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Hszyueno enusnue 2uopocmamuueckoeo 0d6ieHUs HA NUPOITEKMPUUecKue Ceoucmea
cnoucmuix kpucmainnos TlnS, u TIGaSe;. Xapaxmep bapuueckoeo nogedeHuss memnepa-
myp ¢aszosvix nepexooos (PII) 6 smux Kpucmaniax noomeepiicoaem, 4mo cesHemo-
NeKmpuyecKue nepexoobl OMHOCAMCA K Muny nopsaook—becnopsaook. Pesynemamuol 6a-
PUMECKUX UCCAe008AHUL 3a8UCUMOCTel nupodiekmpuieckozo kosgpguyuenma A1) u
U3MeHeHue Xapakmepa 3a6UCUMOCIIU MEMNEPAMYPblL CECHEMOINEKMPULECKO20 NePexo0d
npU yeenuyeHuy 2u0poOCmamu4ecko20 OAieHuUs CUOEMeTbCMEYIOm 0 HAIUYUU CLOHCHOU
noaukpumuvecxkol obracmu 6 ouanazore 580 < p < 660 MPa na ¢aszoeou p, T-
ouazpamme croucmuix Kpucmannog TlnsS,.

BBenenue

IToBbIIIEHHBIN HHTEPEC K UCCIIEA0BAaHUSIM KPUCTAIUIOB, B YACTHOCTU Ha OCHOBE
XaJIbKOT€HHUIOB, C HECOpPa3MepHOH (pa30ii CTUMYIMPOBAH TEM, YTO B TAKUX MaTe-
puazax ¢ MOMOIIbI0 BHEHIHUX BO3AECHCTBUI MOXHO MHIYLUPOBATh HMOJMKPUTH-
yeckue sBieHus [1,2]. B ¢Bsi3u ¢ 3TUM 0CO0YI0 aKTyaIbHOCTh MPEJICTABISAET U3Y-
YEeHHUE KPUCTAJUIOB C HECOPAa3MEPHOH CTPYKTYpOW NpHU BBICOKHUX TI'MIPOCTATHYE-
CKUX JaBieHMsIX. C IMOMOIIBIO TAKUX JAABJICHUN MOYXHO IOJYUYUTh Pl paBHOBEC-
HBIX COCTOSIHUHM BEILECTBAa C M3MEHEHHBIMM IIapaMeTpaMM PEUIETKH U, TAKUM 00-
pa3oM, YCTaHOBHUTH 3aKOHOMEPHOCTH B IIOBEIEHUU PA3IINYHBIX CBOMCTB OT MEX-
aTOMHBIX PaCCTOSIHUN U IIy0Ke MOHSTH UX MPUPOY.

Kpucramner TlInS, u TlGaSe; sBisitoTCS MpEeACTaBUTENSAMU CeMEICTBa Xalb-
KOT'€HUIHBIX CJIOUCTBIX IOJIyIPOBOJAHUKOB-CETHETONIEKTPUKOB, KOTOpbIe 00ia-
JAI0T MHTEPECHBIMU (pu3nueckuMu cBoHCTBaMH. [Ipy HOpPMaibHBIX YCIOBHSX
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kpuctamisl TlInS, u TIGaSe; nMer0T MOHOKIMHHYIO PEIIETKY U MPUHAJICKAT K
IIPOCTPAHCTBEHHOW TpyIIe C26h [3,4]. Pe3ynbTarhl neTanbHBIX TEMIEPATYpPHBIX

MCCJIE0BAHUM JUAIEKTPUUECKON MPOHULAEMOCTH € CBUAETEIBCTBYIOT O CYIIECT-
BoBaHuM psiga anomanuit €(7) B kpucramnax TlInS, B auamazone 190-220 K [5].
st uX ommcaHUsl UCTIOIB30BAIOCh HECKOJIBKO TEOPETHUYECKUX Mojenen [5,6], B
COOTBETCTBUM C KOTOpbIMU nipu Temneparype 1; ~ 216 K npoucxoast ®II u3z na-
padneKTprUUecKkoil B Hecopa3MepHyto ¢a3zy, a B auanazone 7, ~ 190-195 K — B
COM3MEpPUMYIO cerHeTodIeKTpuueckyto. B kpucrtamnax TlGaSe, npu Temrepatype
T; ~ 120 K npoucxonar @Il u3 mapa’nekTpuueckoil B HECOpPa3MEpHYI0, a MpuU
T.~ 110 K — B com3MepuMyI0 CErHETOAICKTPUIECKYIO a3y, B KOTOPOM BEKTOP
CIIOHTAaHHOW MOJsIpU3auu Py T€XKUT B TUIOCKOCTH ciiost [7].

