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Abstract: The H2S gas sensing characterization of gas sensors based on the SnO2 nanowires network has been reported by 
several research groups. However, the self-heated gas sensor using Ag-coated SnO2 nanowires network for sensing H2S was 
investigated the first times. In this study, we will report on the effected of density SnO2 nanowires network on H2S sensitivity. 
The SnO2 nanowires network density can be controlled by the distance between sensor electrodes. After SnO2 nanowires 
decorated with Ag, the results show that the H2S gas sensing properties depend on the density of the SnO2 nanowires network. 
As the density of SnO2 nanowires network increases, the response of sensors decreases. The sensor can operate at as low 
power as 2 mW to H2S gas concentration of 0.25 ppm. The response and recovery times of sensor are about 200 s. Moreover, 
working at low operating power gives us the benefit of energy saving as well as the elongation of lifetime. 

 

1. INTRODUCTION 

We all know that H2S is a toxic gas that affects directly 
on the respiratory system through inhalation, which in 
turn causes the depletion of brain cells [1]. On the other 
hand, the sources of pollution are increasing and 
diversifying due to the over exploitation and use of fossil 
fuels. Identifying high concentrations of pollutants can 
be easily accomplished with portable equipment, but 
with continuous low emission sources (< 1 ppm) remains 
a challenge, requires scientists to continue researching.  

Recent publications showed that the nanostructured 
materials (SnO2, ZnO, WO3) are still ideal materials for 
general gas sensors and H2S gas sensors in particular and 
for enhanced sensitivity, selectivity, reduced response 
and recovery time, many metals have been studied for 
catalyst, doped. Although the large number of 
publications showed that the SnO2-CuO or ZnO-CuO 
materials are used popularly as denatured material [2-4], 
these sensors still have weak-points such as high 
resistances, slow response and recovery time [5-7]. 
Therefore, Ag is also a noble metal studied to improve to 
H2S gas sensing properties of SnO2 nanowires sensor. 

Lantto et al reported result with Ag-doped SnO2 thin-film 
sensors, which showed that the sensor worked well [8]. 
The research team of Ji-Wook Yoon and Ji-Wook Yoon 
also published the study results of the H2S gas sensors, 
the sensors were fabricated the basis of Ag doped SnO2 

material. The results showed that the sensitivity of the 
sensor was improved, high selectivity and rapid response 
and recovery time [9,10]. The results of Pankaj et al 
showed that the process of fabrication Ag-SnO2 sensor 
technology was simpler [11], response and recovery time 
were fast. However, the gas response was low. H2S gas 
sensor have also been studied and published by our 
research team [12]. The results of the study showed that 
the resistance of the sensor was very high.  The approach 
of the self-heated gas sensor is to reduce the power 
consumption of the sensor, therefore, this H2S gas sensor 
would not be suitable for self-heated gas sensor. The 
disclosures showed that the power load of the sensor was 
very low when using individual nanowire [13-15]. 
Comparative results of the self-heated gas sensor 
performance using individual nanowire, multi nanowires 
and nanowires network have also reported the same 
result [16]. 

In the recent publication [16,17], we have initially 
studied the H2S gas sensing characteristic of self-heated 
gas sensors using the pure SnO2 nanowires network. 
However, the power consumption of the sensor was 
rather high and the sensors had low response. Thus, in 
this study, we developed a self-heated gas sensor with Ag 
doped SnO2 nanowires network to enhance the H2S gas 
sensing properties. With the control of nanowire density, 
the power consumption is expected to reduce 
remarkably.  

350



The 12th Asian Conference on Chemical Sensors (ACCS2017)                                                    Hanoi, 2017 
 

 
 

2. EXPERIMENTAL 

The fabrication process of sensor structure is described 
as the follows: Platinum electrodes are patterned on heat-
resistant glass substrates of the size 15 mm x 10 mm, 0.5 
mm thick and structured as shown in Fig. 1. The sensor 
symbols are G2, G5 and G10. The distance between 
electrodes are 2µm, 5 µm and 10 µm.  The source 
material is pure metal 99.8% tin metal from Sigma-
Aldrich. 

 
Figure 1: SEM images of the sensor electrodes. 

