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Paspaborama MeToaUKAa CUHTE3a 30JIb—TeJIb-MeTOAOM ILIEHOK cocTaBa Zn0:Al,
penHa3HAUEHHBIX AJA KCIOJb30BAHUA B KaueCcTBe aKTUBHBLIX CJIOEB B COJI-
HEUHBIX 2JIEMEHTAaX. BBITOJHEHBI UCCIeNOBAHUA CTPYKTYPHBIX U OIITHUYECKUX
CBOMCTB HAHOCTPYKTYPUPOBAHHLIX 30JIb—TeJIb-IIEHOK cocTaBa Zn0:Al B 3aBu-
CHMOCTHY OT TEMIIePATYPhI CHHTE34a.

Po3po01eH0 METOAMKY CHUHTE3Y 30Jb—I'elIb-MeTOHOI0 ILIIBOK cKjaany ZnO:Al,
NpU3HAYEHUX JAJIS BUKOPUCTAHHA SK aKTHBHI ITapu B COHAYHUX €JIEMEHTaX.
BukoHnaHO mocaimgiKeHHS CTPYKTYPHUX Ta ONTHUUYHUX BJIACTUBOCTEU HAHOCTPY-
KTYPOBAHUX 30JIb—T'eJb-ILIIBOK cKJaany Zn0:Al 3anexHo Big TeMmepaTypu CH-
HTE3y.

Method is developed for sol—gel synthesis of the ZnO:Al films for use as ac-
tive layers in solar cells. The investigations of structural and optical proper-
ties of nanostructured ZnO:Al sol—gel films, depending on the temperature of
the synthesis.

KaroueBslie CI0Ba: 30J1b—TeJIb-METOM, OKCHUJ [IUHKA, IPO3PAauHble ITPOBOAAIIIE
IIOKPBITHUS, CTPYKTYPHBIE CBOICTBA, OIITUYECKUE CBOICTBA.
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1. BBEJEHUE

Oxcup nureka ZnO (E, = 3,45 5B), obrasaromull yHUKAJIbHBEIM COYeTa-
HUEM ONTUYECKUX, aKYCTUUECKUX U IJIEKTPUUYECKUX CBOMCTB, IITUPOKO
MIPUMEHSETCS B PAJe OIITOYJEKTPOHHBIX YCTPOUCTB: MpeobpasoBaTeIax
aKyCTHUYECKUX BOJH, ONTUYECKMX BOJHOBOJAX, JIA3ePHBIX OTpasKaTe-
JSIX, IMIUPOKOIOJOCHBIX (QUIbTPAX, KUIKOKPUCTAINUYECKUX AUCILIE-
X, coaHeuHbIX daeMeHTax [1]. Ilnéaku ZnO moayuaioT MeTOZaMU XU-
MHUYECKOTO OCAKIEHUs, CIIPeH-INpPOon3a, BaKyyMHOTO WMCHAapeHUs U
MaTHEeTPOHHOro HamblaeHusa. OcoOblil MHTEPEC BHIBBIBAET HUCCAEIOBaAHMIE
BO3MOKHOCTeN moaydenud ZnO MIEHOK ¢ yIpaBideMbIMU (GU3UUECKHU-
MU XapaKTEePUCTUKAME IIYTEM JIETMPOBAHUS PA3JINUYHBIMUA METAJJIAMU,
B YaCTHOCTH, aJIIOMUHIEM, UCIIOJIb3y A 30JIb—TeJIb-0CaKIeHue. ITOT Me-
TOJ, COUYETaeT IIPOCTOTY TEeXHOJIOTMYECKOro Ipollecca M HUSKYIO CTOU-
MOCThH HCIIOJIB3yeMOro 000pPYIOBaHUS M MaTepuaJyioB. B HacTosmieii pa-
00oTe paccMOTpPEeHO BIUAHNE TEMIepaTyphl 00pabOTKM Ha CTPYKTYpPHbBIE
M OITHYECKHE CBOICTBA HAHOCTPYKTYPHUPOBAHHBIX ZnO:Al-miéHox,
GOopPMUPYEMBIX 30JIb—Te€Ib-METOJLOM.

