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ONTUYECKHUE CBOMCTBA TOHKHUX IUIEHOK TbSb,

3. V. xadya
Jenapmamenm ¢uzuxu I py3unckoeo mexnHuuecko2o yHusepcumema,
Tounucu, I pysus
[Toctynuna B penakuuto 19.02.2016

Pazpaborana TeXHOIOTHs NPUIOTOBIECHUS TOHKUX KpUcTaumdeckux mi€nok TbSb, meronom Baky-
YMHO-TEPMHUYECKOTO UCITAPCHUS U3 JIBYX HE3aBUCHMBIX HCTOYHUKOB Tb u Sb. [Ipn KoMHATHOI TeM-
rieparype, B oomactu sHeprun potonos 0,08—5 3B, W3MepeHbI CIEKTPHI OTPAKEHUS U TTOTIIOMICHIS.
Boruncnensl criekTpajibHbIe 3aBUCHMOCTH JEHCTBUTEIHHOH W MHHUMOW YacTH IHAJIEKTPUYECKON
MIPOHHULIAEMOCTH, (PYHKIIMHU MTOTEPb, [TOKa3aTeNeil npenomieHus 1 norouenus. [Ipoananusuposano
MIOBEJICHUE CIIEKTPaJIbHBIX 3aBUCUMOCTEN ONTHYECKHUX ITapaMeTPOB.

KiroueBsble cioBa: miuéHka, NOAJIOKKa, OTpaKeHHUE, MOMIONICHHE, (DYHKIUS TOTEPb, JUAJIEKTpUIC-
CKasi IPOHHUIIAEMOCTb.

OIITUYHI BMJACTUBOCTI TOHKHUX IIJITBOK TbSb,
3. V. d:xxa0ya

Po3p06s1eH0 TEXHOMIOTII0 PUrOTYBaHHsA TOHKHX KpHCTanivHuX miiBok TbSb, metonom BakyymHo-
TEPMIYHOTO BUIIAPOBYBAHHS 3 BOX HezajexHuX jkepen Tb i Sb. Ilpu ximMHaTHIN Temneparypi, Ha
ninsHOi eneprii gotoniB 0,08-5 eB, BumipsHi cniekTpu BigoOpakeHHs 1 moruHaHHS. O04YHCIeH]
CTIEKTpaJIbHI 3aJICKHOCTI JIMCHOT Ta ySBHOI YaCTHHU JiCNEKTPUUHOI TPOHUKHOCTI, (DYHKIIT BTpAT,
[TOKa3HUKIB 3aJIOMJICHHS 1 momnHaHH:. [IpoananizoBaHO MOBENIHKY CHEKTPAJbHUX 3aJIeKHOCTEH
ONTHYHUX TTapaMeTpiB.

KuarouoBi cioBa: 1omiBka, mifKiIaaka, BimoOpaskeHHs, MOTIMHAHHA, (YHKIII BTpat, JieIeKTpUIHA
IIPOHUKHICTb.

THE OPTICAL PROPERTIES OF THIN FILMS TbSb,

Z. U. Dzhabua
A processes has been developed for growth of thin crystiline films TbSb, by thermal evaporation
using Tb and Sb separate sources. The room-temperature optical spectra (reflectivity, absorption,
loss-function, real and imiginary parts of dielectrical permitivity, index of refraction and absorption)
have been studied at photon energy 0.08—5 eV. The behavior and energy position of features in the
spectra have been analyzed.
Keywords: film, substrates, refraction, absorption, loss-function, dielectrical permitivity.

