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An anisotropy of the electron effective g-factor in highly degenerated tetrago-
nal semimagnetic semiconductors (SMSC) alloyed with manganese has been
found by us and by other workers when studying the Shubnikov-de Haas
(SdH) effect for different orientations of the magnetic field with respect to
the crystal axes. The detailed analysis of the experimental data by using a
model based on an infinite Hamiltonian matrix, provides evidence for the
anisotropy of the p—d exchange interaction in the materials of interest.

PACS numbers: 72.20.My

The very complex crystal structure of II3-V3 semiconducting compounds
can be approximated by a cubic structure with an additional tetragonal distortion.
The presence of this axial distortion, which can be described by the crystal field
splitting parameter 8, leads to a strong anisotropy of the conduction band, as
confirmed expenmentally for CdzAs; [1].

In the case of Mn-alloyed 1I3-V3 SMSC with the tetragonal crystal struc-
ture, instead of a single constant 8, as in cubic SMSC, describing the exchange
interaction of p-like electrons with magnetic moments of Mn ions, one deals, in
general, with two such constants, i.e. f1 and G [2]. This fact can additionally
modify the amsotropy of the eﬁ'ectlve g-factor of free electrons in such materials.

The anisotropy of the conduction band in Cdz_,Mn;As; (CMA) was studied
for the first time by Blom et al. [3] who performed measurements of the SdH
effect in monocrystalline samples for various orientations of the magnetic field
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Fig. 1. Angular dependences of the first harmonic minimum position corresponding to
v = 1.5 (a) and v = 2.5 (b, c), at constant magnetic field B = 1.65 T for Cd3_zMnzAsz.
The experimental points are taken from Ref. [3]: z = 0.015, the electron concentration
n =5.2x10%cm™® (a); z = 0.03, n = 5.3 x 10'*cm™2 (b); = 0.03, n = 3.5 x 10'®cm™*
(c). The solid lines represent theoretical dependences for & = —0.4 eV and the following
sets of B and B): Bo = 2.08 eV and § = 2.20 eV (a), 1 = 2.00 eV and f§) = 2.28 eV
(b, c). The dashed lines has been obtained for @ = —0.4 eV and f,. = ) = § = 2.08
eV (a) or # = 2.00 eV (b, c).

with respect to the crystal axes. Anisotropy of the effective g-factor obtained in
such a way turned out, however, to be not so strong as predicted by Neve et al.
[4], and less pronounced than in CdzAs;. A similarly weak angular dependence of
the g-factor has been observed by us in Cdz_;—yMnzZnyAs; (CZMA) [5].

In order to describe the experimental data, we have used a theoretical ap-
proach going beyond that taken in the earlier works and basing on an infinite
Hamiltonian matrix found for the case of an arbitrary direction of the magnetic
field. The details of the calculations are presented in [5].

The amplitude of the first harmonic of the SdH oscillations is modulated by
the factor cos(wv), where v is the ratio between the spin- and Landau splittings
(v = g*m*/2my, where g* is the electron effective g-factor, m* is the effective
mass and mo denotes the free electron mass). For SMSC, the effective g-factor is
a function of temperature T' and magnetic field B [2] and the zeros (or minima, if
the spin-dependent scattering is operating [6]) of the first harmonic amplitude can
be observed, whenever B or T are such that ¥ = n + 1/2 with n being an integer.
For example, keeping B constant, one can measure the angular dependence of the
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first harmonic minimum position as a function of 7" and vice versa.
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Fig. 2. Angular dependence of the first harmonic minimum position corresponding to
v = 0.5, at constant temperature 7" = 4.2 K for Cdz_z—yMn;ZnyAs, with z = 0.015,
y = 0.4 and n = 2.35 x 10'8cm™3. The solid line represents theoretical dependence for
a=-04eV, 1 =182 eV and ) = 2.04 V. The dashed line has been obtained for
a=-04eVand B, =0 =6=182eV.

Comparison between the anisotropy of the first harmonic minimum positions
Trmin found in such a way for CMA [3] and that obtained from our theoretical model
are presented in Fig. 1 (only the data for § = 0° and 90° were available; where
@ denotes the angle between the magnetic field direction and tetragonal axis).
An analogous comparison for CZMA measured by us at constant temperature is
presented in Fig. 2. Values of the crystal field splitting & have been estimated
from the angular dependences of the period of SdH oscillations [5]. On the other
hand, values of energy gap have been calculated from the linear dependence on
composition [7, 8]. Other band structure parameters have been taken as for CdzAs
[1] and the thermal average spin per Mn site — from independent magnetization
measurements [9, 10]. The dashed and solid lines in Figs. 1 and 2 have been
calculated for two different cases as far as the problem of anisotropy of the exchange
interaction is concerned. In the first attempt, we have tried to describe the angular
dependence of Bmin (or Tmin) by an isotropic exchange interaction putting 81 =
" By = B (dashed lines). It can be seen that the band structure anisotropy alone
(6 # 0) is unable to describe the experimental results. Therefore, we have allowed
for an anisotropy between 81 and fj, what drastically changes the character of the
angular dependences of Bmin o Tpin (solid lines) and gives a very good agreement
with the experimental data.

In conclusion, our calculations based on the band structure model of a tetrag-
onal SMSC in a quantising magnetic field give a strong evidence that the p-d
exchange interaction is anisotropic in the investigated materials.
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