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KPAN OYHIAMEHTAJIBHOI'O NIOI'JIMHAHHSA
IHHIAPYBATHUX KPUCTAJIIB Ago,o5CUo_95| nP286

JocmipKkeHo  cHeKkTpu
Ago.0sCUo.esINP2Ss

OIITHYHOI'O

IOTJIMHAHHA

B TEMIepaTypHOMY iHTepBaii

IIapyBaTUX  KPHUCTAJIB
200-400 K Ta ming giero

rizpocratnyroro Tucky 1o 350 MIla. Busieno, mo kpaii ¢GhyHIaMEHTaIbHOTO
MOTJIMHAHHS Ma€ CKCIIOHCHIIABHUI XapaKkTep Ta He MiIKOPSEThCS IpaBuiy Ypoaxa.

BcranosneHo,

o Kpai& OIITHYHOTO IIOTJIMHAHHSA

bopMyeTbCS  HETIPSIMUMU

MDK30HHHUMH TiepexoiaMu. BusHaueHo TemriepaTypHi Ta OapudHi Koe(ilieHTH 3CyBY
eHepreTrnyHOro nosoxxeHHs KII B 1ociipKkyBaHuX KpHCTanax.
KnrouoBi cioBa: cerHetuenekTpuku, (a3oBi NMEpexoau, CICKTPH ITOTJIMHAHHS,

TiIPOCTaTHYHUH THCK.

Beryn

Kpucramm AgxCuiInP,Se mamexars 10
cimeiicTBa mapyBatux kpuctaiiB CulnP2Se, siki
XapaKTepU3ylOThCcs HASBHICTIO CErHETHelle-
KTPUYHMX 1 I'€30€IeKTPUYHUX BIACTUBOCTEN Ta
3MIIIAHO1 eJIEKTPOHHO—IOHHOI MPOBITHOCTI, 1110
00YMOBIIIO€ IEPCIEKTUBHICTD IX BUKOPUCTAHHS
B SKOCTI MarepiamiB Ui  (QYHKIIOHATBHOI
enekTpoHiku [1]. Kpim Toro kpucramu Tuiy
CulnP2Ss saBnsroTbCs iKaBUMH 00’ €KTaMH IS
eKCIIEpUMEHTAIbHUX ~ JIOCHIPKEHb TaK  SIK
BOJIOAIIOTh PI3HUMH TUIAMH  JAMIIOJIBHOTO
BIIOPSIIKYBaHHS 1 Ha (a30BUX JAlarpamax sKHX
peanizyroTbCs ¢a3oBi nepexoau B
aHTHUCETHETO-, CerHetu-, ¢asum Ta (dasu
JMITONBHOTO cKJIa [1,2].

CerHeruenexkTpuyHa MOJsApU3allisl IPH
aTMoc(epHOMY TUCKY Ta Temnepatypi 7c=313K
B kpucranax CulnP,Se [2] BuHUKAE B pe3yibTaTi
¢azoBoro nepexoxay (PII) nepuioro poxy tumy
“nag - Oe3nman”, MEPIEHAMKYISAPHO IIapam i
oOyMOBJIEHa aHTHKOJIIHEAPHUMH BKJIAJaMH 3a
PaxyHOK BIOPSIKYBAHHS 10HIB MiJll 1 3MIIICHHS
10HIB iH[Iit0. Bee- GiuHe CTUCHEHHSI TPU3BOAUTH
10 3mimeHHs Temmeparypu DIl B cropony
BUCO- KHX Temmeparyp 13  Oapu4yHUM
koedirientom dTc/dp=0,21 K/MIla. Harnakw,
i30BasieHTHe 3amimieHHss atoMiB CUu Ha AQ B
TBepaux po3unHax AgCuixInP.Ss 3menmye
temneparypy @Il no 3mauenns 7.=300K Ta
T.=283K BIJIITOBIAHO IS KpPHUCTAIIB
Ago.05CuU0.95INP2Se Ta Ago.10CUo.90INP2Se. TIpu
nmpoMy B kpuctamax Ago.osCuoosInP2Se  Ta
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Ago.10CUo.00INP2Se CITOCTEPIraeThCs D11
ananoriunuii 3a xapakrepom @II B CulnP2Se.
BaxumuBy iHpopmaniro npo ®II B kpucramax
MOKHa  OJepXKaTh 13  TeMIepaTypHUX
JOCIIDKEeHb KPal0 ONTHYHOTO MOTJIMHAHHS
(KIT) cBitnma. Bmepme KII B kpucramax
CulnP2Se Oys0 mocmimkeno B poboTti [3], ne
BCTAHOBJICHO, III0 B CETHETHENICKTpUUHIN (a3i
KII kpucrani CulnP2Se hopmyeTncs mpsmumu
MDK30HHUMH TepexojamMu, a B mnapadaszl —
BUKOHYETbCs MpaBwiio YpOaxa. PospaxoBana
30HHa EHEepreTMYHa CTPYKTypa CerHeTH-
enekTpuka-HamiBrnpoBigauka [4] CulnP.Ss B
000x (azax mokaszana, 10 JaHUN KpUCTal €

