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Granular Thin Film of Titanium Dioxide for Hydrogen Gas Sensor
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Abstract Titanium dioxide thin films were fabricated as hydrogen sensors and its sensing properties were
tested. The titanium was deposited on a SiOy/Si substrate by the DC magnetron sputtering method and was
oxidized at an optimized temperature of 850 °C in air. The titanium film originally had smooth surface
morphology, but the film agglomerated to nano-size grains when the temperature reached oxidation
temperature where it formed titanium oxide with a rutile structure. The oxide thin film formed by grains of
tens of nanometers size also showed many short cracks and voids between the grains. The response to 1%
hydrogen gas was ~2 x 10° at the optimum sensing temperature of 200 °C, and ~10° at room temperature. This
extremely high sensitivity of the thin film to hydrogen was due partly to the porous structure of the nano-
sized sensing particles. Other sensor properties were also examined.
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Fig. 1. Schematic diagram of sensor device.
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Fig. 2. The surface morphology and cross sectional image of (a) Ti layer and (b, ¢) TiO, oxidized at 850 °C.
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Fig. 3. The XRD pattern of TiO, films oxidized at 850 °C. R
is rutile phase of TiO,.
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Fig. 4. AES depth profiles of titanium dioxide film.
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Fig. 5. (a) Sensor response to 1% hydrogen at room temperature
and (b) variation of the response with substrate temperature.
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Fig. 6. Response time dependence on operation temperature.
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Fig. 7. Sensitivity change with H, concentration at (a) high and
(b) low concentration.

oZ:
it}
Q
8
o
A
=)
é
oH

ke
r9~'
oy
olo
ofr
iy
=

3.5x10°

3.0x10°
2.5x10°
2.0x10°
1.5x10° 4

1.0x10° 4

sensor response(lg/lo)

5.0x10°

1lst ) Zrlld ) 3|l'd ) 4tlh
Fig. 8. Reproducibility of TiO, film for 1% hydrogen at 300 °C.
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