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To establish the polymorphic transition in polycrystalline MnSe;_xTex (0.1 < X < 0.2) films, their structural,
magnetic, kinetic, and optical properties have been investigated in the temperature range of 77-800K and
magnetic fields of up to 12 kOe. Using X-ray diffraction analysis, the coexistence of two crystalline phases in the
films has been found. The magnetic moment of the films has been shown to increase with the increasing sub-
stitute concentration and decreasing temperature. The impedance maxima and thermopower sign change in the

region of the polymorphic and magnetic transitions have been observed. The variation in the structural char-
acteristics has been established using the infrared spectroscopy and thermal expansion coefficient data. The
experimental results are explained within a model of domains and domain walls.

1. Introduction

Chalcogenides belonging to the systems with strong electron cor-
relations attract much attention due to the strong interrelation of the
magnetic, electric, and lattice subsystems, which manifests itself at the
metal-dielectric phase transitions, as well as in the colossal magne-
toresistance [1-5]. The best-studied chalcogenide compound is a p-
MnSe semiconductor characterized by polymorphism [6-8]. A distin-
guishing feature of manganese monoselenide is the coexistence of two
phases: cubic NaCl (about 70%) and hexagonal NiAs (about 30%) below
T < 266K [9,10]. The temperature of magnetic phase transition in
NiAs coincides with the temperature Ts = 266K of the structural
transition; for the cubic modification, Ty = 135 K. The MnSe compound
exhibits the magnetoresistive effect in the magnetically ordered phase
[11]. Manganese monotelluride has a NiAs-type hexagonal structure it
is an antiferromagnet with a Neel temperature of Ty = 310K [12-14].
The Neel temperature of antiferromagnetic manganese monotelluride
increases under pressure from Ty = 310K to Ty = 520 Kat P = 8 GPa
and the gap in the electron excitation spectrum halves. According to the
theoretical band-structure calculations, a decrease in the Mn-Te me-
tal-anion bond length induces the crystal structure variation from
hexagonal (H) to cubic (ZB) with an energy differences of
dEzgu = —0.21eV/(bond) per Mn-Te bond with a length of
Rar =270A  for the antiferromagnetic ordering  and

dEzgn = —0.40eV/(bond) per bond with a length of R = 2.71 A for
the ferromagnetic ordering [15-17]. The lattice constant a = 0.544 nm
of MnSe with the NaCl structure lies near 2Rg; therefore, substitution of
tellurium for selenium can lead to the formation of MnTe clusters with
the ferromagnetic ordering and distorted cubic structure. The quasi-
degeneracy is lifted in electric or magnetic fields and under pressure.

Substitution of tellurium ions with the large ionic radius for sele-
nium in the bulk MnSe;_xTex samples stabilizes the cubic structure at
concentrations of up to X = 0.4 [18]. According to the neutron dif-
fraction data, the compositions with X > 0.4 exhibit the polymorphic
properties, i.e., are characterized by the coexistence of two crystalline
phases with the different symmetries, cubic (NaCl) and hexagonal
(NiAs), over the entire temperature range of 77-300K [19]. Anion
substitution in manganese monoselenide leads to the variation in the
exchange coupling sign, formation of an impurity subband near the
Fermi level at the low substitute concentrations, magnetic moment
variation, and a decrease in the activation energy [18,20]. The mag-
netic structure rearrangement caused by the competition of the ferro-
and antiferromagnetic interactions and splitting of the band of spin-
polaron states in the impurity subband can lead to the high magnetic-
field sensitivity of the transport properties. In the bulk samples with
X = 0.1, the negative 100-% magnetoresistance near the Neel tem-
perature was found [18].

At the transition from the bulk samples to thin-film MnSe and MnTe
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compounds, the Neel temperature and activation energy decrease
manifold [21-23]. The cubic (NaCl) and hexagonal (NiAs) structures
are stabilized in the MnSe and MnTe films, respectively [24-26]. It is
expected that the polycrystalline thin-film MnSe;_xTex samples should
exhibit new effects and characteristics that distinguish them from the
bulk analogs.

