Cubupckuil scypHan Hayku u mexvoaoeui. Tom 21, Ne 2

UDC 539.21:537.86
Doi: 10.31772/2587-6066-2020-21-2-254-265

For citation: Aplesnin S. S., Yanushkivich K. I. Change in magnetoresistance in manganese chalcogenides MnSe;.
xTex from bulk to thin-film samples. Siberian Journal of Science and Technology. 2020, Vol. 21, No. 2, P. 254-265.
Doi: 10.31772/2587-6066-2020-21-2-254-265

Jas mutupoBanusa: Amitecau C. C., Anymkesnu K. U. M3MeHeHne MarHUTOCONIPOTHBIICHHUS B XalbKOTECHHIAX
Mapranna MnSe;_xTex mpu mepexofie OT 00beMHBIX 00pa3I0B K TOHKOIUIEHOYHBIM // CHOUPCKUIA )KypHAT HAYKH U TeX-
Homoruii. 2020. T. 21, Ne 2. C. 254-265. Doi: 10.31772/2587-6066-2020-21-2-254-265

CHANGE IN MAGNETORESISTANCE IN MANGANESE CHALCOGENIDES
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The electrical and optical properties of anion-substituted antiferromagnetic semiconductors MnSel-XTeX
(0.1 <X <0.4) in the temperature range 77-300 K and magnetic fields up to 13 kOe in bulk samples and in polycrystal-
line thin films are investigated. Negative magnetoresistance was found in the MnSel-XTeX solution in the neighbour-
hood with a Néel temperature for X = 0.1 and for a composition with X = 0.2 in the paramagnetic region up to 270 K.
A correlation was established between the spin-glass state and magnetoresistance for X = 0, 1 and 0.2. The optical
absorption spectra were measured in the frequency range 2000 cm-1 < w < 12000 cm-1. A decrease in the gap in the
spectrum of electronic excitations and a several of absorption peaks near the bottom of the conduction band were
found. Coexistence of two crystalline phases was found in polycrystalline films of the MnSel-XTeX system by X-ray
diffraction analysis. Resistance maxima were established in the region of polymorphic and magnetic transitions.
A model of localized spin-polarized electrons with a localization radius varying in a magnetic field as a result of com-
petition between ferromagnetic and antiferromagnetic interactions is proposed. In the paramagnetic region, negative
magnetoresistance is caused by tunneling of spin-polarized electrons during orbital ordering.

Keywords: manganese chalcogenides, magnetoresistance, conductivity, thin films, current-voltage curve.
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Hccnedosanvl snekmpuieckue u OnmudecKue C60UCMEa AHUOH-3aMEeUJeHHbIX AHMUpePPOMACHUMHBIX NOLYNPOBOO-
Huxose MnSel-XTeX (0,1 <X <0,4) ¢ ooracmu memnepamyp 77-300 K u maecnumnwix noneti 0o 13 k3 6 ob6vemHwvix 06-
Pazyax u NOTUKPUCMALIUYECKUX MOHKUX NieHKax. B meepovix pacmeopax MnSel-XTeX obnapysiceno ompuyamensvhoe
Maznumoconpomuegienue 6 okpecmuocmu memnepamypul Heenst onss X = 0,1 u ona cocmasa ¢ X = 0,2 6 napamaznum-
Hotl obnacmu oo 270 K. Ycmawnoenewa koppensyusi CHUH-CIMEKONbHO2O COCMOAHUS U MACHUMOCONPOMUBIEHUs
o X = 0,1 u0,2 Hsmepenvl cnekmpsl onmuuecko2o noznougerus 8 unmepeaie yacmom 2000 cm-1 < w < 12000 cm-1.
ObHapysiceHo ymenbleHUe weiu 8 CneKmpe 21eKMPOHHbIX 8030VHCOeHUll U PAO0 NUKO8 NO2NOWeHUs. 801U3U OHA 30HbI
npogooumocmu. B noauxkpucmaniuveckux nienkax cucmemsvl MnSel-XTeX natideno cocywecmeosanue 08yx Kpucma-
JUYEeCKUX a3 MemooomM peHmeeHoCmpyKmyprHo2o ananusza. OOHApPYI’CeHbl MAKCUMYMbl CONpOMu6ieHus 6 obracmu
NOMUMOPHHO20 U MASHUMHO20 nepex0008. IIpednosicena Modenb TOKANUZ08AHHBIX CHUNH-NOJAPUZ0BAHHBIX INEKIMPOHOE
€ paouycom NOKATU3AYUU, MEHIIOWUMCI 8 MASHUMHOM NOJE 6 Pe3yibmame KOHKYPeHYuY (eppomMacHUmHbIX U anmu-
Gheppomacnumnuix e3aumodeticmeuil. B napamaznumuoti obracmu ompuyamenbHoe MazHumoCconpomueieHue 8bl36aH0
MYHHEAUPOBAHUEM CRUH-NOTSIPUSOBAHHBIX DNIEKMPOHOE NPU OPOUMATLHOM YNOPIAOOUEHUU.

