STRUCTURAL FEATURES OF Zn0O,S;.« NANOSTRUCTURED FILMS
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Abstract — In this paper, ZnO«S;« nanostructured flayers were obtained by chemical bath deposition from solutions of zinc ace-
tate, ammonia and thiourea. Structural features of ZnO,S films were studied by scanning electron microscopy and X-ray diffraction. It
is found the effect of condensation time on the elemental and phase composition of the thin layers, as well as their structural character-

istics, such as lattice constants and growth texture.
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AHHOMayusi — B paboTe METOAOM XMMMYECKOTO OCaXKAEHWs U3 pacTBOPOB aueTaTa LyHKa, TMaMOYeBUHbI M amMuaka noslyyeHbl
HaHOCTPYKTYpUpPOBaHHbIE CIoW TBEPAbIX PacTBOpPoB ZnOyxSix. CTPYKTYpHble 0COBEHHOCTU MneHok ZnO,S;.« UccneaoBaHbl MeTogamu
pPacTpPOBOWM MUKPOCKOMNWWN U PEHTTEHOBCKOW ANdpakToMeTpun. B pesynbTate yCTaHOBIEHO BNUSIHUE BPEMEHN OCaXAEHUS! HA 3NIEMEHT-
HbIi 1 pa30BbIA COCTaB TOHKMX CIOEB, a TAKKe UX CTPYKTYPHbIE XapaKTepUCTUKK, Takue Kak Nepuos PeLLIETKM Y Ka4ecTBO TEKCTYpbI.

|. BBeaeHue

Teepable pacTtBopbl ZnOxSix NpMBNEKaOT OCOOLIN
MHTEpeC uccrneposaTenen B CBA3W C BO3MOXHOCTbIO
KOHTPONMPOBAHHOIO U3MEHEHMWS LUMPUHBI 3amnpeLLeHHON
30HbI MaTepuana B LUMPOKOM uHTepBane ot 3,37 3B
(Zn0O) po 3,68 3B (ZnS). 310 nossonseT cospasBaTb
apdekTMBHbIE  POTOAETEKTOPbI  YNbTparMoneToBoro
AnanasoHa, CEeHCOpbl, YCTPOWCTBA 3neKTPONOMUHEC-
ueHumn un T1.n. [1]. Wcnonb3oBaHne OydepHbix cnoes
ZN0OxS1-x BMeCTO ZnO MOXeT NOoBbICUTb 3PEKTUBHOCTD
npeobpa3oBaHNsa TOHKOMMEHOYHbIX COTHEYHbIX 3feMeH-
ToB Ha ocHoBe CdTe, Cu(ln, Ga)Se; n CuZnSnS; [2].

CyuiectByeT 6onblUOE KONMYECTBO PasfuyHbIX Me-
TOOOB MoOny4veHus TBepablx pacTtBopoB ZnOySix [3,4].
OpHako, XxMMnyeckoe ocaXKaeHuss U3 BOAHOIO pacteopa
ABnseTcs Hambonee nNepcnekTMBHbIM M3 HUX 33 cYeT
NPOCTOTbI, 3KOHOMWUYHOCTN U BO3MOXHOCTW MONYyYEeHUS
KOHOEHCATOB C KOHTPOSIMPOBaHHbIMU  CTPYKTYPHbLIMU
CBOWCTBaMM — CMMOLUHbIX NNIEHOK, HAHOHWUTEN N HaHOTO-
yek [5-6].

Il. TexHUKa aKkcnepumeHTa

OcaxgeHue cnoeB TBepAbiXx pacTBOpoB ZnOxSix
OCYLLECTBNANOCh XMMWYECKMM METOAOM W3 BOLHOrO
pacTBopa aueTaTta UMHKa, TMaMO4YEBUHbI N amMMuaka Ha
NpeABapuTENbHO OYULLEHHBIE CTEKMSHHBbIE NMOANIOXKU C
noacnoem FTO (SnO2:F). Temnepatypa pactsopa npe-
KypcopoB cocTtaBnana 90 °c. MpogomKkMTENbHOCTD
HaHeceHus cnoeB BapbupoBanack ot 30 4o 120 MUHYT.
B psine cnydaeB nocne nonyyeHus ngoaoumncn oTXKMr
CUHTEe3MpoBaHHbIX cnoes npu T = 450 ~C.

