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Temperature dependence of the magnon frequency was studied for cubic
MnTe epilayers by the Raman scattering measurements. Experimental data
are compared to the results of theoretical calculations performed within the
framework of the Heisenberg model using Green’s function formalism.

PACS numbers: 75.30.Ds, 75.50.Pp, 78.30.—j

Zinc-blende MnTe is an interesting magnetic semiconductor due to ifs un-
usual magnetic properties (all zinc-blende Mn chalcogenides are unique examples
of fcc Heisenberg antiferromagnets with dominant nearest-neighbor interaction).
Below the Néel temperature T (= 70 K) cubic MnTe possesses the antiferromag-
netic order of AFIII type [1]. As it was previously shown, the Raman scattering
is an effective experimental method to study collective magnetic excitations (spin
waves, magnons) in this material [2, 3].

The goal of this work was to 1nvest1gate both expemnentally and theoreti-
cally the temperature dependence of such spin excitations. Preliminary experimen-
tal results have already been presented [3]. In this paper the Raman scattering
by magnons was studied with a much better spectral resolution than previously.
We also extended the measurements to the whole temperature range below Tn.
Moreover, we present the results of the first attempt to describe theoretically the
temperature dependence of the magnon frequency in MnTe within the framework
of the Heisenberg model.

MnTe films of zinc-blende structure were grown by molecular beam epitaxy
(MBE) on semi-insulating (001) GaAs substrates. A thin (usually 1.5 nm thick)
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ZnTe layer was employed in order to reduce a strong mismatch between a 2-4 ym
thick CdTe buffer layer and GaAs substrate and to stabilize the growth in the [001]
direction. The final MnTe layer thickness was of the order of 3-5 micrometers.
Quality of MnTe layers was assessed by X-ray diffraction using Co K, radiation.
A typical full-width at half maximum of the rocking curves was of the order of
12 arcmin, no inclusions of the other phases (e.g., hexagonal MnTe or Te) were
detected.

Raman scattering experiments were performed in a quasi backscattering ge-
ometry using a Jobin Yvon U1000 double spectrometer equipped with holographic
grating and a S20 photomultiplier. For the excitation we selected several Art and
Kr* laser lines at a power of the order of 150 mW focussed to a 100 gm diameter
spot. The samples were mounted on the cold finger of a continuous-flow helium
cryostat, the temperature was determined using a temperature gauge pasted just
behind the samples. Raman scattering spectra were recorded with a spectral res-
olution close to 1 cm™1.
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Fig. 1. Raman scattering spectrum taken for MnTe epilayer at 27 K. Upper curve corre-
sponds to Z(x,y)z polarization (for which the Raman scattering by magnons is allowed
due to the selection rules), the lower curve was obtained in the Z(z,z)z polarization
(scattering by magnons forbidden).

The low-frequency part of the typical Raman spectra in the Z(z,y)z and
Z(x, )z polarizations taken in MnTe sample at a low temperature are shown in
Fig. 1. A peak (well-pronounced at 34 cm~! in the %(z, y)z polarization) was ob-
served at all temperatures below Ty (Fig. 2), its intensity decreases with increasing
temperature until it disappears above Tn. The polarization and the temperature
behavior of this peak as well as its frequency (close to the value expected on the
basis of the Raman scattering by magnons, investigated in bulk CdMnTe mixed
crystals [4, 5]), demonstrated that it is due to the Raman scattering by one-magnon
excitations (as previously discussed in Refs. [2, 3]). The abrupt disappearance of
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Fig. 2. Temperature dependence of the magnon frequency in two MnTe samples. Points
correspond to the experimental data, solid line is the result of the theoretical calculations
(see details in text), The temperature values were determined with the accuracy of a
few X (e.g., at T = 70 K this accuracy is 3 K). :

