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B paHHOM pab6oTe onucaHa CNpen-MMposIN3-TEXHOIOTUSA OCAXKAEHUS U3 BOAHbIX PAacTBOPOB COJieM
meta/uioB (Zn, Sn), NOJIMKPUCTA/UIMYECKOW MJIEHKU ZNn,SNO,, C pa3MepoM 3epHa 9 HM BbIYUC/IEHHBIM
no ¢opmyne Lleppepa. HaHeceHne NMieHKM NPOUCXOAUT MyTeM pacnbi/IeHUs CMeCU pacTBOpPOB CoJiei
MeTa/IoB B BUAEe a3po30/ia Ha Harpetyio A0 420 °C cTeKNsIHHYIO MopaJioXKy. MNMpoaemMoHCTpupoBaH
ONTUMAaJIbHbIW PeXUM HaHeCeHUs U NPou3BefeH KOHTPOJIb COCTaBa NMOJIy4eHHOW CTPYKTYpPbl C MOMOLLbIO
peHTreHogasoBoro aHanusa. Mopgonormsa NnoBepxHOCTU NMJIEHKN U3yyanacb METOA0M aTOMHO-CUI0BOM
MUKPOCKONUU. M3MepeHUs 31eKTPpUYeCcKUX napamMeTpoB MJIEHKWU MPpOU3BOAUIUCL MeToAoM BaH-pep-
May u c nomowbio 3dpdekTa Xonna. MMsmepeHbl yaenbHoe CONpoTUB/IEHUE MJIEHKU, TUM NPOBOAUMOCTY,
KOHL@HTpaLmsa 1 NOABWKHOCTb HOCMUTeNen 3apaaoB. MonyyeHHas MeTa/yiooKCcuaHas niaeHka Zn,Sno,
MMeeT TOoMWMHY 0,45 MKM, KOHLEHTpauuio HocuTenen 3apsaaa 1,5-10' cM—3, nogBUXHOCTL HOCUTenen
3apapa 4,86 cm?/B-c, yaenbHoe conpotueneHue 0,49 Om-cM. LLMpuHa 3anpeLLeHHOW 30HbI onpeaensnach
no crekTpam Mor/olLeHus cBeTa 1 coctasmna 3,5 3B. C NnoMoLLbio NoJly4eHHOW MHpOpMaLMKM O cocTaBe
1 MOp}0JIOrUn aHaAIMTUHECKUM MyTEM HA OCHOBE JINTePaTyPHbIX U pacyeTHbIX AAaHHbIX CAENaH BbIBOA,
0 BO3MOXXHOCTU UCMO/Ib30BaHMS AAHHOIO MNoyNpOBOAHUKOBOIO MaTepuana /i CBepX4yBCTBUTE/IbHOIO
JAaTymka skcrnpecc-koHTponst NO, Asist npuéopa AnarHoCTMKM 6pOHXMAIbHOM acTMbl.

This paper describes the spray pyrolysis technology of deposition, from aqueous solutions
of metal salts (Zn, Sn), polycrystalline film zn,SnO,, with a grain size of 9 nm calculated by
the Scherrer formula. The film is applied by spraying a mixture of metal salt solutions in the
form of an aerosol onto a glass substrate heated to 420 °C. The optimal deposition mode was
demonstrated and the composition of the resulting structure was monitored using X-ray
diffraction analysis. The morphology of the film surface was studied by atomic force microscopy.
The electrical parameters of the film were measured by the Van der Pauw method and the Hall
effect. The resistivity of the film, the type of conductivity, concentration and mobility of charge
carriers were measured. The obtained metal oxide film Zn,SnO, has a thickness of 0.45 pm,
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a charge carrier concentration of 1.5-1018 cm~3, a charge carrier mobility of 4.86 cm? / Vs and
a resistivity of 0.49 Ohm cm. The band gap was determined from the light absorption spectra
and amounted to 3.5 eV. With the help of the obtained information on the composition and
morphology in an analytical way, based on the literature and calculated data, it was concluded
that this semiconductor material can be used for a supersensitive NO, express control sensor for

a bronchial asthma diagnostic device.

BBEJAEHUE

OpTocTaHHAT LUMHKA Zn,Sn0, (zinc tin oxide - ZTO)
3TO MM POKO30HHEBIH 10Ty IPOBOAHMK (Eg > 3 3B) n-Trma
IIPOBOAKMMOCTH. [JaHHBIM METAJIJIOOKCHU] B 3aBUCH-
MOCTHU OT crocoba u pexkMMa CHHTe3a MMeeT pas-
Hble 37eKTpodu3uUecKHe U Mopdoyorudeckue
XapaKTepUCTHKH.

MeToq, pacIbIIMTeIbHOTO IIMPOIH3a IPefCTaB-
nsieT cobor HemOpOTOM, He TPeOYIOI UK BaKyyMa
criocob cuHTe3a MaTepHasioB B GopMe IIOPOIIKOB
U IJIeHOK. B ciyvae MIeHOK OHU OOBIYHO HaHO-
CSATCS Ha IIHUPOKUM CIEeKTP MOJJIOKEK, KOTOPHIe
MOTYT 6BITH JIETKO aZalNTHPOBAHEI A/ OCaKJe-
HU S Ha 60JIBIION MJIOMAAK U IIPOLIeCCOB IIPOMBIII-
JTeHHOI0 IPOM3BOACTBA. DTOT METOJ IpesCTaB-
nseT cobor XUMHUUYECKUH CHHTe3 MaTepHaJIoB IIpU
aTMochepHOM HaBIeHUHU, IIPU KOTOPOM PacTBOP
XMMHYECKHX COeJUHEeHUH B IIOAXOASIeM PacTBO-
pHUTesle PaCIBISETCS Yepe3 COMJIO PACHBIIHUTEb"
HOM cHUCTeMBl (a3porpada) Ha ropsiuyio MO I0KKY
JJ15 OCa>KAeHH S IJIEHOK, I/le JOCTHUTAeTCsl PeaKIH s
nuponusa. OKCHUABI MeTaJIOB SIBJISIOTCS IIpesIio-
YTUTEJIBHBIM COeJMHeHHeM, KOTOpOe MOKHO II0/Ty-
YUTh 3TUM criocoboM. CrefyeT MogUYePKHYTh, YTO

INTRODUCTION

Zn,Sn0O, COCTOUT U3 HeTOKCHYHBIX M IIHPOKO pac-
IIPOCTPaHEHHBIX B 36 MHOM KOpe 3/IeMeHTOB, KOTO-
pble HMEIOT HU3KYI0 CTOMMOCTD M3BJIedeHus [1].