1. BBEJIEHHUE

JIMaHTUMOHUIBI PEIKO3EMETbHBIX 2JIEMEHTOB
(P3D) sBAsitOTCSA MHTEPECHBIMU MaTepHuaia-
MH C HAYYHOU TOYKH 3PEHHS U ISl PAKTHU-
yeckoro npumenenusi. Hanpumep, B TOHKHUX
IEHKAaX TUAHTUMOHUIOB Yb, Sm, Dy non
P35 nposiBaseT nepeMeHHYI0 BaJ€HTHOCTD,
B 3aBHUCHUMOCTHU OT TEXHOJIOTUUYECKUX PEXKU-
MOB MPUTOTOBJICHUS MOXKHO MOJy4YaTh MIEHKU
C pa3IM4YHOM BaJIeHTHOCTHIO HOoHA P33 ot 2,2
10 2,6, 4TO B CBOIO OYEpEAb CYIIECTBEHHO
BIIMSIET Ha 3JEKTpOo(PU3NYECKUEe U ONTHUYEC-
Kue cBoicTBa mieHok [1-5]. Ognako He Bce
IUaHTUMOHUALI P30 nccienoBaHbl JOCTATOYHO
nonHo. K TakuM Manon3ydeHHbIM MaTepHraiaM
otHocutcsa Tb u Sb. B npeacrasnennoi pado-
Te pa3zpaboTaHa TEXHOJOTHUs MPUTOTOBICHUS

TOHKHUX KpUcTalnnieckux miénok TbSb, na
Pa3IMUYHBIX KPUCTAJUIMUECKUX MOJIIOKKAX
U NMPOBEIECHO MCCIEJOBAHUE ONTHYECKUX
CBOWCTB NPUTOTOBJIEHHBIX IIEHOK IIPU KOMHAT-
HOM Temrieparype B 001acTi SHepru (POTOHOB
0,08-5,5 oB.

2. OKCIHEPUMEHT

Onnodasnpie miénku TbSb, mpuroToBiens!
METOJIOM BaKyyMHO-TEPMHYECKOTO HCIape-
HUs U3 ABYX HC3aBUCUMBIX MCTOYHUKOB Tb
u Sb Ha MOUTOKKAX, U3TOTOBJIEHHBIX M3 CUTAJI-
na, neikocandupa ¥ MOHOKPUCTAITUYECKOTO
erMHI/ISI. I/ICXOI[HBIMI/I KOMITIOHCHTAMHA CJIY)KI/I-
nu Tb u Sb ¢ conepkanreM 0OCHOBHOTO KOMIIO-
HeHTa cooTBeTCcTBEHHO 99,9 % 1 99,9999 %.
TeMnepaTtypa NOMJIOKKU IPU TPUTOTOBICHUU
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3. Y. IXKABYA

mi€Hok cocrtasisna 900-960 K. Yrael Ha-
kJoHa ucnaputeneit Tb u Sb mo oTHOmIEHUIO
HOPMAJTH TTOJIIOKKH OBLITH OTMHAKOBBIMHU H CO-
craBisui ~40°. Paccrostaust ot ucniapureneid Th
1 Sb 710 MOAIOKKH PaBHSIIUCH COOTBETCTBEH-
HO 40 u 45 mm. TonmuHa TPUTOTOBIEHHBIX
niI€HOK BapbHpoBajach B mpexaenax 1,1—
2,2 MKM, CKOPOCTb HallbUIeHUs Oblla paBHA
~75 Ale.

PenTreHoBCcKMI MUKPOAHAIN3 MTOKA3all, 4YTO
wi€Hku conepxanu 33,4 at. % Tb u 66,4 at. %
Sb. ®a30Bblii aHATU3 TUIEHOK MPOBOJAMIIN PEHT-
T€HOBCKMM METOJIOM. PEHTreHorpaMmsbl CHUMa-
i Ha CuK u3/tydeHnn ¢ HUKENEBBIM QHUIBTPOM
B PEKUME HETIPEPHIBHOM 3aMUCH CO CKOPOCTHIO
0,5-1 rpag/mun. aeHTrdUKAINAIO TTOTYyYEeHHBIX
PEHTIeHOTrpaMM IIPOBOINIIN IIYTEM UX CpaBHE-
HUS C LITPUXAUArpaMMaMH, IOCTPOCHHBIMU Ha
OCHOBE pEHTreHOoauPpaKkTOorpaMmM 0O0BbEMHBIX
kpucramios TbSb,. DkcrepuMeHTHI oKasanu,
YTO MaTepual MOAJ0KKI HE OKAa3bIBAET BIIUS-
HUS Ha KPUCTAIJIMYHOCTb U (Da30BbIi coCTaB
nnénok. [IpeObiBaHMe MIIEHOK HA OTKPBITOM
BO3JlyXe B TeueHHe 6—7 AHEW BBI3BIBAECT
W3MEHEHHE LBeTa MJIEHOK M MOSABJICHUE Ha
peHTreHoandpaKTorpaMmax A0MOTHUTEIbHBIX
MaKCMMyMOB, He NpuHaIexamux TbSb,, uro
CBHJIETEIILCTBYET O HECTAOMIBHOCTH IJIEHOK Ha
Bosayxe. M3 mnenok TbSb, 6butm cHsATEL H306pa-
YKEHUS TIOBEPXHOCTH BO BTOPUYHBIX PEHTT€HOB-
CKHX JIy4ax, KOTOpbIE [TOKa3aJI1, YTO 3JIEMEHThI
pacnpeneseHbl JOBOJIbHO PABHOMEPHO.

