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Collective excitations have been analyzed for Cdj;_Mn,Te epilayers
(0.66 < = < 1) by the Raman scattering studies performed at temperatures
from 7 K to 295 K. Apart from the lattice optical modes magnetic excitations
(magnons) were observed at sufficiently low temperatures.

PACS numbers: 63.20.—e, 75.30.Ds, 78.30.Fs

Bulk zinc-blende crystals of Cd;_,Mn;Te can be obtained by equilibrium

growth techniques only for # < 0.7. For higher Mn contents the system crys-
tallizes in hexagonal NiAs structure. However, one can obtain Cd;_,Mn;Te for
0.7 < # < 1.0 in a metastable form with the zinc-blende structure by MBE on sub-
strates of the cubic symmetry. In this paper thin films of zinc-blende Cd;_.;Mn;Te
with 0.7 < 2 < 1.0 were grown using an EPI 620 MBE system on semi-insulating
(001)GaAs wafers. A thin (100-1000 A) ZnTe layer was employed in order to re-
duce the strong mismatch between a typical 2 pm thick CdTe buffer layer and
GaAs substrate and to stabilize the growth in the (100) direction. A mixed crystal
composition was determined by X-ray diffraction methods.
‘ Raman scattering experiments were performed in a quasi backscattering ge-
ometry. Spectra were recorded using a double monochromator equipped with holo-
graphic grating and a $20 photomultiplier or CCD detecting system. For the ex-
citation Art laser lines (457.9 nm, 476.5 nm and 514.5 nm) and Kr* lines (647.1
nm and 530.9 nm) were applied.

*Crystal growth is supported by the PBZ-Z011/P4/93/01 and 7T08A04109 grants from the
State Committee for Scientific Research (Republic of Poland).
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Raman spectra taken for the mixed crystal exhibit two pairs of sharp lines
characteristic for the zone center “MnTe-like” and “CdTe-like” LO-TO modes. LO-
and TO-frequencies obtained as a function of Mn concentration well correspond to
the previously reported values received for the bulk crystals (see, e.g. [1]). LO and
TO phonon frequencies for cubic MnTe directly determined at helium temperature
are equal to (218 £1) cm~! and (190 % 1) cm™?, respectively. These values are in
perfect agreement with the values recently determined by other methods [2, 3].

For compositions of the mixed crystals close to MnTe an additional structure
in the Raman spectra corresponding to the Te precipitations is found [4] (Fig. 1a).
For a few MnTe samples these findings are also confirmed by X-ray diffraction
measurements (for details see [5]).

The most exciting effect observed in our samples was spin-wave excitation
(magnon) found at low temperatures (see Fig. 1a) for all samples except the epi-
layer with the lowest composition (¢ = 0.66). For this particular sample in the
spectral region corresponding to the expected magnon peak frequency an efficient
Rayleigh light scattering appeared. Magnons were seen in the bulk Cd;—sMn;Te
samples with 2 < 0.7 more than 10 years ago [1, 6], but have not been reported
till now for a thin layer of any semimagnetic semiconductor grown by the MBE
technique. Variation of the magnon peak frequency with crystal composition is
shown in Fig. 1b. The magnon peak frequency for zinc-blende MnTe is as high as
(34.0:£0.5) cm~! and within the experimental error is the same for all investigated
MnTe samples. As one can see the present data substantially complete the results
determined in the past for the bulk crystals. For a few samples the temperature
dependence of the magnon frequency was determined. From such measurements
a temperature of the magnetic phase transition can be estimated. As it has been
mentioned in Ref. [1] assuming that the magnetic ordering for high values of z
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Fig. 1. (a) Part of the Raman spectrum taken at 17 K for one of investigated MnTe
samples (thickness of MnTe slab — 2.3 um, thickness of ZnTe buffer layer — 1000 A,
Ar? laser excitation line — 476.5 nm). The letter M denotes the structure due to the
Raman scattering on magnons. (b) Dependence of the magnon peak frequency on Mn
concentration in the mixed crystal. Triangles: data for the bulk crystals taken from
Ref. [1], circles: data for the bulk crystals taken from Ref. [6], full circles: our results.
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corresponds at low temperatures to antiferromagnetic phase, one can calculate
the temperature dependence of the magnon peak frequency. For this purpose it is
necessary to find the temperature dependence of the magnetization correspond-
ing to the analyzed mixed crystal composition. Using the same model as that
presented in Ref. [1] it was estimated that the exchange integral describing the
interactions between the nearest-neighbors Jyn = —(5.4+ 0.3) K. This value is in
reasonable agreement with the predictions and estimations based on other kinds
of investigations.

The magnetic phase diagram for Cd;_,Mn,Te semimagnetic semiconductor
is intensively investigated and verified recently by different teams using a SQUID
magnetometer for the magnetization measurements. Such diagram originally deter-
mined from the specific-heat and magnetic-susceptibility studies suggested that the
paramagnetic spin-glass transition occurs for the composition range 0.17 < z < 0.6
[7]. For a higher Mn content the paramagnetic-antiferromagnetic phase transition
should appear. The magnetic phase diagram of Cd;_,Mn,Te [8~10] shows that
the results obtained for the bulk crystals and epilayers are in very good agree-
ment for the mixed crystal composition z < 0.6. It seems that for a higher Mn -
content in the slab (and, in particular, in the composition range corresponding to
the bulk hexagonal crystal structure) the different magnetic behavior is observed.
Moreover, the magnetic transition temperature of epilayers is noticeably higher
than that of the bulk crystals (compared for the same high composition value).
More systematic Raman scattering measurements could help one to verify this dis-
crepancy and to check the possible influence of the internal stress on the reported
effect.

According to the literature data the magnetic phase transition temperature
determined using SQUID is slightly below 70 K for cubic MnTe [8-10]. This value
confirms the result of previous neutron scattering experiments [11] and is in agree-
ment with our data. Nevertheless, there still exists the open problem concerning the
character of the magnetic phase ordering for the mixed crystals with high enough
composition values, Magnons can be generated both in the spin-glass phase and
in the antiferromagnetic phase, therefore it is not possible to distinguish between
these two possibilities only on the basis of the Raman scattering data.

In conclusion we would like to stress that the successful observation of the
magnetic excitations in the thin Cd;_,Mn;Te epilayers opens the real possibility
of the Raman scattering investigations of the magnetic excitations in quantum
structures and superlattices. It is also a direct proof of the very high quality of the
samples.

Thanks are due to Mr K. Dybko for his kind help in the theoretical calcula-
tions.
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