The aim of this work was to establish polymorphic transitions in the
anion-substituted MnSe; xTex thin-film chalcogenide system by com-
plex study of its structural, optical, and kinetic properties.

2. Synthesis, structure and magnetic properties of the films

Thin-films MnSe; xTex compounds with a concentrations
(0.1 = X = 0.2) were synthesized by thermal evaporation.

X-ray diffraction analysis of the MnSe; xTex (0.1 < X < 0.2) thin
films was performed on a DRON-3 diffractometer (CuKa radiation) at a
temperature of 300 K after their deposition and after the measurements
of the magnetic and galvanomagnetic properties. The X-ray diffraction
data show that the transition from the bulk samples to nanostructured
thin films is accompanied by the crystal symmetry change. In the films
with the low substitute concentration (X = 0.1), a face-centered cubic
(fce) structure prevails. As the substitute concentration increases to
X = 0.2, additional peaks corresponding to the hexagonal nickel ar-
senide structure arise in the X-ray diffraction pattern of the MnSe; xTex
film system. The intensity of peaks corresponding to the cubic structure
decreases with an increase in the tellurium concentration (Fig. 1). The
calculated lattice parameters for the films are given in Table 1.

The transition from the bulk samples to thin films leads to the
change in the magnetic characteristics of MnSe; xTex. Fig. 2a and b
presents temperature dependences of the magnetic moment for the
polycrystalline MnSepoTeg; and MnSeqgTeg» films obtained in a
magnetic field of 8.6 kOe. The measurements were performed on the
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Fig. 1. XRD patterns of the thin-films MnSeq oTeo 1 (a) and MnSeq gTeg > (b).
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Table 1

Structural characteristic of thin-film system MnSe; xTex samples.
Composition MnSe; xTex a, nm ¢, nm
X = 0.1 (cubic structure) 0.54736 -
X = 0.2 (cubic structure + hexagonal structure) 0.39283 0.55282

o (emu/g)

0.00018

304
1.0 :
0.5 :
(b) .
0 200 400 600 800

T (X)

Fig. 2. The temperature dependence of the magnetization of the polycrystalline
films MnSeq oTegp 1 (a) and MnSeq gTep > (b) measured in a magnetic field of
8.6kOe. Insert: a. - the derivate of the susceptibility for MnSeq oTeo1; b. -
temperature dependence of the susceptibility of the composite system MnSe -
MnTe.

samples placed in evacuated quartz ampoules. Using the magnetic
susceptibility derivative dx/dT (inset in Fig. 2a), we determined the
magnetic transition temperature Ty = 322K for the samples with
X = 0.1 and Ty = 300K for the samples with X = 0.2, which is almost
twice as high as the temperature of magnetic transition determined for
the bulk samples with the analogous compositions [18]. The tempera-
ture dependences of magnetization of the bulk samples have maxima at
Ty = 132K (X =0.1) and 130K (X = 0.2). This is indicative of the
increased contribution of the MnTe system due to the formation of
hexagonal NiAs nanoareas containing an odd number of ferromagne-
tically coupled planes. If the magnetic moment of a film is determined
by a sum of magnetic moments of manganese ions with the cubic and
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Fig. 3. The temperature dependence of the relative change in the film length for
MnSeg oTeg; (1) and MnSeg gTeg ».

hexagonal structures, the susceptibility of the system monotonically
increases with temperature (inset in Fig. 2b), which contradicts the
experimental data. This fact points out the interaction of magnetic
structures. The growth of the density of intergrain boundaries during
the polymorphic transition leads to the additional contribution to the
film magnetization. The occurrence of the polymorphic transition is
confirmed by the change in linear sizes of the film.

