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C/IOEB HA OCHOBE ZnO A/19 YCTPOWCTB NMPO3PAYHOM
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AHHOTaLUA. HpO&HaHI/ISI/IPOBaHbI IIponecChl MAarHeTpOHHOI'O CHHTE3d HAHOKPHUCTAIZINYECKUX U aMOp(l)HbIX
CJIOEB Ha OCHOBEe OKCH A IITMHKaA. I/ISY‘-IEHO BIIMSIHHE JIETHPDYIOIIMX KOMIIOHEHTOB 1 YPOBHS JIETHPOBAHM S Ha CTe~
IIeHb aM0p(1)1/13au1/11/1 CJIOEB. PaCCMOTPEHO BJIMSIHHE BOOOPO[a B COCTaBe aTMOC(I)EpI:I Ha CTPYKTYpHOe COBEpIIeH-
CTBO CHHTE3HPpyeMBbIX CJIOEB. IToka3zaHa 3aBUCUMOCTh CTPYKTYPHI C/I0€B ZI’IO‘SHOZ OT COOTHOIIIeHH I KOMIIOHEH-
TOB B PACIIBIJIS€EMbBIX MHUIIIEHAX. O6CY)KILEHI>I MeXaHH3MBI CI)OPMI/IPOBB.HI/IH aMOp(l)HbIX CJ10eB Ha 0cHOBe ZnO I1pu
MAarHeTpOHHBIX MeTOA4X CHHTE34d.
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Abstract. The processes of growth of nanocrystalline and amorphous ZnO-based thin films by magnetron sput-
tering method are analyzed. The effect of doping components and the level of doping on the degree of film amor-
phization has been studied. The effect of hydrogen in the composition of the atmosphere on the structural perfec-
tion of the deposited ZnO-based thin films is considered. The dependence of the structure of ZnO-SnoO, thin films
on the component ratio in sputtered targets is shown. The mechanisms of of ZnO-based amorphous formation
films by magnetron sputtering methods are discussed.
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BBE/JLEHUE

CTpeMUTeNbHBIN POCT 06€MOB U HOMEHKJIATYPHI
Pa3/IMYHBIX IIPU/IOKeHUMN B HHAYCTPHUHU IIpO3pad-
HOI 3JIeKTPOHUKH IIpeAIioyaraeT ITIOMCK HOBBIX I1ep-
CIIeKTHBHBIX MaTepHa/0B U TeXHOJOTUH HUX CHH-
Te3a. MccleoBaHUS IOCTAeIHUX AeCATHIeTHH T10Ka-
3BIBAIOT SIBHBIU TPeHJ, K [Iepexo/ly OT MOHOKPHCTA -
JM4YeCKOW KPeMHHeBOH 3/IeKTPOHUKHU K IIHPOKOMY
HCIIO/Ib30BAHUIO B KauecTBe 6a30BOro maTepuasa
Pa3/IMYHBIX INOJHUKPUCTA/IINYEeCKUX U aMOPQHBIX
OKCH/OHBIX KOMITO3UIIUH [1]. 3HAUMMOM BEXOH B 3TOM
HaIlpaB/JeHHH SBHUJIOCh CO3/laHHe KaHaaa aKTHUB-
HOMAaTPHUUYHBIX TOHKOIIJIEHOUHBIX TPaH3HUCTOPOB
Ha OCHOBe CJIO)KHOM aMOPOHON OKCUIHOMN CUCTEMBI
In-Ga-Zn-0O (a-1GZO0) [2].

IIpUYMHBI BEITeCHEHHUSI KPeMHHeBbIX QYHKI[HO-
Ha/IBHBIX CJIOEB M3 IPO3PavyHOM 37eKTPOHUKH Pa3-
nU4YHBL. IIpexxJe Bcero, 3To CBSI3aHO C TeM, 4YTO
KPeMHHU - HelpO3padyHBIM MaTepHal. B To ke
BpeMs MOJBHUKHOCTb HOCHUTeJeH B a/ibTepHATHUB-
HBIX aMOPOHBIX OKCHUAHBIX MaTepHanax a-IGZO
(oxomo 10 cm?Blc!) Ha OPSIIOK BEIIIe, WeM Y B CJIOSIX
Ha 0CHOBe aMOP)HOI0o TN pOreHU3HPOBAHHOIO KPeM-
HUd (MeHee 1 cm2BIc)),

