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We study the thermoelectric power of electrons in semiconductor superlattices
under cross field configuration and compare the same with the constituent mate-
rials, taking Gai-; Al; As/AlAs superlattice as an example. It is found that the
thermopower in superlattices increased and the oscillations manifest themselves
mote significantly when compared to the case of forming compounds.

I. INTRODUCTION

In recent years, with the advent of MBE, MOCVD, FLL and other fabri-
cation techniques, the realization of semiconductor superlattices (SLs) has been
possible {1]. The SL, as originally proposed by Esaki and Tsu [1], has found wide
applications in many new device structures, such as photodiode photodetectors,
transistors, light emitters, electrooptic modulators and other devices [2]. Though
extensive work has already been done to study the various electronic properties
of such semiconductor heterostructures, it appears that the thermoelectric power
(TPM) of SLs has relatively been less investigated [3]. The discovery of quantum
Hall effect [4] has brought interest to the study of TPM which has been investigated
under different physical conditions [5-8]. The TPM gives information about the
densily-of-states function and the band structure [9]. In this connection we wish
to note that the investigations of the electrons in semiconductors in the presence
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of crossed electric and quantizing magnetic fields offer interesting physical EOmm:.v:-
ities, both experimental and theoretical ones [1-11}. .Hrw cross-field oo:mm.cnmsoc
is fundamental for classical and quantum transport in solids [12-13]. In _.;:m paper
we shall study the doping and magnetic field dependences of the ‘.HES in SL m:.a
the corresponding bulk materials in the presence of crossed electric and magnetic
fields, taking Gaj_;Al;As/Al As SL as an example.

II. THEORETICAL BACKGROUND

In the presence of a quantizing magnetic field B along the SL direction and
the crossed electric field Ey along the z-axis, the Hamiltonian H takes the form

H = (52/2m") + (py — eB&)?/2m" + Eos — Eis cos(2p [ Ko) — eEo2. (1)

In eq. (1), the hats denote the respective operators; the other &:u._vo_m vw<m v.mg
defined in [14]. The modified electron energy spectrum for SLs, including spins,
reads 1 - »
e=(n+ mvao — eEopy /m*wo — ¢” Eg/2m*wy + Eos— @)
1
— E;, cos(2nk, /Ko) £ 5 gopo B,

where ¢ is the electron energy in the presence of cross field configuration iEn.r
is measured from the band gap of the material, where this energy band gap in
the absence of the cross-field configuration is smaller. n (0,1,2,...) is the Landau
quantum number, wo = eB/m*, go is magnitude of the vmam,ommm. g factor m:.m
Uo is the Bohr magneton. We consider only the lowest miniband, since only this
one is significantly populated in actual SI at low temperatures irmn.m the &EEEE
effects become prominent. The electron statistics can be expressed, including both
spin and broadening effects, as

N max

no=co »_ [p(EF) + Q(EF)], 3)

n=0
where co = (n*wg Ei/2eEqhn?d?), dyg is the SL period,
p(Er) =Re [{1— (a1 — byz1)?}Y? — (a1 — byzy) cos™ {(a1 — biz1)} -
—{1— (a1 — biz)?} 2 + (a1 — b172) cos~H(ay — b1z1)}],

~ .. .
nnnﬁm;vlgmom._x A: + mv mEolAmmmW\mE E@I@ﬁl.ﬂ.
Ep is the Fermi energy, ['(nkpTp) is the broadening parameter [15], Tp is the
Dingle temperature, z; = eBdo/h + z2, Z2 = IS.M\GWE_ . Q(EF) =
Sy Ve [P(EF), V.= 2kpT)? (1 — 2172 )((2r) d* /dEF, r is the set of

real positive integers, kg is the Boltzmann constant, T is temperature and ((2r)
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is the zeta function of order 2r {16]. The TPM in the pr t ;
- ] present case can be Written

G = L/eng, }

e

where L is the corresponding entropy per unit volume. Thus combinin

(4), we get & Auv

Nmax

G = (n*k}Tco/3ena) ) [P'(Er) + Q'(Er)),
n=0 R

where the primes denote the differentiation with respect to Er. We shal] ..-.
derive the expressions for ng and TPM in those bulk materials that have vmnnzmmia
energy bands. This will be done for the purpose of comparison under 2.08.»
configuration. The dispersion relation for the said system can be written ﬁu_“l

€= :+~
- 2

2 2
p? e?F?