ITo aHHBIM [7106a1bHOM CTpPATerUH I10 YIIpaB-
JTeHUI0 U NpodUIaKTUKe HPOHXHUAIBHOM aCTMBbI
(Global Strategy for Asthma Management and
Prevention, GINA), B HacTosiIllee BpeMsl B MUPe acT-
MoM cTpafaeT 300 MaIH 4denoBeK. Ilo pacmpocTpa-
HEeHHOCTH acTMa IIpeBbIIIaeT Takue 3aboeBaHHUS,
Kak uireMudeckas 6oyesHs cepaua (B 300 pas), pak
nerxkux (B 33 pasa), uHCybT (15 pa3). boabmylo Tpe-
BOT'Y BbI3bIBaeT TOT GpaKT, YTO OPOHXMAIBHOM aCT-
Mo 6oneroT bonee 10% meteii. B fTaHHBIA MOMEHT
MK POKOe PACIPOCTPaHeHHEe HAXOASIT HOBble MeTO-
OUKU MeJULKMHCKOM IUarHOCTUKH, B TOM YHCJ/Ie U C
NpUMeHeHHeM Pa3/M4YHbIX [a30aHAIHN3aTOPHBIX
ycTporcTB. OKHUCh a30Ta BeIpabaTbIBaeTCsl B Opra-
HH3Me B 60/bIIeN CTelleHU IPHU BOCIATUTEIbHBIX
mpoleccax, HallpuMep Ipu acTMe. Takum obpa-
30M, JaHHOe 06CTOSTEIBCTBO MOXKHO HCIIOTb30BaTh
Ot 06Hapy>KeHH I ITOJOOHBIX ITPOLIECCOB U BIUSITh
Ha HUX. Y 3JJ0pOBOro U 60JIBHOTO YeoBeKa Cofep-
>KaHHe OKCHJla a30Ta pa3Hoe: Yy 3J0POBOrO 4UeJjo-
BeKka 5 ppb, y 6onpHOro0 >20 ppb. U3MmepeHue nonu

Prevention (GINA), there are cur-

Zinc orthostannate Zn,Sn0O, (zinc
tin oxide - ZTO) is a wide band
semiconductor (Eg > 3 eV) of n-type
conductivity. This metal oxide has
different electrophysical and mor-
phological characteristics depend-
ing on the synthesis method and
regime.

The spray pyrolysis method is
an inexpensive, vacuum-free pro-
cess for the synthesis of materials
in the form of powders and films.
In the case of films, they are usu-
ally deposited on a wide range
of substrates that can be read-
ily adapted for large area deposi-
tion and industrial production

processes. This method is a chem-
ical synthesis of materials at
atmospheric pressure, in which a
solution of chemical compounds
in a suitable solvent is sprayed,
through the nozzle of a spraying
system (airbrush) onto a hot sub-
strate to deposit films, where a
pyrolysis reaction is achieved, and
metal oxides being the preferred
compound to be obtained by this
method. It should be emphasized
that Zn,SnO, consists of non-toxic
and widely distributed elements
in the Earth crust that have a low
cost of extraction [1].

According to the Clobal Strategy
for Asthma Management and

rently 300 million people world-
wide who have asthma. The prev-
alence of asthma is higher than
such diseases as coronary heart
disease (300 times), lung cancer (33
times) and stroke (15 times). The
fact that more than 10% of chil-
dren have bronchial asthma is of
great concern. New methods of
medical diagnosis, including the
use of various gas analysers, are
becoming widespread. Nitric oxide
is produced in the body to a greater
extent in inflammatory processes
such as asthma. Thus, this cir-
cumstance can be used to detect
and influence such processes.
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OKMCH a30Ta He IBJIJeTCsA e JUHCTBEHHBIM U HeOCIIO-
PHUMBIM JUATHOCTHYECKHMM METOJOM, H ero cjiefyeT
IIPUMEHATh B COYeTAHHUU C IPYTUMU U3BECTHBIMHU
MeTOJHMKaMH [2, 3]. IIo3TOMy aHa/IM3 COCTaBa BBI/IbI-
XaeMOro MallMeHTOM BO3/lyXa MOKET OBITh HCII0JIb-
30BaH KaK HeMHBAa3HWBHBIU METOJ AHATCHOCTHKH
OpPOHXMAJIBHOLK aCTMBI C BO3MOSKHOCTBIO BBISIBIIEHU S
0o/le3HU Ha paHHUX CTaAHUSIX. ITO Takke yA06HO
IIpU U3YYeHUH peaKLHuU OpraHr3Ma Ha papmako-
Joruveckoe yjedyeHue. B Bo3gyxe NO 1erko okuc-
asieTcs 1o AuoKcuaa aszora NO,, cmech NO ¢ 6ob-
meil yacTeio NO, ob6o3HauaeTcss Kak NO,. OnHaKo
rJIaBHOM Ipobaemon u3MepeHus: NO, B BeIAbIXae-
MOM BO3/yXe ABJISeTCS MaJias KOHLeHTPaLusa KOH-
TPOJIHPYeMOro ra3a - Ha ypoBHe HeCKOIbKHUX ppb.
Jns u3sMepeHHs TaKHX CBePXMaJIblX KOHIeHTpa-
uun NO, B Bo3yxe TpeOyIOTCS CIleliHa/IbHEIe IIPHU-
eMBbl U3IFOTOBJIEHUS CEHCOPHBLIX METaJIJIOOKCH -
HBIX 3JIeMeHTOB, paboTalONUX IIPU HU3KUX TeM-
neparypax. 'azoBasg 4yBCTBUTEIBHOCTh METaJIJIO"
OKCHIOB bynmeT TeM BhIIIe, yeM 6oJblle OTHOIIEHHE
IIOBEPXHOCTH K 06beMy MUKPOKpHCTAIA (ACIIeKT-
Hoe oTHolleHHe). C yMeHbIIeHHEM Pa3MepoB 3epeH
IIOJIMKPUCTAJIJIA ACIIeKTHOE OTHOIIeHHEe YBeIuYH-
BaeTCs U YIY4IIaI0TCsI CEHCOPHEBIe CBOKCTBA MeTal-
JIOOKCHOA. YMEHBIIUTH pasMep MUKPOKPUCTAJI-
JIOB MOKHO BBI6OPOM pesKHMOB TepMoobpaboTku
CUHTE3UPOBAHHBIX aMOPPHBIX METAJJIOOKCH-
IoB. XOopolllye pe3yabTaThl faeT CMeIIMBaHUe pas-
JUYHBIX OKCUJO0B, YBeIHYHUBaOIIee 3ePHUCTOCTD
Y 1epeKTHOCTD ceHcopa. Jiss MOHUTOPHUHTIA COaep-
SKaHH S OKCHU/IOB 230Ta B BO3/IYIIIHOM Cpe/ie JOBOJIbHO

