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TIFe0.975Ga002sS2 BORK MOHLULUNUN NUMUNOLORININ
HAZIRLANMASI METODUNUN AFM FAZA KECIDINO VO ELEKTRIK
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TIFeo0.975Ga0.025S2 bark mahlulu tamiz elementlorindan birbasa sintez yolu ilo alinmigdir. Alinmig bark mshlulun termo-
e.h.q. va elektrik kegiriciliyi 77-350K temperatur intervalinda todqiq edilmigdir. Miioyyan edilmisdir ki, 2.5%-li Ga bark moh-
lulunun niimunssinin alinma tisulundan asili olaraq Neel temperaturu monokristalda Tn = 150 K, preslonmis niimunolords iso
Tn = 180,5 K olur. Niimunanin termo-e.h.q.-in Tn = 150 K-do monokristalda vo miivafiq olaraq preslonmis niimunalords 255

K vs 284 K-ds p-tipindan n-tipins kegmasi miisahids olunur.

Acar sozlari: bork mohlul, maqnit faza kegidi, agqar, termoelektrik horokat qiivvosi.
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GIRIS

Uzun illordir ki, TIFe1.xGaxS2 bark mohlulunun
(S, Se, Te) sistemlori maraql: todgigat obyektlori kimi
miixtalif elmi morkazlordo Syronilir. Bu materiallara
olan maraq iss ilk névbads onlarin anizotrop yarimke-
cirici olaraq, yiiksok foto va rentgen hassasligi ilo bora-
bar magnit xassssine malik olmalaridir [1, 2]. GOsto-
rilon sistem birlogsmoalarinin digar maraqgl xiisusiyyatlo-
rindon biri do onlarda temperaturdan asili olaraq bas
veran maqnit faza kegidinin (AFM) olmasidir. Goste-
rilon sistem birlosmolorinds diger maraqh xiisusiyyat-
lorindan biri do ondan ibaratdir ki, bark mohlullar osa-
sinda onlarin fiziki parametrlorini doyismok olar.

Bunlar1 nazors alaraq oadobiyyatda [3, 4] miollif-
lor uygun olaraq TIFeS; vo TIGaS; torkibli tigqat birlos-
mo kristallarini almis, onlarin rentgen faza analizlarini
aparmuslar. Miioyyan olunmusdur ki, TIFeS; gofos pa-
rametrlori a=11.636A, b=5.304A, c=6.7994, p=116.7°
foza grupu C2/m olan monoklin qurulusa malikdir [3]
vo TIGaS; gofos parametri a=10.299A, b=10.284A,
c=15.175A, = 99.603° faza qrupu C2/c olan monoklin
quruluslu fazadir [4]. TIFeS, vo TIGaS; polikristallarda
Vo onlarin bark mohlullarinda TIFe;xGaxS2 (x=0; 0.01;
0.025; 0.05; 0.075) otaq temperaturlarinda Ritveld
metodu ilo uygun qofos parametrlori hesablanmigdir
[5]. Miayyon edilmisdir ki, TIFeS; kristalinin gofos pa-
rametrlori a = 11.65A, b=5.29A, ¢=6.81A, = 116.87°
vo TIGaS, kristali iiciin a=10.29A, b=10.27A,
c=15.16A, B = 99.44° vo bu [3, 4]-cii odobiyyata uy-
gundur. Gostorilmigdir ki, TIFe1xGaxS2 (X = 0; 0.01;
0.025; 0.05; 0.075) bu torkibli bork mohlullarda Ga as-
garinin artmasi @ parametrinin azalmasina, b paramet-
rinin va # bucaginin artmasina, ¢ parametrinin praktiki
olarag doyismoz qalmasina sabab olur. Miisyyan edil-
migdir ki, TIFe;xGaxS, kristalinin qafas sabiti onun
torkibinin dayismasi (Ga — X) ilo onun bu iigqat bark
mohlulu alinir.

