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BIIJIUB EJIEKTPOHHOI'O TA TAMMA-OITPOMIHEHHAA
HA JIEJEKTPUYHI BJJACTUBOCTI
KPUCTAUJIIB SnyP>Se

Y poboTi mpeacTaBieHI Pe3yJabTaTH AOCHTIHKEHb BIUIMBY ONPOMIHCHHS
BHUCOKOCHEPI'eTUYHUMH [3 - 1Y - YACTHHKAMHU HEJICrOBaHUX KPHCTaNiB SnyP2Se Ha X
JIieJIeKTpUYHI CIIeKTpU. BcTaHoBIIEHO, 1110 OTpUMaHi BIIMIHHOCTI B JI€JI€KTPUYHUX
CIIEKTpPaX, BUKJIMKaHI ONMPOMIHEHHSIM, € HECTaOUIbHUMH, 1 JEMOHCTPYIOTh HMOBLIbHI
3MIiHM B TOYaTKOBWI cTaH mpoTsiroM 2-3 TwxkHiB. [Ipu npomy BmimB B- i v-

OTPOMIHCHHA HAa MJieJCKTPUYIHI

BJIACTHUBOCTI

kpuctamiB  SnyP.Sg  cyTTeBO

BiZIPi3HIETHCS Bill pe3yNbTaTiB OCBITICHHS IHTCHCHBHUM OLTAM CBITIIOM.
KiarouoBi ciaoBa: mieleKTpUYHUA CHEKTp, SNaP2Se, CETHETOENEKTPHK,

paniariiiHe orpoMiHEHHSI.

Beryn

Kpucramm  Sn2P2Se €  BmacHumm
CETHETOCNEKTPUKaMH 3 (Pa30BUM IMEPEXOI0M
apyroro poxy (P21/n — Pn) npu To= 337 K, i
BIIOMI SIK TIEPCIEKTHUBHI I1'€30€JEeKTPUYHI,
MIPOETIEKTPUYHI, ¢doropedpakTuBHI Ta
HETIHIIHO-ONTUYHI MaTepiau. Ix morenmiiiui
3aCTOCYBAaHHS CTUMYJIIOIOTh IOHIYK eQek-
TUBHUX CHOCOOIB Moaudikaiii KIYOBUX
napametpiB marepiany [1]. OgHuM 3 BimoMux
MeToNiB MOAU(DIKYyBaHHS € 1HIyKyBaHHS
nedeKTiB LUIIXOM pamiamiftHoro
omnpoMiHeHHs. B maniit poOOTI JOCITITIKyBaBCS
BIUITMB ONPOMIHEHHS BHCOKOCHEPTeTUYHHMHU
CNIEKTPOHAMH  Ta  raMMa-KBaHTaMH  Ha
HU3bKOYACTOTHI  JICTCKTPUYHI  CHEKTPHU
KpucTamp Snz2P2Se.

MeToanka nNpoBeleHHS eKCIIePUMEHTY

KommnekcHa [ienekTpuyHa NPOHUK-
HICTh £ BMMipIOBaJacs B iHTEpBaJli 4aCTOT BiJ
10 'y mo 100 k' Ta B miama3oHi Temmneparyp
80-450 K 3 BHUKOpHWICTaHHSM BHCOKOTOYHOTO
(0.05%) BumiproBaua LCR-819 ¢ipmu GW
Instek, KEPOBAHOTO KOMIT FOTEPOM.
Henerosani 3pa3ku MOHOKpHCTamiB Snz2P2Ss,
OTPHUMaHUX  METOJOM  Ta30TPAHCIOPTHHUX
peaxiiii, OyJau BUTOTOBJIEH] y BUI IJIACTUHOK,
BUpPI3aHUX NEPIEHIUKYISPHO MOJSPHIN ocl, 3
TUMOBUMH po3Mipamu 5x5x2 mm>. Ha nonspHi
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3pisu Oyl HaHECeH1 eNeKTpoAH 31 cpiOHOT
nacty. HampyskeHicTe BUMIpHOTO TOJISl BCTa-
HOBJIIOBaJacCb ~ Ha  piBHI 100 mB/cwm.
JlieleKTpU4HI CIEKTPU BUMIPIOBAJIUCS MICIS
MONEPEIHBOIO  BiNANy MpH TeMIeparypi
400K ma mporsizi TpbOX TOAMH, 1 I
pe3ynbTati Oynu BUKOPHCTaHI B SKOCTI
eTaJOHHUX.

