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TOHKI4E IIJIEHKIT CuzZnSnSe.T HA |I,IEKI{X
METAJIJII4IIE C KI4X TIOAN O XTKAX

M.C. Traea"ou'. B.o. I-penrenox2. C.A. Eaurcupoez
t Be:ropyccrrifr rocylapcrseuurrfi yHaBepcl4rer, MIIHcx;

tHuyutro-npar<rurrecKufr qenrp Haqiaouanrnofr arca4eur4ir HayK Eerapycu
rro MareprranoBeAeHl4to, MIaHcK

Ilpueedeuot psynbmamd uccnedoeauuil ttopQonoeuu nozepxHocmu, eileMeHmuoeo u Qa-
306020 cocma6a, Kpucmannuuecrcou cmpyrcmypbt moHKxtx nJteHoK Cu2ZnSnSea, noJtyqeHHbtx cene-

uusat4ueil nocnouuo JneKmpoxuMu,lecrcu ocaacdeHHbtx npetg)pcopoe Cu-Zn-Sn ua eu1rcux Qonaeax
Mo u Ta, nepcneKmuluu* dnn cosdauun cpomosnexmpuqecKlrx npeo1pasoaameneir rcoouwtecKozo

HA3HAUeHufl.

BeeneHue

llo"nynponoAHr4KoBbre SorosrerrpuqecKr4e npeo6pasoBareJlu (O3fD cnyll(ar Saxruue-
cKrz OesanbrepHarrrBHr,IM gKoHoMr.rqecKl4 qelecoo6pa3HbrM r4crorIHI4KoM 3neKTpofn4Tanr4s.

arnaoc$epubx 6ecrrunornbrx nerarerlbHEix afi[aparoB I4 KocMLIrIecKI{x anlaparoB. BaNllsrnau

rrpenMyruecrBaMr4 @3lI nroporo rroKoJreHr4-rr .trBrrrorcr BbrcoKoe orHoIrIeHI4e reHepl4pyeltot.-r

MoruHocrr4 K Macce 14 Bo3MoxrHocrb HX rrpor{3BoAcrBa rra ru6rnx [oAno]KKax. Kpoue roro.
rrpol43BoAcrBo roHKorrJreHorrnr,rx O3lI, KaK rrpaBr{Jro, He rpe6yer ilpelll43l4oHnofi ttuxpo-
gneKTpoHHofi TexHonornn u Aopofocrosruefo o6opy.uonanu-r. llporpecc B peanIT3aIII4H no-

TeHrlr4ana @3lI Ha ocHoBe rrony[poBoAHur(oBr,rx roHKIrx rrIeHoK rpe6yer KaK pa3BI,ITZs Me-

TOAOB r4X CHHTesa, TaK 14 3KCfrepHMeHTaJrbHOrO yCTaHOBneuUA $yu4aMeHTa-lrbHbrx sn:aue-
cr<ux cnofrcrn.

Herrrpexr<oMrroHeHTHoe coeAuHeHue CwZnSnSea (CZTSe) xnnxerc-s [epcleKTI4BHbDI
rrprMo3oHHbrM rronylpoBoAHr4KoBbrM MaTepr4aJroM An.rr ncIoIIb3oBa:Hr4s. B Kar{ecrBe tporoax-
Tr4BHoro cro-s B ToHKorrJreHorrHbix OS|I [1]. CZTSe xapaKTepl43yerc.f, 3HaqeHI{eM rnuplrHbi

3arlpeuleHHofi soHtr oKoJIo 1,0 eB, BLIcoKITM 3Har{eHr{eM IIoKa3areJLf, tlofnoufeHl4t B BI{AI{Mo}j

Aaarra3oHe (> 10" cna--') n p-Tr{noM npoBoAr4Mocrw 12,3]. CoegIaHeHLre CZTSe cocrol4T I43

rrrapoKo pacnpocrpaHenHbrx n:enauofi Kope u HeroKcHtIHLrx KoMrloHeuroe [2].
flperauyrqecrBo co3naHr4.fl JrerKrrx, rra6rux r.r HaAelro-IbIx (ue6rrorquxcl) @3lI sa ru6-

KI4x Mera;ilrr{qecr(Hx rlo.4rlo)r(Kax oqeBIrAHo, oco6enno B orHoIrIeHHI,I npIaMeHeHHs ux Ha ar-
uoc$epnsx rrerarerbHrrx H KocMHrrecKHX afrrraparax 14, 5l.Kporue roro, npu HcnoJlb3oBa-

nuv. rv6xux MeraJrJrnr{ecKr{x rroAiro}r(eK Bo3Mo}r(eH rlepexoA K pynonHofi rexnolorvn npol43-

BoAcrBa cD3lI c cr4HTe3oM ToHKr.rx rrreHoK CZTSe MeroAoM oneKTpoxnMl4rrecKoro ocaxAe-
Hr4r rrpeKypcopoB c nocJreAyrorqefi ux ceneHn:aquefr.