Kniouesvie crosa: xanvbkoeeHuowvl mapeanya, machumoconpomuejierue, npoeodwwocmb, MOHKUE NI1EeHKU, BAX.
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Introduction. To control spacecraft in extreme condi-
tions with a temperature difference of two hundred or
three hundred degrees, it is necessary to create elemental
electronic microelectronics that operates in these condi-
tions. Traditional electronics operates on silicon and ger-
manium semiconductors operating with an electron
charge. But the electron has a spin and orbital angular
momentum, which is used in spintronics, which takes
advantage of both non-volatile magnetic memory and
high-speed electrical information processing systems. In
spintronics [1; 2], to convert an electric signal, not only
the charge degree of freedom of an electron is used, but
also a spin, which allows creating fundamentally new
spintronic devices. The electron has orbital degrees of
freedom, acting on which it is also possible to regulate the
transport and dielectric characteristics in a magnetic field

In chalcogenides, there is a relationship between
the parameters of the magnetic and electrical subsystems
[3—7] and the effect of magnetoresistance [8—12]. To date,
manganese oxide compounds (manganites of the LaMnO;
type) [13-17], europium chalcogenides, CdCr,Se,, and
HgCr,Se, selenides [18-20] are being intensively studied.
In the MeXMn1-XS sulfide systems (Me = 3d metal) syn-
thesized on the basis of o.-MnS monosulfide and undergo-
ing the metal — insulator transition [21-24], the CMR
effect was found to be comparable with its value in man-
ganites [25-28].

Manganese chalcogenides MnSe and MnTe are anti-
ferromagnets (AFM) and undergo structural and magnetic
transitions with an increase in the degree of hybridization
of manganese cations with Se and Te anions [29; 30]. The
change of the transport properties from the semiconductor
to metal at the temperature near the room one. MnTe
crystallizes in a hexagonal structure of the NiAs type [29].
Mn manganese monoselenide MnSe exhibits a structural
phase transition from the cubic phase to the NiAs struc-
ture in the temperature range 248 K < 7 <266 K [30], and
below this temperature phase coexistence is observed in
the sample.

The antiferromagnet MnTe consists of ferromagneti-
cally ordered spins in the plane that are oriented anti-
ferromagnetically along the hexagonal axis. The spins are
located in the base plane and have anisotropy of the light
plane type with a Néel temperature 7 = 340 K [31].
For MnSe, the Néel temperature in the cubic modification
is TN = 135 K, and in the hexagonal NiAs phase it coin-
cides with the structural transition temperature TS = 272
K. Manganese chalcogenides are semiconductors with p —
type conductivity, which have an energy gap in the spec-
trum of single particle electronic excitations for MnSe
(2.0-2.5) eV and MnTe (0.9-1.3) eV with polaron type
charge carriers [32]. The effect of magnetoresistance in a
magnetically ordered cubic phase was detected on MnSe
samples when approaching the Néel temperature with the
electrical resistivity p = 104 — 103 Ohm - cm [33]. A de-
crease in the metal — anion Mn—Te bond length, according
to theoretical calculations of the band structure [34], in-
duces a change in the crystal structure from hexagonal to
cubic with antiferromagnetic ordering with a binding en-
ergy of one Mn-Te pair EZB, H = —0.31 eV/bond with
bond length RAF = 2.70 A, and with ferromagnetic order-
ing EZB, H = —0.51 eV/bond with RF = 2.71 A. In the
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NiAs structure, the bond length is R(Mn-Te) = 0.273 A.
The lattice constant ¢ = 5.44 A in MnSe with a NaCl
structure is somewhere in the middle between 2RF and
2RH; therefore, when selenium is replaced by tellurium at
low concentrations, the formation of Mn-Te-Mn ferro-
magnetic bonds with anisotropy of the light plane type is
possible. As a result, the formation of the angular phase
and enhancement of the magnetoresistive effect in anion-
substituted MnSe;_yTey solid solutions are possible.
Substitution of selenium with tellurium leads to suppres-
sion of the hexagonal phase and to the single-phase state
of the MnSe, xTex system with a face-centred cubic
structure with space group (225) [35] in the temperature
range 120 K < 7'< 300 K and in the concentration range
0.1 £X <0, 4 [36]. Local non-correlated lattice deforma-
tions are possible, which will cause a change in the
electronic structure and a change in resistance during the
hopping type of conductivity along with changes in the
magnetic properties [37-38].