ExcnepuMeHTaAIBHI pe3ybTaTh

3pa3ku ONPOMIHIOBAIMCH TOTOKOM [3 —
gactok (eHepris 8,6 MeB, ctpym 0,15 MKA,
ryctuna motoky 10 en/em? ¢ mpotsrom 10
XBWJIMH, 71032 OMPOMIHEHHS 8-10° P), 06esmo-
CepelHbO  TiCJIA  YOro  JIOCIHIPKyBaslaCh
YacTOTHA 3aJIEKHICTH JIIETIEKTPUIHUX
cnektpiB. IlocnioBHI BUMIpIOBaHHS MPOBO-
JTWITACH 3 iHTepBaiioM 24 roaunan. s anamizy
Ta HAMSIAHOTO  TMPEACTABIICHHS  BIUIMBY
OTIPOMIHEHHSI Ha enexTpodizuyHi
XapaKTepUCTUKH KpHcTamiB SNn2P2Se, Oymnu
nobymoBani giarpamu Koyna-Koyna (puc. 1),
SAKi JO3BOJSIIOTh BUSBHUTH Y  CHEKTpax
HasBHICTh AMCHEPCii peraKcamiiiHOro THITY.
Jlns omucy Takoro Tumy mucrepcii € (m) B
TIEJIEKTPUKaX 3  "'PO3MUTUM'"  CHEKTPOM
BUKOPUCTOBYIOTh  €MIIIpUYHE  PIBHSHHS,
sarpononoBane K. Koymowm i P. Koymowm [2]:
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Bigznauumo, 110 Taki 3MiHH CIIOCTEPIraloThCs
numie Ha Hu3bkuX (102+107! ') wacroTax. 1le
WMOBIPHO TOB’SI3aHO 3 TOSBOIO 3aPSHKCHUX
nedekriB, ab0 TPUIIOBEPXHEBUX oOiacTeit
00’€MHOTO 3apsiy, pyX SIKUX B BUMiIpPHOMY
HoJl Ja€e NONAaTKOBWUM BHECOK B & Ta £,
CunpHa 4YacTOTHA 3alIeXKHICTh BKa3ye Ha
BEJIMKINA pO3MIp IMX 3apsKEHUX o0sacTeH,
abo oOymoBlieHa IX MajoOl PYXJIMBICTIO, 1
CKOpillle 3a BCE 3MIHM CIEKTPiB BHU3HAYAE
KOMOIHAIIISl [IUX SIBUII. 3 9aCOBOi 3aJIe)KHOCTI

Sk BumHO 3 puc.la, micus

ONpPOMIHEHHSI CyTTe€BO (Maiixke B 20 pasiB)
3pOCTalOTh JIifiCHA 4YacTHUHA J1€JIECKTPUIHOL
NPOHHUKHOCTI € Ta Oimpm Hik 200 pasiB —
10

ysIBHa dYacTMHA &,
TieNeKTPUYHI BTPATH.

XapaKTepu3ye
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Puc. 1. Yacosa eBodtoris piarpam Koyn-Koyna,
0  XapakTepu3ye  3MIHM  IapaMeTpiB
¢(EKTUBHUX peJIaKCcaToOpiB y 3pa3kax SN2P2Se,
npu temieparypi 300K: a — micns onpomMiHeHHS
-uacTuHKaMM (Ha BCTaBKY BUHECEHA Jliarpama,
orpumana miciast 120 romuuH), b — micns
OCBITJIEHHA OUIMM CBITJIOM, Ta C — IICIA