The lattice strain caused by the structural transitions can be de-
termined by measuring the electrical resistance of strain gauges located
in the film and quartzz (RY(T) — RYT))/RYT) = (LXT) — LY(T))/
LY(T) = AL. The linear expansion coefficient of quartz is 0.8 - 10 D
Fig. 3 illustrates the relative change in the film length with temperature
for the polycrystalline MnSe; xTex (X = 0.1 and 0.2) films. It can be
seen that as the substitute concentration grows, the relative change in
the film length increases. The AL/L(T) dependence contains anomalies
at temperatures of ~330K and 130-140 K, which correspond to the
transitions to the magnetically ordered state with the NiAs and cubic
structure. These transitions are induced by the magnetoelastic inter-
action. In the AL/L(T) dependence, we found a step anomaly in the
region of the polymorphic transition at T, = 260K. At X = 0.2, this
anomaly is even more pronounced (the step is sharper). The occurrence
of two phases in the sample facilitates its polymorphism.

3. Kinetic and optical properties of the films; discussion

The polymorphic transition in the polycrystalline films result in the
variation in the magnetic properties, as well as to the electronic
structure rearrangement. For the polycrystalline MnSe; _xTex (X = 0.1
and 0.2) films, we measured the active (real part) and reactive (ima-
ginary part) resistances and the impedance Z = Z’ + iZ” (Z’ and Z” are
the real and imaginary parts of the impedance, respectively) in the
frequency band of w = 1-1000 kHz at temperatures of 80-400 K with
the use of an AM-3028 component analyzer. The temperature depen-
dence of the impedance for the films with X = 0.1 and 0.2 (Fig. 4a and
b) contains two broad maxima, one corresponding to the transition to
the magnetically ordered state and the other, to the polymorphic
transition. As the tellurium concentration increases, the density of in-
tergrain boundaries grows, which leads to the impedance increasing.
The main contribution to the impedance is made by the capacitance,
which is confirmed by the linear frequency dependence of its imaginary
part at constant temperature. The imaginary part of the impedance
measured in the frequency band of 1-1000 kHz is described well by the
function ImZ = 1/wC with the capacitance growing upon heating. The
linear ImZ(w) dependence confirms the existence of electrically
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Fig. 4. The temperature dependences of the impedance of polycrystalline films
MnSeg oTep 1 (a) and MnSe gTeq » (b), measured at frequencies 5kHz (1) and
300 kHz (2).
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Fig. 5. The temperature dependence of the electrical resistivity for films
MnSeg oTeg 1 (1) and MnSeq gTeg » (2). The temperature dependence of the re-
sistance is described by a power function (1) (The dotted line).
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nonuniform states in the film.

The temperature dependence of the impedance differs from the
behavior of dc resistance (Fig. 5). The temperature dependence of re-
sistance for the composition with X = 0.1 reveals the maximum caused
by the polymorphic transition, which smooths with increasing sub-
stitute concentration. Carrier transport can be realised via electron
hoppings between domain walls or due to diffusion of walls. These are
activation processes, in which the electron mobility is determined as
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Fig. 6. The current-voltage characteristics measured in a zero magnetic field

(empty circles) and field 12kOe (black circles). MnSey oTeg 1 at T = 80 K(1),

180 K(2) and 220 K(3). Insert: MnSeq gTeg > at T = 80 K(1), 180 K(2) and 280K
3).

U = poexp(—E,/koT), where pu, = ea?v/koT, v is the hopping frequency
equal to the phonon frequency (~10'3Hz), and a is the distance be-
tween domain walls [27]. The diffusion of walls can result from the
interaction with acoustic spin waves. The wall flow is proportional to
the diffusivity j ~ D ~ vA, where v is the spin wave velocity and A is
the free path proportional to the spin correlation radius A ~ & = B/
(1 = T/Tn). The more the number of spins deflected from the anti-
ferromagnetic ordering, the smaller the energy loss of wall motion. The
diffusion of domain walls in the antiferromagnetic matrix increases
with temperature as D ~ 1/(1 — T/Ty). The functional temperature
dependence of the conductivity can be written in the form

0 =A/Texp(—E,/kT) + B/(1 — T/1y) (€))]

where A and B are the fitting parameters. At X = 0.2, function (1) de-
scribes the experimental results for A=1-10"3 B = 0.4 - 107, and
E, = 0.021 eV. Above 200K, the diffusion contribution prevails and
below 200 K, carrier tunneling occurs mainly via hoppings.