HENpsIMO30HHUM  MarepiajoM. TeopeTuuHi
pO3paxyHKH IIPO HENPSAMO30HHUH XapakTep
€HEePreTUYHO1 CTPYKTYpH CulnP2Se
HiATBEpIKEH] HUIIXOM TEeMIIEpaTypHUX

JOCITIJKEHb Kpar0 ONTHYHOTO TOTJIMHAHHS
CBITJIa CErHETHUEIIEKTPUKA-HAIIBIPOBITHUKA
CulnP2(Se0.1S0.9)6, sIKHII € 130CTPYKTYpHHUM
CulnP2Se [4]. Metoro ganoi poGotu Oyio
nociikenns KII B mapyBaTux KpucTanax
Ago.05CUo.95INP2Ss.

MeToauKa eKClIepUMEHTY

Kpucramn AQgo.osCUo.o5INP2Se Brpo-111eHi
3a Jomomoror Meroay bpimkmena. Jlns
BUMIPIOBaHb ~ BUKOPHCTOBYBAJIWCA  3Pa3Ku
po3mipamu  4x4x0,06 MM,  BIIKOJOTI  Bif
BHPOILIEHOT0 3pa3Ka MepHeHUKYISIPHO 10 Oci
c. TemmiepaTypa 3pa3ka KOHTPOJIIOBAIACH MiJlb-
KOHCTaHTaHOBOIO TEPMOMNApOl0 3 TOYHICTIO
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0,1 K. T'izpocTaTuyHMii TUCK CTBOPIOBABCS 32
JONOMOTOK0  KaMepu BHUCOKOI'O  THCKY 1
KOHTpoJtoBaBcs 3 TouHicTio | MIla. Criektpu
MOTJIMHAHHS JIOCTIDKYBAIUCH 32 JIOTIOMOTOIO
mudpakuiiitHoro MoHoxpomartopa MJIP-2 Tta
cnexkrpomeTpa USB400 dipmu “Ocean optics”.
3 Jiarma3oHoM peecTpamii JOBXUHHU XBHIb 190-
1100 um.  [lns  mpoBeneHHS — ONTHYHHX
JOCHIUKEHb HaMM BHUKOPUCTAaHO ONTHYHY
TPUBIKOHHY Kamepa 3 HENEpPepBHOIO 3MIHOMO
THUCKY.

ExcnepuMeHTAIbHI pe3yJbTaTu

CrexkTpaJibHI  3QJISKHOCTI  KoedilieHTa
nornuHaHHs kpuctaiiB Ago.osCUo.gsINP2Se st
pi3HUX TemmepaTyp HaBeneHi Ha pwuc.l.
BusiBneno, mo y JochipkyBaHOMY iHTEpBai
TeMIeparyp Kpaii MOTJIMHAHHSI Mae
eKCTIOHEHITIANTbHY (OopMYy.

CrnekTpanbHi 3aleXHOCTI KoedilieHTa
MOTJIMHAHHS, B HamiBIorapugMidvHOMy
MacIITadi i pi3HUX TEMIIEPAaTypHUX obIacTen
HaBeJICHI Ha puC. 2.
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Puc. 1. CnexTpanbHi 3aexxHocTi KoedilieHTa

norirHaHHSA Kpuctaia Ago.osCUo.osINP2Ss ipu

PI3HHX TEeMIIEpaTypax.

1097 4

—_ 4034

o, cm’

148 4

554
2,0

3,0 3,5
hv, eV
Puc. 2. CriexTpaiibHi 3aJ1eXKHOCTI KoedirieHTa
noriuHaHHS Kpuctana Ago.osClo.ssINP2Ss, B
HaniBrorapupmMivHOMy MacIITadl i pi3HUX

TeMIeparyp.
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Puc. 3. 3anexnocti a*?(hv) kpucranis
Ago.0sCUo.95INP2Se ipr arMocdepHOMyY THCKY i
pizaux temmeparypax 1,K:1-370; 2-300; 3-280; 4-

211.