BHeznpeHMe cj10eB Ha 0CHOBe crcTeMbl a-IGZO B JKK
HMHYCTPUIO IIPUBEJIO K aKTUBU3AI[UU paboT, Halpas-
JIeHHBIX Ha IaJIbHeHI1Iee yIydlleHHe UX 3/IeKTPUYeCcKHX
Y OIITHYeCKUX XapaKTepUCTUK. Tak, B [3] coobmiaeTcs
0 3HaUYHMTeJIbHOM POCTe I10JIeBOM ITOJBUKHOCTH HOCH-
Tesle! 3apsifia B CJIOKHOK aMOPOHOL OKCUIHOM CHCTEMe
IGZTO (In-Ga-Zn-Sn-0O). 3HauUTe/IbHOMY POCTY HHTepeca
K aMOPOHBIM OKCHAHBIM CHCTeMaM CII0cob6CTBOBAIIO
TaK>Ke IOSIBJIeHHe U MHTeHCHBHOe Pa3BUTHe HOBOIO
HaIlpaB/eHHUSs B IIPO3PauHOM 3/IeKTPOHUKe — 'H6KO
37IeKTPOHHMKH Ha II0JIMMePHBIX HOCUTeJISIX [4], 715 KoTo-
pori GOpMYIHPYIOTCS U HOBBIE IOIIOJTHUTe/IbHBIE TPebo-
BaHHS K MCII0/Ib3yeMbIM MaTepHaaM H TeXHOTIOTHSIM.
B 4acTHOCTH, IpUMeHeHHe IIOJTHMePHBIX MaTepHa-
7I0B IIpeJirioiaraeT CylieCTBeHHOe CHU KeHHe TeMIIepa-
TYp CHHTe3a U I0CTo6paboToK GyHKIIMOHATBHBIX CJIOEB
C COXpaHeHHeM HX BBICOKHX 3/IeKTPHUYeCKHX K OITHYe-
CKHX XapaKTepPUCTHUK. OMHUM K3 BO3MOKHBIX IIyTer
pelleHMs 3aJa4Md HHM3KOTeMIIepaTypHOIO CHHTe3a
GYHKIIMOHABHBIX CJI0€B C BBICOKMMK XapaKTePHUCTH-
KaMH SIBJISIeTCSI CO3aHKe HOBOI'O K1acca QyHKIIMOHAIIb-
HBIX IIOKPBITUH Ha OCHOBE MHOTOC/IOMHBIX CTPYKTYP
C MOZY/IMPOBaHHBIM JIETHPOBaHUEM I10 TONIIKHe [5].

INTRODUCTION

The rapid growth of volumes and nomenclature of vari-
ous applications in the transparent electronics industry
implies the search for new promising materials and tech-
nologies for their synthesis. Studies of the last decades
show a clear trend toward transition from single-crystal
silicon electronics to the wide use of various polycrystal-
line and amorphous oxide compositions as a base mate-
rial [1]. A significant milestone in this direction was cre-
ation of a channel of active-matrix thin-film transistors
based on a complex amorphous oxide system In-Ga-Zn-O
(a-IGZO) [2].

The reasons for displacement of silicon functional
layers from transparent electronics are various. First of
all, itis due to the fact that silicon is an opaque material.
At the same time, carrier mobility in alternative
amorphous oxide materials a-IGZO (about 10 cm?V1s™)
is an order of magnitude higher than in layers based on
amorphous hydrogenated silicon (less than 1 cm?V-1s™).

Introduction of layers based on the a-IGZO system into
the LCD industry has led to the intensification of work
aimed at further improvement of their electrical and
optical characteristics. Thus, [3] reports a significant
increase in the field mobility of charge carriers in the
complex amorphous oxide system IGZTO (In-Ga-Zn-
Sn-0). The emergence and intensive development of a new
direction in transparent electronics - flexible electronics
on polymer carriers [4], for which new additional
requirements to the used materials and technologies are
formulated, also contributed to significant growth of
interest in amorphous oxide systems. In particular, the
use of polymeric materials implies a significant decrease
in the temperatures of synthesis and post-treatment of
functional layers while maintaining their high electrical
and optical characteristics. One of the possible ways
to solve the problem of low-temperature synthesis of
functional layers with high characteristics is formation
of a new class of functional coatings based on multilayer
structures with thickness modulated doping [5]. In this
case, the requirements to morphology and structure of
single layers are significantly increased. The single layers
should have a dense homogeneous amorphous structure
with minimal relief, and the technologies used should
ensure early coalescence of layers and formation of dense
porous interlayer interfaces.