2. MATEPUAJIBI U METOAUKA OKCIIEPUMEHTA

1 moTyueHus 30J1b—TeIb-MeTOIOM CJIOEB Ha OCHOBe IJIEHOK Zn0:Al 3a
OCHOBY OBIJI B3AT MeTOJ IeHTpudyrupoBanus (spin-coating). las mo-
JYUYeHUs IIJIEHOK TpeOyeMoM TOJIMINHBI U XOPOoIileil 0MHOPOSHOCTH yCTAa-
HOBJIEHA KOPPeJAInsa MexXIy IIapaMeTpaMy KOJIJIOMIHOTO PacTBopa U
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Puc. 1. Biok-cxema cHHTe3a 30Jb—TeJb-METOLOM CJOEB Ha OCHOBE IIJIEHOK
ZnO:Al.
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METOJIOM IIOJIYUYEHUs CJOEB Ha ocHOBe IIEHOK ZnO:Al. ITnéuxu ZnO:Al
OBLLIM CHHTE3UPOBAHLI 30JIb—T'€/Ib-METOLO0M Ha OCHOBE H30IIPOIIAJIOBOTO
cuupra ¢ cojepskaumeM 1,5 ar.% HuTpaTa aJOMUHAA IO CXeMe, IIpej-
CcTaBJEeHHOM Ha puc. 1.

IInéaKoo6pasyomuii pacTBOp OBLII IIPUTOTOBJEH CJIEAYIOIIIM oOpa-
3oM. TpebyemMoe KOJMUECTBO alleTaTa IHUHKA, 3aJUBAJIU a0COJIOTHBIM
M30IIPOIINIOBLIM CIIUPTOM, AeMeTHI(OPMAMUIOM, 2-METOKCHUITAHOJJIOM
(B 3aBHCHMOCTH OT BHJA 30JI5I) U HMepeMeIlInBaan. 3aTeM PacTBOPLI II0-
MeIaJu B YJIbLTPa3ByKoByI0 BauHy Ha 30 muu. [TosyuenHyo cMmech IIe-
pemerttuBaau 30 MmuH. {15 co3peBaHUA PACTBOPA €TI0 BEIAEPKUBAIU P
TeMIepaType okpy:xaroireii cpeanl (22+2)°C B Teuenue 2—3 mHeH.

ITocne HameceHMA 30J1A HA MIOBEPXHOCTD IJIACTUH (CTEKJIa, MOHOKPH-
CTAJIINYECKOr0 KPEeMHIU), OHM OBLIM IIOMEIIEeHbl B IIeUb, I'/le HarpeBa-
auck 10 muH. momiaroBo ¢ mHTepBagoM 20°C mo Temmepatypbl 350°C.
IIporecc HaHECEHUS U CYIIKU IIOBTOPSJICA OO0 MOJYUYEHUA HYMKHOM TOJI-
mrHasl. Ha mociemueli cTaguy MOAJIOMKY IIOMEIIAN B [IeUYb 1 Harpesa-
Jau nomraroBo ¢ uHTepBasoM 20°C mo 550°C.

YT00bI OIIPEIeINTD BIUAHNE TEMIIEPATYPhl CHHTE3a Ha CTPYKTYPHEIE
U OIITHUYeCcKUe cBolicTBa Mok ZnO:Al, mosyuyeHHbIE IJIEHKT OTKITA-
au pu remuneparype 350°C, 450°C, 500°C.