I-{elr,rc pa6orrr .rrBrsrocb ycraHoBneHve BtwflHrtfl, Trrila IIoAJIoxtIs4 (So:rcru Mo u Ta I

Ha Mr{r(poorpyKTypy roFrKr4x nJreHoK CZTSe, BKJrroqa{ ux nropSonofr{Io) 3JIeMeHTHLrfi u Sa-
soerrfi cocraB, Kpr4crannuqecKylo crpyKTypy.

1. MeroAuKa 3KcrrepnMeHTa

[.nx no:ryueHrrrr roHKrrx nJ]eHoK CZTSe ucnoJrr,3oBanc-s MeroA ceJIeHH3aIIuv ilpeKypco-
poe Cu-Zn-Sn (CZT), npelBapr{reJrbuo 3JreKrpoxrMr.IqecKld ocaxAeHHbx Ha $olrre Mo ulri
Ta c uocleAoBarenbHocrbro cJroeB CulSn/Cu/Zn. llpe4napLrrelrsrrfi orlltI4r ocalKAeHnbi\

npeKypcopos CZT npoBoAlrncx n arruoc$epe 95 o/o Ar + 5 YoH2Trpv reMneparype 350 "C n
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ex)irotrvor-eJ eH (9 :exx(oryou-oltney (o
:oSJZJ xoHerrrr nrcoHxdesou ruue>xedgoea-We3 .I .cud

'r roxHrzfi xrsHHel[eJogo 'esJZJ XOHorrII €Jcod o{qro]_,-
s &ioHHoxorYedx c EcJe,(SeIIJoc xoHelrlr r4JcoHxdosorr eH eSuZ rsseQ euHesorpJ .

eeeQ rolfarcJesrooc 'oHlrodea 'H nioxsurl rsHerfl€Jogo OSJZJ xoHerrx rr-r:,:
axrceF','( elsrJea3 '(g 'I 'cuil I{Il€Jurrrr€JcrEdx rarrorsHnr(dx c srcoFrxdesofi ts€j]r:
rurcudon rcreevorrgeH oxlKoffvoll-€J eH esJZJ r{xHerr[ ey( r{JcoHxdosoil tr-_
IslJl4rrercl{dx ersHrr,(dx eIsHaI4Hl,IYo n euxrornt rsrresodrar.rdoQc exx<orvou-o]
HxHorr[ HrcoHxdesorr €H '[9] rraroroodow ye]Flnufjrnd. rcre,{dawdo+ aae-:. 

-

-ere woHhr{rsBd radil orr, 'refverc (1 .cad) esJZJ XOHOTu xrvneNedgortr-T..-

I L,IS L,Ovs tJvt8'01€s'g I60,ZZervroQ-e1

I9.I86'00v'6v7t ut68,97LO,9ZerrroS-o11

US/UZ(uS+uZ),mC0susuznJ
B)r)KOtf tr0II

soJHehter€ eltHomoHJoo.)o wle'seJ,oc 4TqHJHOWOIC

xexxorvou-eJ I4 -0IAI eH aSJ,ZC XOHerJrr XK)rHoJ Sercoc 4rrlrHrHel rore

I ennrgeJ

'[Z] g'O rrrHoheHr oJoHerrehruriltr l
eH rDrHerru nrfi exun u exxorvoll-otrAl eH r4xHerr[ rl|y emrsq oxslfoxJa-*_
er.{HamoHrooc x€x rhreds or s-'z' l BHHOh€HE [7] A OrOnneeexf emrsa oHsL:_
or'iHemoHrooc oxeuvg 'lz] astzl oaoHco eH LIe@ xrsHhoHor_iloxHor }Jc,_,
-oJrss orraderadx Je€hesro o:;t 'u7 er'ruernerogo H nJ er4HeHvego €H Jorssrqr:.,
Xl{eoo eer'-r.rc s soJHeWOre KI{HOIIIOHIOOO OIIIHhtrOrV 'l 'rgeJ a IsHors€Jctredl r:.
Ir -oJ\ 8H ASIZJ XOHOITT XI{XHOJ €sercoc oJoHJHOrrOre rrzHerroveduo rsi:-