The present work is devoted to the literature data
analysis and results obtained by the authors in the study
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IIpH 5TOM Cy1IeCTBEHHO BO3PacTaloT TpeboBaHK I K MOP-
domnoruu 1 CTPyKType efUHUYHBIX C/10eB. EfMHUYHbBIe
CJIOU [OJIKHBI UMETb IVIOTHYI0 O HOPOAHYI0 aMOPOHYIO
CTPYKTYPY C MUHHMAaJIbHBIM pesibedoM, a UCIIOb3ye-
Mble TeXHOJIOTHH JOJIKHBI 0becriedBaTh paHHIO Koa-
JIeCLIeHLIMIO CI0eB U pOpPMHPOBaHUe [IJIOTHBIX 6ecriopH-
CTBIX Me3KC/I0eBBIX HHTePErCoB.

HacTosimas paboTa mocBsillieHa aHAIK3y JTHTepa-
TYPHBIX JAHHBIX U Pe3y/lbTATOB, [I0yYeHHBIX aBTO-
paMu IIpU HCCIef0BaHUH MeXaHH3MOB GOPMHUPO-
BaHHUS aMOPPHBIX OKCHAHBIX C/I0€B Pa3IMYHBIMU
MeTOJaMHU OCaKAeHHS.

PE3Y/IbTATDI

Cnou ZnO:Al

B [6] mccnemoBaHO BIHSHHE YPOBHS COep>KaHHUS
JTerupymomen NpuMecy Ha MOPOOIOrUI0 U CTPYK-
Typy cioeB ZnO : Al. ABTOpBI IIOKa3aJIx, YTO C POCTOM
Ccolep>kaHUS aJTIOMHUHHUA [0 8,6 aT. % pacTeT TOJI-
IIKMHA GOPMHUPYIOIIErocsd Ha IIOJJIOKKe HAHOKPH-
CTaJIIM4eCcKOro IOAC/I0s, CIIOCOOCTBYIONEro CHHUXKe-
HHUIO pejibeda IIOBEPXHOCTH CJIOEB U aMOPPH3aLuHU
HX CTPYKTYpHI (pHc.1).

Hamwu 6B HCC/IeIOBaHBL CTPYKTYpPHBIE TPAHC-
dopmanuu B caosix ZnO : Al, CHHTe3UPOBaHHBIX
MeTOAOM CHpeH-KUpoaun3a [7]. Beljao MmoKa3aHo,
UYTO YBeJIMYeHHe COLepKaHUs allOMUHHUS B 105X
o 10 aT. % IPUBOOUT K aMOPOU3ALUH CTPYKTYPHL.
B BEIABUHYTOH MOJeNH aMopdHU3alMK IIpesIosa-
raeTcsi, 4YTO aTOMBL aJIIOMHHM S, HAXOAICh B ALY
AKTHUBHOCTH MeTaJIJIOB 3HAUMUTEeJ/IbHO JieBee IIMHKa,
He BCTPAaMBalOTCA B pelleTKy ZnO, a JTOKaJIKU3yICh
Ha II0BePXHOCTH 3epeH ZnO, Co34al0T HOBbIE LIeHTPhI
KPUCTAJIIM3aL MU, YBeIUYHBas YICIbHYIO II0BePX-
HOCTb Me>K3epeHHBIX IpaHul] (pHUC.2).

BausiHme Bogopoaa B coctaBe paboyero rasa

Ha CTPYKTYypy cnoes ZnO

B paboTe [8] 61710 M3yUueHO BIHSIHUE YyPOBHS COeP-
>KaHHU S BOLOPOZA B COCTaBe pabouero rasa Ha CTPyK-
Typy cioeB ZnO : Ga, CHHTe3HPOBaHHBIX MeTomoM dc
MarHeTPOHHOTO pacIblaeHUs (PUC.3).

IToka3aHoO, YTO YBeJIHYeHHEe COAePKaHUSA BOLO-
porma B kamepe 10 15% IPpUBOAUT K CYIIeCTBEHHOMY
yMeHbIIeHHIO pa3MepoB 3epeH C 24 10 3 HM U POCTY
CTabHUIBHOCTHU 3TeKTPUUYECKUX XaPaKTePHUCTUK
B CJIOSIX, CHHTe3HPyeMBbIX 1P KOMHATHOH TeMIIe-
paTtype. MOXHO I10j1araTh, YTO CHHUKeHHe pasMepoB
3epeH B CJIOAX, CHHTEe3MPOBAHHBIX B Cpeie BOJOpoJa
0bycnoBneHO GOopMHPOBaHHEM HOBBIX BOAOPOAHBIX
LIeHTPOB KPUCTAIIHU3ALHH.