yCIIeIIHO NPHUMEeHSIOTCSI HAHOCTPYKTYPHUPOBAH-
Hble [T0YyIIPOBOJHHUKOBEIE MeTaJI/IOOKCHU/IBI B Kaue-
CTBe CeHCOPHBIX CJIOeB JaTUYMKOB Ira3os [4]. Hx raso-
Bas YYBCTBUTEJIBHOCTD 00yCJIOB/IeHA H3MeHEeHHUEeM
3JIeKTPOCOIIPOTUBJIEHH I II0BEPXHOCTHU IIOIYIIPOBO-
OHHKA NPU B3aHUMOJENCTBUU MOJIEKY/ KOHTPOJIU-
pyeMoro rasa c IoBepXHOCTHBIMHU COCTOSIHUSMH [5].
C IOMOIIbI0O HAHOCTPYKTYPHPOBAHHBIX MeTaJIJIOOK-
CHUIHBIX JaTYMKOB yCIIeIIHO U3MepsieTCs CollepKa-
Hue NO, B BO3/iyxe Ha YPOBHe eIMHHII U Jaske [0JIeH
ppm, 4uTo mo3BousieT KoHTponuposaTh IIJIK NO,
B BO3/lyXe IIPU HHU3KHUX U Ja’ke KOMHATHBIX TeMIIe-
patypax [4]. ITo xuMudeckuM cBorcTBaM NO - 3To0
ra3-BoCCTaHOBUTeNb, NO, - CUIIBHBIN OKHUC/IHUTE/b.
BiMsiHMe 3THX Ia30B Ha 3JIeKTPHUYeCKHe CBOUCTBA
MeTa/IJIOOKCHAHBIX IOJIYIIPOBOJAHUKOB 3aMeTHO
pasnudvaercss. HanpuMep, HOJyIpPOBOLHUKHU
N-TUIIA IIPY B3aUMoAeHCTBUHU ¢ NO 6ynyT yBeTuuu-
BaTb CBOIO 3JIeKTPOIIPOBOAHOCTD, a IIPH B3aUMOJeH-
cTBUU € NO, 6yzieT Bo3pacTaTh 371eKTPOCONIPOTHUBIIe-
HMe CeHCopa ra3os. [I03ToMy oIlpe/le/IeHHBIN CEHCOP
rasos (n- Zn,Sn0O,) MOXXeT UMeTh Pa3HYI YyBCTBHU-
TeJabHOCTD K ra3aM NO u NO,. Tak kak NO, gocra-
TOYHO CUJIBHBIM OKHCIUTENb, TO 0OBIUHO ra3oBast
YyBCTBUTEJIbHOCTb MeTa/I/IOOKCUJHBIX II0yIIPOBO-
OHUKOB K NO, Brimre, yem K NO.

}3-33 BBICOKOM CeJIeKTHBHOCTH H IIPEBOCXOJHOU
YYBCTBUTENBHOCTH Zn,Sn0, Kak K OKUCISIOUUM,
Tak U K BOCCTAaHOBHUTE/IbHBIM Ira3aM [6-9] cTaHHAT
LMHKa IIIIHMHeIH 9acTo H3y4aeTcsl B KauecTBe CeH-
copa s ra3oB NO u NO, [10]. B 3apybeskHoI1 nuTe-
paType eCcTb MCC/IelOBaHUS, IIOCBSIIleHHbIE CHHTe3y

Healthy and sick people have dif-
ferent nitric oxide levels: a healthy
person has 5 ppb and a sick person
has more than 20 ppb. Nitric oxide
fraction measurement is not the
only and uncontroversial diagnos-
tic method, it should be used com-
bining with other known tech-
niques [2, 3]. Therefore, the analy-
sis of a patient’s exhaled air com-
position can be used as a non-
invasive method of diagnosing
bronchial asthma, with the pos-
sibility of detecting the disease
at an early stage. This is also use-
ful when studying the response of
a body to pharmacological treat-
ment. In air, NO is easily oxidised

to nitrogen dioxide NO,, a mix-
ture of NO where NO, makes the
greater part is referred to as NO,.
However, the main problem in
measuring NO, in exhaled air is
a low concentration of the mon-
itored gas - at a few ppb level.
Measuring such ultra-low NOx
concentrations in air requires spe-
cial techniques for manufacturing
low-temperature metallic oxide
sensor elements. Gas sensitivity of
metal oxides will be the higher the
ratio of the surface to the volume
ratio of the microcrystal (aspect
ratio) is. As the grain size of the
polycrystal decreases, the aspect
ratio increases, and the sensory
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properties of the metal oxide
improve. It is possible to reduce
the size of microcrystals by select-
ing the heat treatment modes of
the synthesized amorphous metal
oxides. Mixing different oxides
gives good results: increases the
grain sizes and defectiveness of
the sensor. Nanostructured metal
oxide semiconductors have been
used quite successfully as gas sen-
sor layers for monitoring nitrogen
oxides in air [4]. Their gas sensi-
tivity is due to a change in electri-
cal resistivity of the semiconduc-
tor surface as the molecules of the
gas under control interact with the
surface states [5]. Nanostructured
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MeTOJOM CIpeH-Iuponu3a Zn,Sn0,, UMeIlero
MOJUKPUCTAIINYECKYIO CTPYKTYPYy KybHdecKoHu
obpaTHOM MIHHeNH. [JAHHBle CHHTe3UPOBAHHEIE
CTPYKTYPBHI Zn,Sn0, 061a1a10T HAUIyYIIeH CesleK-
TUBHOCTBIO K NO, U 3T0 BCe pu pabouux TemIie-
patypax (oko0m0 200 °C) UTO AejlaeT CTAHHAT IJTMHKA
JIYYLIMM MeTaIJIOOKCUIHBIM Fa304yBCTBUTE/IbBHEIM
MaTepHaIOM A5 JaTuuKkoB NO, [11].

Llenplo MaHHOHW paboTHl SIBISIETCS OIpene-
JIeHHe ONTHMAJbHBIX IIapaMeTpPOB H3rOTOBJIe-
HHSI MeTOLOM CIPeH-IIUPOJIKM3a OPTOCTAaHHATA
OHHKA Zn,Sn0,, HMeWU[ero MoJTUKpUCTAIIHNYe"
CKYIO CTPYKTYPy Kybuueckor o6paTHOM MINHUHENH,
a TaKKe B MCCJIeIOBAHH U [1apaMeTPOB U3TrOTOBJICH-
HOU IJIeHKU Zn,SnO, As OLleHKU BO3MOKXHOCTU
KMCIIOJIb30BAHUS €€ B KayeCTBe IOJYIPOBOAHUKO-
BOT'0 MaTepHaja [Jis CBePXUYYBCTBUTEIBHOIO AT~
YHKa 3KCITpecc KoOHTpoust NO, nyis nmprubopa fuarHo-
CTUKY OPOHXHATBHOMN aCTMBL.

ObOPYAOBAHWUE U METOAUKA SKCMEPUMEHTA

MexaHH3M peaKl MU CUHTEe3a MHOTOKOMIIOHEHT-
HBIX TOHKHX IIJIEHOK OKCHUJOB METaJIJIOB, COCTOSA-
IIKUX U3 TPOMHBIX COeJUHEHHU M, C UCII0Nb30BAHHUEM
MeToJa CIper-TIMPOoJIK3a SIBIsSeTCs CIOKHOM 3a7a-
YeH, IIOCKOJIbKY BEPOSITHOCTh POCTa OTHeNbHBIX
OKCH 0B, 06pa30BaHMUS KOMIIO3UTHBIX MaTepHa-
70B UM 06pa3oBaHUs ABYX dpa3 bomsie [12]. YTo6BI
06a KOMIIOHEHTAa HAHOCUJIUCh OJHOBPEeMEHHO
Ha IIOJJIOKKY, He06XOA MBI OIITHMAaJIbHBIE IIapa-
MeTPHI OCaKAeHU . PeaKIius, y4acTBYIOIasl B CUH-
Te3e OKCUIHON CUCTeMBI Zn,Sn0,, 3aKkJH0YaeTcs

B C/Ie[lyIOLeM: KOT[a PacIblJIeHHBIH PacTBOP IIpe-
KYPCOPOB IIPOXOOHUT Uepe3 rpafrleHT TeMIIepaTypHl,
pacTBOp pasjaraeTcs Ha IIPeKYPCOPEl U UCIIApeHU
pacTBopuTensi. Obpa3oBaHUe 3aPOABIIIEBBIX LIeH-
TPOB U IOC/AeAYOMHHN POCT IVIEHKH HAaYHUHAIOTCS,
KOTIa YaCTU pacTBOpa AOCTUTAIOT TOpsSUel IOJ-
JIOKKH, Y 3aI1yCKAeTCs peaKLKMsa KPUCTAIM3AL U
MCXOMAHBIX BeIlleCTB, KOTOpasi IIPUBOLUT K OCasKie-
HUIO IIJIEHKH Z1n,Sn0, I1ocJjie II0JIHOTO Pa3jIoKeHU
pacTBOpa MPEKypCopoB.