Ha pucynke 2 npusefeHs! nudparkTorpaMmbl miéHoK ZnO:Al Ha oc-
HOBE M30IIPOIIMJIOBOTO CIUPTA B 3aBUCUMOCTHU OT TEMIIEPATYPhI OTHKUTA.
Kax u pamee, B oopasmax ZnO:Al, monyuennsix npu T, = 350—500°C,
mpu yraax 20 = 34,37° o6Hapy:KuBaeTcA CBepPXCTPYKTypHLbIHM muk (200),
YTO CBUIETEJIbCTBYET O HAJNUYNY M'eKCAarOHAJIbHOMN CTPYKTYPLI BIOPIIUTA.
ITuku (100), (200), (101) HabaomaIuCh ¥ BCEX MJIEHOK, UTO CBUIETEb-
CTByeT 00 MX BBICOKOIl CTEIeHN KPUCTAJJINYHOCTH C IMPEUMYIIECTBEH-
HOII opHreHTaIKell BAO0Jb C-OCH, IEePIeHANKYISIPHON IIOBEPXHOCTH IIOI-
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Puc. 2. luppakrorpaMmsl mIEHOK ZnO:Al Ha 0CHOBE U30MPOIUIOBOTO CIIUPTA
B 3aBUCHMOCTHU OT TEMIIEPATYPhI OTKUTA.
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aoxkku. Kak ciaenyer us gudpakrorpamm, B miIeéakax Zn0:Al npu tem-
nepatype 350°C mabaromaercss Hauao KpucTaanusanuu. MoxKHO mIpes-
TIOJIOYKUTD, UTO 3aPOABINIA KPUCTAJLINYECKOIN (hasbl 00pa3yioTcsa yiKe
npu temieparype 200°C (TemmepaTypa CyIIIKHU IIOCJIe IOCJIOMHOTO HaHe-
ceHUA IIJIEHOK METOJOM IleHTpu(yrupoBaHusd) (aqudpakrorpaMmma Ha
puc. 2 ne npusegena). Ilnéaku Zn0:Al, moayuyeHHbIe IPU TEMIIEPATYPE
350°C, uMmeroT MeHee BBEIPAKEHHYIO TEKCTYPY, O UEM CBUAETEILCTBYET
MMOHMKEeHHad NHTeHCUBHOCTDL pedierca (002) u Gosblliee 3HaUEeHUE €T0
nonyimupuabl (FWHM). 910 cBUAETEeILCTBYET O MAJOM pas3Mepe 3épeH
IIEHKO00pasyIoIuX IMOKPBHITHUI, Kak W OBbLIO paHee MOKa3aHO NIPU
ompesieIeHUY BAMSAHUS BHIOOpPA peareHTOB Ha CTPYKTYPHBIE CBOIiCTBa
MOJIYUeHHBIX ILJIEHOK.

C yBenuueHnueM TemmepaTypbl B mpeneaax 450—-500°C kpucramimy-
HOCTB ILJIEHOK yBeauumBaercd. VI Ha muppaxrTorpammax ZnO:Al-cioés
MIPOABJIAETCA TOMUHUPYIOITUHA pederc mpu 34,37°, COOTBETCTBYIOITIH
orpaskeHuto oT miaockoctu (002) rekcaroHaJbHON CTPYKTYpPHI Zn0O, u
pediieKCchl He3HAUUTENTBbHOM WHTEHCUBHOCTH OT ItocKkocteir (100),
(101), a Tak:xke ot miaockocTtu (002) BToporo mopagka oTparkeHusd. ITO
CBUJIETEJIBCTBYET O CHIUKEHWM pasMepa 3epHa B ZnO B HampaBJIeHUU
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=0

450

0neC

5

Puc. 3. ACM-usobparkenusa ZnO:Al-mnéuok (1x1 MKM) Ha OCHOBE U330 POIUJIO-
BOTO CIIMPTA B 3aBUCUMOCTH OT TEMIIePATYPhI OTIKUTA, IIOJYICHHBIX 30JIb—Te/Ib-
METO/IOM HAa MOBEPXHOCTH MOHOKDHUCTALINYECKOTO KpeMHusa: a — (asa, 6 —
Tomorpadusi, 8 — TpEXMepHOe u3o0parKeHue.
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HOpMaJIX K 00pasity moBepxHocTH (puc. 1). YTioBoe IMoJoKeHNe TUKOB
corjacyerca ¢ JCPDS-mamubIMM [AJA HOMMHAJLHO UYKMCTOTO OKCHIA
nuuaka (JCPDS card No. 89-0511). Urak, cyinecTBeHHBIM (haKTOPOM,
BIAUSIONINM Ha CTPYKTYPHOE YIIOPATOUEHIE CJIOEB, ABIAETCA HE TOIBKO
BBEIOOD peareHTOB, HO U TeMIIepaTypa 00paboTKu.