ONPOMIHEHHS Y-4aCTHHKAMH.
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Jiarpam BHJIHO, 1110 JIO TOYaTKOBUX 3HAYEHb €’
Ta £” OBEPTaIOThCS MpUOIK3HO 32 120 roauH.
Taka myxe mOBUIBHA 3MiHA MOXe OyTH
MOSICHEHa THM, L0 HAJJIMIIKOBI EJIEKTPOHH,
SKI TIOTpanuin B 00’€M 3pa3ka 3a paxyHOK
OTIPOMIHEHHS, OyJIH 3aXOIUIEHI BHYTPIIIHIMH
3apsDKCHUMHU IepeKTaMHu MaTtepiaiy, i ToMy
Mae MicIie Ty’ke MOBUIbHA IXHs peKOMOIHAIIis.

Jlng  aHamizy eBoONIl mapaMmeTpiB
penakcamiiiHux mponeciB Oynu moOyaoBaHi
YacoBi 3aJI€KHOCTI MapameTpiB, sIKi BXOAATH
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no Bupazy (1) 1 oTpuMyrOThCA 3 Jiarpam
Koymna-Koyna (puc. 2). Kpim TOro, ockijgbpku
MoAiOHI 3MIHM TapaMeTpiB IEIeKTPUIHUX
CHeKkTpiB SN2P2Se cmocTepiraroTbess TaKOXK
MicNs  1HTEHCHBHOTO  OCBITJIEHHS,  OyJu
JOCITIJDKeHI  JICNeKTPUYHI  CHEKTpU  IHX
KPUCTAJIIB MICJIs ONPOMIHEHHSI OLTMM CBITIIOM
Ha TMpoTA3l TakoX 15 xBuiamH. SIK MOXXHa
Oauntn Ha puc. 1 b, B JTaHOMY BHIIaIKy YacoBa
€BOJIIOLIS €* CyTTeBO Bifpi3HseThes. Ilicms
OCBITJICHHS, €’ Ta € 3POCTAIOTh (BIATOBIAHO B
6 ta 20 pasiB), ajge YacoBa 3aJCKHICTh LUX
rapamMeTpiB He € MOHOTOHHOIO, 1 MPOXOIAUTh
yepe3 MakcumMym npu ~50 roamHax micis
OMPOMIHCHHS (puc. 2 b,c). Hait6inpm
IMOBIpHOIO € KOMOiHAIlI0 JABOX MPOILECIB. 3
OHOTO OOKYy, 3pOCTaHHsS KIJIBKOCTI HOCIiB
3apsay 3a paXyHOK OCBITIIEHHS, Ta 3 1HIIOTO,
iX KOMIEHcaIlis MPUETEKTPOAHUMHU 00’ €M-
HUMH 3apsgamM  (TIepepo3NoAin  3apsiaiB).
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MokJIMBHI TaKOXK BapiaHT 30yKEHHS HOCITB
3apsily 3 pIBHIB TPWIMINAHHS B 30HY
MPOBITHOCTI Ta iX TOBUIHPHA pPEKOMOIHAIIIS.
OcranHiil BapiaHT MiATBEPIKYETHCSA MPHCKO-
pPEHHSM JaHWX TMPOIECIB TpHU HArpiBaHHI
3pasKa.

3 OTpUMaHHX JAaHUX MOXKEMO TaKOXK
3pOOMTH BHUCHOBOK IpPO Te€, IO KPHCTAIU
Sn2P2Se 3a paxyHOK HamiBIOPOBITHUKOBUX
BJIACTUBOCTEH IIy’K€ CBITJIOYYTJIMBI, 1 MalOTh
ebektn  QoroenexkTpuunoi mam’aTi. Lle
O3Hayae, IO TpPU MPOBEACHHI eneKTpodi-
3WYHUX JOCHI/DKEHb U OJICpXKAHHS JaHHX,
AKl  BIAMOBIAAIOTH PIBHOB&XXHOMY CTaHY,
3pa3Kd MaroTh 3HAXOAWTHCH B TEMpsBi, Ta
nepesl BUMIPIOBAaHHSAMHU BiAMAIIOBAaTHCh TpPU
temmnepatypi 400-450K Ha npoTsA31 HE MeHIIIe
3 roauH.
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Puc. 2. YacoBi 3MiHM mapaMeTpiB pejaKkcamiitHuX MpoIieciB 3pa3kiB SN2P2Se: 1 — onpomiHeHOTO
B-dacTHHKaMHM, 2 — OCBITICHOTO O1JIMM CBITJIOM, Ta 3 — ONPOMIHEHOT'O Y-YaCTUHKAMH.