MeToAHKOM COPeU-IIHUPOJIH3a MOXKHO 0CaKAaTh
pasHble CTPYKTYPHL Ha pasHble MaTepUa/Ibl II0JJI0-
>KeK. B TekyleM HccieoBaHU U Oblyia BEIOpaHa cTe-
KJISTHHAs IIOAJIOKKAa B BHUe IPeAMeTHOIO CTeKJja
nnst Mukponpemnapartos (FTOCT 9284-75) pa3me-
PoM 26x76x1 MM. Harpes NoAI0KKH 40 HY>KHOHU
TeMIepaTyphl OCYLECTBASJICS IpU noMmoimu MK
KepaMHUUYeCKOT0 HarpeBaTeJbHOTO 3JIeMeHTa pas-
mepoM 245x60 mM. Ilommoskka BBIKJIAaZbIBaaach
B/IOJIb HAarpeBaTessl II0 LeHTPY AJIs TOTO, YTOOBI
DOOUTHCS MAaKCHMAJIBHOTO IOAJePsKaHUS TeMIle-
paTypHOTO peskMMa M paBHOMEPHOI'0O HaHeCeHHU .
I KOHTPOJIg TeMIIepPaTyphl IPUMEHSJICS IUPO-
meTp HoldPeak hp-1500. B skcriepuMeHTe A5 CHH-
Te3a CTPYKTYpHl Zn,Sn0O, 6p11K onpoboBaHbI pas-
Hble TeMIlepaTypHBle peXXHMBbl B JHalla3oHe
oT 300 1o 500 °C, B pe3ynbTaTe 4Yero 6pl1a BeIOpaHa
ONTHMaJbHasa TemIeparypa 420 °C. lng HaHece-
HH4 pacTBOpa Ha TOPAYYIO IOAJIOKKY METOLOM
COpen-IHpOaH3a NPUMeEHSIaCh PACIBIIUTENb"
Hasl CUCTeMa, B KOTOPOH a3po30jib CO3[aBaJIcs IIPU
nomMomu asporpada OPHIR ACO004A, uMeroIiero

metal oxide sensors successfully
measure NO, in air at units or even
fractions of ppm, making it pos-
sible to monitor the MPS of NO,
in air at low and even room tem-
peratures [4]. Chemically, NOisa
reducing gas, and NO, is a strong
oxidising agent. The effect of these
gases on electrical properties of
metal oxide semiconductors varies
essentially. For example, n-type
semiconductors will increase their
electrical conductivity when inter-
acting with NO, and the electrical
resistance of the gas sensor will
increase when interacting with
NO,. A particular gas sensor (n-
Zn,Sn0,) may, therefore, have a

different sensitivity to NO and NO,
gases. Since NO, is a very strong
oxidising agent, the gas sensitiv-
ity of metal oxide semiconductors
to NO, is generally higher than to
NO.

Because of the high selectiv-
ity and excellent sensitivity of
Zn,SnO, to both oxidising and
reducing gases [6-9], zinc spinel
stannate is often studied as a sen-
sor for NO and NO, gases [10]. There
are studies in the foreign literature
on the synthesis by spray pyrolysis
of Zn,Sn0,, which has a polycrys-
talline cubic inverse spinel struc-
ture. These synthesised Zn,Sn0O,
structures have the best selectivity

for NO, and all that at operat-
ing temperatures (around 200 °C),
making zinc stannate the best
metal oxide gas-sensitive material
for NO, sensors [11].

The aim of this work is to deter-
mine the optimum parameters for
fabrication of zinc orthostannate
Zn,SnO, prepared by spray pyrol-
ysis, which has a polycrystalline
cubic inverse spinel structure. The
other goal is to study parameters
of the fabricated Zn,Sn0O, film to
evaluate its use as a semiconductor
material for an ultra-sensitive NO,
express control sensor to be used
in a bronchial asthma diagnostic
device.
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Puc.1. MpuHuunuaneHas cxema ycmaHosku cnpel-nupoAausa:
1 - pazozpemas nodAoXKKa, 2 — Kepamu4eckul Hazpesamenb,
3 - Komnpeccop, 4 - eMKocmb 0451 pacmeopad, 5 — apozpag,
6 - wmamus

Fig.1. Schematic diagram of a spray pyrolysis unit: 1 - heated sub-
strate, 2 - ceramic heater, 3 - compressor, 4 - solution tank, 5 -
airbrush, 6 - tripod

comno auaMmerpom 0,3 MM. [laBjleHHe BO3ayxa
n7st asporpada HarHeTaaoch 6e3MacasiHBIM IIOPII-
HeBBIM KoMmpeccopoM AS186. [IpuHIMIKMaAbHAL

EXPERIMENTAL METHODS AND

CXeMa YCTaHOBKH CIpeH-IIMPOJH3a IIOKa3aHa
Ha puc.l.

CHUHTe3 MHOITOKOMIIOHeHTHOMU IIJIeHKH MeTa/IJI00K-
cupa Zn,Sn0O, oCyLecTBIISICS U3 ABYX COJNel MeTall-
70B alleTaTta nuHKa [Zn(CH;COO0), - 2H,0] u xio0-
puna onosa [SnCl, - 2H,0]. JaHHbIe IPeKypCOPbI
KMCII0/Ib30BA/JIMCh B KaYeCTBe MCTOYHMKA XHUMHM-
YeCKHX 3JleMeHTOB (Zn, Sn) B cOeJUHEHUH CTaH-
HaTa IHMHKa. B COOTBETCTBHUH C XUMHUUYeCKOH $op-
MYyJOH CTaHHATa LIMHKA, MOJSPHOE COOTHOIIe-
HUe BBIOPAaHHBIX IIPEKYPCOPOB B PaCTBOPe COCTAB-
510 2:1. 3aTeM COOTBETCTBYIOIee KOJHYECTBO
XUMHYECKUX PEAKTHBOB PACTBOPAJIOCH B LeHOHM-
30BaHHOMU BOJle OTZe/NbHO APYyr OT Apyra C IpoMme-
HBaHHeM B TedeHHe 30 MUH. K pacTBOpYy XJ10pHuaa
onoBa KobaBasinack KOHIEHTPUPOBAHHAS CONSIHAS
kucnota HCl nnsg npemoTBpameHus THAPONIH3a.
Hainee, 0 IPUTOTOBJIeHU S GUHAIBHOTO HAIbLJISA-
@MOTO0 COCTaBa MpeablAyIiHe pacTBOPEl CMENIMBa-
JHUCh B OAUH, B KOTOPOM BBIIIaZas 0CafioK, f06aB-
JISAJ1aCh COJIIHAS KMC/IOTA U OCYILEeCTBIAIOCH Ilepe-
MeIllIMBaHUe B TeyeHHe 2 4. [lepeMelIMBaHHe KaXK-
JIOro pacTBOpa NPH KOMHATHOM TeMIlepaType ocy-
IIeCTBJISIJIOCh C IOMOIIbI0 MAaTHUTHOM MeIlaJKHU
IKA RH basic 2. YopomeHHas cxeMa U3rOTOBJIEHHU S
IJIeHKHU Zn,Sn0, MeTOAO0M CIPeU-TIHPOJIK3a IToKa-
3aHa Ha pucC.2.