The aim of this work is to detect the magnetoresistive
effect and to elucidate the microscopic mechanism of the
influence of the magnetic field on the transport properties
of MnSel-XTeX solid solutions (0.1 < X < 0.4) based
on a comprehensive study, electrical resistivity, current-
voltage characteristics and optical absorption spectra
depending on temperature and magnitude of the magnetic
field.

Materials and research methods. The electrical re-
sistivity is measured by a standard four-probe compensa-
tion method using direct current in the temperature range
77-300 K in a magnetic field of up to 13 kOe. Fig. 1
shows a temperature dependence of the resistance of
MnSe, xTey solutions for all compositions (0.1 < X < 0.4).
At T<Ty, a deviation from the linear dependence
Inp = Inpy + AE/T is observed. The activation energy
AE = (0.07-0.09) eV is practically independent of the
composition in these samples.

The effect of a magnetic field on transport properties
was investigated in two ways. First, the change in resis-
tance was measured by the temperature of MnSe; xTex
solid solutions located both in a magnetic field and in its
absence. Secondly, at a fixed temperature, the current-
voltage characteristics were studied in a zero magnetic
field and in a field A = 13 kOe. Fig. 2 shows the current-
voltage characteristics of manganese chalcogenides
MnSe, xTeyx for composition X = 0.1 at temperatures
(100, 140 and 190 K). The U(J) dependences are linear
and independent of the magnitude of the magnetic field at
T < 100 K. It was established that the resistance of the
samples decreases in the magnetic field and the greatest
change (about 100 %) was found in the neighbourhood
of the Néel temperature for a composition with X = 0.1
(fig. 3, a). For a concentration with X = 0.2, a decrease
in resistance was found in the paramagnetic region
at a temperature above the Néel temperature and in the
temperature range 160 K < 7< 270 K is 5 % (fig. 3, b).
For high concentrations, magnetoresistance (MR) was not
detected.

The magnetic moment of the samples was measured
in a magnetic field of 0.8 T in the temperature range
80 K < T'< 700 K in two modes: cooling in a zero mag-
netic field and in a magnetic field of 0.8 T.
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Fig. 1. Temperature dependence of the electrical resistivity MnSe;_yTey
solutions with concentration of X=0.1 (1), 0.2 (2), 0.3 (3), 0.4 (b)

Puc. 1. TemnepaTypHbIe 3aBHCHMOCTH YAEIBFHOTO 3JEKTPOCONPOTHBICHHS
IUTS TBEpABIX pacTBOpoB MnSe, yTey ¢ KOHLIEHTpauel 3aMemeHus
X=0,1(1),0,2(2),0,3 (3), 0.4 (b)
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Fig. 2. The current-voltage characteristic of the MnSe,_xTey solid solution
(X=0.1) in a magnetic field /=1 T (2) and in a zero magnetic field (1)
at different temperatures 7: 100K (a), 140K (b), 190K (c)

Puc. 2. Bonbr-amiepHas xapakTepucTHKa TBepAoro pactsopa MnSe;_yTey

(X=0,1) B maruutHoM niosie H =1 T (2) u B HyneBoM MarHuTHOM 11o7e (1)
mpu pasHeix Temiepatypax 7 100 K (a), 140 K (b), 190 K (¢)
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The dependence of the susceptibility on the history of
the sample was found. Thus, the susceptibility of a sample
cooled in a magnetic field is lower compared to a sample
in a zero field. The relative change in the magnetic mo-
ment (o (H)-5(0))/c(0) is shown in fig. 3 (curves 3 and 4)
and is in qualitative agreement with the temperature be-
havior of the magnetoresistance.