B Hay4HOI1 muTeparype OTCyTCTBYIOT JAHHBIE
00 onTuyeckux cBoicTBax miueHok TbSb,.
B nanHo#i paboTe nmpu KOMHATHOW TeMIepa-
Type B obnactu sHepruu ¢potonos 0,08-5 B
MIOJIyYEHbI CIIEKTPbI OTPAXKEHUS U MOIVIOLICHUS
nnéHok. B pesynpraTte 00paboTKH CIIEKTPOB
metonom Kpamepca-Kponura BeluucCiIeHbI
CHEKTPaJIbHbIE 3aBUCUMOCTH OCHOBHBIX ONTH-
YECKHX [TapaMETPOB, TAKUX KaK JEHCTBUTEIbHASL
1 MHUMasl YaCTH JUAJIEKTPUYECKON MPOHUIIAE-
MOCTH, (PyHKIIHSI TOTEPh, KOADHUITUESHTHI OTpa-
YKEHMSI U NTOTJIOILEHNUS.

3. PE3VJIBTATBI DKCIIEPUMEHTA

N UX OBCYXKJIEHUE

Ananu3 peHTreHOrpaduuecKux UCCIeTOBaHUN
MOKa3aJj, 9TO MPUTOTOBICHHBIC HAMH IUIEHKH
TbSb, aBnsaroTCA 0OXHODA3HBIMH, HMEOT POM-
OMYEeCKYI0 CHHTOHHIO (CTPYKTYpPHBIH THII

SmSb,) ¢ napamerpamu pewérku 6,14 A,
5,94 A u 17,68 A, uto xopomo cormacyercs
C JINTEPAaTypPHBIMHU JTaHHBIMH JJII 00bEMHBIX
kpuctaios TbSb, [6].

TunuuHell cnexkTp orpaxenus (R) u mo-
rnomenus (o) muéuku TbSb, mpusenen na
puc. 1. B cnekTpe oTpaxeHus mpu dHEPTUAX
ho < 0,38 5B mposBasercs xopoiio chop-
MHUPOBaHHBIN MJIAa3MEHHBIA Kpal, KOTOPOMY
B TJIyOOKOM MH(PAKPACHON 00JIaCTH COIYT-
CTBYET BBICOKasl OTpa)kaTeJbHasi CHOCOOHOCTh
(R = 0,75). MuHnuMyM OTpaX€HUs PaCIOO0-
»keH nipu sHepruu 0,39 3B, a mosoca oTpaxe-
HUS, KOTOpasi 0OBIYHO CBA3aHA C MEXK30HHBIMU
[IEpEX0/IaMH, PACIIOI0KEHA B OTHOCUTEIBHO
JUIMHHOBOJIHOBOM JIMaNa30He MaKCUMYMOB IIPU
sHepruu 0,81 3B. OnpeneneHnbie cTpyKTypbl
Tak)Xe MPOSIBJISAIOTCS Npu 3Heprusax 1,6 3B
1 2,9 3B. Hy>)kHO OTMETHUTD TaKKe PE3KOE YMEHb-
[IEHUE OTPAKEHUsI B BUAMMON 001aCTH CIIEKTpa
(KaK 9TO BUJTHO HA OTJEJILHOM (PparMeHTe), XOTs
JU1s1 OOBIYHBIX MEXK30HHBIX I1€PEXOJI0B UCTOILIIE-
HUE OCHMJISTOPHBIX CHUII MPOUCXOAUT TOJIBKO
B BaKyyMHOM YJIbTPa(HOIETOBOM JHAIa30HE.
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Puc. 1. CriexrpasibHble 3aBHCHMOCTH OTpakeHHs (R)
1 TTOIOIIEHHS (o) TUIEHOK

