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Abstract A new type of micro catalytic combustible gas sensor system was designed and fabricated using micro-electro
mechanical system (MEMS) technology. A chemical vapor deposition (CVD) method is used to coat porous nano-crystalline
SnO, catalyst layer. Tin chloride anhydrate vapor was used as the precursor, and it reacted with ammonium sulfide [(NHy),S]
to form tin disulfide (SnS,) nanoparticles. The tin disulfide was dried up, annealed in air, then it transformed into polycrystal-
line SnO, nanoparticles. The X-ray diffraction (XRD) measurement was used to investigate the structural properties of the
SnO, films. The morphology of the samples was investigated by field-emission scanning electron microscopy (FESEM).
X-ray photoelectron spectroscopy (XPS) provided the information on chemical composition of the SnO, films. The sensing
elements and the reference elements were connected to a Wheatstone bridge circuit for the measurement of gas-sensing prop-
erties. The catalytic combustion sensor exhibited relatively higher sensitivity (75.4 mV/1% H,) and good linearity (99.4%) to
H, from 0 to 4% V/V. The response and recovery times to 4% H, were 0.65 s and 2.32 s, respectively. Finally, the sensor
signal was very stable during a 200 d long term operation (accuracy >95%). It was noteworthy that the nano-structured SnO,
as catalyst film in a catalytic combustible gas sensor could considerably improve the performance of the gas sensor. It can be
used in realizing portable sensing devices such as hydrogen analyzers and hydrogen leak monitors.

Keywords nano tin oxide; catalytic combustible gas sensor; micro-electro mechanical system (MEMS); hydrogen detection
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Figure 1 Scanning electron microscope photos
a: unannealed SnS»; b: SnO, 600 C 2 h
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Figure 2 XRD spectrum for catalyst material SnO,
a: unannealed SnSy; b: Sn0O, 600 C 2 h
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Figure 3 XPS spectrum of nanoparticles SnO,
a: Sn3d; b: Ols
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Figure 4 The electrical and thermal properties of the sensing element

(a) The resistance of single microheater as a function of temperature; (b) The
power consumption of single microheater with temperature varying
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Figure 5 Catalytic combustible gas sensor detection for hydrogen

a: Output voltage as a function of H, concentration; b: Response and recovery
times of the sensor to 4% H,
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Figure 6 Long-term stability of the sensors
200 day; veracity > 95%
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Table 1 Coherency of five microsensors

VIV 1#/ 2#/ 3#/ 4/ S5t/ T mV RSD/
mV mV mV mV mV %
0.5 48.1 503 530 486 515 503 4.0
1.0 722 751 806 729 762 754 44
1.5 110.3 111.8 1148 111.2 113 112.2 1.6
2.0 146.5 147.6 1552 147.1 148.8 149.0 2.3
2.5 1752 1782 179.8 1763 179 177.7 1.1
3.0 207.1 2129 218.0 2084 214.1 212.1 2.1
3.5 2348 240.0 235.6 235.1 2413 2373 1.2
4.0 268.3 270.2 278.0 2702 272.1 271.7 1.4

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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