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New measurements of the Shubnikov-de Haas (SdH) effect in semimagnetic
semiconductor (SMSC) Cds—z—yZn;MnyAs; with z = 0.09 and y = .0.018,
using continuous magnetic fields up to 25 T, are presented. The observed
modulation of the amplitudes of the first and second SdH harmonics as a .
function of magnetic field is interpreted in terms of the three band Kane
model with the exchange interaction included and taking into account the
spin-dependent scattermg which appears to be particularly important at high
magnetic fields.

PACS numbers: 72.20.My

The first study of the quantum transport in Cd3—y-yZn;MnyAs; has shown
that the Landau spin subband energy states in this material are very strongly
influenced by the exchange interaction between band electrons and the localized
magnetic moment of Mn ions [1]. As a consequence of this interaction only one
minimum of the first harmonic amplitude of the SdH oscillations has been found
in the magnetic fields below 10 T. In order to find other minima we have extended
the range of the magnetic field up to 25 T by using the hybrid magnet in Grenoble

[2].

For this study we have chosen the alloy with z = 0.09 and y = 0.018. The
measurements have been performed in transverse configuration in the temperature
range of 1.6-4.2 K. Independently, the magnetization, which practically saturates
at about 15 T, has been measured on the same material. The SAH traces, recorded
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Fig.- 1. SdH oscillations at two different temperatures for a sample of
Cd2.802 Zno.0o Mno.01s As2 with the electron concentration 4.05 x 10%* m™2. The inset
presents the low-field oscillations at T = 1.6 K in greater detail.

for a sample with the electron concentration n = 4.05 x 1024 m~3 are presented in
Fig. 1. As can be seen, there is only one node at about 3.5 T at 1.6 K (which disap-
pears at higher temperature) whereas at higher magnetic fields a broad minimum
is observed.

To analyse the complicated SdH pattern in the whole range of a magnetic field
the least-squares fitting technique was used (3, 1]. The first and second harmonic
amplitudes obtained in such a way are presented in Fig. 2. It can be seen that in
the investigated field range there are two minima of the first and also two minima
of the second harmonic. Such modulation of the amplitudes is due to the factors
cos(wv) and cos(2wv) (where v is the ratio between spin- and Landau splitting)
for the first and second harmonic, respectively, following from the magnetic field
dependence of the effective g-factor [4].

To describe our experimental data (circles in Fig. 2) we have applied the three
band Kane model completed with the exchange interaction and we have taken into
account the spin-dependent scattering already observed in Cds_g—yZn;MnyAs;
[1]. We have taken the value of the energy gap Eo = —0.055 eV, whereas the other
parameters are those of CdzAs; [5].

The exchange interaction constants o and § and §Tp = (T} — T3 )/2 (where
T3 and Ty are Dingle temperatures for spin-up and spin-down electrons, re-
spectively) have been treated as fitting parameters. The best fitted values are:
a = ~—0.4 eV and B = 2.14 eV.what is consistent with the values found by us for
other compositions. As far as 6Tp is concerned, this quantity increases with the
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magnetic field (see Fig. 2) showing the importance of the spin-dependent scattering
at high magnetic fields. For this reason, we have recently undertaken an attempt
to describe this phenomenon [6].
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Fig. 2. The amplitude of the first (upper part) and second (lower part) harmonics of
the SdH oscillations from Fig. 1 for T = 1.6 K, obtained from the fitting procedure. The
solid lines represent theoretical dependence (see the text).
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