Hns CTBOPCHHS He3apsHKCHUX
ne(deKTiB 3pa3Kd ONPOMIHIOBAINCH TamMMa-
kBaHTamu (cepenns enepris ~ 20 MeB, ryctu-
Ha motoky 108 kBamT/cM?c) 3 dYacamm
excro3uii 15 ta 45 xB, 110 BIAMOBIZAE HO3aM
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1,05-10° P i 3,15-10° P BimmoBigno. BeTaHoB-
JICHO, 110 OTPUMaHi 3MiHH y JiEIeKTPHIHUX
CIIEKTpaXx, BUKJIMKAHI TAKUM OIPOMIHEHHSM, €
HEeCTaOUIbHI, 1 IEMOHCTPYIOTh OBUTBHI 3MiHU:
penakcarlisi B MOYaTKOBUH CTaH JOCSTA€ThCS
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npoTsroM 5-7 nmHIB. AHami3 MieTeKTPUYHUX
CHIEKTPIB CBIIYUTB, 110 raMmma-
BUIPOMIHIOBAHHS CTHMYJIIOE  301IbIICHHS
JeNIeKTPUYHOI TPOHUKHOCTI € Ha HHU3BKHUX
gactotax (20-100 T'm) mpubim3HO B I'SITh
pasis; JIeNeKTpUYHI ~ BTpAaTH  TaKOX
30umbmytoThes B 1,5 - 2 pasu. IMoBipHO, 11€
TAKOXX TIOB’SI3aHO 3 TMOSBOIO JIOJIATKOBUX
3apsIHKEHUX e(DEKTIB, pyX IKUX B BUMIPHOMY
MO CTBOPIOE JOJATKOBUH BHECOK B & .
30UIbIIEHHS JI03M TaMMa-BHIIPOMIHIOBAHHS
(45 xB) TmOpU3BOAWTH J1I0  HEBEIUKOIO
30UIBIICHHS TPOBITHOCTI, 1 MPAKTHYHO HE
3MiHIOE BEJINYHMHY JieJIeKTPUYHOT
MPOHUKHOCTI 'y TIOPIBHAHHI 3 HWKYAMH
nosamu  pamiamii (15 xB). 3HaueHHS
JIEJIEKTPUIHOI TMPOHUKHOCTI TIPH HHU3BKIH
94acTOTi 3MEHIIYEThCA 3 YacoM (ImpoTaroM 96

ronuH Ha 30 BIACOTKIB), a Ji€NCKTPHUYHI
BTPATH 3MEHIIYIOTHCS BIBIYI 3a TOW e dYac.
AHaJoriuHa MoBEeIHKAa CIOCTEPITAETHCS TP
MEHIIIH 1031 ONIPOMiHEHHSI.

BucHoBkH

Pamiamiiine (B 1 7y) ompoMiHEHHS
HeJeroBaHuX KpuctaniB SnzP2Se, mpuBoIuTH
0 CYTTEBOTO 3OUIBIIEHHS 1€IECKTPUIHOL
NPOHUKHOCTI Ta [ieNEeKTPUYHUX BTPaT Ha
HU3bKHX yactoTax (10-100 I'). [ani 3MiHM €
HECTaOUIbHUMH, 1 JEMOHCTPYIOTH MOBUIbHY
pernakcalliro y mo4aTkoBUi CTaH MpoTsroM 1-2
TikHIB. [Ipn 1bOMy BIUIMB paaiamiitHOro
OTMPOMIHEHHSI 000X THITIIB Ha JiCNICKTPUYHI
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BJIUAHUE DJIEKTPOHHOI'O U TAMMA-OBJYYEHUSA
HA JIMUDJIEKTPHUYECKHE CBOHCTBA
KPUCTAJIJIOB Sn;P>Ss