1
m* 2m*w? + ontcmv.

The expressions of ng and TPM can be written using (6) as

Mg = Qw M HQAﬂf mﬁwv + QA:. m_ﬁ.mv.._
n=0
and
G = (x*k}TC1/3eno) Y [/(n, Erp) + ' (n, Ers)),
’ n=0

where the notations are defined in [12].

III. RESULTS AND DISCUSSION

Using (3) and (5) together with the material parameters [17, 20] m*
0.083z) mg, £ =0.2, do = 8 nm, Eo; = 0.05eV, B =2 Tesla, Fi;
and Fg = 10° V/m for Ga;_,Al;As/AlAs SL, we have plotted the
TPM versus ng as shown in plot a of Fig. 1. in which the curves of band C exhibi
according to (7) and (8) the same dependence for GaAs (m* = 0.067 my) and AlAS
(m* = 0.150 mo), respectively. The curves d, e and f exhibit the same mmvmummnou
in the absence of electric field. Taking the same parameters as used in Fig. 1, ¥¢ =
have also plotted the normalized TPM’s as functions of quantizing magnetic field =
in all the aforementioned cases of Fig. 1 corresponding to an electron concentratio
of 1028 m=3. .

It is seen from Fig. 1 that the TPM increases with decreasing electron nquamur
tration in an oscillatory manner. The presence of electric field enhances the <wEI
of the TPM as seen by comparing the plots a and d of Fig. 1 in the whole nwummw
the concentrations considered here. Fig. 2 shows that the TPM in the SLs ai b,
constituent materials oscillates with increasing B. The origin of the oscillations
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Fig. 1. Plot of the normalized TPM under cross-field configuration versus no in (a)
Gai-s Al As/AlAs SL; (b) GaAs and {c) AlAs. The plots, d,e and f correspond to

Eo = 0.

the TPM is the same as that of the Shubnikov - de Hass oscillations. For extremely
large value of the quantizing magnetic field, the conditions of the quantum limit
will be reached when the TPM will be found to increase monotonically with in-
creasing magnetic field. The highest values of the TPM are for SL structure under
cross-field configuration, whereas the least ones are for AlAs. As seen from both
, the oscillations are totally band structure dependent.

Incidentally, though we are not aware of any availanle experimental data re-
lated to our results the expressions given here would be useful in analysing of the
experimental datas when they will be measured. The experimental value of the
TPM under cross field configuration will provide an experimental check on the
thermopower and also a technique for probing the band structures. The TPM
could be plotted also with respect to other physical variables. We have numerically
a<w_.=mnoa several cases for the purpose of condensed presentation. For the sake
of simplicity we have neglected the band nonparabolicity. We get the different
Bumerical values of the TPM with different sets of energy band constants, though
., MM_S”S of variations will not be altered. The basic aim .Q. our present paper 1s
SL. w:M%eMo amEo.:we;am the m_w.ona of cross-field now_mmc_.mnwos on n.rm TPM of the
tron con e no.zm:.eao:n materials, but also to derive the expression of the m._mo,

centration in the respective cases, because the formulations of the various
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Fig. 2. Plot of the normalized TPM under cross-field configuration versus B for all the
cases of Fig. 1.

transport coefficients depend on the electron statistics in such materials. Finally,
it may be noted that the conclusions made here would be of particular significance
in view of the fact that the Einstein relation for the diffusivity-mobility ratio and
the carrier contribution to the elastic constants in materials with arbitrary band
structure can be related to the TPM [18, 19].
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