Pe>xMM HaHeCeHHS MHOTOCAOMHOH IIJIEHKH
COCTOSIJI U3 LUKI/IOB 10 1,5 MUH GecripepbIBHOM
[IOJAa4YH a3po30/sl Ha IOBEPXHOCTb Pa3orpeTou
IIO/JIOKKH, I1ay3sl B 40 ¢ 10 IOTHOTO BOCCTAHOB-
JeHHWS TeMIIePaTyphl IIOBEPXHOCTHU IIOAIOXKKH.

EQUIPMENT

The reaction mechanism of the
synthesis of multicomponent ter-
nary metal oxide thin films using
spray pyrolysis is a complex prob-
lem, as the growth of individ-
ual oxides, formation of compos-
ite materials or formation of two
phases are more likely [12]. For
both components to be deposited
simultaneously on the substrate,
optimum deposition parame-
ters are required. The reaction
involved in the synthesis of the
Zn,Sn0, oxide system is as fol-
lows: when the atomised pre-
cursor solution passes through a

temperature gradient, the solu-
tion decomposes into precur-
sors, and the solvent evaporates.
Nucleation centre formation and
subsequent film growth begins
when parts of the solution reach
the hot substrate and a crystalli-
sation reaction of the precursors
is initiated, leading to deposi-
tion of the Zn,SnO, film after the
precursor solution has been com-
pletely decomposed.

The spray pyrolysis technique
can deposit different structures
on different substrate mate-
rials. In the current study, a
glass substrate in the form of
a slide for micro-preparations
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(GOST 9284-75) of 26 x76x1 mm
size was selected. The substrate
was heated to the desired tem-
perature using a 245x60 mm IR
ceramic heating element. The
substrate was laid out along
the centre of the heater in order
to achieve maximum tempera-
ture maintenance and uniform
application. A HoldPeak hp-1500
pyrometer was used for tempera-
ture control. In the experiment
for the synthesis of Zn,Sno,
structure different tempera-
ture modes in the range of 300
to 500 °C were tried, resulting
in an optimum temperature of
420 °C being selected. To apply
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PaccTtossHHMe 00 MOAJOXKH COCTaB/sIIO 85 cM.
B MTOore Ha MOBEPXHOCTH IIOAJIOKKH 3a OLHUH IIUKII
dopmuposancs 1 cion, Bcero 6s1s10 chopmMuUpo-
BaHO 7 C/10€B IIJIEHKH Zn,Sn0,.

PE3Y/IbTATbI N OBCY)XXAEHUE

CuHTe3upOBaHHBle 0b6pa3lbl Oas oIpenese-
HHS COCTaBa OCa>XOeHHOIO BelleCTBa IIOM-
Beprajuchk peHTreHopa3oBOMY aHaIH3Y.
PeHTreHOCTPYKTYPHBIE HCCIeA0BaHUA Z1,Sn0, IIpo-
BOJMIJIM C UCIIO/Ib30BAHHEM PeHTIeHOBCKOIO CIIeK-
TpomeTpa Bruker DIFFRAC EVA3.0. PeHTreHOBCKHe
CIIEKTPBl CHMMAJKCh B AHAIla30HaAX OT 20 (25)
o 20 (50) ¢ mupuHON mara 20 (0,02), c UCIIONB-
30BaHHEM PEeHTIeHOBCKOTO HM3JyYeHUS C OIU-
HOU BOJHBI 1,54056 A. PeHTreHOBCKHE CIIEKTPHI
OBIIM IPOAHATHU3UPOBAHBL IIyTE€M COIOCTABIEHHUS
¢ 6ason gauubix ICDD PDF2012 1, B COOTBETCTBUHU
c 6a30¥ LAaHHBIX, IPOUJIIIOCTPUPOBAHBI II0IOKe-
HHA IIUKOB. JJaHHEBEIe PeHTreHopa30BoOro aHaliKM3a
IJIEHKHU ZNn,Sn0O, MoKa3aHbl Ha PHUC.3.

CreKkTp PeHTreHOBCKON OJUPPAKIIUU TOHKOU
ImJeHKH Zn,Sn0O,, OCa’kAeHHOHU IIpHU TeMIlepa-
Type HOII0KKHU (420 °C), mokassIBaeT 4UTo, peHT-
reHOrpaMMa XOPOILIO COBITazaeT ¢ 6a30HM LaHHBIX
ICDD PDF2012 1 COOTBeTCTBYeT IIOJIMKPUCTAJIINYe-
CKOM CTPYKType KybuuecKoi 06paTHOM LITUHeNIH
Zn,Sn0,. O NOMHUKPUCTAJIMYECKON IIPUpOAe IIje-
HOK CBU/IeTe/IbCTBYIOT 3aMeTHBIM OCHOBHO LIHPO-
KUHN pedrnekc oT maockocTH (3,1,1) u monoskeHUe
nuka 20 (34,52). ipyrue, cnabo BeIpaskeHHBbIe, UG-
PaKLMOHHBIe IMKK MOXHO OTHeCTH K Sn0O,, ZnO

[SnCl, - 2H,0] + 60 M1 H,0 + 1 ma HCl

Mepemewnsanme 30 MUH
npyv KOMHATHOW TemnepaType
Agitating for 30 min at room temperature

[Zn(CH,CO0), - 2H,0 + 60 mI H,0

¥

CmeLunBaHuMe 2 pacTBopos + 2,7 ma HCI
Stirring of 2 solutions + 2.7 ml HCI

MepemelwnBaHme 120 MUH npu
KOMHaTHOW Temnepatype
Agitating for 120 min at room
temperature

HaHeceHue pacTBopa
Applying the solution

!