ITonyueHHbIe AaHHBIE XOPOIIO COTJIACYIOTCA C MCCJEIOBAHMEM MOD-
(doJsorum MOBEPXHOCTHU METOJIOM aTOMHO-CUJIOBOH MUK pPocKonuu (ACM)
ZnO:Al-i1éHOK, TOJYYEeHHBIX B30Jb—TeJb-METOJOM Ha ITOBEPXHOCTU
MOHOKPHUCTAJJINYECKOT0 KPEMHUS B 3aBUCUMOCTH OT TEMIIEPATYPHI.

g o6paboTku m300pakeHmnil, Kak U B IPEIBLIAYINEM cJiyuae, HC-
MoJIb30BaJIach MOJYJIbHASA MPoTpaMMa aHaau3a JaHHBIX CKaHUPYIOIei
3ou0BOM MuKpockonuu Gwyddion. [y yMeHBIIEHUSA MOTPEITHOCTH
craTuCcTUUecKoi 06padoTku anaau3 ACM-usobpaskeHni BEITIOJNHAIN Ha
ILJIOIITAAY IIOBEPXHOCTH 4 x4 MKM B 3aBUCHUMOCTHU OT TeMIePaTypPhI.

Kak Bupmo mz ACM-usobpaskenuii (puc. 3,4), puc. b u Tabauisl,
TeMIepaTypa OT:KUTa OKa3blBaeT BAMAHMNE HAa 00pa3soBaHUsA YaCTHUIl HA
nosepxuocTu ZnO:Al-minéuok. IIpu temmeparype orsxkura 350°C cpen-
HU# pasMep YacTUll Ha moBepxHocTH ZNnO:Al-I6HOK COCTABISIET OKOJIO
89 M mpu 1epoxoBatoctu 3,2 HM. IIpu Temmepatype or:xura 450°C
pasMep YacTHUIL U IIePOX0BATOCTh YBEIUUUBAIOTCS, a IIPU TeMIlepaType
500°C pasmep yacTUIl Pe3KO HmagaeT A0 71 HM; Ipu 9TOM III€POXOBATOCTD
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Puc. 4. ACM-usobpakenus ZnO:Al-mnéuok (4x4 MKM) Ha OCHOBE U30IPOIUJIO-
BOTO CIIMPTA B 3aBUCUMOCTH OT TEMIIePATYPhI OTIKUTA, ITOJYICHHBIX 30JIb—Te/Ib-
METO/IOM Ha MOBEPXHOCTA MOHOKPUCTAIINIECKOTO KDEMHUS.
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Puc. 5. Pacupenenenue vacTull o pa3MepaM Ha moBepxHocTu ZnO:Al-miéHok
HaA OCHOBE M30IIPOIUIOBOr0 CIIMPTA B 3aBUCUMOCTH OT TEeMIIEPATYPBI OTKUIA.

TABJIMITA. CratucTuka 3épeH Ha mosepxHocTu ZnO:Al:Re®*' -minésox, mouy-
YEeHHBIX 30JIb—TeJb-METOJOM Ha IMOBEPXHOCTM MOHOKPUCTAJJINUECKOTO KPeM-
HUS HA OCHOBE M30IIPOIINJIOBOTO CIIMPTA, B 3aBUCUMOCTH OT TeMIIEPATYPhI OT-
JKHUTAa.

