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REFERAT

MnlIn,Ses monokristalinin miixtolif temperatur vo elektrik sa-
hasi tezliklorinds dielektrik niifuzlugunun hagiqi vo xayali his-
sosi vo dielektrik itki bucagi tangensi todqid edilmisdir. Miioy-
yon edilmigdir ki, dielektrik niifuzlugunun heqiqi hissosinin
tezlikdon asililigi shomiyyatli dorocads dispersiyaya moruz ga-
lir. Temperatur yiiksoldikco €-in artmasi osason yiikdastyicila-
rin konsentrasiyasimin artmasi ilo baghdir. Miisyyan edilmigdir
ki, MnInzSe; monokristalinda 5-10° +10°Hz tezlik intervalinda
dielektrik itkisi elektrik kegiriciliyi ilo alagodardir va kegiricilik
zona-sigrayls mexanizmi ilo xarakterizo olunur. Mnln,Ses mo-

nokristal

iclin  aktivlosmo  enerjisi  hesablanmis  vo

AE=0,18+0,23eV qiymatlori tapilmigdir.

Son illor geyri-adi fiziki xassolori vo praktik
totbiglori sayasindo d va f tobagalori tamamils dol-
mayan elementlor daxil olan ticlii xalkogenit bir-
losmalor intensiv todqgiqatlarin obyektino ¢evril-
misdir. Bu birlogmolor igorisindo miiasir yarimke-
giricilor elektronikasiin funksional imkanlarini
genislondiron osas monbolordon biri kimi AB2X4
(A - Mn, Fe, Co, Ni; B-Ga, In; X - S, Se, Te) tipli
birlosmolori gostarmak olar[1-15]. Bu birlosmoalor
osasinda lazerlor, is1q modulyatorlari, fotodedek-
torlar vo digor funksional qurgular yaratmaq pers-
pektivlidir. AB2Xs birlogsmoalor sinfino aid olan
MnlIn,Ses-iin bazi fiziki xassalori [16-25] islorinda
todqiq edilmisdir. [16-18] islorindo MnInzSes bi-
losmasinin vo monokristalinin alinmasi va onlarin
kristal qurulusu haqqinda molumat verilmisdir.
[19-21]-do MnIn,Ses-iin magnit xassalori tadqiq
edilmisdir. [21-23] islorindo MnInzSes-do optik
udulma spektrlori tadqiq edilorak onlarin qadagan
olunmus zonasmin eninin temperaturdan asililig
toyin edilmis vo optik kecidlorin xarakteri miioy-

yan edilmigdir. [24-25] islori MnInzSes birlogmasi-
nin sabit va dayison elektrik sahasinda elektrikke-
Giriciliyinin todqiqine hasr olunmusdur. Bu islordo
kegiriciliyin mexanizmi askara ¢ixarilmigdir. Hal-
hazirki isdo MnIn;Ses monokristalinin dielektrik
nufuzlugunun va dielektrik itkisinin doyison elekt-
rik sahasinin tezliyindon va temperaturdan asililig
tadqiq edilmisdir.