MeToanka 3KCIepMMEHTA

Kpucramner TlInS, u TlGaSe, BbipamieHsl B KBAapIEBBIX aMITyJIaX METOIOM
Bpumxmena, nonobHo onucanHomy B [8]. bapuueckue uccienoBaHus TemIiepa-
TYPHBIX 3aBUCUMOCTEN MUPOIIEKTPUUECKOTO TOKA NMPOBEIEHBI B KAMEPE BHICOKO-
ro JaBlieHusl ¢ pabounM oOBEMOM 5 cm’ B peXHME HarpeBaHUsl CO CKOPOCTBHIO
0.08-0.15 K/s mnsa TlInS; u 0.15-0.25 K/s nna TlGaSe,, npenBaputensHo MoJs-
PHU30BAaHHBIX BO BHELIHEM AJICKTPUYECKOM IoJie HampskeHHocThio £ = 100 V/mm.
B kadectBe paboyeil )KUIKOCTH UCTIONB30BAIN TEXHHUECKUI OeH3uH [9].

IMosy4yeHHBbIE pe3yJbTATHI K UX 00CYK/IEeHHUE

UccnenoBanus TeMrepaTypHbIX 3aBUCUMOCTEN UAJIECKTPUYECKOW MPOHUIAE-
moctu kpuctawioB TlInS; u TlGaSe; npu atmochepHOM naBieHUH OOHAPY KT
Hanmnuue anomanui €(7), TeMIeparypHble MOJTOXKEHHUS KOTOPHIX COOTBETCTBYIOT
n3BectHeIM DII [5,6]. Haubonee auskoremnepatypubsie anomanuu €(7) CBA3aHbBI ¢
ceraeroanekrpuueckumu PII B aTux marepuanax (puc. 1).
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Puc. 1. Temneparypssle 3aBucumoctd €  kpucramios T1InS; (a) u TlGaSe; (6) B pexu-
Me oxiaxaeHus Ha yactore | MHz npu atmMocdepHOM naBieHNH
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N3zsectHo [10,11], 94TO B CErHETORNEKTPUUECKON (haze M3MEHEHUE BEITMYMHBI
CIIOHTAHHOM MoJisipu3anuu Py KpucTailiia ¢ U3MEHEHHEM TEMIIEPaTyphl MPHU 3aK0-
POUYEHHBIX MOJSIPHBIX TPaHIX, KOTOPbIE MEPIEHAUKYJIISPHBI MOJISIPHON OCH, BEJIET
K BO3HUKHOBEHHIO JIEKTPHUUECKOT0 TOKA BO BHEIIHEH Lenu (ITMPOITEKTPHUECKUI
s dexr). Benmnunna mupo3eKTPUIECKOTO TOKA OMPEILISIETCS] CKOPOCThIO U3Me-
HEHMS CTIOHTaHHOM MOJISPU3ALUHU ¢ U3MEHEHHEM TeMIepaTypbl U CKOPOCTHIO U3-
MEHEHUS TeMIepaTypbl B 3aBUCUMOCTH OT Bpemenu [10,11]:

j, — 4P dT
d7T dt

(1)

rjae S — mIomaas monepeyHoro ceueHus kpucramia; Y = dPy/dT — muposiekTpu-
yeckuii kKodpuuueHT; d7/d¢ — ckopocTh H3MEHEHHS TEMIIEPATYPHI.