[6]-c1  odobiyyatda  TIGaS,, TIFeS, wva
TIFe1xGaxS; kristallarinin maqnit qavrayiciligt va
magnitlonmasi torkibdan vs temperaturdan asililiqlari
verilmisdir. Bu temperatur asililigindan goriiniir ki,
otaq temperaturunda T1GaS, diamaqgnit, ancaq TIFeS;
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paramagnit halindadirlar. TIFeS; kristalinin maqnit
gavrayiciliginin temperatur asililigindan goriindiiyii ki-
mi, bu maddads antiferromaqnit ke¢idi var va bu mag-
nit faza kegidinin fiziki xassalori haqqinda [7, 8 va 9]-
odobiyyatda da gostorilmisdir. Gostorilmisdir ki, gal-
lium (Ga) kationun artmasi il TIFe;xGaxS2 bark moh-
lulun magnitlonmo omsal1 azalir vo Neel (Ty) temper-
aturu azalir.

Bu is is0 TIFeg.975Ga0.025S2 bark mahlulunun 77 —
350K tempetur intervalinda, niimunonin alinma meto-
dundan asili olaraq, monokristal P=1.5-10% kg/sm? toz-
yiglo preslonmis, ozilmis vo ozilorok ovulmus mono-
kristallarin xiisusi miigavimatlarini (p), elektrikkegiri-
ciliyini (o) va termo-e.h.g.-ni (S) todgiq etmokls, anti-
ferromaqnit (AFM) faza kec¢idina 2.5% Ga kationun
tosiri oyranilir.

TODQIQAT METODU

Ucgqat birlosmoalorin TIFeS, va TIGaS; sintezi
xiisusi tomiz kimyavi elementlordon, yoni Tl (T1-00),
Fe (Fe-3N), Ga (Ga-5N) va S (xkt 16-5) ibarat olaraq,
stexiometrik nisbotdo gotiiriiliir. Bu maddolorin sintezi
[5]-ci odabiyyatda gostarilon gaydada aparilmig vo [3,
4]-5 uygundur.

TIFep.975Gap.025S2 bark mohlulunun 77-350 K
temperatur intervalinda xiisusi miiqavimati (p), elek-
trikkeciriciliyi (o) va termo-e.h.q. (S) tedgiq edilmisdir.
Xiisusi miiqavimati (p), elektrikkegiriciliyi (o) va ter-
mo-e.h.qg. (S) tadgiq edilon niimunalara kontaktlar mi-
sin elektrolitik ¢okdiiriilmasi yolu ilo vurulmusdur.
TIFeo.975Gap.025S2 bark mohlulunun xiisusi miigavima-
tinin (p), elektrikkegiriciliyinin (o) vo termo-e.h.g.-nin
(S) olgiilmasi 3% doqiqliklo , dord zondlu tisulla yerins
yetirilmisdi.

TIFe 0975Gag2sS2 bark mohlulunun tizarinds
aparilan tocriibi tadqiqatlarin naticaleri uygun olaraq
asagida verilon 1, 2, 3 sokillords oksini tapmisdi. Bu
kristallardan elektrik Olgiilori {igin niimunalor para-
lelepiped formasinda olaraq: 1 — monokristal 14.48 -
1.4 - 1.26 mm®, 2 - preslonmis 10.9-5.27-1.0 mm? vo
3 - ovuldugdan sonra preslonmis 8.7 - 5.09 - 1.14 mm?.



P, Q2 xsm

Xsm

o, O

S, nV x K

10000 5

1000 5

100 5

A.l. CABBAROV

‘I
-...
L]
[ ]
3
'l'.....
.
o _ming
oy Fuy,
e ey

Wo “ 2
--.-1
T N T M T v T M T v 1
50 100 150 200 250 300 350

T.K

Sokil 1. Xiisusi miiqavimatin temperaturdan asililigt:

1 — monokristal, 2 — preslonmis monokristal vo
3 - ovulub preslonmis monokristal.
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Sakil 2. Elektrik kegiriciliyinin temperatur asiligi:

1 - monokristal, 2 - preslonmis monokristal vo
3 - ovulub preslonmis monokristal.
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Sokil 3. Termo-e.h.q. temperaturdan asililigt:

1 - monokristal, 2 - preslonmis monokristal vo
3 - ovulub preslonmis monokristal.