MnIn2Ses-tin monokristallart Bricmen {isulu
ilo sintez edilmisdir. Rentgenoqrafik metodla ana-
liz naticosondo miioyyon edilmisdir ki, MnIn2Se4
birlosmasi kristal qofas parametrlori a=4,05525A,
c=39,4915A, c/a=4,65 olan heksaqonal qurulusa
malik olur [18]. Elektrik tutumunu 6lgmok {iglin
galinlig1 ~0,3mm olan monokristal 16vholors gii-
miis pastasi vuraraq kondensatorlar hazirlanmig vo
dlciilmoler E7-20 (25+10°Hz) ragemli immetans
6lcii cihazinin kdmayi ilo aparilmigdir. Niimunaya
1V 6lgmo gorginliyi verilmisdir. Dielektrik niifuz-
lugunun haqiqi hissasi &= Cd/eoS, xayali hissasi
150 €"=tgo-¢' ifadolorindon hesablanmigdir.
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Sokil  1-do  miixtolif  temperaturlarda
MninzSes monokristallar {igiin dielekrtik nifuz-
lugunun haqiqi hissasinin (&) tezlik asililiglart gos-
torilmigdir. Miioyyon edilmisdir ki, 297+383K
temperatur intervalinda 5-10%+10°Hz tezliklorda
€-in qiymoti 74+1630 intervalinda doyisir. Sokil-
don goriinir ki, €'-in tezlikdon asililig1 shomiyyatli
dorocodo dispersiyaya moruz qalir. Dielektrik
niifuzlugunun haqiqi hissasi tadqiq olunan tempe-
raturlarda 5-10%+10*Hz tezlik oblastinda yavas-
yavas azalir, sonra 2-10*+5-10°Hz tezlik diapazo-
nunda siiratlo azalir. Daha sonra 5-10°+10°Hz tez-
lik  intervalinda  yliksok  temperaturlarda
(353+383K) €' yavas azalir, asag1 temperaturda
(297+333K) demok olar ki, sabit qalir. Tadgiq olu-
nan tezliklords iso temperatur yiiksoaldikco €'-nin
artmas1 miigahido edilir. Temperatur yiiksoldikco
dielektrik nifuzlugunun artmasi asason yiikdastyi-
cilarin konsentrasiyasinin artmasi ilo baglidir [26].
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Sakil 1

MnInzSes monokristah tiglin miixtalif temperaturlarda €-in
tezlik aghligt; T, K:1-297, 2-313, 3-333, 4-353, 5-383.

Sakil 2-do miixtalif tezliklordo MnIn,Ses mo-
nokristallarmin dielektrik niifuzlugunun xoyali his-
sosinin temperaturdan asilihiglart  gdstorilmisdir.
Sokildon gériiniir ki, 2-10%+10°Hz tezliklords /ge"-
in 10%T-den asiliig miixtolif meylli bir xottden
ibaratdir. Bu asililiq meyllorindon aktivlosma ener-
jilori tayin edilmis vo miioyyon edilmisdir ki, onla-
rin giymatlori  0,18+0,23eV intervalinda doyisir.
Qeyd edok ki, MnIn2Ses monokristali tigiin aktiv-
losma enerjisinin bu qiymati dayisen elektrik saho-

sindo elektrik kegiriciliyinin temperatur asliligin-
dan da toyin edilmisdir [25]. Buradan gorunar Ki,
aktivlesma enerjisinin qiymati tezliyin funksiyasi-
dir. Aktivlosmo enerjisinin tezlikdon asilili olaraq
doyismasi sigrayls mexanizmindon istifado etmok-
ls izah edilo biler. Malumdur ki, MnInzSes kristal-
larinda elektrik kegiriciliyinin temperaturdan asili-
hig1 aktivlosmo xarakteri dasiyir [24]. Demali,
MnlIn;Ses-monokristalinda kegiricilik zona-sigra-
yis mexanizmloari ilo xarakterizo olunur.
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Sakil 2
MnIn,Ses monokristah ti¢tin miixtolif tezliklorinds £"-in
temperaturdan aghhgy; f, Hz: 1 - 2-10% 2 - 105, 3 - 106,
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Sokil 3

MnIn;Ses monokristali {igiin miixtalif temperaturlarda
dielektrik itkisinin tangens bucaginin tezlikdon asililigs; T,
K:1-297,2-313, 3-333.
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Sokil 3-do  MnIn2Ses monokristall ticiin
mUxtolif temperaturlarda dielektrik itki bucagi tan-
gensinin (tgd) tezlikdon asililiq grafiki tosvir edil-
misdir.

Sakildon goriiniir ki, tadqiq olunan tempe-
raturlarda baslangicda tezlik artdigca itki bucaginin
giymeti azalir, sonra miixtolif temperaturlarda for-
gl tezliklordon baglayaraq miioyyon tezlik inter-
vallarinda dielektrik itki bucagi tangensinin qiy-
mati sabit qalir. Daha sonra tezlik atrdiqca tgd-nin
giymoti azalir. Sokildon goriinir ki, yuxari vo asagi
tezlikdordo temperatur yiiksoldikco dielektrik itki
bucagi tangensinin qiymati artir. Bu onu gostorir
ki, dielektrik itkisi elektrik kegcirici mexanizmi ilo
olagodardir.

