, the mobilities limited by ionized impurity
scattering for all well widths, namely, 5nm, 8nm,
10nm respectively, increase from 4.2K onwards, and
then they attain a peak at 8K and finally drop off as
temperature increases further. This is due to the fact
that uim increases with increasing temperature owing to
its Coulombic nature and then fall off as temperature
increases. In figure 2, the temperature variation of the
overall mobility due to combined effect of all
scattering mechanisms exhibit the same nature as in
figure 1 but the only difference is that the mobility
peaks are reached at a temperature lower than 8K. This
may be attributed to the combined effect of
deformation potential acoustic and piezoelectric
scatterings besides the impurity scattering
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Figure 1. 2D Hall mobility vs. Temperature in CdSe
SQW for Lz=10nm, 8nm, 5nm, N,p=4.8x10"/m?, and
N,=8.6x10%/m?® for ionized impurity Scattering.

8 —10nm
71 —8nm
~ 61 Nhsnm
> 0
E 4
= 5]
g 21
1;
0 . .
0 5 10 15 20
Temperature (K)

Figure 2. 2D Hall mobility vs. Temperature in CdSe
SQW for L,=10nm, 8nm, 5nm, N,p=4.8x10"*/m?, and
N,=8.6x10%/m? for combined scattering.

Figure 3 shows the variation of magnetoresistance
(Rm) with temperature for channel widths 10nm, 8nm
and 5nm respectively, with magnetic field B = 0.02T,
impurity concentration N,=8.6x10%’/m* and 2D carrier
concentration Nop=4.8x10%/m? The
magnetoresistance is found to have an oscillatory
nature which arises due to magnetophonon oscillations
of the deformation potential scattering [9].
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Figure 3. Variation of Temperature and Ry, for
different for L,=10nm, 8nm, 5nm, N,p=4.8x10'*/m?, and
N,=8.6x10%*/m? for combined scattering.
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IV. CONCLUSION

In the present paper we have presented some new
calculations of the Hall  mobility and
magnetoresistance coefficient for the two-dimensional
hole transport in CdSe SQWSs. The nature of the
mobility variation agrees fairly well with that obtained
by the experimental workers for SiGe SQWs [4]. The
overall Hall mobility is found to be mainly governed
by the ionized impurity scattering. The contributions
from other scattering processes, namely deformation
potential acoustic and piezoelectric scatterings cause a
negative temperature gradient in the mobility variation
as evident from figure 2. The variation of
magnetoresistance coefficient with temperature has an
oscillatory nature due to magnetophonon oscillations.
These results will throw new light in understanding the
hole transport mechanism in CdSe quantum wells.

References

[1] N.Samarth, H.Luc, J.K.Furdyna, R.G.Alonso, Y.R.Lee,
A XK.Ramdas, S.B.Qaon and N.Otsuk, “Molecular beam
epitaxy of Zn,_Cd,Se epilayers and ZnSe/zZn,Cd,Se
superlattices” , Appl.Phys.Lett. 56 1163 (1990).

[2] G.Landwehr, A.Waag, F.Fischer, H.J.Lugauer, and
K.Schull, “Blue emitting heterostructure laser diodes”
Physica E 3 158 (1998).

[3] H.K.Ng, Y.A.Leem, R.Knobel, I.P.Smorchkova,
A.A.Sirenko, N.Samarth, “Cyclotron resonance in
modulation-doped ZnSe/Zn,Cd,Se and ZnTe/CdSe single
guantum wells ” Appl. Phys. Lett. 75 3662 (1999).

[4] 1.V. Altukhov , M.S. Kagan , V.P. Sinis , S.G. Thomas,
K.L. Wang, A. Blom, M.O.

Odnoblyudov, “Hole transport due to shallow acceptors
along boron doped SiGe quantum wells” Thin Solid Films
380, 218-220 (2000).

[6] P.K.Ghosh, A.Ghosal, and D.Chattopadhyay,
“Magnetoelectronic transport of the two-dimensional
electron gas in CdSe single quantum wells”, Pranama
Journal of Physics 72 399 (2009).

[6] D.Chattopadhyay, “Two-dimensional electronic
transport in Ings3Gag47As quantum Wells” Appl. Phys. A,
53, 35 (1991).

[7] S. Shionoya, H.Saito, E. Hanamora and
0. Akimoto, “Anisotropic excitonic molecules in CdS and
CdSe” Solid State Communications, 12, 223 (1973).

[8] D. L. Rode, in Semiconductors and Semimetals edited
by R K Willardson and A C Beer
(Academic, New York, 1975) Vol. 10, Ch.1, pp.1 — 90.

[9] “Quantum Processes in Semiconductors” (book) Edited
by B.K.Ridley, Oxford Science
Publications (Second Edition) 1988, pp- 313.

447