Sx BugHO 13 pHC. 3 B HOCIIIKyBaHild 00macTi
TeMIIeparyp npaBwio YpOaxa, XapakTepHe s
kpuctaniB CulnP,S¢ He BUKOHY€EThCA.

Ha pwuc.3 mnpencraBieHi 3aJIeXHOCTI
ol2(hv) kpucraniB  AgoosCUoosINP2Se  mpu
aTMOC(EpHOMY THCKY 1 PI3HHX TeMIIeparypax.
Bunno 3mamu B 3anexHoctsax of?(hv), sxi 3a
TEOpI€I0 MOTJIMHAHHSA CBITJIa B
HaIIBOPOBIHUKAX CBig4aTh IMPO HEMpPsMi
OIITHYHI MEPeXo/Iu.

Ha ocHOBI nmpoBeieHUX TOCIIIKEHb KPato
nornuHaHHsg B Kpuctanax Agdo.osCuo.gsINP2Se
BH3HAYCHA TeMIIepaTypHa MOBEJIIHKA
€HEePreTUYHOr0 MOJIOKEHHS Kparo MOTJIMHAHHS
KpUCTAJIIB Ag0.05CU0.95INP2Se npu
aTMocepHOMY THCKY Ta Tucky P=330MIla
MpUBE/IEHA Ha puc. 4 Ta puc.5, BIANOBIAHO.
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Puc. 5. Enepretrune nosnoxkenns hve (a= 300 cm?)
KII xpucraniB Ago.osCUo.951NP2Se pu THCKY

»=330 MIIa.
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Bumno, mo mnpm temmeparypi T=300 K Ta
T=370 K Bignosigno ans tucky p=0 Mlla ta
p=330 MIla mae micue crpubok hv*(T), sikuii
BiJIMOBiAa€ (pa30BOMY MEPEXOY MEPIIOTO POLY,

0  peami3yeTbcsi B IUX  KPUCTAJaX.
TemnepatypHi KoedilieHTH 3CYBY
eHepretuynoro mojoxenus KIT — d(hv*)/dT
npuBe/eHi B Tabmwmi 1.

Ha puc.6 mnpencraBmena OapuvHa

MOBE/IHKA eHepreTuyHoro mojoxeHHs KII
kpuctaniB Ago.osCUo.osINP2Se mpu Temmneparypi
7=330 K. [Tpn TUCKY p=150 MIla
CIIOCTEPIraeThCsi  aHOMANisl  €HEePreTUYHOIO
nonoxenHs K1, sika Biamosigae ®IT 1-ro poxy.
3naiineni koopaunatu @DII 3 puc.4-6 mobpe
Y3rOJUKYIOTBCS 13 BCTAHOBJICHOK  HAMH
¢bazoBoro p, T-niarpamoro KpHCTaIiB
AgoosCuoosInP2Se  [5].  Bapuunumit  3cys
Temreparypu  ($a3oBoro - mepexony s
kpuctamiB  Ago.osClUoosINP2Se  ommcyerbes
CITIBBIJHOIIIEHHSM.

Te(p)=300K+0,21K/MIla-p-5,3-10°K/MIla? -p? .
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Puc. 6. bapuuHa nmoBeiHKa €HEPreTHUHOTO
nonoxenns hv* (o= 300 cm?) KIT kpucranis
Ago.05CUo.95INP2Se ipu Temmepartypi 7=300 K.
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Tabmums 1. TemnepatypHi KoedilieHTH 3CyBY
eHepretuyHoro nojoxxkeHus KII.

d(hv®)/dT, eB/K | d(hv®)/dT, eB/K

Paza (pu p=0MIla) (pu p=330MI1a)

Ceruetu-
eJeKTpUYHA

-0,0027 -0,0021

Hapa- -0,0020 -0,0014

CICKTPHUYHA

BucnoBxu

JocnigxeHo ~ CHEKTpH  ONTHYHOIO
noriuHaHHg KpucTaliB  Ago.osCUo.gsINP2Ss B
obmacti (azoBuUX TmepexoniB B TeMIepa-
typHomy iHTepBaii 200-400 K Ta mpu gii
rizpoctatuyHoro  Tucky  nmo 350 MIla.
BusBneno, mo kpail (yHIAMEHTaIbHOTO
MOTJIMHAHHS Ma€ eKCIIOHEHIIaIbHUM XapakKTep 1
HE MIiJKOpsA€EThCs MpaBuiy Ypbaxa. B manux
kpuctanax KII  ¢opmyerscs  HenmpsMumu
ONITUYHUMHU NEPEXOJAMH.