Hamu Takske 6bIIM BBIIIOTHEHBl HCC/IeOBAHU S
IIpOLIeCCOB MarHeTPOHHOTO CHMHTe3a cnoeB ZnO : Ga
B aTmocdepe Ar u Ar-H, B IIMPOKOM LHalla30He
TeMIlepaTyp monnosxkek [9]. B Tabn.l mpuBeneHsl
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Puc.1. POM-u306paskeHusi nAeHoKk ZnO ¢ pa3AuYHbIM YpOBHEM Ae-
2uposaHus ankomuHuem: a - 2,4, b-4,4;c-5,6;d-8,6 am. % Al
Fig.1. SEM images of ZnO films with different Al impurity content:
a-24;b-4.4;c-5.6;d-8.6at. %Al
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Puc.2. PeHmzeHoouppakuUuoOHHbIE WMpUx-0uazpammsl UCX00-
HbIX U OMOXOKEHHbIX NAeHoK ZnO ¢ pa3AuYHbIM YpOBHEM Ae2u-
posaHus ankoMuHUeM, NoAy4YeHHble MemodoM cnpeli-nupoAausa
C ucnoAb308aHuem 8000pacmeopuMblx conell auemama UUHKa
U XA0puda anloMuHus

Fig.2. XRD line diagrams of as-deposited and annealed ZnO
films with different Al doping levels deposited by spray pyrolysis
method using water-soluble zinc acetate and aluminum chloride
as precursors SEM images of ZnO films with different Al impu-
rity content



CpaBHUTeJIbHbBIE JaHHbIe PEHTTeHOCTPYKTYPHBIX
HCCIeJOBAaHUU CI0eB, CAUHTe3HMPOBAaHHBIX IIPH Pa3-
JUYHBIX TeMIIEpaTypax B pa3IMYHBIX aTMOChepax.

Ciou, cHHTe3HMpOBaHHbIe B cpefie Ar-H, pu teMm-
mepatype 50 °C, KUMeIOT pa3sMepbl 3epeH 0K0JIO 2 HM,
4uTO 6/IM3KO K pe3yabpTaTaM, IONy4yeHHBIM B [8]. B TO
JKe BpeMs pa3sMephl 3epeH B CJIOSX, CUHTe3UPOBaH-
HBIX B aTMoCdepe YHCTOTO aproHa CyIlecTBeHHO
BBILIE ~ OKOJIO 13 HM. MBI mmojiaraem, 4YTO IMPHU HH3-
KHX TeMIlepaTypaX CHHTe3a BOJOPO/J, aicOPOUPYsICh
Ha IOBEPXHOCTH pocTa, GOPMHPYyeT HOBbIE LIeH-
TPhl KPUCTAJIIM3ALUU, YMeHbIIas pa3Mep 3epeH.
IIpu yBenHYeHUH TeMIIepaTypsl cuHTe3a g0 200 °C
u 6ojiee pasmeprl 3epeH B CJIOSIX, CHHTe3HUPOBaH-
HBIX B apTOHe K cMecH Ar-H, CTaHOBSITCS OIU3KUMHU,
YTO MOKeT OBITh CBSI3aHO C Aecopblirel Bomopoaa
C IIOBEPXHOCTH POCTA M KaK C/IeACTBHE CHHUKeHHUEM
€ro BJIMSAHHMS Ha IIPOLIECCHl CHHTEe3a CI0eB.

KomnosutHbie cnon Zn0-5Sn0,

JApyruM OTHOCHUTEJIBHO IIPOCTHIM METOLOM HH3KO-
TeMIIepaTypHOTO CHHTe3a INIaJKUX OLHOPOLHBIX
aMOPQHBIX OKCHUIHBIX CJIOEB SABJISeTCS METOJ 0CaK-
JNeHHs B KHHeTHYeCKOM peKHMe, PealHn3yoIHuNCcs
IIPY MarHEeTPOHHOM PaCIIblIEHUH KOMITO3UIIMOHHBIX
OKCHJHBIX MHUIIEHEeH, COCTOSIIUX U3 PaBHBIX U/IH
6/1M3KHUX MOJBHBIX [I0JIekl KOMIIOHEHTOB C MUHHUMaJlb-
HOM B3aHMHOM PacTBOPUMOCTbI0. HaMu Ob11H HccIie-
JOBAaHBI MeXaHHU3Mbl QOPMUPOBAHU S, MOPDOIOTHA
U CTPYKTypa cyoeB ZnO-Sn0O,, CHHTe3MPOBAHHBIX
[IPX KOMHATHOL TeMIlepaType IIyTeM MarHeTPOHHOI'0
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Puc.3. Juppakmozpammpl nneHok ZnO : Ga, HanblAeHHbIX npu
KOMHAmHoU memnepamype u pasau4Hom cooep>kaHuu H, e co-
cmase pabouezo 2a3a

Fig.3. XRD patterns for ZnO:Ga films deposited on room temper-
ature substrate at various H, flow ratios

of the mechanisms of amorphous oxide layers formation
by different deposition methods.