FoToBag nneHka Zn,SnoO,
Prepared film Zn,SnO,

TemnepaTypa noasioxkmn 420 °C
Substrate temperature is 420 °C

Puc.2. Cxema uzzomosAaeHus naeHku Zn,SnO, memooom
cnpeli-nupoausa
Fig.2. Scheme for deposition Zn,SnO,, films by spray pyrolysis

U Zn,Sn0O,, 4TO yKa3bIiBaeT Ha IPUCYTCTBHUE aMOp-
HOI'0 ¥ CMeIIaHHOIo COCTaBa IJIEHKH, XapaKTep-
HOTO /ISl HeJIOCTAaTOYHO HEOTOKKeHHBIX 06pa31ioB

the solution onto a hot substrate
by spray pyrolysis, a spray sys-
tem was used in which the aero-
sol was created using an OPHIR
ACO004A airbrush with a noz-
zle dia. 0.3 mm. Air pressure to
the airbrush was supplied by an
AS186 oil-free piston compressor.
A schematic diagram of the spray
pyrolysis unit is shown in Fig.1.
The synthesis of multi-
component metal oxide film
Zn,Sn0O, was carried out from
two metal salts zinc acetate
[Zn(CH,C00),-2H,0] and tin
chloride [SnCl, - 2H,0]. These pre-
cursors were used as a source
of chemical elements (Zn, Sn)

in zinc stannate compound.
According to the chemical for-
mula of zinc stannate, the molar
ratio of the selected precursors
in the solution was 2:1. Then the
corresponding amounts of chem-
ical reagents were dissolved in
deionized water separately from
each other with stirring for
30 minutes. Concentrated hydro-
chloric acid HCI was added to
the tin chloride solution to pre-
vent hydrolysis. Then, to pre-
pare the final sprayable composi-
tion, the previous solutions were
mixed into one in which a resi-
due precipitated, hydrochloric
acid was added and stirred for 2

hours. Stirring of each solution
at room temperature was carried
out using an IKA RH basic 2 mag-
netic stirrer. A simplified flow
diagram for the fabrication of
Zn,Sn0, film by spray pyrolysis
is shown in Fig.2.

The multilayer film applica-
tion mode consisted of 1.5 min
cycles of continuous aerosol
application to the surface of the
heated substrate with a pause of
40 seconds to ensure complete
recovery of temperature of the
substrate surface. The distance
to the substrate was 85 cm. As a
result, one layer was formed on
the surface of the substrate in
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Puc.3. Cnekmpbl peHm2eH0$paz08020 aHaausa naeHku Zn,Sno,

Fig.3. X-ray diffraction analysis of Zn,SnO,, film

CTaHHaTa IMHKaA. PasMep 3epHa MHOJy4eHHOIO
obpasia OolLleHHUBAJICS C HUCIIOJb30BaHUEeM op-
Mysl lleppepa, o KUKy peHTreHo(a3oBOro aHa-
JIM3a OT IIJIOCKOCTH (3,1,1) ¥ C ITOoJIO>KeHHeM IMKUKa 20
(34,52). Pazmep 3epHa cocTaBuI 9,15 HM.
CraHHMpOBaHMUE IOBEPXHOCTH Ha aTOMHO-CHUJIO-
BOM MHKpocKoIrie FemtoScan-001 11o3BoJIMJIO 10Ty~
YUTh IIpeACTaBlieHHe 0 MHKpopenbede HccCle-
JyeMOH TOHKOH IJIeHKH. MUKpopenbed TOHKOH

IJIeHKHU Zn,Sn0, OGHOPOJAHBIM, C YyMEPEeHHO yIIaKo-
BaHHBIMH 3€pHAaMHM, KaK [I0Ka3aHO Ha puc.4.

Kak BUAHO M3 pUC.5, B pe3ynbTaTe CIpeu-
IIMPOIKM3a CTPYKTYPa IJIEHKHU COCTOUT M3 KPYIIHBIX
cbepuUeCcKHUX 3epeH, B pe3yibTaTe 4yero paxkruye-
CKasl IJIOLIA1b II0OBEPXHOCTH 60JIbllle, YeM IJIOIA b
HcCIeyeMOM IIOBEPXHOCTH IIJIEHKHU. ITO CIocob-
CTByeT YBeJIMYeHHIO Fa30BOk UYBCTBUTEJIBHOCTH
JATYMKOB Ha OCHOBE TAKOIO I10JIYIIPOBOAHHKOBOIO

one cycle and a total of seven lay-
ers of Zn,SnO, film were formed.

RESULTS AND DISCUSSION

The synthesized samples were sub-
jected to X-ray phase analysis to
determine a composition of the
precipitated material. X-ray stud-
ies of Zn,Sn0O, were carried out
using a Bruker DIFFRAC EVA3.0
X-ray spectrometer. X-ray spectra
were taken in bands from 20 (25)
to 20 (50) with a step width of 20
(0.02), using an X-ray wavelength
of 1.54056 A. The X-ray spectra
were analysed by comparison with
the ICDD PDF2012 database and,
according to the database, the
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peak positions were illustrated.
The XRD data of the Zn,SnO, film
are shown in Fig.3.

The X-ray diffraction spec-
trum of the Zn,Sn0, thin film
deposited at substrate tempera-
ture (420 °C) shows that the X-ray
diffraction spectrum is in good
agreement with the ICDD PDF2012
database and corresponds to the
polycrystalline structure of the
cubic inverse spinel Zn,SnO,.
The polycrystalline nature of the
films is evidenced by the promi-
nent major broad reflex from the
(3,1,1) plane and the position of
the 20 peak (34,52). Other weakly
pronounced diffraction peaks can

be attributed to SnO,, ZnO and
Zn,Sn0,, indicating the pres-
ence of amorphous and mixed
film composition characteristic of
insufficiently annealed zinc stan-
nate samples. The grain size of the
resulting sample was estimated
using the Scherrer formula, with
the XRD peak from the plane
(3,1,1) and with the position of the
20 peak (34,52). The grain size was
9.15nm.

The surface scanning by a
FemtoScan-001 atomic force
microscope provided an insight
into the microrelief of the thin
film under study. The microre-
lief of the Zn,SnO, thin film is
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Puc.4. Mukpopeabeg naeHku Zn,SnO,,
Fig.4. A micro-relief of Zn,SnO,, film

maTepurasia. CpefHAS IMIepPOXOBATOCTh [IOBEPXHO-
CTH IIJIEHKHU Sa = 8,07309 HM, cpesHeKBaLgpaTUYHAas
IIIePOXOBATOCTh [IOBEPXHOCTH, Sq = 11,3253 HM.
JnekTpodH3HMUeCKHe IMapaMeTphl: yAe/lbHOe
COIIPOTHUBJIEHHE IIJIEHKHU U IOABUKHOCTb HOCH-
Teneu 3apgapa Zn,SnO, U3MepsSIIUCh MeTOLOM

Bau-mep-Ilay u ¢ momomsio 3¢dpexra Xojaa B Mar-
HHUTHOM 1ose 0,63 Ti1. ITosiy4yeHHbIe JaHHbIE KCCTIe-
NOBAaHUS 3aHeCeHBH! B Tabi.l. TUI MPOBOAUMOCTH
MOJYIIPOBOSHHUKOBOM IIJIEHKH OLleHHUBAJICS C IIPU-
MeHeHHeM TepMo30oHAA U 3bderTa Xomna u Obi1
ompejesieH KaK N-THUII. YTO6Bl pPacCUYUTATD yAeNb-
HOe COITPOTHBJIEHHe UCCIelyeMBbIX II/IEHOK, Heo6Xo-
OUMO OBIIO M3MEPHUTh UX TONMUHY. OpeneneHue
TOJIIMMHBI METAIJIOOKCUIHBIX ITIJIEHOK BBITIOJIHSIIOCH
Ha MHTeppepeHIIMOHHOM MHKpocKome MHH-4,
['paHHIa Iepexona MeXAY CTeK/IOM U IIJIeHKOM CO3-
JlaBajlach C IOMOIIb TEPMOCTOUKOI0 cKoTua Kapton
Tape u 3aTeM, 10 UHTeppepeHLIMOHHBIM [10JI0CaM,
OLleHMBAJaCh TOJIIMHA IJIeHKHU, ToNIHHA IIJIEHKH
Zn,Sn0O, coctaBuia 0,45 MKM.

