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Resistive-type Nitrogen Oxides Sensor
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Abstract

Harmful gases, such as nitrogen oxides, carbon
monoxide and hydrocarbons, cause serious
atmospheric pollution; it isimportant to reduce the
emission of these gases from automobiles and plants.
For reducing particulary nitrogen oxides, a solid-state
nitrogen-oxides sensor attachables to exhaust systems
is urgently demanded.

Resistive-type nitrogen oxides sensors utilizing a
metal oxide semiconductor are advantageous because
they are compact and inexpensive.

ooooo

A Sb-doped Zn,SnQO, thin film with spinel-type
structure which was deposited by sputtering from
multi-targets of constituent metals, followed by
annealing at 1000°C, showed fairly good nitrogen
dioxide sensing characteristics over the range from 0
to 300 ppm at 600°C. In addition, the durability of the
film in high-temperature combustion exhaust was
examined, and the upper limiting temperature was
obtained.
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Table 1 Sputtering condition for the Sb-Zn,SnO, thin

film.
Target Zn, Sn, Sb
Substrate Al,O; (Thickness 0.6mm)
Substrate temperature 300°C
Sputtered pressure 5m Torr

0, 10cm*/min, Ar 30cm*/min

1000°C in air for 1hour

Flow rate of sputtered gas
Post annealing
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Table 2 Composition of the deposited film
characterized by electron probe micro-
analyzer.

Amount of Sb,04 0.55molecular %

Zn/Snratio 2.42 (atomic ratio)
A
e :Zn2Sn04
= v:Sn0O2
§ 0 :Al203 (Substrate)
z . ‘
E ° v
° o[]
Il 1 Il Il Il Il 1 Il 1 1 1 1 | Il Il Il 1 Il |
35 40 45 50
26 (CoKa ) /deg
Fig. 1 X-ray diffraction profile of the deposited film

after annealing at 1000°C.
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Gas-sensing film Pt electrode

(a)Top view

Pt heater

=% )

(b)Bottom view
Gas-sensing film
(Thickness : 0.5y O)

Pt electrode
(Thickness : 1y m)

Alumina substrate

(d)Schematic view
of sensor device

Pt heater
(Thickness:2y m)

(c) Cross-sectional view

Fig. 2 Structure of the sensor. (16 x 3.3 x 0.3mm)
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Fig. 3 Diagram of gas-sensing experiment.

Table 3 Basic composition of gases for gas-sensing
experiment.
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Fig. 4  Sensing characteristics to NO, (600°C).

(a) Static characteristics (b)Response transient
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53

0 300ppm NO,O O D OOODOOOODDOOO0
gbobgooobogooboeconbboooobO
goooobooooo

uo
gobobobooooboboboooobobog
ooboooobobooobboooboboon
ooo

goog

1) Chang, S. C.: "Thin-film Semiconductor NO, Sensor",
|EEE Tran. Elect. Dev., 26-12(1979), 1875

2)  Sberveglieri, G., Faglia, G., Groppelli, S. and Nélli, P. :
"Methods for the Preparation of NO, NO, and H, Sensors
Based on Tin Oxide Thin Films, Grown by Means of the r.f.
Magnetron Sputtering Technique", Sensors and Actuators B,
8(1992), 79

3) Sbherveglieri, G. and Groppelli, S. : "Radio Frequency
Magnetron Sputtering Growth and Characterization of
Indium-tin Oxide (ITO) Thin Films for NO, Gas Sensors',
Sensors and Actuators, 15(1988), 235

4) Huang, X. J.,, Cchoonman, J., and Chen, L. Q. : "High-Tc
Superconductors as NO Sensor Material: a General
Investigation", Sensors and Actuators B, 22(1994), 211

5) Kudo, S., Ohnishi, H., Matsumoto, T. and |ppommatsu, M. :
"NO, Sensor Using Y Ba,Cu;O,-5Thin Films', Sensors and
Actuators B, 23(1995), 219

6) Akiyama, M., Tamaki, J.,, Miura, N. and Yamazoe, N. :
"Tungsten Oxide-based Semiconductor Sensor Highly
Sensitiveto NO and NO,", Chemistry Letters, N0.9(1991),
1611

7) Akiyama, M., Zhang, Z., Tamaki, J., Miura, N. and
Yamazoe, N. : "Tungsten Oxide-based Semiconductor
Sensor for Detection of Nitrogen Oxidesin Combustion
Exhaust”, Sensors and Actuators B, 13-14(1993), 619

8) Satake, K., Katayama, A., Ohkoshi, H., Nakahara, T. and
Takeuch, T. : "TitaniaNO, Sensors for Exhaust
Monitoring", Sensors and Actuators B, 20(1994), 111

9) Huusko, J., Lantto, V. and Torvela, H. : "TiO, Thick-film
Gas Sensors and Their Suitability for NO, Monitoring",
Sensors and Actuators B, 15-16(1993), 245

10) Matsushima, S., Kunitsugu, S., Kobayashi, K. and
Okada, G. : "NO, Sensing Properties of Thick Zn,SnO,
Film", Jof Ceramic Soc. of Jap., 103-3(1995), 302

1) 00,00,00,00:"0000000000 Zn-Sn
0o0ooooooooooooo™, Jof Ceramic Soc. of
Jap., 104-11(1996), 1048

12) O00,00,00,00 :"ZnSnO,000NO,0 0000
0oooo"0580000000000000000
0, 3aZD-1(1997), 419

0000000 R&DODODDOOVol. 33 No.2 (1998.6)



54

good

000000 Yasushi Yamada
Ooooi196100
oooooooooooao
dodoooooooooooo
00d0DO00oo0ooooooooooog

gooooood

0000000 Yoshiki Seno
gooi19ss00
gbobooooboobd
gooTeMOOoOXooooooooo

goood
gbobooooooobgoo
goood

000000 Yumi Masuoka
Ooooi197000
ooodooooooooao
dodboooooooooooooo

00000 0OKatsuji Yamashita
00019400
goododoooooooo
gooooboooboooooooao
goododdooooooooooooo

pooooogooooo

0000000 R&DODODODOO Vol. 33 No.2 (1998.6)



