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In this paper the influence of precursor (titanium tetraisopropoxide (TTIP)) temperature, precursor and gas flow
rates on the surface properties of TiO thin films deposited by atmospheric dielectric barrier discharge (ADBD)
chemical vapour deposition (CVD) were investigated. Argon was used as working gas. Influence of O, used as oxidizer
was evaluated for determination of hydrophilicity of the films. Surface morphology of the thin TiO, films deposited on
glass substrates was studied by the atomic force microscopy (AFM) and water contact angle (CA) measurement.
CA tests proved wettability improvement in experiments with oxygen addition.
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1. INTRODUCTION

Titanium dioxide TiO; thin films are used in a variety
of applications because of their outstanding physical and
chemical properties and low cost. In particular, the high
refractive index of the TiO, (2.75 at 550 nm) and its
excellent transparency in the visible and near-IR spectral
regions make it very appropriate as antireflection coating
and waveguides. There is also growing interest in TiO,
thin films due to their potential applications in
electrochromic display devices [1, 2], gas sensors [3] and
photovoltaics [4].

TiO; thin films can be prepared by different methods
such as hydrothermal techniques [5], molecular beam
epitaxy [6], sputtering [7], sol-gel [8], chemical vapour
deposition [9, 10] and others. Among these, plasma
enhanced chemical vapour deposition (PE-CVD) at the
atmospheric pressure is a new sample of cheap way to
prepare various thin films. This method offers important
advantages such as: avoidance of wet and hazardous
chemical processes, enhancement of chemical reactions,
larger plasma volume, availability for in-line continuous
deposition process without necessity of pumping. A new
method of thin film deposition by low temperature plasma
at atmospheric pressure might be ideally suited for
deposition of inorganic and organo-inorganic thin films
on different types of substrate, including thermal sensitive
polymer substrates.

This paper presents results of study of TiO; thin films
deposited on glass substrate by ADBD PE-CVD process
(preliminary results were partially represented in [11]).
We studied the influence of temperature of the precursor
evaporation and gas flow rates on TiO, thin film
formation and the quality of the TiO- film.

2. EXPERIMENTAL

The experiments were carried out in a plexiglass
reactor (90x79x41) mm. ADBD CVD system consists of
reactor, gas input and AC power supply as schematically
shown in Fig. 1. Two parallel brass electrodes with
discharge gap of 4 mm were placed into the plasma
reactor. Films were deposited on the glass substrates.
During deposition ADBD power was about 350 mW

(ADBD supply  voltage (12.5-14) kV/5S0 Hz). The
dimensions of the HV and ground electrodes were
(40x17x18) mm and (45x8x18) mm, respectively. HV
electrode was covered by the glass plate ((70x46x1) mm).
The deposition time (¢) for all samples was 10 min.

Thin films deposition was performed at atmospheric
pressure. Titanium tetraisopropoxide (TTIP) (97%) was
used as metalorganic precursor and Ar as the carrier gas.
Argon flow rate (Q4) was 0.5 and 1 1/min, respectively.
Experiments were carried out with oxidizer O, (flow rates
(Q02) 3.0 and 5.0 I/min, respectively) and in the air
without oxygen addition. Argon and oxygen were mixed
in the ground electrode cavity and the mixture flew
through the hole in the electrode (diameter 3 mm) into the
discharge gap. The gas stream was monitored using mass
flow meters. Experiments were performed with 20°C,
30°C and 40°C temperature (7) of TTIP in the bubbler.
Amount of TTIP in the mixture was governed by change
of evaporator temperature and the Ar flow rate through
the evaporator.

Experiments were performed in air (relative humidity
of 35-40% and room temperature 20-22°C). For contact
angle measurements distilled water was used as the test
liquid. Water drop size was kept constant (at ~0.5 pl). A
drop of water was gently placed on the experimental
surface, and a photograph of the side profile of the liquid
drop was taken using a camera. The base of the liquid
drop was held in the same horizontal plane as the camera
lens. The images were taken in 60 s after release of the
water drop.
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Fig. 1. Scheme of the apparatus: 1 — HV electrode,
2 —dielectric barrier, 3 — substrate, 4 — ground electrode,
5 — evaporator, 6 — mass flow controller, 7 — HV supply
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The values of the contact angles, shown in this paper,
were obtained using Young curve fitting based on the
imaged sessile water drop profile (average of
measurements over an extended area of deposited
samples).

3. RESULTS AND DISCUSSION

The morphology analysis of all samples was
performed by atomic force microscopy (AFM) (for
examples see Figs. 2). Fig.2a shows the uniform and
homogeneous surface with few sharp small tips; it
indicates the needle growth of the films structure due to
the non-homogeneous (streamers) discharge. Doping of
oxygen during deposition process and relatively high
precursor evaporation temperature led to the growth of
some column-like protrusions (Fig.2b) on the quite
smooth surface. The surface roughness was measured in a
(20%20) um scan range. Reduction of the TTIP amount by
means of decrease Ar flow rate through evaporator led to
the lowering surface roughness to 10nm (Fig. 2c).
Increasing oxygen addition to 5.0 I/min resulted in the
needle growth of the films with salient parts and increased
surface roughness (up to 21 nm). Fig. 2d shows that these
films are not fully homogeneous. Many elongated and
pointed crystallites grew faster, the other led to existence
of heterogeneities and to rougher surface. The
inhomogeneous films growth has following explanation:
the streamer’s head hit locally on the substrate, where it
caused higher temperature and activation of the surface in
these areas. It gave rise to higher material growth rates
than at other places on the substrate. The random
distribution of the streamers resulted in irregularities of
thin film growth.