aunotrxfcoo Ir rqri

(AOJ) oseqeleq uedg ,(qde.r8o11e1s,ft3 ra (SAaff) prepueis uoqc€4Jr6 _:.
-11ruLu0J lurol s€g r^reaHesorsfforrcr4 c (y gOtg,l : y) n)nJ rzraHen.(rrra €H AI : ,_,

edrar,.orxedQnrr orsrrowoil c rcrrrrovedro sercoc Krssose@ .(fuedruo3 
1gl :

solJ3H auoxcodxvlt en (4g3) r,ruloxcodxlzhr rioHHodrxerie HetnorfdraHexc j\._
-oreLrJrr r[lonxdesou rarouoQdoru '00t-xs VJSIAIVJ r^teaHesorqrorcH J (i .

-odvlit'. oionst,'edrvoilcoHeJJHed ltoYorgru ncrrrevedtto )rouelflr seJcoc rlrg:: i
'Hrr]r. 1lc ariHaher B l. 0gs ed,{redellnrer adII (deg t) ry ede+cor IJe a os rusHi. _

r ec:ulroruox lnrosefidesx a irc€ruvosod[ 773 aodocdfxedu rurresusenoJ .H!:.



Ha peurrenofpaMMax rrJreHoK CZTSe {glac. 2) An-s o6eux rIoAJIoxeK rlplacyTcrBylor

BbrcoKor{HreHcr,rBHbre rrr4Kr4, xapaKTepHble ,un{ TerpofonaJlrnofi Sa:u CuzZnSnSe4 (JCPDS

00-52-0868). lluxn 28,36128,42", 35,34135,44",38,70138,58" u 42,86142,90", coorBercrBy-

rorlr4e rrocKocrsnr (103), (202), (11a) u (213), orcyrcrBylor e JCPDS 00-52-0868, oAHaKo

oun 6r,ilu 11on1n{eHbr lr rroATBepx,qeHbr n pa6orax [8]. Ha peuTreHorpaMMax raKxte npucyr-

crByror pe(fnexcu or noAnoxerc (Mo/Ta) ra Sa: MoSe2 (JCPDS 0I-077-1115) / TaSe2

(JCPDS 00-024-1257). Tarcxe Bo3MoxHo rlpl4cyrcrBae Qa:u ZnSe (JCPDS 00-037-1463),

ocHoBHbre pe$lexcrr xoropofi coBrraAaror HJII4 Jlex(ar orleHb 6nasKo K rII'IKaM Qa:rr
CuzZnSnSe a wa 27,7 4 12J,22", 45,I 6 I 45,06, 53,46 I 53,43" u 65,7 4 I 65,68" .
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Puc.2. PeHrrenorparr,rMbr rureHoK CZTSe: a) ua Mo-nogJloxKe; 6) Ha Ta-no4loNre

Pacc.prrannbre rro AarrHbrM peHTreHo(ba3oBoro a*aIrkr3a (POA) 3HarIeHI'IlI rlapaMerpoB

orreMeHTapH6D( rrreeK (ra6n. 2) oxazurucb BbIIle, rIeM B [9], uro cofJlacyercfi c Aannrnrlu [10].

Ta6nw\a2

flaparuerptt 3neMeHTapHok xqefixuToHKltx IIJIeHoK CZTSe na Mo- u Ta-uo4lox<xax

flo.nroxra A,A C,A n

Mo-Sonua 5,707 +0,004 r1,394 + 0,002 0,998

Ta-t}onrra 5,105 + 0,002 11,310 + 0,008 0,996

CZTSg Mo)Ker Kprrcrannr43oBarbc.f,, o6pa:yr crpyKTypbl Kecrepl{Ta Lriln craH]JlITa, B

cnyqae Kecrepr4Ta [apaMerp peurerKu a AoJIx{eH 6rrru 6onure, a rerparoHanr,Hoe I4cKaxe-

Hr4e n Meur,rfie [o cpaBHeHlrro co crpyKTypofi cranHlrra. CZTSe raK]Ice Moxer nplzHl4Marb

crpyKTypy qacrr4rrHo Heyropr.qoqeHHofo KecTepllTa [11]. I,lcxory r13 oco6eHHocrefi cTpyK-

Typbr Kecrepprra 11 crauHr,rra, Mo)KHo c.Uenarb BbIBoA, qro [onyqeHHble rItIeHKI4 CZTSe lcpll-

cTaJrJrr{soBaJrr4cb B KecTepLrT lrrrkr qacTHrIHo Heynop{,4oqeHHylo cTpyKTypy KecTepIITa.
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