XapaxkTepucTukra T, = 350°C T, =450°C | T, =500°C
Yucio 3épeH 516 428 758
ITepoxoBatocTs R,, HM 3,2 3,5 6,4
Cpenuuii pazmep 3epHa, HM 89 97 71

yBeanuuBaeTrcs 10 6,4. Kak ciaegyer n3 mpuBeqEéHHLIX JaHHBIX, YBEJI-
YyeHUe TeMIIepaTyphl IPUBOAUT K YIJIOTHEHUIO ILJIEHKH 34 CUET YMEHb-
meHusi 3epHa gm0 70 HM, YTO IPUBOAUT K YJIYUIIEHUIO OINTHUUYECKUX
cBoiicTB m1éHoK Zn0:Al.

Bce nmiaéuxu, oToxk:keénunie npu Temieparype 350—500°C, mpospau-
HbI B BUAUMON 1 OamxHeM Y P-guamasoHe (Kod(HUIIMEHT IpPOomycKa-
Husa 6osee 80% ) (cm. puc. 6).

ITonyuennsie maéaku Zn0:Al xapakTepusyroTcsa BbICOKOI (= 88%)
BennunHoil nponyckanusa B oosactu 400—1000 HM u moTJIOIIeHMEeM B
KOPOTKOBOJIHOBOI obJiacTu cieKTpa. C yBelInueHrneM TeMIIepaTyphl 00-
paboTKM HpomycKHAasA CIIOCOOHOCTh IIEHOK Zn0:Al yBeanumnBaercs. Ha
pucyHKe 6 MOKHO BBIAEJIUTH ABe 00JIaCTH: B IIEPBOM 00JIACTH SHEPTHUS
KBAHTOB IIAJAIOINEr0 M3JIyUYeHUs OOJIbIe, UeM IIMUPUHA 3aIIpPeIéHHon
3oubl Zn0O:Al (A <400 M), 1 3HeCh HOTJIOI[EHNE CBETA PE3KO yBEeJINU-
BaeTCs; BTOpas 00JacTh JIeXKUT B MHTepBayie aame BoJaH 400 M < A <
< 1000 uM u 3mech sHEPTrUA IafaInX (POTOHOB HII3KAadA, a B pe3yabTaTe
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Puc. 6. CrieKTpbl MPONYyCKaHUA B 3aBUCUMOCTH OT TeMIIEPATypPhl 00pPaboOTKU
miéHoK Zn0:Al Ha 0CHOBe M30IIPOIIMIOBOTO CIIUPTA.

miaéuka ZnO:Al mpaxkTuuecKu mpospadvHa AJsS 9TOTO AMATNA30HA MJIUH
BOJIH.

Wrak, onTumMaJabHON TeMIlepaTypoiri (OpMUPOBAaHUA 30Jb—T€Jb-
meTomoM 1eHOK Zn0:Al aBiaserca 450°C. I9ra TremmnepaTtypa dhopMupo-
BaHUA o0ecleuyrBaeT BHICOKOE IMMPOIIyCKAaHNe B ONTHUUECKOM JUala3oue,
HU3KYIO IITePOXOBATOCTE MIOBEPXHOCTH, BEICOKYIO TEKCTYPUPOBAHHOCTD.
HasbHeiiliee MOBLIIIIEHNE TEMIIEPATYPhI OTKUTA IIPUBOLUT K BO3pPacTa-
HUIO CTEeleHW KPUCTAINYHOCTU 30Jb—TeNb-IJIEHOK cocTaBa ZnO:Al,
OIHAKO, MUKPOPeIbed UX TOBEPXHOCTU YXYAIITAeTCH.

HNccnenoBauus BBITTOMHEHBI TPU YaCTUYHOM (DMHAHCOBOU MOAIePIKKe
Besopycckoro pecny6inkaHCKOTO (DoHAA DYHIAMEHTAJIBHBIX UCCIIE0-
Bauuit (P12PA-003).

ODUTUPOBAHHAA JUTEPATYPA—-REFERENCES

1. T. Nagase, T. Ooie, H. Kominami, Y. Nakanishi, and N. Mizutani, Jap. J. Appl.
Phys., 42, No. 3: 1179 (2003).

2. D. Look, R. Jones, J. Sizelove, N. Garces, N. Giles, and L. Halliburton, phys.
stat. sol. (a), 195, No. 1: 171 (2003).