Sokil 4-do MnlInySes monokristali {igiin
297K temperaturlarda In(tgdw)-nin Inw-dan asih-
liq grafiki verilmusdur.
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Sokil 4

MnlIn,Ses monokristah {igtin 297K temperaturda
In(tgd - ®)~Inw aslilig:.

Mbolumdur ki, dielektrik itkisinin tezlik
asilihig kegiriciliyin mexanizmindon asilidir. Belo
ki, elektrik kegiriciliyi 6z(i tezlikdon asili ola bilar.
Sigray1s mexanizminds o~®° (s<1) olur. Kegirici-
likdo istiin rol oynayan miixtolif mexanizmlor
tiglin dielektrik itkisinin tangens bucaginin tezlik-
don asililigini asagidaki kimi ifads etmok olar [27]

tgo (@) ~ (0" + w) zona mexanizmi,

@)

tgd (@) ~ w(w®? +1) sigrayis mexanizmi. (2)

(1)-don goriiniir ki, kegiricilikdo tigtiin rol
oynayan zona mexanizminds /n(1gd-w) ~ Inw Ko-
ordinatinda diiz xott asililig1 miisahido edilmaolidir.
Sakildon goriiniir ki, tadqiq olunan temperaturda
(297K) asililiq diiz xotdon forgli olur. Buradan belo
naticayos golmok olar ki, 297K temperaturda kegi-
ricilik garisiq - zona vo sigrayls mexanizmi ilo ola-
godardir.

Beloliklo, isdo MnlnoSes monokristalinin
muxtolif temperatur vo tezliklordo dielektrik nii-
fuzlugunun haqiqi vo xayali hissasi, dielektrik itki
bucagi tangensi todqid edilmisdir. Miioyyon edil-
misdir ki, dielektrik niifuzlugunun haqiqi hissasi-
nin tezlikdon asililigr shomiyyatli doracads disper-
siyaya moruz qalir. Temperatur yiiksoldikco di-
elektrik niifuzlugunun artmasi asason yiikdastyici-
larin konsentrasiyasinin artmast ilo baglidir. Miioy-
yon edilmisdir ki, MnlIn,Ses monokristalinda
5.103+10°Hz tezlik intervalinda dielektrik itkisi
elektrik kegiriciliyi ilo olagodardir vo kegiricilik
Zona-sigrayls mexanizmi ilo xarakterizo olunur.
Mnin;Ses monokristali {iglin aktivlosma enerjisi
hesablanmis vo AE=0,18+0,23eV qiymaotlori tapil-
misdir.

Y.Wang, Y.Liu, F.Tian, Sh.Bao, Ch.Sun,
W.Yang, Y.Yu. MniIn,S; nanosheets growing on
rods-like -MnO. via covalent bonds as high-
performance photocatalyst for boosting Cr(VI)
photocatalytic reduction under visible light
irradiation: Behavior and mechanism study,
Journal of Colloid and Interface Science, 625
(2022) 264-277, DOI: 10.1016/j.jcis.2022.06.015
N.N.Niftiyev. Photoelectric properties of MnIn,S,
crystals, Journal of Applied Spectroscopy, 88
(2022) 1234-1236.

C.Zeng and Y.Hu. Hydrothermal synthesis of a
ColnyS4/g-CsNa  heterojunctional  photocatalyst
with enhanced photocatalytic H, evolution activity
under visible light illumination, Nanotechnology,
31 (2020) DOI: 10.1088/1361-6528/abb72c
Y.Hwang, J.Choi, Y.Ha, S.Cho, H.Park.
Electronic and optical properties of layered

68




MnIn,Ses MONOKRISTALININ DIELEKTRIK XASSOLORI

10.

11

12.

13.

14.

15.

chalcogenide Feln,Ses, Current Applied Physics,
20 (2020) 212-218.

H.Kim, A.P.Tiwari, E.Hwang, Y.Cho, H.Hwang,
S.Bak, Y.Hong, H.Lee. Feln,S; Nanocrystals: A
Ternary Metal Chalcogenide Material for
Ambipolar Field-Effect Transistors, Adv. Sci., 5
(2018) 1800068, www.advancedsciencenews.com
B.R.Myoung, J.T.Lim, C.S.Kim. Investigation of
magnetic properties on spin-ordering effects of
FeGaySs and Feln,Ss, Journal of Magnetism and
Magnetic Materials, 438 (2017) 121-125.
N.B.bonnaps, C.A.JleTtkoB, }O.B.Kacrok,
FO.A.®enoroBa. Buipawusariue MOHOKPUCATLIO8
Feln,S,Se; u uccneoosarnue ux ceoticms, @TII, 52
(2018) 1203-1206.