Sakil 1-don goriindiiyii kimi, Neel temperaturun-
da p(T)-ds miigavimat kigik sinmaya malik olur, bu da
magqnit faza kegidinin yaratdigi anomaliyadir. Gostari-
lon sokillorda TIFege75Gag.025S2 bark mohlulda antifer-
romagqnit faza ke¢idinin yaratdig1 anomaliyani gostorir

[6].

Verilon ayrilorin mahiyyotini agmagq tigtin [7] —Ci
odobiyyatda gostorilon ifadadon istifado etmok daha
olverisli sayilmigdir. Bu ifads beladir:

2kp
0.43

AEa= 22 | {A1g(a) /A(1000/T}|

Verilon ifadodo AEs, eV - aktivlosmo enerjisi;
ks=0.87 x 10*eV/K, ks — Bolsman omsali; T, K — Kel-
vin skalasi ilo temperatur; ¢, Om-sm — niimunanin elek-
trikkegiriciliyidir. lg(o) asiliigindan asanligla miixtolif
temperaturlar t¢iin aktivlosmo enerjisini do hesabla-
maq milmkiindiir. Belo ki, sokil 2-don gortindityt kimi
TIFeo.975Gap.025S2 niimunanin faza kegidino gadar, yoni
paramaqnit halinda monokristalda (1), preslonmis (2)
vo ovudularaq preslonmis (3) niimunslorin aktivasiya
enerjilori  AEam = 0.083 eV, 4Es = 0.103 eV  vo
AEaovp= 0.337eV, antiferromaqgnit (AFM) halinda iso
AEam =0.137eV, A4E3 = 0.063 eV Vo AEawp = 0.02
eV olmusdur. Bu enerji forqi AFM faza kegidino
ayrilan enerjini gostorir. Sokil 3-don goriindityli kimi
TIFeo0.975Gag.025S2 bark mahlulun termo-e.h.g.-nin tem-
peratur asililigindan miioyyon olunmusdur. Monokris-
talda — 1, preslonmis — 2 vo ovudularaq preslonmis — 3
forgli naticolor alinir. Belo ki, maqnit faza kegidindo
TIFeo.975Ga0.025S2 bark mahlulun termo-e.h.q.-nin Neel
temperaturunda Sm= 0 (Tn = 150K) (ayri 1), Sp=44uV
(Tn = 180.5K) (ayri 2) vo Sovp = 24.8 pV (ayri 3)
(Tn=180.5K) giymatlorini almiglar. Preslonmis niimu-
nalar T = 255K va T =284K temperaturda uygun olaraq
Sp= 0 Va Sovp= 0 giymatlorini almiglar. Bu, onu gostarir
ki, antiferromaqnit faza kec¢idi monokristalda (1)
Tn=150K-do preslonmislor vo niimunslords (2 vo 3)
Tn=180.5K-ds paramaqnit halina ke¢mislor. Sp = 0 va
Sov.p= 0 termo-e.h.g.-nin bu giymatlari AFM qurulusu-
nun yaratdigi p-tip elektronlarm sopilmasini gostorir.
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Sakil 4. Ovulub preslononmis pov.p xlisusi miigavimati-

nin monokristalin pm, preslonmis monokristalin

pp xiisusi miigavimotlarine nisbati
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TIFeoo75Gag025S2  bark mohlulunun  ovulmus,
preslonmis niimunasinin miiqavimatinin (pev.p) Mono-
kristalin (pm) Vo preslonmis (pp) numunalarine nisbati
sokil 4-do gostorilmisdir. Bu sokilds xiisusi miiqavimoe-
tin temperatur asilihiginda 150-180K intervalinda ano-
maliya Neel temperaturundaki AFM maqnit faza kegi-
dini biruzo verir. Bu homds monokristalin miiqavi-
motinin mexaniki tasirindon asili olmadigini gostarir.