Mopdonorna noBepxHocTn 06pasuoB M3yyanacb C
MCMONb30BaHNEM CKaHWUPYIOLLErO 3MEeKTPOHHOrO MWKPO-
ckona Zeiss Auriga Cross Beam. Xvumudyeckuii coctas
NEeHOK onpenensnca MeTogoM 3HEepProAncrepCUoHHOro
aHanusa (EDAX). CTpyKTypHble MCCneaoBaHuUsi CIOeB
ObINMY BbINOMHEHbI HA aBTOMaTU3MPOBAHHOM PEHreHo-
oncpaktometpe  Bruker D8 Advance B Ni-
dunbTpoBaHHOM K, n3ny4yeHun megHoro aHoga.

Il. Pe3ynbTaTbl MCCNe[OBaHUN U UX UHTEP-
npeTtaums

CHUMKM MOBEPXHOCTU MOMYYEHHbIX KOHAEHCATOB
ZnOxS1-x 4O W NOCre OTXura npefcTaBneHbl Ha puc 1.

Puc. 1. Or1eKkmpOHHO-MUKPOCKONUYECKUE CHUMKU
108epxXHOCMU c8exeocaxx0eHHbIX KOHOeHcamos npu
npodormkumenibHocmu nosny4yeHusi t, MuH: 30 (a); 60 (b);
120 (c ) u crioes rocie omxuea 60 muH (d)

Fig. 1.SEM images of fresh-deposited ZnOyS1x
condensates at different duration z, min: 30 (a); 60 (b);
120 (c) and films after annealing 60 min (d)

Kak BMOHO 13 pucyHKa nNpu ANUTENbHOCTM ocaxae-
Hus 30 muH (Puc. 1 a) Ha nognoxke npoucxoaut cop-
MMUPOBaHUSA OCTPOBKOB TBEPAOro pacTBopa, yBenvyeHme
anutenbHocTn ocaxaeHust o 60 muH (Puc. 1 b) npuso-
OUT K 3apallMBaHUIO NPOMEXYTKOB MeXOY HUMU, 1 Npwu
120 MUH K POPMMPOBAHMIO BbICOKOMOPUCTbLIX NabupUHT-
HbIX CTPYKTYp (Puc. 1 ¢). OTKUr CMHTE3MPOBAaHHbIX KOH-
peHcatos (Puc. 1 d) npu T = 450 °c npUBOAUT K cpaLm-
BaHMO HaHoTo4vek ¢ anameTpom 0,5-0,7 MKM B rpo3apbs.
da3oBbI aHanNn3 nokasan (puc.2), YTo Ha AudpakTo-
rpaMmmax OT NoryyYeHHbIX 06pa3L0B JOMUHUPYOT
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Puc. 2. Qugppakmoepammbl om
HaHoCmMpyKmMypupo8aHHbIx nieHok ZnOxSi.y,
MOSTyYeHHbIX MPU pasnuyHoU MpodormKumebHocmu
ocaxOeHusl.

Fig. 2. XRD patterns of ZnOyS1.x nanostructured films,
obtained at different deposition time

nuHMm Ha yrnax 31,85°, 36,35°, 66,55°, koTopble
CMeLLeHbl OTHOCUTENbHO MOMOXEHNS OTPaKEeHUn oT
nnockoctern (100), (101), (200) rekcaroHanbHoOn ¢asbl
oKkcuaa umHka. OTo cBuaeTenbCcTByeT O (hopMrMpoBaHMm
TBEPLOro pacTtsopa Zn0O,S1« rekcaroHanbHom
moauncukaumm. Kpome TOro, Ha Audppakrorpammax
NPUCYTCTBYIOT ~ JOCTATOMHO  WMHTEHCUBHbIE  JTUHWU
COOTBETCTBYIOLWMNE OTpakeHuaMm oT nnockocten (100),
(002), (103) BlopumTHOW hasbl cynbduaa LnHKa.

Takke Ha andpakTorpammax 6bin 3aperecTpupoBaH
nuK OoT nocTtopoHHen @asbl Zn(OH)z, 4To MOoXeT ObiTb
pe3ynbTaToOM BCTpamBaHWUS B MpPOLECCE XUMWUYECKON
peakumMm B KpPUCTanfM4YecKylo pelueTKy KoHAeHcaTa
aTOMOB MPEKYPCOPOB.

