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Highly sensitive and selective NO, gas sensor at low temperature
based on SnO, nanowire network
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Abstract

In this paper, methods for improving the sensitivity of gas sensors to NO, gas are presented. A gas sensor was fabricated based on

an SnO, nanowire network using the vapor-phase-growth method. In the gas sensor, the Au electrode was replaced with a fluorine-
doped tin oxide (FTO) electrode, to achieve high sensitivity at low temperatures and concentrations. The gas sensor with the FTO elec-
trode was more sensitive to NO, gas than the sensor with the Au electrode: notably, both sensors were based on typical SnO, nanowire
network. When the Au electrode was replaced by the FTO electrode, the sensitivity improved, as the contact resistance decreased and

the surface-to-volume ratio increased. The morphological features of the fabricated gas sensor were characterized in detail via field-emis-
sion scanning electron microscopy and X-ray diffraction analysis.
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Fig. 1. FE-SEM image of SnO, nanowire network fabricated on (a)
Au, (d) FTO electrode. Diameter of SnO, nanowire on (b)
Au, (e) FTO electrode. The tip of nanowire grown via (c)
VLS, (f) VS process.
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Fig. 2. XRD peak spectrum of SnO, nanowire fabricated on (a) Au
electrode, (b) FTO electrode.

o] Aol &e}ztt} Eq.l, 2= Sn0O, I NO, 7F2=2] F7}h
A WEE wAUTS HEhd shekA ol [14].
NO; (gas) + e (CB) <> NO, (ads) 1)
NO, (gas) + Vo' <> NO, (ads) + Vo~ 2)

Eq. 12 NO, 77} SnO, A=t (Conduction band) 2] Z1}
Hho} o] 2B sk S JERTH
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(R, : Resistance in air, R, : Resistance in target gas)
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Fig. 3. The Energy band diagram and resistance component of (a) Au
electrode - SnO, (b) FTO electrode - SnO, nanowire gas sen-
SOr.
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Fig. 4. The dynamic response graph of (a) Au electrode and (b) FTO
electrode gas sensor measured at 100°C with different gas
concentrations of NO,.
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Table 1. Gas sensor speed measurement results of SnO, nanowire
gas sensor using FTO, Au electrode.

FTO electrodes gas sensor

Gas concentration Response Time(s) Recovery Time(s)

0.5 ppm 250 295
1 ppm 220 285
1.5 ppm 240 225
2 ppm 230 210

Au electrodes gas sensor

Gas concentration Response Time(s) Recovery Time(s)

0.5 ppm 240 -
1 ppm 220 -
1.5 ppm 240 285
2 ppm 220 300
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Table 2. Gas sensor selectivity measurement results of SnO, nanow-
ire gas sensor using FTO, Au electrode.

Gas sensor NO, CO NH;
FTO electrodes 102.99 1.39 1.30
Au electrodes 16.36 1.12 1.16
E27F 54 W11 300s5 238t SHE F AT NO,
FX 1.5 ppm ©FellA 2855-300s9] 3|E H=& BT

HHA FTO A<E AHE-gF 7F2AlA = 1 ppm ©]38He] NO, &

SO A% 2855-29559] B E &£
FEolA 210s-22559] & 25 BT FTO A= 7k2A1A
A k=AM A o vlE] oF 755 W2 3)E e 2 7B T

H$om, 1 ppm °’d<] NO,

s A
A=

3.4.3 7tA& MEHY (selectivity)

Table 20 &= 7F=AIM 9 FTOM S 7F2AIA 9 7k &
FE IS EE 7Esdnh F15 722414 = 100°C, 0.5 ppm
9] CO7F=9F NH; 7k =& 530S o 112, 1.169] ¥HE %
£ 1Btk NO, 71=¢] CO, NH; 72l vl5) <k 14
v =2 Aede B
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