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The photoluminescence and optically detected magnetic resonance stud-
ies of Cdy—zMn;Te (z = 0.095) are presented. The Mn?** magneétic resonance
is dctected optically via the changes of "edge” emission induced by the de-
crease of the Mn spin system magnetization.
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1. Introduction
Strong magnetic interaction affccts the optical properties of sermimagnetic
scmiconductors. This is demonstrated in the present work by applying the opti-
cally detected magnetic resonance (ODMR) technique. The changes of the "edge”
emission of Cd;_;Mn;Te (z = 0.095) induced by the Mn?+ resonance are studied.
We show that the photoluminescence (PL) changes have the resonant character,
which allows us to conclude on the ODMR detection mechanism.

2. Experimental results

The PL spectrum of the Cd;_ Mn;Te sample is shown in Fig. la together
with the reflectivity spectrum measured in order to determine the Mn #nole fraction
in the crystal studied. The PL spectrum consists of the free exciton (FE) line at
1.738 meV, the acceptor bound exciton (ABE) line at 1.718 meV and a broad PL
band at 1.667 meV, which is due to free electron—acceptor (FA) and/or donor-
—acceptor pair (DAP) transition. In Fig. 1b we show the PL spectrum measured
with magnetic field set at 1.3 T. All emission lines shift towards lower energies with
an increase of the external magnetic field. The intensity ratio between FE to ABE
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and ABE to FA/DAP is also changed. The intensity of the ABE line is reduced,
as observed previously [1, 2]. The temperature dependence of the PL spectrum
was also measured to exclude the possibility that the PL changes observed in
the ODMR experiments are due to the sample heating by the applied microwave
power.
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Fig. 1. Photoluminescence and reflectivity spectrum of the Cdy—:Mn;Te mecasurcd
at 2 K under argon laser excitation. The spectrum shown in (b) was taken for external
magnetic field set at 1.3 T.

Fig. 2.  Spectral dependence of the Mn?t ODMR signal measured as the change of
the PL spectrum in phase with on-off modulated microwaves and the external magnetic
field set at the Mn?* resonance (b). In (a) the change of the PL spectrum is shown
induced by a reduction of external magnetic field. This spectrum was obtained as a
difference of two PL spectra taken at 1.2 T and 1.3 T. .

The PL spectrum measured in phase with the on-off modulated microwave
power shows a very strong Mn2* magnetic resonance signal. This signal was ob-
served as the change of the “edge” emission shape and intensity but also via a
slight decrease of the intensity of a deep DAP emission at 1100 nm. The signal ob-
served in the ODMR experiment is identical with that measured in a conventional
electron spin resonance (ESR) study. The PL response to the magnetic resonance
(spectral dependence of ODMR) was studied in the following way: the constant
light excitation was used and the relative PL changes were measured in phase with
on-off modulated microwave power. Such spectral dependence of the Mn2+ reso-
nance signal is shown in Fig. 2b, which demonstrates the response of the "edge”
cmission to the on-off modulated microwaves with the magnetic ficld sct at the
Mn?* resonance. This dependence is compared with the relative change of the PL
spectrum induced by about 10% decrease of the external magnetic ficld (Fig. 2a).
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3. Discussion

The mechanism of optical detection of magnetic resonances was discussed by
several authors [3]. Some of the mechanism included non-resonant PL changes or
changes induced by the sample heating. Malyavkin and Komarov et al. [4, 5] pro-
poscd that in semimagnetic semiconductors the sample magnetization may change
at the magnetic resonance, which in turn will change energy level splitting of ex-
citons and impurities. This would be observed in the PL experiment as a shift of
the relevant PL lines and, possibly, as a change of their relative intensities.

If this mechanism is responsible for the ODMR detection the spectra shown
in Fig. 2 should be similar. Such similarities are observed for the response of the
ABE and FA/DAP emissions to the magnetic resonance and the decrease of the
magnetic field. We conclude from these data that Mn2+ resonance is detected due
to the change of the sample magnetization at Mn2+ resonance. The strong sp—d
exchange interaction between the magnetic moments of free and bound carriers
and the localized Mn spins induces a very large splitting of electronic states of
excitons and impurities. This splitting is directly proportional to the magnetiza-
tion of the Mn spin system induced by the external magnetic field. The Mn?*
resonance reduces the magnetization of the sample and, consequently, influences
the splitting of exciton and impurity states. As a result the ”edge” emission spec-
tra shift towards higher energies which enables optical detection of the magnetic
resonance. We have confirmed the above explanation by measuring the magnetic
resonance signal via each separate PL line. It was observed that the PL changes
are induced by the Mn?+ resonance and that no non-resonant signals occur. We
could also definitely reject the possibility that PL changes are induced by sample
heating by the applied microwave power.

The decrease of the sample magnetization does not explain the whole re-
sponse of the ”edge” emission to the magnetic resonance. The (ree exciton emission
seems to be nearly symmetrically broadened at the magnetic resonance which is
not fully understood at present. Such a response is different from that predicted
by only the change of the Mn spin system magnetization. We also indicate that
we can exclude the effects of sample heating. The strong broadening of the FE
line was not observed in our studies of the temperature dependence of the PL
spectrum.
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