RESULTS

ZnO:Al layers

In [6], influence of the alloying impurity level on
the morphology and structure of ZnO:Al layers was

Ta6auua 1. Xapakmepucmuku pepaekcos 002 ZnO (nonoxkeHue pedaekca 29, e2o UHMeHCUBHOCMb | U UHMe2zpaAbHAs WUpUHa B, a mak-
Ke paccHUMaxHsble 3Ha4eHuUs napamempa KpUuCmanau4eckol pewemxku ¢ U cpedHez0 pasmepa HaHoKpucmanaumoe D) 845 caoes ZnO :Ga,
CUHMe3UpoBaHHbIX 8 cpedax Ar u Ar-H, npu memnepamypax nodaoxku 50, 100, 200 u 300 °C

Table1. Characteristics of 002 ZnO reflections (reflex position 29, its intensity | and integral width 8, as well as calculated values of lattice
parameter c and average size of nanocrystallites D) for ZnO : Ga layers synthesized in Ar and Ar-N, media at substrate temperatures of 50,
100, 200, and 300 °C

CocTas cpepabl Temnepartypa 26, rpapyc | I, umn. | pulse B, rpaayc| C, HM | nm
Media noAJIoXKM, °C degree degree
composition Substrate
temperature
Ar 50 33,77 34 0,75 0,5305 13
100 33,81 23 0,78 0,5298 13
200 34,13 535 0,74 0,5250 14
300 34,3 48435 0,16 0,5224 87
Ar—H, 50 3414 20 3,62 0,5248 2
100 34,06 30 2,35 0,5261 4
200 34,31 5258 0,94 0,5223 n
300 34,19 61505 0,19 0,5241 81
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Puc.4. Juppakmozpammsl nneHok ZnO-SnOz, CUHME3UpPOB8aH-
HbIX NpU MAZHEMPOHHOM pAcnblAeHUU MULLeHel C pa3Au4HbIM
COOMHoWeHUeM oKCUG08 UUHKA U 0A08d Npu memnepamype
nodaoxxek 50°C

Fig.4. CXRD patterns for ZnO-SnO: thin films deposited by mag-
netron sputtering of targets with various ZnO/SnO: content onto
substrates at 50 °C

pacHblleHHsS MUIIeHeH C Pa3JIMYHBIM COOTHOIIe-
HHeM KOMITOHeHT [10]. PeHTTeHOCTPYKTYyPHBIe HCCIle-
IOBaHMS [I0Ka3ajH, UYTO B UHTepBajle CoAepsKaHMUs
OKCH A 0JIoBa OT 34 mo 50 Mmos1. % HabnomaeTcs amop-
duzanus cioen (pHc.4).

Ha puc.5 npencrasieHa MUKPOPOTOrpadus CKola
HHU3KOTeMIlepaTypHOU mieHKU ZTO, CUHTe3Uupo-
BAaHHOM IIPU MarHeTPOHHOM paclblJIeHUH MHUIIeHU
Zn0-Sno0, (50/50). Mo>kKHO BUJETb, UTO IIJIeHKa KUMeeT
rIagKkyo mopdonoruio 6e3 BUAMMBIX [IPU3HAKOB
CTPYKTYpPHUPOBAaHMUS.

BblBOAbl

B paboTe mpomeMOHCTPUPOBAHBl BO3MOKHBIE IIyTH
HU3KOTeMIIepaTypHOTro $OpMHUPOBAHUS QYHKIIHO-
HaJ/IbHBIX aMOPQHBIX C/I0€B Ha OCHOBE OKCH/Ia LIMHKA
IJISL YCTPOKCTB THOKOM IIPO3PavHON 3MeKTPOHUKHU
HOBBIX IIOKOJIEHHH.