The existence of domain walls above the temperature of the poly-
morphic transition is confirmed by the I-V characteristics measured at
constant temperatures in zero magnetic field and in a field of 12 kOe.
Fig. 6 presents the I-V characteristics for the polycrystalline
MnSe; _xTex (X = 0.1 and 0.2) films. For the samples with the low
substitute concentration (X = 0.1), the I-V characteristics are linear
and independent of applied field over the entire temperature range. At
the higher concentration, the I-V characteristics have a hysteresis above
the temperature of the polymorphic transition; the hysteresis width
decreases in magnetic field and, under a voltage of above 6V, the
hysteresis width changes by (10-20) %. As the magnetic field increases,
the density of domain walls decreases together with their mobility.

The data on thermopower coefficient allow us to determine the
carrier sign in the absence of dragging electrons with phonons or
magnons. Fig. 7 shows temperature dependences of the thermopower
coefficient for the composition with X = 0.2. As the temperature in-
creases, the sign change from positive (o > 0) to negative (a < 0) is
observed at coming to the polymorphic transition, which is indicative of
the change in the majority carrier type from hole to electron or drag-
ging electrons with magnons (domain walls). Upon approaching the
Neel temperature, domain walls vanish and thermopower is caused by
diffusion of holes, which changes the thermopower sign.

The presence of crystal lattice defects was established by infrared
(IR) spectroscopy. The optical properties of the polycrystalline
MnSe; _xTex (X = 0.1 and 0.2) films were studied on a FSM 2202 IR
Fourier spectrometer. The measurements were performed in an optical
cryostat in the temperature range of 77-500 K. The IR spectra shown in
Fig. 8 have two peaks at frequencies of @ ~3500cm ™' (peak A) and
~4000 cm ™! (peak B). We attribute these peaks to the impurity state in
the lattice, the energy of which is determined by the crystal symmetry.
At the heating, the intensity of peak A (corresponds to the cubic phase
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Fig. 7. The temperature dependence of the thermopower for thin-films chal-
cogenide compound MnSe gTeg 5.
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Fig. 8. a - spectra of optical absorption for a polycrystalline film MnSe, 9Teg 1
measured at different temperatures 1-100 K, 2-130 K, 3-150 K, 4-180 K. Insert:
the temperature range 5-300 K, 6-340 K, 7-400 K, 8-430 K, 9-460 K. A and B -
two peaks, shown on absorption spectra. The peak A corresponds to the cubic
phase, and the peak is B-hexagonal. b- temperature dependence of the ab-
sorption intensity (the peaks A and B).

NaCl) increases abruptly and peak B (hexagonal phase NiAs) vanishes
in the region of the polymorphic transition (Fig. 8b). The temperature
of the latter determined from the optical absorption spectra is con-
sistent with the temperatures of anomalies in the dependences of the
relative change in the sample linear sizes and on the dc and ac re-
sistances.



O.B. Romanova et al.

4. Conclusion

Thus, it was established that the transition from the bulk
MnSe; _xTex solid solution samples to thin films leads to the occurrence
of polymorphism. The intensity of peaks corresponding to the cubic
structure decreases with the increasing tellurium concentration and
additional peaks corresponding to the nickel arsenide (NiAs) hexagonal
structure arise. Temperature behavior of the susceptibility of the films
is qualitatively different from that of the composite system consisting of
manganese telluride and selenide. The linear expansion coefficient of
the films has anomalies in the regions of magnetic transitions with the
NiAs and cubic structure and in the region of the polymorphic transi-
tion at T, = 260 K, which is especially pronounced in the samples with
X = 0.2. The existence of domains and domain walls was confirmed by
impedance spectroscopy and I-V hysteresis, which weakens in a mag-
netic field and originates from a decrease in the density of domain walls
in a magnetic field. The change in the sign of the thermpower coeffi-
cient with temperature was explained using a model of drag of carriers
with domain walls, which vanish near the Neel temperature. Splitting of
the IR absorption spectra and maximum electric resistance were found
in the region of polymorphic transition. In this region, the correlation of
the structural, electrical, kinetic, and optical properties was observed.
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