For X = 0.1, the relative change in the magnetic mo-
ment sharply increases in the neighbourhood of the Néel
temperature and decreases in absolute value at 7= 220 K,
where the magnetoresistance disappears. For a composi-
tion with X = 0.2, a quantitative agreement is observed
between the change in the magnetic moment and magne-
toresistance as a function of temperature. The paramag-
netic Curie temperature (0), determined from the high-
temperature inverse susceptibility, gradually decreases
with increasing concentration of tellurium. In the molecu-
lar field approximation, 6 = 2/3S (S + 1)zJSe for MnSe
and for low concentrations, the paramagnetic Curie tem-
perature of the MnSe;.xTex solid solution can be repre-
sented as 0 = 2/35(S + 1)(zJSe(1 — x) + JTex) or the nor-
malized dependence 0(x)/6(MnSe) = 1 + x(h — 1) is used
to determine the sign of the exchange J(Mn-Te-Mn). The
fitting functions with the ratio of the exchange parameters
A = J(Mn-Te-Mn)/J(Mn-Se-Mn) = -1.25 and -0.25
describe the experimental results well. For concentrations
X <0.3, the sign of the exchange interaction changes to
ferromagnetic with a decrease in the exchange value with
increasing bond length, according to the theoretical pre-
diction [34].

The formation of polarons or regions with a high con-
centration of electron density can be traced from the opti-
cal absorption spectra shown in fig. 4 for compositions
X =02 and 0.4 in the energy range 2000—12 000 cm .
Electromagnetic radiation can be absorbed by charge car-
riers during interband transitions, free charge carriers
within the same energy zone and crystal lattice vibrations.
The low-energy absorption spectrum provides informa-
tion on phonon spectra and plasmon vibrations in semi-
conductors, in the high-energy region, on the band gap, on
the structure of the valence band and the conduction band
near their extrema. For frequencies ® < 5000 cm ', an
increase in the absorption of electromagnetic radiation is
observed, caused by an increase in the electron concentra-
tion and metallization of the samples. However, these
compositions of MnSe; xTex solid solutions retain
the activation type of conductivity. A sharp decrease in
the absorption intensity below the maximum with energy
® =9700 cm™ for X = 0.4 corresponds to the band gap of
MnTe ® = 9100 cm '. Those. at this concentration, Mn-
Te-Mn bonds flow along the lattice. Near the bottom of
the conduction band, additional absorption maxima are
observed with ®; = 6300 cm™' and with @, = 8700 cm !,
located in energy below the bottom of the conduction
band by AE; = 3400 cm ' and AE, = 1000 cm ™. Possibly,
these lines correspond to bound states of an electron and a
hole, which form a hydrogen-like spectrum of excitons.
The spectral line energies are described by the formula
E, = 12-042/n*> eV with exciton binding energy
E, = 042 eV. We estimate the exciton radius from the
formula Rn = n’emag /1, where m is the mass of a free
electron, ag is the Bohr radius of the hydrogen atom, ¢ is
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the high-frequency permittivity for a small-radius exciton
g = 8 for MnSe [39], p is the reduced electron and hole
mass. For p = 0.5m, the exciton radius is R; = 0.8 nm =
= 1.4 A. Small-radius excitons move through the
Mn-Te system and, at different effective masses of the
electron and hole, contribute to the conductivity.