B nnenkax TbSb, kpaih mormomenus
MOKPBIBAET JOBOJIBHO IMIUPOKYIO CIIEKTPATh-
HYIO 00JIaCTh — MOHOTOHHOE YMCHBIICHUE
ko3 dunueHTa MOTIOMEHUS TPOUCXOIUT
ot 0,5 3B no 0,08 3B. Hy»Ho noauepkHyTb,
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OIITHYECKHE CBOHCTBA TOHKHX IUTEHOK TbSb,

YTO JAaHHBIA Kpall MOTJOUIEHUS HU DHEP-
FeTUYECKUM TOJIOKEHUEM, HU XapaKTepoM
YaCTOTHOM 3aBUCUMOCTU HE MOXET OBITh CBSI-
3aH TOJILKO C 3JIEKTPOHHBIMHU MEpexoaamMmu
13 BaJICHTHOM 30HBI B 30HY MPOBOAUMOCTH.
B nonb3y 3Toro coodpaskeHusi TOBOPUT CIEKTP
MHHUMOM 4aCTH JUIIEKTPUUECKOU MPOHUIIA-
eMocTH (puc. 2), MAKCUMYM KOTOPOUW TIPOSIB-
nserca yxe npu sHeprusx 0,21 3B u 0,30 3B.
B «3onoToit» dhaze SmS mMmakcuMym MHUMOU
YacTH AUDJIEKTPUUYECKON IPOHUILIAEMOCTH TPHU-
MTUCBIBACTCS K SHEPTETHUSCKUM TIepexoaam f—d,
KOTOpbIE CYIIECTBYIOT B SHEPreTUUECKOM 1IeNn
B 30HE NMPOBOAUMOCTH [7].

CTpyKTyphl B cIEKTpe oTpaxeHus (puc. 4)
npu sHeprusx 1,6 3B u 3,5 3B 00ycioBneHb
MepexXo/IaMu JIEKTPOHOB U3 BAJICHTHOW 30HbI
B 30HY NpoBOAMMOCTH. MHTEepBanm Mexnay
3TUMH MaKCUMyMaMU JOBOJIbHO XOPOLIO CO-
IJIaCyeTCsl C SHEPrUel pacIleneHns KOHEUHOU
SHEPIUHU SICKTPOHA HA [, ¥ [ COCTOSHMUS 1O]
BO3JICMCTBUEM KPUCTAJIIMYECKOTO MOJS, XOTS
K TaKOW HMHTEpHpeTaluu HYXKHO OTHO-
CUTCSI OCTOPOXXHO, MOCKOJbKY KakK ObLIO
CKa3aHO BhIIIE KOA((OUIIMESHT OTPaKCHUS OUYCHb
MaJl.

40
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Puc. 2. CnexrpanbHable 3aBUCUMOCTH JEHCTBUTEILHOM
(g,) ¥ MHMMO¥ (g,) YaCTH JMDIEKTPHYECKOH MpOHHIIae-
MOCTH IIJIEHOK

U3 puc. 2 BUAHO, YTO KpUBas CHEKTpaJib-
HOM 3aBUCUMOCTH HEUCTBUTEIHLHOU YacTH

JIMBJIEKTPUIECKOM MPOHUIIAEMOCTH JIBAXK/IbI ITPU-
HHUMAET HYJIEBOE 3HAaYEHHE, C MOJIOKUTEIbHBIM
HakJgoHOM 1pu 1,71 3B u ¢ oTpunarenbHbIM
HakiaoHoMm npu 0,25 3B. IlepBoe HyneBoe
IepeceyeHne CBSI3aHO C IMJIa3MEHHBIMU KO-
ne0aHUsIMU HOCHUTEJIEH 3apsijaa, a BTOpOeE,
KOTOpO€ IO dHEPTUH COBIMAJaeT C MaKCH-
MYMOM €,, BEPOATHO, CBA3aHO C f~d mepe-
X0JIaMH, KaK 3TO uMeeT mecto B SmS [7, 8].
Cyl1eCTBEHHbIE BEIMYUHBI €, B MH(PPAaKpaCHOM
00J1acTH CIEKTpa ellle pa3 MOATBEPKIAI0T MHE-
HHE O TOM, YTO B 30HHOM crieKTpe mieHok TbSb,
JIOJI’KHA CYIIECTBOBATh y3Kas dHEpreTHUecKas
LIEJIb.

