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We report on growth by molecular beam epitaxy of thick layers of MnTe
with zinc blende structure. Films as thick as 5.6 ym were obtained. Char-
acterization by X-ray diffraction proved their good structural quality. We
determined the lattice constant and its temperature dependence. Broad lu-
minescence due to internal Mn?* transitions was observed. It showed an
unexpected temperature dependence.

PACS numbers: 75.50.Pp, 68.55.Bd, 68.55.Jk

1. Introduction

Bulk crystals of magnetic semiconductor Mn'Te obtained by equilibrium
growth techniques crystallize in the hexagonal NiAs structure with lattice con-
stants @ = 4.15 A, ¢ = 6.72 A [1]. The direct band gap of this form of MnTe is
1.3 eV [2]. From the studies of ternary diluted magnetic semiconductors (DMS),
such as Cd;_Mn,Te, Zn;._,Mn;Te or Hgy_,Mn;Te, it was inferred that a hypo-
thetical MnTe in zinc blende cubic form should possess a wide band gap equal to
~ 3.5 ¢V and the lattice constant equal to 6.34 A [3]. Recently cubic MnTe was
obtained by nonequilibrium growth techniques: molecular beam epitaxy (MBE) [4]
and ionized cluster beam deposition [5]. Cubic MnTe is very interesting, because
it offers an opportunity to study a nearly isotropic magnetic system having cubic
symmetry with both first- and second-neighbor interactions being antiferromag-
netic and the first neighbors interacting by an order of magnitude stronger than
the second neighbors. Also the energy gap of cubic MnTe is quite large. It is, thus,
a natural component of short wavelength optoelectronic applications.
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2. Growth

Zinc blende MnTe epilayers were grown by MBE in EPI-620 machine. The
growth was performed on (100)-oriented epi-ready GaAs 2°-off substrates (Sumi-
tomo). After desorption of oxides from the substrate we deposited a thin layer
(of order of 100 A) of ZnTe in order to facilitate a (100)-oriented growth. Then,
we followed with a deposition of buffer layer of either ZnTe or CdTe of the thick-
ness ranging from 0.5 gm to 2 um. The buffer layers were grown in order to
reduce the lattice constant mismatch between the substrate and MnTe layer. The
growth of MnTe layers was performed in Te rich conditions at the temperature
of the substrate kept in the range 300-320°C. In all cases a good quality, streaky
RHEED (reflection high-energy electron diffraction) patterns were observed during
the growth of MnTe layers, indicative of a two-dimensional growth. In most of the
cases oscillations of RHEED intensity were also recorded enabling determination
of the layers’ thickness. The growth rate of MnTe layers was 0.4-0.7 ym/h; the
thickness of layers was in the range 0.5-5.6 ym.

3. Results and discussion

MnTe layers were characterized by: Nomarski contrast microscopy, X-ray
analysts, Laue reflection patterns and photoluminescence (PL) measurements. The
results of magnetic properties measurements are subject of a separate communi-
cation [6].

Nomarski contrast images showed that the MnTe layers grown on ZnTe buffer
had the surface with some defects. The layers grown on CdTe buffer were highly
reflective and shiny. Laue patterns of both types of layers had cubic symmetry and
did not show any patterns corresponding to hexagonal symmetry.

The X-ray diffraction studies were performed using a single crystal diffrac-
tometer as well as a high resolution double-crystal diffractometer. The Bond
method was applied for a precise lattice analysis. The lattice constant determined
for the three layers grown in similar conditions was (6.337 & 0.001) A. This value
is in agreement with earlier determinations [7]. The temperature coefficient of a
lattice constant measured between 300 K and 500 K was (5.0 & 0.2) x 10~% 1/K.
The variation of the lattice constant with temperature is shown in Fig. 1. The po-
sitions of various diffraction peaks originating in CdTe buffer and in MnTe layers
did not reveal any disorientation between these layers. The width of the rocking
curves (FWHM) of the buffers layers was measured to be about 10 arcmin whereas
that of MnTe layers was 11-38 arcmin. The broadening of the peaks is mainly due
to the mosaic structure as checked by an independent rotation of the sample and
the counter. The evolution of FWHM of the rocking curves with the thickness
of the layers grown in similar conditions showed no degradation of quality with
the thickness. The best layer, 5.6 ym thick with FWHM equal to 18 arcmin is,
probably, the thickest cubic MnTe specimen grown so far by MBE.

The photoluminescence spectra of several MnTe layers were measured. They
are shown in Fig. 2. The luminescence is due to internal Mn2t transitions. It
occurs in the range of energies characteristic of this luminescence in bulk DMS at
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Fig. 2. Photoluminescence spectra of different MnTe layers at 10 K. Sample 02214 —
d = 5.6 pm, vg = 0.50 pum/h, sample 12143 — d = 2.3 pm, vg = 0.58 pm/h, sample
12083 — d = 1.9 pm, vg; = 0.68 pm/h.

a great dilution of Mn ions. This may be indicative of a substantial localization of
the d states also in “concentrated” pure MnTe. In the case of one of our layers the
luminescence revealed a structure. The luminescence energy is shifted to shorter
wavelengths compared to its position in MBE-grown Cd;_,Mn;Te, Zn;_Mn,Te
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layers for < 1. The temperature dependence of the luminescence energy was
non-monotonic: it decreased slightly with temperature in the range from 10 K up
to 70 K, while above 70 K it increased with temperature. This type of behavior
was not observed in the bulk DMS. Similar temperature dependence of Mn%+
luminescence was observed in Zn;_zMn,Te layers [8].

4. Conclusions

Good quality thick epilayers of MnTe with zinc blende symmetry were grown
by MBE. This structural quality persisted up to layer thicknesses as large as
5.6 um. The value of the cubic lattice constant as well as its thermal expansion
coefficient were determined. The luminescence due to internal Mn2+ d-shell transi-
tions was observed and found to exhibit non-monotonic temperature dependence.
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