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The magnetoabsorption and the Faraday rotation of ZnCrSe were mea-
sured for B < 5 T and T'= 2 K in the region of photon energies lower than
the fundamental absorption edge. The circular dichroism of the photoioniza-
tion absorption band was observed and analyzed. The Faraday rotation was
interpreted as due to the sum of contributions from interband and photoion-
ization optical transitions.”

PACS numbers: 75.50.Pp

It was reported recently [1] that a new Cr-based semimagnetic semiconduc-
tor (SMSC) ZnCrSe shows ferromagnetic p~d exchange between d-electrons and
valence band electrons. This is manifested by the fact that the Zeeman splitting
of free exciton has the opposite sign in comparison with “classical” SMSC (Mn,
Fe, Co-based ones).

In this paper we present the results of further magnetooptical studies on
this material. We measured the magnetoabsorption and the Faraday rotation of
7Zn;_»CrzSe with £ = 0.001 at the temperature 7' = 2 K, in the magnetic field
up to 5 T, in the region of photon energies lower than the fundamental absorption
cdge.

A strong absorption band related to photoionization (PI) transition was ob-
served, in agreement with previous results of Kaminska et al. [2]. This band has
its beginning at about 17000 cm~! and extends up to about 22200 em~!. Figure 1
shows this absorption band, which consists of two broad peaks situated at about
19000 cm~?! and 21500 cm~!. When applying a magnetic field, we see that the PI
band has strong circular dichroism, that is a difference between absorption coeffi-
cients ot and o~ measured for the two circular polarizationsz In the inset of Fig. 1
we plot the circular polarization degree P = (It — I7)/(I* + I~) calculated for
integrals It and I~ of the respective absorption coeflicients over the PI structure.
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Fig. 1. Photoionization absorption band in circular polarization of light, in the mag-
netic field 5 T. In the inset: circular polarization degree of PI band vs. magnetic field
(Bl (111]).

Fig. 2. Splitting of Cr*t levels in a magnetic field. (a) B || [100], (b) B || [001]). The
Jahn-Teller distortion assumed along [001} direction.

The PI absorption band originates from the optical transition from the Cr+
configuration to the Crt configuration. Figure 2 shows energies of the lowest ly-
ing states of a Crtt ion in ZnSe, calculated within the crystal field theory by
Twardowski et al. [3]. We see that in the first approximation, the states presented
in Fig. 2 ¢an be described as those of total momentum j = 2 split by an axial
field into a singlet mm = 0 and two doublets m = %1 and m = =42. This axial
field (along [001] direction) is in fact a local deformation due to the Jahn-Teller
effect [4], occurring in any of the three equivalent tetragonal directions. Within the
approximation mentioned above, only the component of the magnetic field along
the local deformation is active. Calculation performed in such a way for [111]
crystallographic direction gave the dependence of circular polarization degree on
magnetic field of the form of hyperbolic tangent function, which, by fitting to the
experimental data, gave the g-factor of the Crt+ state ¢ = 2, in agreement with
the results of EPR experiments reported by Vallin and Watkins [4]. The calcula-
tion, however, gave the saturation value of the circular polarization degree within
an error of £20% of its actual value. We expect that the calculation should fit
better to the experimental data if we take into account not only the components
of magnetic field parallel to directions (001), but also the contribution from other
components. Moreover, when calculating the circular polarization degree, we as-
sumed that in the region of PI band, there is no contribution to the absorption
coefficient from other optical transitions. Having in view that this region is very
near to the fundamental absorption edge, and that the circular dichroism of the
absorption edge has opposite sign, this approximation may not be very good.
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The Faraday effect was measured on sample of thickness ~ 70 pm, cleaved
from the same crystal, in the range of photon energies going from 11000 cm~1
up to 22500 cm~!. We could not measure at higher energies due to the strong
absorption from the fundamental edge. The Faraday rotation (FR) as a function
of photon energies for B = 5 T is plotted in Fig. 3. At lower energies, the curve is
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Fig. 3. The Faraday rotation at B = 5 T vs. photon energies. (a) — experiment, (b) —
contribution from the PI transition, (c) — contribution from the interband transition.
Tig. 4. The Faraday rotation related to the interband transition for several magnetic

field intensities.

rather flat. In the region of PI band, it exhibits a strong variation. We interpret the
Faraday rotation, in the region concerned, as due to the sum of the contributions
from the PI transition and the interband transition.

Disposing the circular dichroism of the PI band, using the Kramers—Kronig
relations, we can compute the contribution from PI transition to the total FR.
The results are shown in Fig. 3. By subtracting this part from the total FR, we
obtain FR related to the interband optical transition as shown in Fig. 4, for some
magnetic field intensities. We see that FR due to the interband transition has a
negative sign*. This is in agreement with the fact that, for fundamental absorption
in a magnetic field, the o~ absorption edge is shifted to the lower energies, while
the o+ — to the higher. The sign of the Zeeman splitting of the fundamental edge
in this case (in ZnCrSe) is opposite to that for classical SMSC.
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