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Fabrication and Characterization of Portable Electronic Nose System

for Identification of CO/HC Gases

Hyung-Ki Hong", Chul Han Kwon", Dong Hyun Yun', Seung-Ryeol Kim’,
Kyuchung Lee", In Soo Kim™, and Yung Kwon Sung”™
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Abstract

A portable electronic nose system has been fabricated and characterized using an oxide semiconductor gas
sensor array and pattern recognition techniques such as principal component analysis and back—propagation
artificial neural network. The sensor array consists of six thick-film gas sensors whose sensing layers
are Pd-doped WOs Pt-doped SnO. Ti0O2-Sb:0s5-Pd~doped SnQz; TiO2-Sh:0;-Pd-doped SnQ: + Pd
coated layer, AbOs-doped ZnO and PdCla-doped SnC». The portable electronic nose system consists of
an 16bit Intel 80c196kc as CPU, an EPROM for storing system main program, an EEPROM for
containing optimized connection weights of artificial neural network, an LCD for displaying gas
concentrations. As an application the system has been used to identify 26 carbon monoxide/hydrocarbon
(CO/HC) car exhausting gases in the concentration range of CO 0%/HC 0 ppm to CO 7.6%/HC 400
ppm and the identification has been successfully demonstrated.
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1{a). Schematic view of the sensor.

[ Package ]

[ Sensor array ]
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Fig. 1(b). Sensor package and schematic view of

the sensor array.
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Table 1. Conditions for the fabrication of the sensor

A4g AR 43

AAz AAde A L EA 4

. 1 s Calcination: | Sintering Operation |
Sensor Sensing “materials 3 i
R temperature | temperature .| temperature
Sensor 1 WO; tPd=99:1wt% 700 T 600 C 300 T
=.-Sensor 2 SnO; : Pt =99:1 wt% 700 T 600 C 300 T
' Sn0; ¢ TiO2 @ Shy0s : Pd = . . o
Sensor 3 84:10:5: 1 wt% 600 600 € e
' (Sn0: : Ti0: : ShiOs : Pd = . . N
'.S..en»sor ? 84110 :5:1 wt.%) + Pd-coated layer 600 C 600 ¢ 0T
Sensor 5 7n0 : ALO; = 90 © 10 mol% 100 C 900 C 500 T |
\
-Sensor 6 SnO» ¢ PAClL = 999 : 0.1 wt% 700 C 900 T ’ 500 C

L Substrate cleaning W [I'owder mixing & crushing}

]

Calcination l

I

Paste formation ]

Electrode & heater [
format ion

L Sintering at 1100°C ] l

l 1
[ Sensing layer printing ]
L Drying & sintering ]

L P.t wire bonding ]

}

I Packaging l

Iy 2. AN AR R

Fig. 2. Processing steps of the sensor.
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Fig. 3. Schematic diagram of the portable electronic
nose system.
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L Poweron & System initialization ]

L LED flickering in stand-by mode l

/ Pump on & Reading R,,, /
No

Yes
[ Calculation R,;, & Pump off ]

[ Pump on & Gas sampling ]

I Network calculation I
17

Pump off & Result display
1

3% 4. 48 AAZ ALY 55 £4
Fig. 4. Operation procedures of the portable electronic

nose system.
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Fig. 5. Result of principal component analysis of
the gas sensor array for 26 gas samples.
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Fig. 6. The neural network having three-layer

structure.
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