the magnon peak at Tiy in the Raman experiment seems to be consistent with very
sharp changes in the sublattice magnetization in this temperature region observed
in neutron scattering measurements [1]. According to Ref. [1] such strong changes
can suggest the first-order magnetic phase transition in MnTe. The full-width at
half-maximum (FWHM) of the single-magnon line, which is below 1 cm~? at a low
temperature, increases with temperature and reaches a value of about 3 cm~1 at
a temperature close to the magnetic phase transition temperature (where magnon
frequency is still above 25 cm~1). At the lowest temperatures studied the FWHM
saturates indicating that it is limited by the spectral resolution of the apparatus.
In other words, the above-mentioned results demonstrate that magnon damping
is quite small and the spin waves are well-defined excitations in the entire temper-
ature range corresponding to the antiferromagnetic order in MnTe.

To characterize the temperature dependence of the one-magnon line, the
spectra were numerically fitted by the least squares method to a linear response
function of a damped oscillator. The broad band under the magnon peak was
modelled by a constant background. For each peak three parameters were ad-
justed (the frequency w, damping I" and the intensity A). Whenever possible, both
Stokes and anti-Stokes parts of the spectra were independently fitted increasing
the accuracy of determination of w and I'. Experimental curves obtained for the
temperature dependence of the magnon energy were compared to those found on
the basis of theoretical approach. As mentioned previously, neutron diffraction
studies established existence of a long-range antiferromagnetic order of type IIl in
MnTe epilayers [1]. The systems can be well described within the framework of the
Heisenberg model with exchange interactions J; and Js for the nearest and the
next-nearest neighbors, respectively, taken into account. To account for the obser-
vation of the one-magnon peak in the Raman spectra, it is mandatory to include
the magnetic anisotropy in the model. This anisotropy energy was taken in the
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form: wa = C(S?)/S, where C is a constant treated as an adjustable parameter
and (S*) corresponds to the magnetic moment of the sublattice at a temperature 7.
It should be stressed that MnTe films several micrometers thick were used so the
surface effects had practically no influence on the observed spectra. Therefore, the
results obtained for these bulk-like layers can be interpreted within the framework
of the theory describing the magnetic properties of bulk materials. (The situation
could be quite different if one attempts to analyze much thinner MnTe slabs. For
a l-micrometer thick MnTe layer the strain effects strongly affect the magnetic
domain structure, as it was demonstrated in Ref. [1].) Spin-wave energy calcu-
lated for wave vector ¢ = 0 in the case of type III antiferromagnet can be given in
the following form: E,, = [wa(wa + 2wg)]!/2, where wy corresponds to anisotropy
energy and wg = 2J(S?) with J = 8J; + 2J, represents the exchange energy.
Magnon—magnon interactions are not taken into account in the formula describ-
ing E,. The spin-wave energy in such an approach depénds on temperature only
through the spontaneous magnetization (S(T')). This dependence can be calculated
within Green’s function formalism [6]. The theoretical calculations were performed
for the following parameter values: J; = 6.7 K, Jo = 0.1J;, C = 5.9 K. The first
two values are taken from Ref. [1] (the value of J; used here is the upper limit
deduced from the neutron diffraction data in the bulk CdMnTe mixed crystals).
The anisotropy value was obtained from our low-temperature Raman scattering
data. In consistency with neutron diffraction measurements, the anisotropy field is
very weak in comparison to the exchange field [1]. It should be mentioned that in
our previous paper [3], the temperature dependence of the magnon frequency was
described within the molecular field approach with the exchange integrals used for
these materials in Ref. [4]. However, in such an approach the anisotropy field (or
energy) is significantly overestimated. The results of the present calculations are
shown in Fig. 2. The best fit is obtained in the middle temperature range. There
are some discrepancies for the lowest and the highest temperatures. It is possible.
that in these region systematic error appears due to the accuracy of fit. More-
over, the magnon-magnon interaction, probably, cannot be entirely neglected in
the whole temperature range below Ty . :
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