Magnetoresistance model. When anionic substitution
occurs, chemical pressure and a change in the crystal field
of the octahedron arise as a result of the difference in the
ionic radii of selenium and tellurium. At low concentra-
tions, when the octahedron consists of five selenium at-
oms and one tellurium atom, the bond lengths in the octa-
hedron become not equivalent, which leads to a local in-
crease in the crystal field and a change in the electron
density between t,, and e, orbitals, i. e. to the formation of
an electron on the #,, orbital and a hole on the e, orbital
and to a change in the spin state of manganese ions in the
neighbourhood of tellurium ions. The sign of the ex-
change interaction will also change as a result of the dou-
ble exchange of electrons in e, orbitals and the kinetic
exchange in the £, subsystem. Distortion of the octahe-
dron induces the splitting of #,, and e, orbitals with differ-
ent projections of the +—L* orbital momentum onto the
selected axis. The energy of the deformed octahedron
decreases as a result of the rotation of the octahedra in the
temperature range 200-250 K depending on the tellurium
concentration and with a further decrease in temperature,
it is possible that the manganese ions shift with a local
change in the lattice symmetry, for example, of the ortho-
rhombic type.

The microscopic model can be represented as ferro-
magnetic clusters in the neighbourhood of tellurium ions
with a random orientation of the anisotropy axes and with
orbital moments. In the MnSe;.xTex solid solution, we
distinguish two temperature ranges, for X = 0.1 in the
vicinity of the Néel temperature and for X = 0.2 in the
paramagnetic region above the Néel temperature. For a
composition with X' = 0.1, the magnitude of the ferromag-
netic exchange in the clusters exceeds the antiferromag-
netic exchange in the MnSe matrix and an angular phase
forms with a random orientation of the weak magnetic
moment in the cluster in the antiferromagnetic region.
When heated, the interaction between the clusters de-
creases, and the magnetic moments are oriented in the
direction of the magnetic field, as a result, the ferromag-
netic spin-spin correlation function along the transverse
components of the spin increases, and the correlation ra-
dius increases. Above the Néel temperature, spin-spin
correlations and the correlation radius decrease as a result
of thermal fluctuations of the spin moment. In the off-
diagonal Anderson model, this corresponds to a change in
the width of the potential well and is associated with the
temperature dependence of the electron localization radius

in the form §= A|1—T /T N|. The magnetoresistance in

semiconductors, the conductivity of which is described in
a model with a variable jump length, has an exponential
dependence

(p(H)-p(0))/p(0)=exp(-BHE)-1=

= exp(-BH /|[1-T /Ty)|)-1, M
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where B is the parameter, H is the external magnetic field,
& is the electron localization radius [40, 41]. The experi-
mental data on magnetoresistance are satisfactorily
described in the framework of this model with a field
H =028 T and a parameter B = 0.13 T for 7> Ty, and
B =0.05 T in the magnetically ordered region. The fit-
ting functions are shown in fig. 3, a, curve 5.

For the composition X = 0.2, the magnitude of the fer-
romagnetic exchange is much smaller than the antiferro-
magnetic interaction and the electrons are localized within
the lattice constant, in potential wells, the width of which
is fixed and the potential barrier varies with temperature.
Here, one can use the model of tunneling of spin polar-
ized electrons between potential wells in the form

(p(H)-p(0))/p(0)=1/(1+xPP, cos0)-1, (2)

where x is the concentration of the wells, P, is the de-
gree of polarization of the electrons, the angle 6 between
the axes of polarization of the electrons. The spin polari-
zation of electrons is due to orbital ordering. Suppose that
the polarization value P, is the same for all clusters and
disappears at a temperature of orbital ordering 7}, accord-

ing to a power law A, = {,(1-T/ To)l/ % To qualitatively

understand the processes of electron tunneling between
clusters with polarization axes are in the range of angles
from 0 < 6 < 7w, we consider a simple model when
the anisotropy field H, is parallel to and orthogonal to the
external magnetic field. As a result of competition
between the Zeeman interaction and the anisotropy field,
the electron spin (polarization direction) will rotate in the
direction of the external magnetic field with increasing
temperature.

