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Electrical Properties of Reactive-Sputtered Titanium Oxide Films
Mrrsuniro Tanaka, ManaBu TaxrucHi, Fuiio KaNEKo,

HipEo NaGasaka  and TAKAO SHIBATA

Abstract — Titanium oxide films have been prepared onto glass substrates by rf-sputtering from the tita-
nium target in Ar+O, gases with sputtering power density of 2.7, 4.0 and 5.3 W/em? at a total pressure of
6x1073 Torr. The deposition rates and electrical properties of sputtered titanium oxide films have been
studied.

The deposition rate showed marked change at a critical oxygen concentration of the sputtering gas. The -
deposition rate was about 6.5 nm/min at the oxygen concentration of up to 0.1 % and 1.6 nm/min above 0.5%
at the sputtering power density of 2.7 W/em?. The resistivities of the sputtered films showed the similar
change depending on the oxygen concentration of the sputtering gas. The films prepared in a sputtering gas
with the oxygen concentration of less than 0.1 % are metallic, while the films prepared in the gas containing
oxygen of more than 0.5 % show semiconducting properties. The temperature dependence of the film
resistivities were measured in the temperature range of —100°C to 100°C. The band gap energies have been
estimated from theé optical transmission spectra of the semiconducting films. It is concluded that the film
composition approaches gradually the stoichiometric titanium oxide with increasing the oxygen concentration

of the sputtering gas.
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Fig. 1 The electrode structure for electrical
measurements.
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Fig. 2 The deposition rates of the reactive-
sputtered films as a function of the
oxygen concentration of the sputter-
ing gas. The total jpressure was main-
tained at 6x10° Torr during the
sputter deposition. The sputtering
power densmes are as follows
(a) 2. TW/em?, (b) 4. OW/cm
() 5.3W/em?.
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Fig. 3 The resistivities of the reactive-sput-
tered films as a function of the oxygen
concentration of the sputtering gas.
The total pressure was maintained at
6X1072 Torr and the sputtering power
density was 2.7W/cm?.
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Fig. 4 The temperature dependence of the
resistivities of the sputtered films. The
total pressure was maintained at
6X10™ Torr and the sputtering power
density was 2.7W/cm?. The oxygen
concentrations of the sputtering gas
are as follows:

(a) 0%, (b) 0.05%, (c) 0.1%.

Table I Temperature coefficients of resis-
tance of the reactive-sputtered films.

Oxygen concentra-
) TCR (ppm/deg)
tion of the
. ~80C~0C | 0C~80TC
sputtering gas (%)
0 4.2%1 0% 5.3%10°
0.05 7.6%1 0 1.4x10°
0.1 —2.4%x10* | —43x10°
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Fig. 5 The temperature dependence of the
resistivities of the sputtered films. The
total pressure was maintained at
6X107 Torr and the sputtering power
density was 2.7W/cm®. The oxygen
concentrations of the sputtering gas
are as follows:

(a) 0.5%, (b) 1%, (c) 5%, (d) 24.3%.
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Table 2 The activation energies for dark -
conduction and the band gap ener- @2 -
gies of the reactive-sputtered films. el
g
Oxygen concentra- ©
. Activation|Band gap c
tion of the Q
) || energy (eV)|energy(eV) B
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: @
0.5 0.17 2.9 g
1 0.13 3.0
5 015 3.0
24.3 0.16 3.2 0 _ ,
2.5 3.0 3.5

Photon Energy (eV)

Fig. 8 The absorption coefficients of the
reactive-sputtered films as a function
of photon energy. The total pressure
was maintained at 6X107 Torr and
the sputtering power density was 2.7
W/em?. The oxygen concentrations of
the sputtering gas are as follows:

(a) 0.5%, (b) 1%, (c) 5%, (d) 24.3%.
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