S.V.Trukhanova, 1.V.Bodnar, M.A.Zhafar.
Magnetic and electrical ~ properties  of
(FelnzSs);-(CulnsSg)x solid solutions, Journal of
Magnetism and Magnetic Materials, 379 (2015)
22-217.

WN.B.bomnaps, C.A.Ilamokosern, C.B.TpyxaHos,
10.A.@enoroBa. Meccoaysposckue u macHumHbie
ucciedoganus mpotiHo2o coedutenusi FelnySea,
@TII, 46 (2012) 624-628.

H.H.Hudtues, O.b.Tarues, M.b.Mypajos,
®.M.MamenoB. Inexmpuueckue ceolicmea
Feln,Ss na nepemennom  moxe,  Kypuan

mexnuueckou guzuru, 82 (2012) 147-149.
N.B.bonnaps, C.A.IlaBmokoBeu, B.}O.Pynp,
IO.B.Pynp. Buipawusanue  monokpucmanios
Feln,S: u  cozoanue  ghomouyscmeumenvivix
cmpykmyp na ux ochose, ®TI1, 43 (2009) 1553-
1556.

B.1O.Pynp, 10.B.Pyns, M.A.Ocunosa, 1.B.box-
Hape. OOHapyoicenue mMBepObIX  pacmeopos
(IN2S3)x (MNIN2S4)1x 1 cozoanue  pomouyecmeu-
menbHbIX cmpykmyp Ha ux ocnoee, DTII, 44
(2010) 48-52.

K.Rushchanskii, H.Haeuseler, D.Bercha. Band
structure calculations on the layered compounds
FeGa,Ss and NiGazSs, J. of physics and chemistry
of solids, 63 (2008) 2019-2028.

M.Quintero, M.Morocoima, E.Guerrero, J.Ruiz.
Temperature variation of lattice parameters and
thermal expansion coefticients of the compound
MnGa,Ses, Physica status solidi (a),146 (2006)
587-593.

R.Sharma, A.Rastogi, S.Kohli et al. Growth
phasses in the formation of semiconducting
manganese indium sulphide thin film and their
effekt on the optical absorption, Physica B, 351
(2004) 45-52.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

B.K.babaera, M.P.Annazos. /Juacpamma cocmos-
Hus cucmemol MnSe-In,Ses. B kn.: Hecnedosanus
6 001aCMU HeOP2aHUYEeCKOU U (OU3UYECKOU XUMULL.
Baxky, u3. Omm, (1977) 70-73.

K.Range, U.Klement, G.Ddll, E.Bucher, J.R.Bau-
mann. The crystal structure of MnlIn.Se4 a ternary
layered Semiconductor, Z. Naturforsch, 46b
(1991) 1122- 1124,

G.Doll, M.Ch.Lux-Steiner, Ch.Kloc, J.R.Bau-
mann, E.Bucher. Chemical vapour transport and
structural characterization of layered MnlnsSes
single crystals, Jour. of Crystal Growth, 104
(1990) 593-600.

J.Yang, Z.Zhou, J.Fang, H.Wen, Z.Lou, G.Shen,
ZWei. Magnetic and transport properties of a
ferromagnetic layered semiconductor Mnin,Ses,
Applied Physics Letters, IF 3.971 (2019) DOI:
10.1063/1.5126233

J.C.Mantilla Ochoa, V.Bindilatti, E.ter Haar,
J.A.H.Coaquira, G.E.de Souza Brito, X.Gratens,
V.Sagredo. Spin glass behavior in MniInzSes and
Zn;-.MnyIn,Ses magnetic semiconductors, Journal
of Magnetism and Magnetic Materials, 272-276
(2004) 1308-1309.