0,2-
0,0+
-0,2-
0,41

160 200 240 280

T,K

80 120 320

Fig. 3. Temperature dependences of the magnetoresistance of MnSe,_yTey
chalcogenide with X=0.1 (1) (@) and 0.2 (2) (b) at H =13 kOe. The relative
change in the magnetic moment ¢ (H) — ¢ (0) / 6 (0) for X=0.1 (3) and
X =0.2 (4). Fitting functions: for a concentration of X = 0.1 (5) from equation
(1) at H=0.8 T, B=0.13 T in the region of T'> Ty, and B = 0.05 T—1
in T'< Ty; for X= 0.2 (6) from equation (5) with parameters 7, =280 K,
T*=160K, n=2/3, A= 0.1, cluster concentration x = 0.08

Puc. 3. TemmeparypHbIe 3aBICHMOCTH MarHUTOCOMPOTHBIICHHS XaJbKOTEHHUA
MnSe; yTeyc X=0,1 (1) (@) u 0,2 (2) (b) mpu H =13 k1. OTHOCUTETBHOE
n3meHenue MarauTHoro Momenta ¢ (H) — 6(0)/c(0) s X = 0,1 (3)

n X=0,2 (4). llogronounsie GpyHkun: s koHneHrpammu X = 0,1 (5)
n3 ypasuenus (1) npu H=0,8 T, B=0,13 T — 1 B o6nactu 7> Ty,
nuB=0,05T-18T<Ty n1aX=0,2(6)u3 ypaBHeHus (5) c mapamerpamu
To=280K, T* =160 K, n=2/3,L= 0,1, xoHuenrpauus kiactepos x = 0,08
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Fig. 4. Optical absorption spectra for MnSe,_yTey solid solutions
with X=0.2 (1), 0.4 (2) at T=300 K

Puc. 4. CiexTpsl ONTHYECKOTO MOTJIOMIEHHUS UTs TBEPABIX pacTBOpoB MnSe; yTey
cX=0,2(1),0,4 (2) mpu T=300 K

The correlation between the spins is determined by orbital
ordering. The energy of the magnetic system has the form

E:—SHCOSO—SHAcos(y—G), 3)
where H, is the anisotropy field, y is the angle between

the external magnetic field and the anisotropy field. The
minimum energy value is achieved at an angle of:

0056:1/\/(1+Hjsin2y/(H+HAcosy)z). 4)

The anisotropy field decreases with increasing
temperature according to a power law in the form
H,=K(1 - T/ T*)", where T* is the temperature at which
the anisotropy field caused by rhombic distortion disap-
pears. The ratio of the magnetic field to the anisotropy
constant is denoted by A = H/K. Then the temperature
dependence of the magnetoresistance is presented in the

form
(p(H)=p(0))/p(0) =

:1/{1+xl’02(1—T/T0)1/2/\/(1+(1—T/T*)2n/kzn. ®

In fig. 3, b, function (5) describes the experimental
results with parameters 7= 280 K, 7* = 160 K, n = 2/3,
A = 0.1, cluster concentration x = 0.08. The tunneling
model of spin-polarized electrons with orbital ordering
explains the experimental results on magnetic properties
and magnetoresistance.

The structure and electrical properties of thin
films. With a change in the dimension of the system, the
physical properties of materials change. In bulk samples
of manganese telluride, the resistance is independent of
the magnetic field; however, magnetoresistance with a
maximum in the region of 200 K was found in thin-film
MnTe compounds [42].

Positive magnetoresistance was found in topological
insulators [43]. In a bulk Bi,Te; sample, magnetoresis-
tance (MR) is about 15 % at room temperature, and in
Bi,Te; thin films the giant MR effect reaches 600 % at
room temperature [44; 45]. The observed large MR values
at room temperature are directly related to a decrease in
the dimension of the topological insulator. The magne-
toresistance on 200 nm Bi,Se; films has a linear tempera-
ture dependence and is retained in strong magnetic fields,
including the high temperature region [46]. The MR ef-
fect is explained by the presence of two channels with
high carrier mobility, which coexists with the usual bulk
channel with a mobility of 60 cm*V'S™" at high tempera-
tures in thin Bi,Se; films [47]. With decreasing tempera-
ture, the carrier density in the channel with high mobility
decreases significantly and free carriers freeze below 85
K, leaving only a conducting bulk channel in the film.