B  pabote

MpeCTaBIeHbI

pe3yIbTaTh

HUCCIICA0BaHUA BIIMAHUSA

BBICOKOIHEPIeTUICCKOT0 00IyUCHU [3 U Y YaCTUIIAMH HEJICTUPOBAHHBIX KPUCTAJUIOB
Sn,P,S6, Ha UX TUAIIEKTPUYECKHE CIIEKTPHI. Y CTAHOBJICHO, YTO ITOJIYYCHHBIC OTIHYUS
B JUDJICKTPUYECKHX CIIEKTpaX, OOYCIOBJICHHBIC OOJYYCHUEM, HECTaOWIBHBI, U
JICMOHCTPUPYIOT MEIJICHHBIC M3MCHEHHUS B HAYAIBHOE COCTOSIHUC HA MPOTSHKCHUH 2-
3 uenens. [Ipu 3TOM BhmsHHE - U Y- U3MYYCHHUS HA JUIJICKTPUUYCCKUE CBOHCTBA
KpUCTAIIIOB SNoP>Sg CYIMIECTBEHHO OTIMYAIOTCS OT BIMSHHUS OCBEIICHHS OEIBIM

CBCTOM.

KnroueBble cj10Ba: IUAIEKTPUUECKUH CIIEKTp, SN2P2Se, CErHETONIEKTPHK,

panuaoHHoe 00TydeHHE.
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INFLUENCE OF THE ELECTRON AND GAMMA-
IRRADIATION ON DIELECTRIC
PROPERTIES OF SnyP,Ss

In this work the results of our studies of the effect of high-energy irradiation of the
nominally undoped Sn,P,S¢ crystals grown by vapor-transport technique on their dielectric
spectra are presented. The oriented (polar cut) samples were irradiated with gamma-rays
with an average energy ~20 MeV with various exposition times (from 15 to 45 min). It was
found that the obtained variations in dielectric spectra, caused by the irradiation, are
unstable, and demonstrate slow changes: the measurements performed with time intervals
of about 24 hours show that the relaxation to the initial state is reached during 2-3 weeks.
Besides, an analysis of the dielectric spectra leads to the following conclusions: gamma-
radiation stimulates an increase of the dielectric constant £' at low frequencies (20-100 Hz),
measured immediately after pre-illumination, approximately in five times. The dielectric
losses also increase in 1.5-2 times. Most likely this occurs due to an appearance of
additional charged defects, movements of which in measuring field produces an additional
contribution to the &' values. These charged defects produce stronger impacts at low
frequencies, indicating on their relatively large size and/or their low movability, i.e. their
localization.

The measured dielectric spectra were compared with the same results obtained after
radiation with fast electrons and intense white light. After lightening, as well as beta-
irradiation, we observed decreasing of the value of low-frequency (~10 kHz) dielectric
constant g with time. In contrast, gamma-radiation leads to increasing of the dielectric
constant, and subsequent relaxation with saturation after ~40 hours. The time evolution of
the efficient parameters of the dielectric dispersion (dielectric contribution Ag, relaxation
time t and diffusion parameter o) were estimated. After irradiation by gamma-rays and fast
electrons is observed a decreasing of the Ag, a and time constant values. After lighting is
observed more complicate relaxation when these parameters initially are rising, and then
are falling. This indicates that the white-light lightening has a stronger effect on the
dielectric properties of the Sn,P,Se crystals as compared with gamma- and beta-radiation.

The results of our experiments with preliminary irradiated by gamma-rays, fast
electrons or intense white light indicate on substantially different mechanisms of the
induced defects, and relatively slow subsequent relaxation of the dielectric parameters.
Note that variations of the optical density induced by the radiation were did not marked.

Keywords: dielectric spectra, ferroelectric, § and vy irradiation.
PACS NUMBER: 77.22.Gm, 77.84.-s, 78.70.-g
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