B Tabnuvue 1 npencrtaBneHbl pesynbTaTthl onpeaerne-
HUS 3NEeMEHTHOro coctaea cnoes. Kak BugHo n3 tabnu-
Uubl, MO Mepe YBENUYeHUs ANUTENbHOCTU OCaXAeHWs
KOHLIeHTpauma cepbl B obOpasuax ysenuumeaetcsa. K
aHanormyHomMy adppekTy NpMBOAUT OTXMI 0Bpa3sLoB.

Tabnuua 1 —OnemMeHTHbIN COCTaB CMHTE3MPOBAHHbIX
cnoeB ZnOxSix nNpuv pasHOM ANWUTENbHOCTU KX
ocCaXaeHust 40 U Nocne omxura.

Table 1 — Elemental composition of synthesized

condensates ZnOxSix uned different deposition time
befor and after annealind

7, min
Before annealing After
annealing
Concentration 30 60 120 60

Co, at. % 61,35 | 58,25 | 22,79 41,10
Cs, at. % 9,86 | 12,26 | 14,06 20,66
Czn, at. % 28,79 | 29,49 | 63,15 38,24

PacuyeT noncHoi NnoTHOCTU OT CIOEB TBEPAbIX
pacTBOpOB MoOKasarn, Y4TO KOHAeHcaTbl MMmelT cnabo
BbIpaXXEHHYI0 aKkcmanbHyl TekcTypy pocta [200].
[aHHaa TekcTypa SIBNSETCH HEe TUMWUYHOW ANs MIeHOK
oKcuaa uuHKa, roe B OCHOBHOM HabntopaeTcs TekcTypa
pocTta [002] [7]. KauecTBO TeKCTypbl pOCTa KOHAEHCATOB
3aBUCENO OT MPOAOIPKUTENBHOCTU UX OCaXKOEHUS.

Ha puc. 3 npeacraBneHbl 3aBUCUMOCTU 3HAYEHUIN
MOCTOSIHHbIX ~ peLleTkn maTtepvana oOT  NpPOOOIIKU-
TENbHOCTU OCaXAeHUs NneHok. MNMyHKTUPHOW NUHMEn Ha
pUCYHKE OTMEYEHbI CMpaBOYHble AaHHble AN okcuaa
uuHka [8]. Kak BMOHO M3 pucyHKa, 3HayeHus nepuopa
peLueTky crnoeB 6onbLuov TonwuHbl (7= 60-120 MUH)
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Puc. 3. 3asucumocms 3Ha4YeHUl MOCMOSIHHbLIX pewemKu
a, C U ux omHoweHus cla (ecmaska) om epeMeHuU
ocax0eHusi crioes.

Fig. 3. Dependencies of lattice parameters, a, ¢ and their
ration c/a, on the deposition time

NPeBbILLAT 3HAaYeHUS MpUBEAEHHbIE B CNpPaBOYHUKE,
4YTO 04eBMAHO OOYCrOBMNEHO MPUCYTCTBUMEM B MNIIEHKaX
ZnO aToMOB Cepbl.

Ill. 3aknoyeHue

B pesynbtate uccnegoBaHunm Obina ycTaHOBMEHa
3aBMCUMMOCTb 3fIEMEHTHOrO CoCTaBa W CTPYKTYPHbIX
CBOWNCTB CMNOEB TBepAbIX PacTBOPOB ZNOyS1.x, MOMYyYEH-
HbIX METOAOM XMMUYECKOro OCaXAeHns u3 pacteopa, oT
BpeMeHu ocaxaeHus. [NokasaHo, 4ToO KoHAeHcaTbl UMe-
0T rekcaroHasnbHyl0 CTPYKTYpY C MOCTOSIHHbIMU peLleT-
kn, a=0,32486 Hm, c= 0,52086, c¢/a=1,603, n TekcTypon
pocta [200], ka4eCTBO KOTOPON 3aBUCUT OT LMUTENBHO-
CTU OCaXOEHNHA 1 3NEMEHTHOro CoCTaBa KOHAEHCATOB.

PaboTa BbinonHeHa npu yacTu4How nogaepxke Mu-
HUcTepcTBa o6pasoBaHns M Haykm YkpauHbl (N
0113U000131 1n 0112U000772).
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