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THE HUMIDITY AND STRUCTURING ADDITIVES INFLUENCE ON
ELECTROPHYSICAL CHARACTERISTICS OF TIN DIOXIDE FILMS

The structuring additive concentration and humidity influence on the electrophysical properties of tin dioxide films
was studied. The growth of SnO2films, interelectrode resistance with the growth of polyvinyl acetate concentration in the
initial solution is due to the porosity increase caused by the PVA increase in the films under study. The section of dark
current temperature dependence, in vacuum from 110 °C with an activation energy ~ 0.7 eV, is due to the water molecules
desorption. The resistance decrease of tin dioxide films in a wet atmosphere due to the dissociative adsorption of water

molecules on the SnO2layers surfaces has been established.

1. Introduction

Tin dioxide, an n-type semiconductor with a
band gap of about 3.6 eV (at 300 K), belongs to the
group of “transparent conductive oxides” (PPO),
together with compounds such as ZnO, In203
WO3 etc. Thin films of this oxide are transparent
in the visible and near-UV spectrum region and at
the same time may have high electrical conduc-
tivity, which makes them enough promising and
even necessary material for transparent electrodes
of solar cells, flat monitors, LEDs. [1-3].

Nanostructuring of thin SnO2 films increases
their porosity and, consequently, the effective
area of their surface. Due to this, the conductiv-
ity of such films is particularly strongly affected
by sorption processes occurring on their surface.
As aresult, many of the electrophysical properties
of tin dioxide thin films prove to be highly sensi-
tive to the film’s interaction with various media,
including gaseous and liquid media [4].

Many biological media, including various gas-
es (CO, CO2 SO2 HZS, nitrogen oxides, oxygen,
ozone, etc.), as well as liquids (with the presence
of different ions) interacting with tin dioxide films
surfaces also can cause changes in their electrical
characteristics. This property of tin dioxide makes
it to be one of the most popular materials for the
environment monitoring and various biological
environments diagnostics. The influence of atmo-
spheric air humidity on the tin dioxide conduc-

tivity should always be taken into account when
using this material, both as a sensor and an elec-
trode.

This work is intended to study the influence of
both the humidity and of the structural additive
amount in a fabrication solution on the electro-
physical characteristics of tin dioxide films.

2. The film’s fabrication methods and ex-

periment

Thin films of nanostructured tin dioxide were
obtained using polymer materials by the sol-gel
method [5]. Bis-(acetylacetonato)dichlorotin
(BADCT) was used as the tin precursor of tin di-
oxide [6]. Polyvinyl acetate (PVA) was used as
a structuring polymer material. After coating the
glass substrate by the initial solution, the samples
were annealed to remove organic constituents and
form atin dioxide layer.

The registration of the electrophysical charac-
teristics of SnO2 nanofilms is based on the stan-
dard fixation of the I-U characteristics (CVC)
and the Dark Current Temperature Dependence
(DCTD). Indium was used as the electrode mate-
rial. It was thermally deposited on the surface of
the films in a high vacuum in the form of two par-
allel strips. The distance between the electrodes
was 2 mm.
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3. Results and discussion

Figure 1 shows the current-voltage character-
i3tics for two films witli tine same - eeccrsorcon-
thiet(1™o) and fifferent PVA contend measured
a- rcom temiserature in aiV It can be noto- tlcat
tiiry son JtcadrrcHlit lin’y¥ end onf ig rlte -eeion
of higVvolragt s -more that MOOV- there i- utcn-
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tion nnturo. Thnt ir, tho eurront (NnO, honeo, the
oloctricnl conductivity) incroneoe with tho toms
-erntcrOi oboying tho ox-onontinl Inw (Fig. 3).
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Fig. 3. The Dank Current Temperature Dependence
oVe-o filo S¥€2 mfTSunfd in vacuum (V = 500 B).

Ah it eon bo roon Wom Fig. 3, Ouring tho hoots
ing oroeorr in tho lowstornoornturo rogion, the
ccrront flow ie controlloe by donor lovole with
ionizntion onorgy (0.2t-0.26) oV. According to
tho ouylirhoO Onto, thoa nro Oouaia ionizoO gn-
onnoior od oatgon VW++ in tho golurno od Snv2
filme [8,9].

Whon tho tom-orntcro of tho enm-lo (t tO-tt5)
°C ir ronohoO, n rhnrn brook ir oarorgon on the
CCTC eurgo, nnO fo tho tornoornturo inoronror
durthor, tho eurront grown with on netigntion 00
orgt Eo= (0.65-0.73) oV. mho eimilnr vnlcoe of
tho conduction nctivntion onorgy (0.72 oV) in tho
thin SnV2 filme, woro rogietoroe by tho ncthore
[10], but without intororotntion tho nnturo od the
oorroroonOing Codootd.

Tho rnontionoO rogion bo noooeintoO witU
tho wntor molooulod Oororotion Urom tho durUnce
odtho SnVv2film.

Tho Inttor nrrurnotion ir ruooortoO b. tho doe-
thnt tho rootion with tho inOiootoO netigntion 00
orgt ir oaront on tho CCTC eurgo monruroO
Ouring tho oooling od tho rnrnolo. Vn tho CCTC
eurgo, onlt tho rootion with Ee= (0.23-0.25) oV,
associatee with tho oxygon vncnncioe in tho film

golurno, ir oyrorgoO throughout tho tornoornture
rongo [8,9].