Results of water contact angle measurements are
shown in the Table. The wide range of CA values for
samples with deposition parameters: Q4 0.5 I/min;
Trmr 20 °C can be explained by existence of deposited
film surface-irregularities, small amount of oxygen bonds
on the films surface and high concentration of carbon
[11]. These assumptions were verified by the AFM
results. Addition and oxygen mixing with Ar/TTIP in the
electrode cavity led to the lowest CA values. CA value
was heavily dependent on the oxygen flow rate and
amount of TTIP.
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Fig.5. Topography of the TiO; thin films
a) deposited in air without oxygen addition; the scan size
was (10x10) um; t=1 min; Q4 0.5 /min; T r7p 20 °C;
b) l:]0 min; QAr ] l/mm, Qoz 30 l/mm, TTTIP 40 DC,' the
scan size was (20%20) um;
¢) t=10 min, Q4 0.5 I/min; Qo> 3.0 Umin; T rrp 40 °C; the
scan size was (20%20) um;
d) t=10 min; Q4 1 I/min; Qo: 5.0 l/min;
the scan size was (20%20) um

T rmp 30 0C,‘

Contact angle values: t — deposition time, Q — gas flow rate, T rnp — precursor evaporator temperature

Deposition parameters Angle [degree]
=10 min; 0,,0.5 I/min; T rzp 20 °C 48.5"-98.2
=10 min; Q4 1 I/min; Qo 3.0 Umin; T rp 40 °C 29.5
=10 min; Q4 0.5 I/min; Qoz 3.0 Vmin; T 77 40 °C 325
=10 min; Q4 0.5 I/min; Qo> 5.0 Vmin; 7 rpp 30 °C 36.3
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HAHECEHHME TOHKMX IIVIEHOK TiO, C ©CITIOJIb30BAHUEM ATMOC®EPHOI'O
JUDJIEKTPUYECKOI'O BAPBEPHOI'O PA3PAIA

I10. Knenvko, A. IMuxan

beuto mccnenoBaHO BIMSAHHE TEMIIEpaTypbl NpEKypcopa TETPaM30INPONOKCHAAa THUTaHA, CKOPOCTH MOTOKa
IpEeKypcopa ¥ ra3a Ha IOBEPXHOCTHBIE CBOWCTBAa IUICHOK AMOKCHAA THTaHA, HAHECEHHBIX B aTMOC(HEpHOM
JIMRJIEKTPUIECKOM 0apbepHOM pasps/ie METO0M XMMHUECKOTO OCAXICHHS U3 Ta30BOH (pa3bl. AproH ObUT UCTIONB30BAH
Kak paboumii ra3. Takxke HCCIenOBaNOCH BIMSHHE KHCIOPOAA KaK OKHCIHMTENS Ha THAPOQMIBHOCTH IUIEHOK.
Mopdosorust HoBEpXHOCTH TOHKUX TUIEHOK Ti0>, HAHECEHHBIX Ha CTEKJISTHHBIE TIO/IJI0KKH, ObLIa MCClIe0BaHa aTOMHO-
CIJIOBOM MMKPOCKOIHEN U M3MEpeHHEM KOHTAaKTHOro yria. TecTMpoBaHHE METOJOM H3MEPEHHUs KOHTAaKTHOIO yria
JIOKa3aJo yiydllleHHe TUAPOQHIBHOCTH IUICHOK B OKCIIEPUMEHTaX, MPOBEICHHBIX C JOMOJIHUTENBHON Tojaaueit
KHCIIOPO/a.

HAHECEHHS TOHKHUX IVIIBOK TiO; 3 BAKOPUCTAHHSAM ATMOC®EPHOI'O JIEJIEKTPHYHOTI O
BAP’EPHOI'O PO3PALY

I10. Knenoko, A. Iuxan

Byno nmocmimpkeHO BIUIMB TEMIEpaTypH IMPEKypcopy TeTpai3onponoKCHIy THUTaHY, HIBUAKOCTI IOTOKY
npeKypcopa 1 rasy Ha IOBEPXHEBI BIACTHUBOCTI IUTIBOK JIOKCHIYy THTaHy, HAHECEHUX B aTrMoc(epHOMY
TeNeKTpUIHOMY 0ap'epHOMY PO3PSIi METOAOM XiMIYHOTO OCaKEHHS 3 Ta30B0i (a3u. AproH OyB BUKOPHUCTAHUH K
poboumii ra3. Takok OOCTIMHKYBaBCS BIUIMB KHCHIO SK OKHCIIOBada Ha TiApOQiNBbHICTH IUTiBOK. Mopdomoris
MTOBEPXHI TOHKHX TUTIBOK, HAHCCCHUX HA CKJIAHI MiTKIAIKH, Oyla JOCIiIKeHa aTOMHO-CHJIOBOKO MiKPOCKOIIEO 1
BHMIpOM KOHTAKTHOTO KyTa. TecTyBaHHS METOAOM BUMipy KOHTAKTHOTO KyTa JOBEJO MOJIMIICHHS TiApodiTbHOCTI
IUTIBOK B €KCIIEPUMEHTAX, ITPOBECHUX 3 JI0JIaBaHHIM KHCHIO.
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