ALINAN NOTIiCOLORIN MUZAKIROSI

Sokil 1-don goriindityti kimi, Neel temperatu-
runda p(7)-do miiqavimat kigik stnmaya malik olur ki,
bu da sigrama prosesinin aktivlasmo enerjisinin doyis-
moasi ilo izah olunur. Eksperiment noticalorindon aydin
olur ki, T < 180.5K giymatlorindo TIFeo.975Gao.025S2
niimunossinin kegiriciliyi, temperaturdan asili olmaya-
rag, kristalin ~ antiferromaqnit  nizamliliginin
(Tn=180.5K) dagilmas1 ilo olagodar ola bilor.
TIFeo.975Gao.02sS2 bark mohlulun (sokil 2) 6(1000/7)
asililiginin agag1 hissosindo temperaturun azalmasi ilo
monoton azalma miisahido olunur. Bu maddonin para-
maqnit halinda aktivasiya enerjisi monokristalda — 1
AEam=0.083 eV, preslonmis — 2 4E3,=0.103 eV vo ovu-
dularaq preslonmis — 3 AFa0v,=0.337 eV, ancag antifer-
romaqnit halinda 1- 4E,»=0.137eV, 2 — AE, = 0.063
eV vo 3 — AEavp=0.02 eV olmusdur. Bu enerji forqi
AFM faza kegidina ayrilan enerjini gostarir. 80-180 K
temperatur intervalinda (maqnit nizamliliq hali) bark
mohlulda kegiriciliyin bu hali, Fermi soviyyasi yaxinli-
ginda lokallagmig yiikdasiyicilarin yaranan ensiz enerji
zolagidir [4, 5]. Bu hali Mott koordinatlarinda 1g(6)=f
(T-¥#) yenidon qurulmus kegiriciliyin temperatur asli-
lig1 da stibut etmisdir vo Fermi saviyyasi yaxinhiginda
lokallagnmus hallarin sixhigi Ng=2.9-10%eV-ism? oldu-

gunu gostormisdir [4]. TIFeo975Ga0.025S2 bark mahlu-
lunun termo-e.h.q.-nin temperatur asililig: S(T) sokil 3-
do Verilmisdir. TNZISOK-dQ TlFeo,g7sGao,ozssz mono-
kristalinin termo-e.h.q.si - S (T) asililiginda isaranin
inversiyast ilo bag verir. Bu da d —elektronlarinin yarat-
dig1 spin diiziiliigiiniin dagilmasi noticosindo p-tip ter-
mo-e.h.g.-nin n-tip olmasina sobab olmugdur. Tempe-
raturun sonraki artmasi avvallor tamamilo dolmus alt
zonanin bosalmasina sabab olur. TIFeg.975Gao.025S2 bark
mohlulu {iglin aparilan maqnit tadqiqatlar1 gdstormisdir
ki, monokristallar tigiin Ty = 150K, preslonmis niimu-
nolar Giglin iso Ty = 180.5K temperaturlarinda niimu-
nalords maqnit faza kegidinin amals galmosi bag verir.
TIFeo.975Gao02sS2  bark mahlulun  monokristallarinin
magnit gavrayicilihigmm dlgiilmasi, 2-400 K tempe-
ratur intervalinda kvazi-birdlgiili antiferromaqnitlor
ticlin xarakterik olan halin magnit tadgiqatlar ilo uz-
lagmasini siibut etdi [6, 7].

NOTICO

Miioyyan edilmisdir ki, boark mohlulun 2.5% Ga
agqarli niimunssinin alinma metodundan asili olaraq,
Neel temperaturu monokristalda Ty = 150K, preslonmis
nimunoalords Tn=180.5K olaraq doyisir.
TIFeo.975Gag.025S2 niimunasinin termo-e.h.q. monokris-
talda Ty = 150K, preslonmislords iso uygun olaraq
255K vo 284K tip dayismo miisahido edilir. Bu, magnit
faza kegidinin p-tipli desiklorin yaratdigi ensiz enerji
zolaginmin tam dagilmasim gostorir. Homginin qeyd
etmok lazimdir ki, numunoalordo mexaniki tosir naticoe-
sindo p tipdon n tips doyismo kegidlori miigahido
olunur.