J.Choi, S.Choi, J.Choi, Y.H.Hwang, Y.H.Um,
S.C.Hong, S.Cho. Magnetic and optical properties
of MnInySes single crystal, Journal Korean
Physical Society 45 (2004) 672-674.

H.Neumann, C.Bellabarba, A.Khan, V.Riede.
Optical Properties of Mnln,Ses, Crystal Research
and Technology, 21 (1986) K21-K24.

C.Rincon, T.E.Torrres, V.Sagredo, S.J.Jiménez-
Sandoval, E.Mares-Jacinto. The fundamental
absorption edge in Mnlin,Se4 layer semi-magnetic
semiconductor, Physica B: Condensed Matter,
477 (2015) 123-128.

H.H.Hudtues, M.A.Amumxanos, O.B.Tarues,
®.M.MamenoB, M.b.MypanoB. Irexmpuueckue
ceoticmea MninySes, @TTI, 38 (2004) 550-552.
H.H.Hudrtues, ®.M.MamenoB, M.b.Mypanos.
DnexmponposoorHocmy MOHOKPUCMAIIIO8
MniIn.Ses 6 nepemenrom anexmpuueckom nore,
Tpuxnaonas usuxa, 2 (2022) 24-27.
H.H.Hudtues, O.b.TarmeB, M.b.Mypajos.
DJEeKTPUYECKHe CBOICTBA CIIOMCTBIX MOHOKPHC-
taoB Feln,Ses Ha nmepemennom toke, PT71, 42
(2008) 268-270.

H.Mortt, D2.JIpBuC. Onexmponnvie npoyeccol 6
Hekpucmaniudeckux — eewjecmeax, M., Mup

(1982) 662.

69



http://www.advancedsciencenews.com/

N.N.NIFTIYEV, FM.MOMMODOV, M.B.MURADOV

DIELECTRIC PROPERTIES OF MnlIn;Ses MONOCRYSTAL
N.N.NIFTIYEV, FM.MAMMADOV, M.b.MURADOV

The real and imaginary parts of the permittivity and the dielectric loss tangent of a MnIn,Se, single crystal are studied at
various temperatures and electric field frequencies. It was found that the real part of the permittivity underwent significant
dispersion. With increasing temperature, the increase in €' occurs mainly due to an increase in the concentration of charge carriers.
It has been established that dielectric losses in the frequency range 5-10° + 10° Hz in a MniIn,Se, single crystal are associated with
electrical conductivity, and the conductivity is characterized by a zone-hopping mechanism. The activation energy of the
MnInzSes single crystal was calculated and the values AE=0.18+0.23eV were found.

JUAJEKTPUYECKUE CBOMICTBA MOHOKPUCTAJLJIOB MnIn2Ses
HHHUPTHUEB, ®. M.MAME/10B, M.b.MYPAJ10B

HUccrnenoBanbl aeiicTBUTENbHAS U MHUMAS YacTU JMAJICKTPUUECKON MPOHHUIIAEMOCTH M TAHT€HC yIJia AMAJIEKTPUUECKUX
MOTeph MOHOKpHCTa/UTa MnlnySes mpu pasuyHbIX TEMIIEpaTypax M YacToTax JeKTpHuecKoro moist. OOHapy»KeHo, YTo JieH-
CTBUTENIFHOM YaCTH JAMANICKTPUYCCKOM MPOHMIIAGMOCTH TIpeTepricBalia 3HAUNTENbHYI0 1ucriepcrio. C  MOBBIIICHHEM
TeMIIepaTyphl YBEINUCHHE € MPOUCXOJUT B OCHOBHOM 32 CUCT YBEIIMYCHUS KOHIICHTPAIMN HOCUTENEH 3apsia. Y CTaHOBIICHO,
YTO JWDJIEKTPUYECKUE TOTEPH B JMANa3oHEe dYacToT 3S° 100 + 10T B MoOHOKprcTayuie MnlnoSes  cBszaHBI ¢
ANEKTPOIIPOBOTHOCTHIO, @ TIPOBOANMOCTE XapaKTepH3yeTcsl 30HHO-TIPEDKKOBEIM MEXaHI3MOM. PaccunTana SHeprusi akTUBaIii
MoHOKprcTaiuia Mnln,Se, n Hatinens! 3HadeHnst AE=0,18+0,233B.
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