Ha ocHOBiI mocmikeHb CHEKTpaTbHUX
3aje)xHOCTel  KoedilieHTa TOIJIMHAHHSA B
kpuctanmax  Ago.osClUogsInP2Se  BH3HAUEHO
TeMIeparypHi Ta GapuuHi KOeQillieHTH 3CYBY
eHepreTuyHoro nojoxenus KII.
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KPAH ®YHJIAMEHTAJIBHOI'O NOI'JIOIEHUS
CJIOUCTBIX KPUCTAJIJIOB Ago.05CUo.951NP2Se

VccrnenoBaHo  CIEKTPHI  ONTHYECKOTO  TOTJIOMICHHS  CIOUCTBIX  KPHCTAIIJIOB
AQoosCUoesINP2Se B Temmeparypuom wmuTepBaiie 200-400 K mpu  nmeiictBum
rugpoctatuueckoro  gaeinenus g0 350 MIla.  OOnapykeHo, uTO  Kpai
(yHIaMEHTABHOTO MOTJIONICHHSI HMEET OSKCIOHCHIMANbHBI XapakTep U He
MOAYMHSETCS TpaBwiay Ypbaxa. YCTaHOBJIEHO, YTO ONTUYECKUH Kpall MOTJIOIIEHHs
dbopmupyercst HEMPSIMbIMU MEK30HHBIMH nepexo1aMu. OmnpeeneHsbl
TeMIepaTypHbie U Oapuueckie Ko3QUIIMEHThI CIBUra SIHEPTETHIESCKOTO MOI0KEHHSI
KII B viccnenoBaHHBIX KPUCTAILIAX.

KaioueBble cJI0Ba: CErHETHUDICKTPUYECTBO, (Ha30BbIe MEPEXOJbI, CIEKTPHI
MOTJIONICHHUS, THAPOCTATHUCCKOE AaBIICHHE.

P.P.Guranich, A.V.Shusta, A.G.Slivka, V.S.Shusta, P.Huranich
Uzhhorod National University, 88000, Uzhhorod, Ukraine.

THE OPTICAL ABSORPTION EDGE OF Ago.0sCUo.951NP2Se
LAYERED CRYSTALS

Purpose: AgxCu1-xINP2Se crystals belong to the family of CulnP2Se layered
crystals characterized by the presence of ferrielectric and piezoelectric properties and
mixed electron-ion conductivity, which determines the prospect of their use as
materials for functional electronics.

Methods: Crystals of Ago.osCuo.gsINP2Ss were grown using the Bridgman technique.
For measurements, samples of size of 4x4x0.06 mm were used, splitted from the
grown sample perpendicular to the axis c. The sample temperature was controlled by
a copper-constantan thermocouple with an accuracy of 0.1 K. The hydrostatic pressure
was created using a high pressure chamber and controlled with an accuracy of 1 MPa.
Absorption spectra were investigated using the diffraction monochromator MDR-2
and the USB400 spectrometer “Ocean optics” in the interval of wavelength 190-1100
nm. For optical measurements we used an optical three-window chamber with a
continuous change in pressure.

Results: The spectral dependences of the absorption coefficient of Ago.osCuo.g5INP2Se
crystals for different temperatures were studied in the range of hydrostatic pressures
up to 350 MPa. It was found that in the investigated temperature range the absorption
edge has an exponential shape. In the studied region of temperature and pressure for
Ago.osCuoesInP2Se crystals the Urbach's rule is not fulfilled. The dependences of
a?(hv) at atmospheric pressure and at different temperatures for Ago.osCuUo.gsINP2Se
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crystals were built. Breaks on the dependencies a?(hv) correspond indirect interband
transitions. Based on the performed studies of the absorption edge of
Ago.osCuoesInP,Se crystals, the temperature and pressure behavior of the energy
position of the absorption edge of Ago.osCuo.esINP2Se crystals were studied.
Conclusions: Optical absorption spectra of Ago.osCuUo.gsINP2Se layered crystals under
hydrostatic pressure up 350 MPa were investigated in the temperature range of 200—
400 K. It was found, that the absorption edge is increasing exponentially and is not
explained using Urbach rule. The optical absorption edge of layered crystals of
Ago.0sCuo.esINP2Se is formed by indirect allowed interband transitions. Pressure and
temperature behavior of the characteristic parameters of the optical absorption edge
in the phase transition regions of the paraelectric-ferrilectric phases were obtained.
Keywords: ferrielectrics, phase transitions, absorption spectra, hydrostatic pressure,
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