N3 ananu3a CHEKTpaJbHBIX 3aBUCHUMOC-
Tell moka3areiel MPeJOMJICHUS U MOTJIO-
menus (puc. 4) u pyHkuuu noreps (puc. 3)
MOXXHO 3aKJIFOYUTD, YTO B MOTJIOIICHUU CYIIIEe-
CTBEHHYIO POJIb UTPAET €AUHCTBEHHBIH Me-
XaHU3M MPHU SHEPTUU MAaKCUMyMa MoKa3aTes
nontomenus 0,4 3B. DTo noaTBepxkaaeT mo-
JIOTUH XapakTep Xo/1a MoKa3aTelis MOMIOMICHUS
U pEe3KOE€ YMEHBIIEHHUE MOKa3aTesl MpeaoM-
JICHUs B JAHHOW 00JIaCTH dHEPruu. XOPOIIo
c(hopMUPOBaHHBII OCHOBHOW MakKCUMYM (DyHK-
LUH TIOTEPH 110 CBOEMY PHEPTETHUYECKOMY I10-
JI0)KEHUIO XOPOILO COTIACYETCs C AHEPTUEH
HyJIeBOro 3Hauenus ¢ — 1,71 aB, uro eme
pa3 MOATBEPKAAET OCHOBOIOJATAOIIYIO POJIb
TUTa3MEHHBIX KOJIeOaHU CBOOOTHBIX HOCHUTEIICH
3apsa B IUCIIEPCUU ONTHUYECKUX NTapaMeTpoB
MIPU TAHHOW SHEPTUH.
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Puc. 3. Cnekrp dyHKIMU TIOTEPh
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4. BBIBO/1bl

Pa3zpaboTrana TeXHOJIOTHS MPUTOTOBJICHHS TOH-
KUX KPUCTAIIMIECKHX IIEHOK TbSb, MeTomom
BaKyyMHO-TEPMHUYECKOTO HCTIAPCHUS U3 JIBYX
HE3aBHUCHMBIX HCTOYHHUKOB KOMIIOHEHTOB.

[Ipu xomHaTHOU Temmeparype B obmacTu
srepruu (potoHoB 0,085 5B M3MepeHs! CrieKTphI
OTpPaXEHHS W MoTiomeHus. PaccuuTanbl
CIIEKTPBI AEUCTBUTEIBHON U MHUMOM 4acTH
TUAJICKTPUICCKON TPOHUIIAEMOCTH, (PYHKITUN
MOTePh, KOAPDUITMSHTHI OTPAKEHUS U TIEPEXOJIbI
JNEKTPOHOB M3 BAaJEHTHOW 30HBI B 30HY MPO-
BoauMocTH. [lokazaHo, 9TO B MOTJOIMICHUHN
OCHOBHYIO POJIb UTPAET OJIMH OMpeaeTIEHHBIN
MEXaHHU3M, C MAKCHMYMOM TOKa3aTes Morio-
menus B onu3octu 0,4 3B, 1 m1a3MeHHEBIE KO-
nebanust CBOOOTHBIX HOCUTEIICH 3apsiia UTPatoT
OTPENETAIOUIYIO POJIb B TUCHIEPCUU ONTHYECKUX
napameTpoB IIEHOK TbSb,. Beicokue 3nauenus
JIEHCTBUTEILHOM YaCTH TUAJICKTPUIECKON TIPO-
HUIIAeMOCTHU B MH(ppakpacHO 00JaCTH CIeK-
Tpa CBHJICTEIBCTBYET O CYIIECTBOBAHU Y3KOU
SHEPTeTUYCCKOM e B 30HHOM CIEKTpE
mnéHok TbSb,.

ABTOp BbIpaxkaeT N1yOoKyro 0JarogapHoCTh
C. lleBe 3a momoI1lb B MPOBEACHUH ONITUYECKUX
IKCIIEPUMEHTOB M 00CYKIEHUH PE3yIbTaTOB.
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