A positive MR may be caused by the competition be-
tween the degenerate orbital states of the electron and
strong electron correlations [48]. In the vicinity of the
transition temperature of the orbitally ordered phase to the
paraphase, the “spectral weight” shifts to the Fermi level.
In this temperature range, the magnetic field again leads
to an increase in the gap width and to stabilization of the
orbital order. For narrow-gap semiconductors with a
width of W =1 eV, the corresponding temperature for the
magnetoresistive effect is 7= 600 K [48].

An increase in the magnetic field resistance in thin
films of Sr,CrWOs antiferromagnets is associated with
the suppression of the long-range antiferromagnetic order
and the formation of a short-range fluctuation region that
enhance electron scattering [49].

When passing from bulk to thin-film samples in the
MnSe and MnTe chalcogenides, the Néel temperature and
activation energy decrease several times [50]. In the
MnSe and MnTe films, the cubic structure of NaCl [51]
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and the hexagonal NiAs structure [52] stabilize respec-
tively. It is possible to detect an increase in the magneto-
electric effect in polycrystalline thin-film compounds
in comparison with bulk samples of the MnSe yTey
system.

Thin film polycrystalline compounds of manganese
chalcogenides MnSe, yTey were obtained by flash method
deposition of previously synthesized solid solutions on
glass slides. The precursors were powders with a grain
size of 0.1 to 0.3 mm. Deposition was carried out in
a vacuum installation for films deposition of type
UVN-71R-2.

The pressure in the reaction chamber during deposi-
tion was 10 °~10"° Pa. The temperature of the tantalum
evaporator was maintained at ~ 2000 °C. The substrates
were located at a distance of 10 cm from the evaporator.
The temperature of the substrates was 250-300 °C.

The evaporator temperature was significantly higher
than the melting point of the solid solutions. Therefore,
when a small mass of material enters the evaporator, it
evaporates instantly, which ensures, after crystallization
on a substrate located at a considerable distance from the
evaporator, the composition and structure corresponding
to bulk substances. A device based on shock vibration
supplied the precursor to the evaporator. The film thick-
ness ranged from 157 nm to 960 nm. The substrates con-
sisted of quartz.

The X-ray diffraction analysis of the thin-film chalco-
genide compounds MnSe; yTey was carried out on a
DRON-3 apparatus in CuKa radiation at a temperature of
300 K after they were obtained and after measurements of
the magnetic and electrical properties. The structure of
thin-film compounds differs from the face-centered cubic
structure of bulk polycrystalline MnSe;_yTey of the same

concentration [51]. According to X-ray diffraction analy-
sis, the substitution of selenium by tellurium in thin-film
chalcogenide compounds of the MnSe, yTey system leads
to a decrease in the peak intensities characteristic of the
cubic structure and leads to the appearance of a nickel —
arsenide (NiAs) hexagonal structure. The lattice parame-
ter increases with increasing concentration of the substi-
tuting element, and the ratio c/a ~ 1.4 is less than 1.63
characteristic of bulk MnTe with a hexagonal NiAs type
structure, which indicates a compression of the hexagonal
densely packed structure.

In the temperature dependence of the resistance
for X = 0.1, a maximum is observed due to the polymor-
phic transition (fig. 5). With an increase in the concentra-
tion of substitution, the maximum is smoothed out. Car-
rier transfer can occur as a result of electron hopping be-
tween domain walls, or due to diffusion of walls. These
are activation processes where the electron mobility is
determined by the expression p=p, exp(—Ea / k,T ),

ba*v . .
where p, = w7 v is the hopping frequency equal to the
0

phonon frequency (~10" Hz), and a is the distance be-
tween domain walls [53]. A process of wall diffusion as a
result of interaction with acoustic spin waves is possible.
The wall flux is proportional to the diffusion coefficient
j ~ D ~ VA, where v is the spin wave velocity, A is the
mean free path, which is proportional to the spin correla-
tion radius A ~ & = B/(1 — T/Ty).

The more spins deviate from the antiferromagnetic ar-
rangement, the less is the energy loss when moving the
wall. The diffusion of domain walls in an antiferromag-
netic matrix increases with increasing temperature
as D~ 1/(1 — T/Ty).