K13 tabn.l BUOHO, YTO MJIeHKa Zn,Sn0, obnagaer
BBICOKOMU 3JIEKTPOIIPOBOJHOCTBIO U KOHLIEHTPaLlen
cBobomHBIX HOCUTeNel (n =1,5-10'8 cm™3), uTo 06y-
CJI0BJIEHO 0COO@HHOCTSIMH TOKOIIEPEHOCA B IIJIEHKe
Zn,Sn0O, [13].

ComexkTpajnbHOE HCCJIIeJOBAaHHE ONTHUUYECKHUX
CBOMCTB METAJJIOOKCHIOB HMMeeT PsjJ Ipeu-
MYIIeCTB, a TakXe SBIsSeTCS 6€CKOHTAKTHBIM

Tabauya 1.Pe3yabmamsl usmepeHull 3/ekmpogu3uyeckux ceolicme naeHKu Zn,SnO,
Table1. Measurement results of the electrophysical properties of Zn,SnO,, films

Xum. popmyna

Chemical formula

Zn,5n0, 0,49 35

4,86 1,510

uniform, with moderately packed
grains as shown in Fig.4.

As can be seen in Fig.5, the
spray pyrolysis results in a film
structure made up of large spher-
ical grains, with the result that
the actual surface area is larger
than that of the investigated
film surface. This contributes
to increasing the gas sensitiv-
ity of sensors based on this semi-
conductor material. The average
surface roughness of the film is
Sa = 8.07309 nm and the aver-
age surface roughness equals
Sq=11.3253 nm.

Electrophysical parame-
ters such as film resistivity and

charge carrier mobility of Zn,SnO,
were measured by Van der Pauw
method and Hall effect in 0.63 T
magnetic field. The obtained data
are recorded in Table 1. The con-
ductivity type of the semiconduc-
tor film was evaluated using the
thermal probe and the Hall effect,
and was determined to be n-type.
In order to calculate resistivity of
the films under study, it was nec-
essary to measure their thickness.
Determination of the thickness of
metal-oxide films was carried out
using a MII-4 interference micro-
scope. The transition boundary
between glass and film was cre-
ated with heat-resistant Kapton

Tape, and then the film thickness
was estimated by interference
fringes. The Zn,Sn0O, film thick-
ness was 0.45 pm.

Table 1 shows that Zn,SnO, film
has high electrical conductivity
and concentration of free carriers
(n =1.5-1018 cm™3) which is due to
peculiarities of the current trans-
fer in Zn,SnO, film [13].

Spectral examination of the
metal oxides optical proper-
ties has several advantages, it
is contactless and non-destruc-
tive. Transmission spectra are
the main type of optical inves-
tigation. This type of mea-
surement is highly accurate

VoL.14 No.6 2021 NANO INDUSTRY
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Puc.5. Cnekmp nponyckarus (npo3pa4yHocme) naeHku Zn,SnO,,
Fig.5. Transmission spectrum (transparency) of Zn,SnO, film

U Hepaspymamomum. CHATHe CIIeKTPOB IIPOIyCcKa-
HHU S SIBJISIeTCS OCHOBHBIM BHUO0M OIITHYECKOI0 UCCIe-
JoBaHHUA. TaKOW BUJ HU3MEepPeHUH HMeeT BBICOKYIO
TOYHOCTH U IIPOCTOTY IIPOBEIEHUS, U Pe3yabTaThl
MOryT 6bITh 6bICTPO 06paboTaHbl. MccnenoBaHUs
Ko9$OHUIIHeHTa IIPOIyCKAHHUS OBIIM CHSITHL Ha CIIEK-
TpodoTtomeTpe CITEKC CCII-715-M.
CrnexktpodoromeTrp CIIEKC CCII-715-M HCIIOJb-
3yeTCs IJISl CHATHUS ONTHYECKOIo CIIeKTpa IPOoIly-
CKaHUS KUAKUX U TBePABIX 06pa3lioB B pa3iny-
HBIX JHalla30oHaX ClIeKTpax. OmThdYeckas cxema
IpeaCTaBasieT cCOO0M ABYX/Iy4deByIo amIly. CIIeKTp
co3aeTcCsd JIaMIIOM B Auarmas3oHe 190-1100 HM.
JaHHBIN IpHOOp NPUMeHSIeTCs /ISl CHSITHS CIIeKTpa

npomyckaHus o6pasLoB u mocienymomuier obpa-
60TKU pe3ynbTaToB. CHSITHE CIIeKTPA IPOMYyCKAHUS
JeXUT B Auamnasone 0,1-100 %. CekTp MponyCcKaHU A
IJIeHKH Zn,SnO, mpHUBegeH Ha PUC.5.

CrmexTp IIPOmyCKAHMUSA )i IIJIEHKH ZNn,Sn0, uMeeT
B BUJUMOM U MHQPAKPACHOU YaCTHU CIIeKTpa Ipo-
3pauHOCTh 60ree 80%. [Iopor MpoO3pavyHOCTH IIPHUXO-
JUTCS Ha yABTPaQHOIETOBBIM AHUAIIa30H. ITO Je/aeT
UX IIPUTOJHBIMHU JIJISI HCIIOJIb30BaHUS B IIPO3PayHOU
3JIeKTPOHHKE U COTHEUHOU SHepreTHUKe.

V3 1oporoB IIOI/IOILeHHUS MOXHO OIIpeJeIuTh
KO03)PHUIIMEeHT IOT/IOIeHU S U MIUPUHY 3allpelleH-
HOM 30HBI IJIEHKU B KoopauHatax (ahv)?=f(hv).
JaHHBIe pacyeTa IIHMPHUHBI 3allpelleHHON 30HBI
II0Ka3aHbI Ha PHUC.6.

[lupuHa 3alpeleHHON 30HHI OblJIa OIIpefieneHa
o cupsmieHuwo rpapuka (ahv)?=f(hv) u cocra-
BuJIa 3,53B 114 Zn,Sn0,.

3AK/IIOYEHUE

B maHHOM paboTe 6bl7a CHHTe3UPOBaHA IJIeHKaA
OpTOCTaHHATA IMHKA Zn,Sn0,, UMemIas CTPYK-
Typy Kybuueckoi o6paTHOM MMNKHeNIH. [ 3TOM
IJIeHKU OIlpeJe/leHbl ONTHMAaJbHble IapaMe-
TPB CHUHTe3a CIPeH-IIHMPOTH30M, IO3BOJISIO-
mue J06MThCS BOCIPOM3BOJMMOCTH pe3yabTaTa.
Cpasy e Iocjle HaHeCeHUS IJIeHKa UMeJa yg0B-
NeTBOPUTEe/NIbHBIE 3/eKTPodHU3UUeCKHe ITapaMe-
TPbI, YTO fle/laeT ee INPULOJHOM sl IpaKTHUe-
CKOTO MCIIO0JIb30BAHMS HEMOCPEeACTBEHHO II0C/Ie
M3rOTOBJIEHMS, COKpalllaeT KOJHUYECTBO TeXHOJIO-
THYeCKHUX OMepallui U yAelleBiaseT JalbHekHIIee

and easy to perform, and the
results can be quickly processed.
Transmission coefficient studies
were taken by a SPEX SSP-715-M
spectrophotometer.