[1] E.M. Kepumosa. Kpucramnoduznuka HU3KOMEp-
HbIX XaibKoreHunoB. baky: W3n-Bo, «Eam»,
2012. 712c.

[21 A.V.ienez,  B.I'I'ypmosoii,  B.A.Uymax,
C.H Mycmadgpaesa, IO.M. Kepumosa. Pentre-
HOrpa)UuecKue HCCIICAOBAHUS KPUCTAIIOB

cucreMsl T1Fe; xGaxS»/COoopHUK HOKIAIOB 6-
ot Mexn. Koudp. «AKTyampHBIE TPOOIEMBI
¢uzukn tBepaoro tema» (OTT-2013), Munck,
Benapycs, 15-18 oxts6ps, 2, 2013, 132-134.

[3] G.E.Delgado, A.J.Mora, F.V.Perez, J.Gonzalez.
Crystal structure of the ternary semiconductor
compound thallium gallium sulfide, TIGaS,,
Physica B, 391, 2007, 385— 388.

[4] C.HMycmagpaesa,3.M.Kepumosa, A.1 Jxcab-
bapos. N3B. HAH Aszep6aiimxana. Cep. ®uznka
u actpoHomust, T. XXXIV, Ne 5, 2014, c. 56-60.

[51 C.H Mycmagpaesa, M.M.Acaoos, C.B. Kazumos
u 0p. Heoprannueckue Matepuansi, 1.48, 2012,
c.1110-1113.

[6] KU Anywxeeuu, B.I. I'vpmosoti, A.Y. lllenez
u op. N3B. HAH benapycu. Cep. ®u3-Mat Hayk,
Munck, Ne 3, 2013, ¢. 29-35.

[7] TlpaxTukyMm 1O MOJYNPOBOJHUKAM H MOIYIPO-
BOJHUKOBBIM npubopam. Ilon pemakuueit K.B.

Llanumosoii. M.: N3a-Bo «BpIcmias mIKojay,
1967. - 464 c.

A. |. Jabbarov

INFLUENCE OF THE METHOD OF PREPARATION OF TIFeo.975Ga0.02552 SAMPLES ON THE AFM
PHASE TRANSITION

A solid solution of the composition TIFeo.975Gao.025S2 was obtained by direct synthesis from the initial elements. The
thermo-emf and electrical conductivity of the obtained solid solution have been studied in the temperature range 77-350K. It
was found that, depending on the method for preparing a 2.5% Ga solid solution sample, the Néel temperature changes from
Tn =150 K in a single crystal to Tn = 180.5 K in pressed samples. The thermo-emf of the sample is observed to pass from p-
type to n-type in a single crystal at Tn = 150 K and in pressed samples at 255 K and 284 K, respectively.
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BJUSIHUE METOJA MPUT'OTOBJEHHUS OBPA3IOB TBEPJIOI'O PACTBOPA TIFeo.975Ga0.02552
HA A®M ®A30BBII MEPEXO/ M QJIEKTPUUYECKHUE CBOVCTBA

MeTo0M MpsIMOTO CHHTE3a M3 MCXOJHBIX 3JIEMEHTOB MOJIyueH TBepAbIil pacTBop cocraBa TlFeo.975Ga0.025S2. M3ydeHsl
TEPMO-3/IC U 3IEKTPONPOBOAHOCTH MOIYUYEHHOTO TBEPAOTO PacTBOpa B HHTEpBaje TemiepaTyp 77-350K. YcraHoBieHO, 4TO B
3aBHCHMOCTH OT cIlocoba momydeHus: obpasia TBepaoro pactsopa 2.5% Ga temmneparypa Heens u3mensiercs ot Tn = 150K B
MoHokpucramie 10 Tn = 180.5K B mpeccoBanHbIX 00pasmax. Habmrogaercs mepexos TepmMo-3ac odpasna ot P-Tuna K N-TUILY
B MoHOKpHcTaiie mpu Tn = 150K n B mpeccoBanHbIx 06pasnax 255K n 284K cooTBeTCTBEHHO.
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