T T
100 150

T
200

T T
250 300

T,K

Fig. 5. The temperature dependence of the electrical resistivity for films
MnSe0.9T¢0.1 (1) and MnSe0.8Te0.2 (2). The dotted line indicates that the
temperature dependence of the resistance is described by a power function (6)

Puc. 5. 3aBUCHMOCTB 2JIEKTPOCONIPOTHBIICHHS OT TEMIIEPATYPHI JUISl IIEHOK
MnSe0,9Te0,1 (1) 1 MnSe0,8Te0,2 (2). [lynkTupHast TUHHS yKa3bIBaeT,
YTO 3aBHCUMOCTH COIPOTHBIICHHS OT TEMIIEPATypPhl OIMCHIBACTCS
cTeneHHoit QpyHkuuei (6)
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4.0x107 . T

4.0x10°

2.0x10°

Fig. 6. The current-voltage characteristics measured in a zero magnetic
field (empty circles) and field 12 kOe (black circles). MnSe0.9Te0.1
at 7=80 K(1), 180 K(2) and 220 K(3).

Insert: MnSe0.8Te0.2 at 7= 80 K(1), 180 K(2) and 280 K(3)

Puc. 6. BonbT-amnepHble XapaKTepUCTUKU, U3MEPEHHBIC B HYJIEBOM MAarHUT-
HOM IHoJ1e (CBETJIbIe KPY)KKH) U nosie 12 kD (uepHbie kpyxkn). MnSe0,9Te0,1
npu 7= 80 K (1), 180 K (2) m 220 K (3).

Bceraska: MnSe0,8Te0,2 mpu 7= 80K (1), 180K (2) u 280K (3)

The functional dependence of conductivity on tem-
perature is presented in the form

4 B
cs_Texp(—Ea/kT)Jr(l_TJ’ ©

N

where 4 and B are adjustable parameters. For the compo-
sition with X = 0.2, function (1) describes the experimen-
tal results with 4 = 1 10>, B = 0.4 10, E, = 0.021eV.
Above 200 K, the diffusion contribution prevails, and
below the hopping carrier tunneling mechanism does.

The existence of domain walls above the polymorphic
transition is confirmed from the current—voltage (I-V)
characteristics measured at fixed temperatures in a zero
magnetic field and in a field of 12 kOe. Fig. 6 shows the
I-V characteristics for polycrystalline films of the
MnSe;_xTex system (X = 0.1 and 0.2). For samples with a
low substitution concentration, X = 0.1, the [-V character-
istics are linear and independent of the applied field over
the entire temperature range. With an increase in the con-
centration above the polymorphic transition temperature,
the [-V characteristic hysteresis is detected, the width of
which decreases in a magnetic field and, at voltages above
6 V, the hysteresis width changes by 10-20 %. With an
increase in the magnetic field, the density of domain walls
decreases and their mobility decreases.

Conclusion. In antiferromagnetic samples of MnSe;.
xTex with a cubic structure, the effect of magnetoresis-
tance in the neighbourhood of the Néel temperature of
about 100 % was found for a composition with a substitu-
tion concentration of X = 0.1. The decrease in resistance
in a magnetic field is due to an increase in the electron
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localization radius in potential wells as a result of compe-
tition between ferromagnetic and antiferromagnetic inter-
actions and a reduction in the width of the potential bar-
rier. For a composition with X = 0.2, a negative magne-
toresistance in the paramagnetic state was discovered,
which is caused by the tunneling of spin polarized elec-
trons with orbital ordering and a change in the angle be-
tween the directions of polarization of electrons in poten-
tial wells as a result of competition between the spin in-
teraction with an external magnetic field and anisotropy
field. A correlation was found between the spin-glass be-
havior of the magnetization of samples cooled in and
without a magnetic field and the temperature dependence
of the magnetoresistance.

Peaks were found in the optical absorption spectra of
MnSe; xTey for a composition with X = 0.4. Near the
bottom of the conduction band, there are additional ab-
sorption maxima located in energy below the bottom of
the conduction band. It is possible that these lines corre-
spond to bound states of an electron and a hole, which
form a hydrogen-like spectrum of excitons.

In MnSe, xTex thin polycrystalline films for x < 0.2,
magnetoresistance is absent. The existence of domains
and domain walls from the hysteresis of the I-V charac-
teristic, which decreases in a magnetic field and is caused
by a decrease in the density of domain walls in a magnetic
field, is found.
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