Ha puc. 2 npencrapieHsl TemreparypHble 3aBUCUMOCTH MHPO3JIEKTPUIECKUX KO-
s durmentos y(7) xpucrawioB TlInS, u TlGaSe, npu paznuunbix AaBneHusx. Ha 3a-
BucuMocTsX Y(7) xpuctawioB TlInS, npu armochepHOM aBIeHHN HAOTIOAASTCSI MaK-
cuMyM, Kotopeiii oTBeuaeT DII B com3mMepuMyro CErHETORICKTPHUUECKYIO (a3y MpHu
temmneparype 7. = 193 K, a misa TlGaSe, — npu 7. = 107 K. Jlnst TIGaSe, obnapysxeH
pa3mbITelii MakcuMyM Y(7) B unTepBane temneparyp 80—100 K, kotopslil cBsi3aH ¢
U3MEHEHHEM JIOMEHHOM CTPYKTYpBI U Ie(peKTaMK KPUCTAINYECKON PELIETKH.

st kpucramioB TlInS; npu yBenuyeHnn 1aBiaeHUs B 00NACTH Py < p < 580 MPa
NPOUCXOUT JIMHEHHOE cMmemieHne MakcumyMa y(7) B 00JacTh BBICOKHUX TEMITEpa-
TYp, YTO CBUJETENILCTBYET O MOBBIIEHUH TeMIIepaTypsl nepexona 7. B unrepane
580 < p < 660 MPa HaOmronaeTcsi yMEHBIICHUE TEMIIEPATypPhl CETHETOAIEKTpHUYE-
ckoro ®I1, yTo BeposiTHEE BCETO CBA3AaHO C MOJIUKPUTHUECKUMHU OCOOEHHOCTSAMU.
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Puc. 2. TemnepaTrypHbie 3aBUCUMOCTH MUPOSJIEKTPUUECKOTO KO3 UIMEeHTa ¥ I KpH-
cramo TlInS; (a) u TlGaSe, (6) npu armochepHOM (KpHBBIE /) U Pa3HBIX THAPOCTATH-
yecKkux aasienusx, MPa: a: 2 — 500, 3 — 620, 4 — 630, 5 — 660; 6: 2 — 300, 3 — 650
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Puc. 3. TemneparypHsie 3aBUCUMOCTH crioHTaHHOW nonspuzanuu TlInS; (a) u TlGaSe,

(6) mpu armochepHOM (KpuBBIe /) M pa3HBIX THAPOCTATHYCCKUX NaBieHUsIX, MPa: 2 —
500, 3 - 620, 4 — 630, 5 — 660; 6: 2—-300, 3 — 650

Jns TlGaSe, B unTepBaie NaBICHUH pym < p < 660 MPa ¢puxcupyercst nuHeii-
HOe cMeleHrne MakcuMmyMa y(7) B BBICOKOTEMIIEpaTypHYO o0acTh. OnpenencHbl
O6apuueckue K03((UIMEHTHl CMEIEHHUs TeMIepaTyp cerneroanekrpuueckux DI1
B HM3y4YeHHOM nuamna3zoHe aasienuit: 07./0p = 0.9 K/GPa ans TlGaSe,, a takxe
0T./0p = 35 K/GPa ipu pyy, < p < 580 MPa u 0T,./0p = —1.5 K/MPa nipu 580 < p <
< 660 MPa mus TlInS,.

Ha ocHoBe skcrnepuMeHTalbHBIX HccaeaoBaHuil 3aBucumocteit y(7) kpucrai-
JIOB TIPH Pa3IMYHBIX ABJICHUSAX OBUTH PACCUUTAHBI TEMIIEPATYPHBIC 3aBUCUMOCTH
cnontanHo nonsipuzanuuu Py(T) no cootHomenuto [11]:

R(T)=— [ 1,(r)T . @
T

CrnenyeT OTMETUTbH, UTO MOTyUYeHHbIE 3aBUCUMOCTH Py(T) npu pa3inuyuHbIX TU-
pPOCTAaTUYECKHUX MaBieHUAX (puc. 3) corjacyrorcs co 3HA4eHHsIMH Py, KOTOpbIe
OBLIM OMPEIENICHBI 10 METIISAM JUAIEKTPHUUECKOro THCTepe3uca.