Tho aohogior odtho CCTC eurgor mooruroO
in air (Fig. 4) in tho tom-orntcro rngo c- to +t50
QC eiffers littlo from tho DCSD ccrvoe monecroe
in voouum. Howoyor, in tho rogion od highor
tom-orntcroe (t50 °C to 220 °C), etoo- regions
with an nctivntion onorgy (t.0 £ t.4) oV a--ear on
tho Work eurront tornoornturo OooonOoneo ourvor.
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Fig. 4 The dark current temperature dependence

oVe-o S¥dXfilo, ooranrod i%eeir (V =5=B).
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AeoorOing to tho litoroturo, tin OicaiOo rons
rorr oahiait gorsronritivo orooortior in tho torns
00roturo rogion -c ove 300 dC [13]. Tho onorotino
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lowor Out to thoir oororita nnOtho lorgo oUUoctive
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of +t30 oC in an ntmoe-horo of dry air (ccrvo t),
and in tho -roeonco of wntor vn-or (ccrvo 2). It
can bo stated, thnt tho film roeietnnco in tho wot
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[11] whioh ir oyrorgoO in our rtuOior.
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Summary

She strcctcring additive concontrntion and hcmidity inflcence on tho oloctro-hyeicnl -ro-erties of
tin dioxide filme was stceiee. She growth of SnO2filme intoroloctroeo roeietnnco with tho growth of
ooltgintl noototo eonoontrotion in tho initiol rolution ir Out to tho oororitt inorooro onuroOit tho PVA
incroneo in tho filme cndor stcey. She section of dark ccrrent tom-orntcro eo-oneoncOi in vnccem from
110 °C with on netigntion onorgt ~ 0.7 oV, ir Out to tho wntor moloeulor Oororotion. Tho rorirtonoe
decrease of tin dioxide filme in awot ntmoe-horo dco to tho dissociative aesor-tion of wntor molocclos
on tho SnV2lI-torr rurdooor her boon ortnblirhoO.

Keywords: tin eioxieOi thin films, hcmidity.
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BtfHHHHE BtfArH H CTPYKTYPHPYro~EH "OEABKH HA
YIEKTPOtfrIIHIMECKIIE XAPAKTEPHCTHKH ntfEHOK "HOKCH”"™A OtfOBA

Pe3MMe
HccnegoBaHO BnuaHue KOHeHTpa"HH cTpyKTypupyro”efi go6aBKH h Bna*HocTH Ha ~“neKTpo$Hs
3HnecKue cBoficTBa nneHOK guoKcuga onoBa. Bo3pacTaHHe Me*3neKTpogHoro conpoTHBneHHa nnes
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hok SnO2npH yBenuneHHH KOH"eHTpa"HH nonHBHHHNa"TaTa b HcxogHOM pacTBope 06ycnoBneHO
yBenuneHHeM nopucTocTH uccnegyeMbix nneHOK ¢ poctom KonunecTBa nBA. YnacTOK T3TT, b Bss
KyyMe ot tt0 OC ¢ “HepHefi aKTHBa"HH ~0,7 "B o6ycnoBneH gecop6”Hefi MoneKyn Bogw. YcraHOBs
neHO cHM”"eHue conpoTKBneHua nneHOK guoKcuga onoBa bo Bna*Hofi arnoc”epe, o6ycnoBneHHoe
gHCO0"HaTHBHofi agcop6”*Hefi MoneKyn Bogw Ha noBepxHocra cnoeB SnO2

K”roneBbie ¢OBa: guoKcug onoBa, TOHKue nneHKK, Bna*HocTb.
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BntfHB BOtfOrH | CTPYKTypyTOHOI AOEABKH HA 1.IIKTPO(I>1311MIII
XAPAKTEPHCTHKH ntfIBOK "IOKCH”"y OtfOBA

Pe3roMe

fl,ocnig*eHO BnnuB KOH"MHTpato'i crpyKTypyronoi go6aBKK i BonorocTi Ha eneKTpoi3unHi Bnacs
TKBocTi nniBOK gioKcugy onoBa. 3pocraHHa Me*eneKTpogHoro onopy nniBOK SnO2npu 36inbmeHHi
KOHMHTpato'i noniBmina~Tary b BuxigHOMy po3nuHi o6yMoBneHo 36inbmeHHaM nopucTocTi gos
cnigyBaHux nniBOK i3 3pocTaHHaM KinbKocri nBA. NinaHKa T3TT b BaKyyMi Big tt0 OC 3 eHepriero
aKraBatoi ~ 0,7 eB o6yMoBneHa gecopé6ffero MoneKyn Bogu BcTaHOBneHO 3Hu*eHHa onopy nniBOK
gioKcugy onoBa y Bonorifi arnoc”epi, 06yMoBneHe gHCo"HaTHBHoOro agcopéffero MoneKyn Bogu Ha
noBepxHi mapiB SnO2

K”ronoBi c.iOBa: gioKcug onoBa, TOHKI nniBKK, BonoricTb.
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