The SPEX SSP-715-M spectro-
photometer is used to take opti-
cal transmission spectra of lig-
uid and solid samples in vari-
ous spectral ranges. The optical
scheme makes use of a two-beam
lamp. The spectrum produced by
the lamp is in the range of 190-
1100 nm. Transmission spectrum
readout ranges from 0.1to 100%. It
is used to measure the transmit-
tance spectrum of samples and
process the results. Transmission
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spectrum of Zn,SnO, film is
shown on Fig.5.

The transmission spectrum for
Zn,SnO, film has a transparency of
over 80% in the visible and infrared
part of the spectrum. The trans-
parency threshold is in the ultravi-
olet range. This makes them suit-
able for use in transparent elec-
tronics and solar energy.

Based on the absorption
thresholds it is possible to deter-
mine the absorption coeffi-
cient and the band gap width
of the film in the coordinates
(ahv)?=f(hv). The data for cal-
culating the band gap width is
shown in Fig.6.

The band gap width was deter-
mined from the plot straighten-
ing (ahv)?=f(hv) and was 3.5 eV for
Zn,Sn0,.

CONCLUSIONS

In this work zinc orthostannate
film Zn,Sn0O,, which has the
structure of a cubic inverse spi-
nel, was synthesized. For this
film the optimum parameters
of spray pyrolysis synthesis were
determined, allowing reproduc-
ibility of the result. Immediately
after deposition the film had sat-
isfactory electrophysical parame-
ters, which makes it suitable for
practical use immediately after
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[IPOM3BOJCTBO M3Je/lHl Ha ee OCHOBe. JlaHHBIHU
CHHTe3UPOBAHHBIM MOJYIPOBOJHHUKOBBIN MaTe- 250
puan umeeT TONIIKUHY 0,45 MKM, KOHLEHTPAIIKIO
HocUTeNeHn 3apsana 1,5:10'8 cMm™, mMOOBUKHOCTH = 4007
HOCHUTeNeH 3apsjaa 4,86 cm?/B-c, yaenbHOe COIPO- < 3507
TuBleHHe 0,49 OM-CM, IIHPUHY 3allpelleHHOHN 2 3007
30HBI 3,5 3B, 4UTO COOTBETCTBYET JTUTEPATYPHBEIM % 2507
JaHHBIM. [l olpefie/ieHHs COCTaBa CUHTe3HUPO- 2 2007
= - 150 -
BaHHBIX CTPYKTYP HPOBOAKIICS peHTreHoda3oBbIH 5 oo
aHa/aM3, KOTOPBIM II0Ka3a, YTO MOJIy4eHHasl peHT- s
reHorpaMma XOpOIIO COBIajfaeT ¢ 62301 JaHHBIX 207
ICDD PDF2012 1 COOTBETCTBYET MOJITUKPHUCTAIIHYE- 0 o
CKOI CTPYKType KybuuecKoil 06paTHOM IIMHHeNIH hv, 98| eV
Zn,Sn0,. O NOMUKPHUCTAINYECKOU IIPUPOZe IIJIEHOK
CBUMETEIbCTBYIOT 3aMeTHBIM OCHOBHOU IMIHPOKHUU
pednexc ot minockocTH (3,1,1) mososKeHUe ITUKA 20

(34,52). Cxoxkvie maHHBIe peHTreHo$a30BOro aHaaK3a
C TaKOU XKe CTPYKTYpPOH, pa3MepoMm 3epHa 9,15 HM
U 3JIeKTPOOH3HUUYEeCKHUMHU IIapaMeTpaMH HUMeEIT
IIJIEHKH Z1n,Sn0,, KOTophle, KaK co00111a/710Ch, BO MHO-
SKeCTBe HCCIeSOBaHUM, CIIOCOOHBI 06HAPYKUBATh
MaJble KOHIeHTpaluu NO, npu HU3KoU paboyen 1.
TeMIlepaTtype, ABASSCh He3aMeHHUMbBIM MaTepHUaIoM

JJIS MOJIYIIPOBOJHMKOBBIX Fa30BbIX CEHCOPOB NO,.

Bce 3T0 1103B0JISIeT C IOMOIIIBIO [TOJIy4eHHOM UHOP- 2.
MallMH O COCTaBe U MOPOOIOrUU aHAJIUTHYCCKUM
IIyTeM Ha OCHOBe JIMTePaTYPHBIX U pPaCYeTHHIX JaH-

HBIX CJIe/1aTh BBIBO/, O BO3MOKHOCTHU HCITOJIb30BAHU S 3.
JAHHOIO IMePCHeKTUBHOTO IIOAYIIPOBOLHUKOBOIO
MaTepuaja [Jigd CBePX4YyBCTBUTENBHOIO AAaTYMKa
3KRCIIpecc-KOHTPost NO, oy mpubopa JHAaTHOCTUKH
OpOHXHABHOM ACTMBI.

Puc.6. 3asucumocmu (ahv)? om 3Hepauu ceema 0451 Zn,SnO,
Fig.6. Dependencies of (ahv)? on light energy for Zn,SnO,
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production, reduces the num-
ber of technological operations
and makes further production
of articles based on it cheaper.
The given synthesized semicon-
ductor material has a thickness
of 0.45 pm, charge carrier con-
centration of 1.5-10!® cm™3, car-
rier mobility of 4.86 cm? /s and
resistivity of 0.49 Ohm-cm, band-
gap of 3.5 eV that corresponds to
the literature data. In order to
determine composition of the
synthesised structures an X-ray
phase analysis was carried out,
which showed that the obtained
X-ray patterns agreed well with
the ICDD PDF2012 database and

corresponded to the polycrystal-
line structure of the cubic inverse
spinel Zn,Sn0,. The polycrystal-
line nature of the films is evi-
denced by the prominent major
broad reflex from the (3,1,1)
plane position of the 20 peak
(34,52). According to the X-ray
diffraction analysis, Zn,SnO,
films have the similar parame-
ters - the same structure, grain
size of 9.15 nm and electrophys-
ical parameters that have been
reported in numerous stud-
ies. These are capable of detect-
ing small concentrations of NO,
at low operating temperatures,
being an indispensable material

for semiconductor NO, gas sen-
sors. Based on the obtained infor-
mation about the composition
and morphology, it is possible to
analyse the literature and com-
putational data and conclude on
a possibility to use this promis-
ing semiconductor material for
a supersensitive express-control
NO, sensor for bronchial asthma
diagnostic device.
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Iekaapauus o KoHpAUKMe uHMepecos. ABMopbl 398A10M
06 omcymcmeuu KOHYAUKITO8 UHMEPecos UAL AUYHBLIX 0MHO-
wieHuil, komopble Mo2Au bl nosAuams Ha pabomy, npedcmas-
AeHHyt0 8 daHHoll cmamve.
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