BreiBOABI

Xapakrep Oapuyeckoro noseneHus temnepatyp PII B cioucThIX KpHcTamiax
TlInS, u TlGaSe, nmonrBepxkaaet, 4to cerHetodnekTpuyeckue PII oTHOCATCS K
TUINYy MOPSAOK—Oecnopsiiok. B u3yueHHOM nuanazoHe JaBJIEHUN ONpPEesIeHbI
O6apuueckue Ko3(pPUIUEHTH CMEIEHHsI TeMIlepaTyp cerueroannekrpuueckux I
Pe3synpTarsl Oaprueckux Mcciae0BaHUN 3aBUCUMOCTEN MUPOAIEKTPUUIECKOTO KO-
s¢¢unmenta y(7) U U3MEHEHHE XapaKTepa 3aBUCUMOCTH TeMIIEpPaTyphbl CErHETO-
anekrpudeckoro @Il mpu yBennyeHUn ruipoCcTaTUYECKOro JaBiICHUS CBUICTENb-
CTBYIOT O HAJMYHUM CIIOKHOM MOJMKPUTHUECKOH obsacT B nuanasone 580 < p <
< 660 MPa Ha ¢a3zoBoii p, T-nuarpamMmme cioucTbix kpuctamuioB TlInS,.
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A.A. T'omonnai, 1111 I'ypanuy, A.I. Causxa, M.FO. Puean, U.FO. Poman

BAPNYHA NOBEAIHKA MIPOEJNIEKTPUYHOI O KOE®ILIEHTY Y
WAPYBATUX KPUCTAJTAX TlINS, | TIGaSe;

BuBYeHO BIUIMB TigPOCTaTUYHOTO THCKY Ha MipPOEIEKTPUYHI BIACTHBOCTI IMIAPyBAaTHX
kpuctamiB TlInS, i TIGaSe,. Xapakrep OapuuHOi TOBEMIHKH TeMmIeparyp (Ha3oBHX
nepexoniB (®II) B mux KpucTamax MiATBEPAXKYE, IO CETHETOCNEKTPUYHI IEpexoan
BIJIHOCSITBCS 10 TUITY HOPAAOK—0Oe3na. PesynbraTn GapuyHUX JOCIHIIKEHB 3aJIeKHOCTEH
nipoenekTpuuHoro koegimienta y(7) 1 3MiHa XapakTepy 3aJIe)KHOCTI TeMmIeparypu
CETHETOCNIEKTPHYHOTO TIePEeX0/1y MpHU 30UTBIICHHI TIAPOCTATHYHOTO THCKY CBIIY4aTh IPO
HASBHICTh CKJIAJHOI MOJMIKPUTHYHOI oOsacTi B mianazoHi 580 < p < 660 MPa na da3zosiit
p, T-niarpami mmapyBatux kpuctaiis TlInS,.

A.A. Gomonnai, P.P. Guranich, A.G. Slivka, M.Yu. Rigan, I.Yu. Roman

PRESSURE BEHAVIOUR OF PYROELECTRIC COEFFICIENT IN TlInS2
AND TIGaSe; LAYERED CRYSTALS

The effect of hydrostatic pressure on the pyroelectric properties of layered TlInS, and
TlGaSe, crystals is studied. The character of the pressure behaviour of the phase transi-
tion temperatures in the crystals under investigation confirms that the phase transition in
these crystals belongs to the order-disorder type. The results of the pressure studies of the
pyroelectric coefficient y(7) and the change of the character of dependence of the
ferroelectric phase transition at the hydrostatic pressure increase give the evidence for a
complex polycritical region in the range 580 < p < 660 MPa at the (p, T) phase diagram of
the layered TIInS; crystals.
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Fig. 1. Temperature dependeces of g of TlInS; (@) and TIiGaSe, (6) crystals in the
cooling mode, measured at the frequency 1 MHz at atmospheric pressure

Fig. 2. Temperature dependences of pyroelectric coefficient y for TlInS, (a) and TIGaSe,
(0) crystals at atmospheric (curves /) and various hydrostatic pressure values, MPa: a: 2 —
500, 3 - 620, 4 - 630, 5—660; 6: 2—300, 3 — 650

Fig. 3. Temperature dependences of spontaneous polarization in TlInS, (@) and TIGaSe,

(6) at atmospheric (curves /) and various hydrostatic pressure values, MPa: a: 2 — 500, 3
— 620, 4-630, 5 —660; 6: 2—-300, 3 — 650
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