BJIATOAAPHOCTHU

PaboTEl BEIIIONHEHB IPH QUHAHCOBOM IIOAJePsKKe
POCCHUHCKOTO Hay4yHOTro GpoHIa (rpaHT Ne 22-19-00157)
C IpuBIeYeHHEM 000pyLoBaHUS AHAJIUTHYECKOI O
LIeHTpa KOJIJIeKTUBHOTO I1071b30BaHU s JOUI] PAH.

WHOOPMALNA O PELLEH3UPOBAHUU
Pemakuus 61arofapuT aHOHHMHOTO pelleH3eHTa
(pelieH3eHTOB) 3a UX BKJIA[ B pelleH3UPOBAHUE ITON

HAHO MHAVCTPUA Tom 16 N6 2023

Puc.5. Jugppakmozpammel nneHok ZnO-SnO,, CUHMe3Upo8aH-
HbIX NpU MAZHEMPOHHOM pAcnblAeHUU MULLIeHel C pa3Au4HbIM
COOMHOWeHUeM OKCUO08 UUHKA U 0A08a npu memnepamype
nodnoxex 50 °C

Fig.5. XRD patterns for ZnO-Sn0O, thin films deposited on room
temperature substrate by magnetron sputtering of targets with
various ZnO/SnO, content ratios

investigated. The authors showed that with increasing
aluminum content up to 8.6 at. %, the thickness of
nanocrystalline sublayer formed on the substrate
increases, contributing to surface topography reduction
of the layers and amorphization of their structure (Fig.1).

We have studied structural transformations in
ZnO: Al layers synthesized by spray pyrolysis [7]. It was
shown that increase of aluminum content in the layers
up to 10 at. % leads to amorphization of the structure.
In the proposed model of amorphization it is assumed
that aluminum atoms, being much to the left of zinc
in the metal activity series, are not embedded in the
ZnO lattice, but localizing on the surface of ZnO grains,
create new crystallization centers, increasing the specific
surface area of intergranular boundaries (Fig.2).

Effect of hydrogen in the working gas on the structure of ZnO
layers

In (8], influence of the level of hydrogen content in the
working gas composition on the structure of ZnO: Ga lay-
ers synthesized by dc magnetron sputtering was studied
(Fig.3).

It is shown that an increase in hydrogen content in
the chamber up to 15 % leads to a significant decrease in
grain size from 24 to 3nm and an increase in the stability
of electrical characteristics in layers synthesized at room
temperature. It can be assumed that decreasing of grain
size in layers synthesized in hydrogen environment is
due to formation of new hydrogen crystallization centers.

We have also studied the processes of magnetron
synthesis of ZnO: Ga layers in Ar and Ar-H, atmospheres
in a wide range of substrate temperatures [9]. Table 1
shows comparative data of X-ray diffraction studies of
layers synthesized at different temperatures in different
atmospheres.
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Jexkaapauus o KoH$AUKMe UHMepecos. AsMopbl 301840
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The layers synthesized in Ar-H, medium at 50 °C have
grain sizes of about 2 nm, which is close to the results
obtained in [8]. At the same time, the grain sizes in
the layers synthesized in pure argon atmosphere are
significantly higher - about 13 nm. We believe that at low
synthesis temperatures hydrogen adsorbed on the growth
surface forms new crystallization centers, reducing the
grain size. When the synthesis temperature increases
up to 200 °C and more, the grain sizes in the layers
synthesized in argon and Ar-H, mixture become close,
which may be due to the desorption of hydrogen from the
growth surface and, as a consequence, a decrease in its
influence on the processes of layer synthesis.

Zn0-Sn0, composite layers

Another relatively simple method of low-temperature syn-
thesis of smooth homogeneous amorphous oxide layers is
the method of deposition in the kinetic regime, which is
realized by magnetron sputtering of composite oxide tar-
gets consisting of equal or close mole fractions of compo-
nents with minimum mutual solubility. We investigated
the formation mechanisms, morphology and structure
of ZnO-SnO, layers synthesized at room temperature by
magnetron sputtering of targets with different compo-
nent ratios [10]. X-ray diffraction studies showed that in
the range of tin oxide content from 34 to 50 mol % amor-
phization of the layers was observed (Fig.4).

Fig.5 shows a micrograph of a chip of a low-
temperature ZTO film synthesized by magnetron
sputtering of a ZnO-SnO, (50/50) target. It can be seen
that the film has a smooth morphology with no visible
signs of structuring.

CONCLUSIONS

This work demonstrates possible ways of low-tempera-
ture formation of zinc oxide-based functional amorphous
layers for new-generation flexible transparent electronics
devices.
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