The SnO2 NWs network was fabricated by on-chip 
growth on the electrode by thermal CVD method. The 
weight of the source material is about 0.1 g in the 
refractory quartz boat placed at the center of the quartz 
tube of a horizontal furnace. To control the density of Sn 
during manufacture, we used a heat-resistant quartz plate 
to cover part of the surface of the quartz boat, after which 
the electrodes were placed on the quartz plate. The entire 
system is cleaned with Ar gas at a flow rate of 300 sccm 
for 5 min. The CVD process was retained at temperature 
of 730 °C, the growth time of 20 min, the O2 gas flow of 
0.5 sccm, and the pressure of 1.8x10-1 torr. The heating 
rate was 36 °C/min. After the above process, the furnace
was cooled down to room temperature. To enhance the 
H2S sensing properties, a very thin Ag metal was coated 
on SnO2 NWs by sputtering method at a DC power of 10 
W in 20 s. After sample sputtering was treated at 350 °C,
for a period of 2 h to improve the Ag-SnO2 NWs contact. 

The morphology of the SnO2 NWs network was observed 
by scanning electron microscopy (SEM). The sensors 
then were studied their H2S sensing properties at 
different conditions. The electric supply power was kept 
constant during each measurement for remaining sensor 
working temperature. 

3. RESULTS AND DISCUSSION 

The SEM images of the SnO2 nanowires network sensor 
are shown in Figure 2. The results from the SEM image 
of Fig. 2(a) showed that the SnO2 nanowires density in 
all three sensors was different. The nanowires density of 
G2 and G5 is larger than that of G10. In all three sensors, 
we controlled that the SnO2 nanowires growth only from 
the edge of the electrode and that the lengths range from 
a few μm to about 30 μm. The nanowires grown from the 
two electrode sides come in contact with each other to 
create the junctions. Therefore, the temperature 
generated by the Jule effect will only be concentrated at 
the center space of the electrodes. Figure 2(b) shows the 
diameter of the SnO2 nanowires in all three sensors < 50 
nm. The coated Ag material on nanowires surface is 
observed in Fig. 2(c) as Ag nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: (a, b) SEM images of SnO2 NWs network sensors, 
(c) Ag decorated SnO2 NW. 

(a) 

(b) 

(c) 
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The H2S gas concentrations were selected to research the 
sensing properties of 0.25, 0.5, 1 and 2 ppm. The plots in 
Fig. 3(a, b, c) show that the resistance of the G2, G5 and 
G10 sensors after stabilization has increased due to the 
spacing between the electrodes, which is perfectly 
adequate because of the nanowire density SnO2 between 
electrodes decreases from G2 sensor (SnO2 nanowires 
density of G10 sensor is smallest). At the same power 
loads of 8 mW, the response increases as the H2S 
concentration increases. In particular, at the same power 
loads and H2S gas concentration, the response of the G10 
sensor is greater than the response of the G5 and G2 
sensors, Fig. 3(d). This can be explained as follows: 
Firstly, when the junction diminishes, the same supply 
power will cause the temperature at the junctions to be 
higher. Secondly, when the junctions density is high, the 
temperature at the junction points is lower and the heat 
loss is greater due to the heat transfer [18]. 

 

 

 

 

 

 

 

 

Figure 3: Dynamic gas response characteristics at loading 
power of 8 mW of sensors G2 (a), G5 (b), and G10 (c) and 

the summary of gas response (d). 

To investigate the H2S gas sensing properties of the 
sensor depend on power consumption, we chose the G10 
sensor with power loads range of 2 mW - 10 mW. The 
results in Fig. (4a) show that the sensor response 
decreases as the power loads increases, with the 
maximum response at 2 mW, about 6 times. It proved 
that the power consumption of the sensor influences the 
gas sensing properties. Both the G2 and G5 sensors also 
have the similar properties that the sensor response 
increases when the power consumption is reduced as in 
Fig. (4b). 

In Fig. 4 (c, d) shows that, as the power loads of the 
sensor decreases, the response time increases. The 
greater the junctions density, the slower the response 
time. The explanation for the above results can be based 
on the reaction equation: 

Ag2O + H2S    → Ag2S  +  H2O  (1) 
Ag2S + 3/2 O2 → Ag2O  + SO2  (2) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: The response to H2S gas of sensors as a function of 
loading power (a, b) and response time, recovery time (c, d). 

When the sensor operates at low power, it corresponds to 
the low working temperature [17]. Reaction according to 
the trend of equation (1), i.e., the preferred reaction 
occurs in the direction of the Ag2S formation (causing the 
sensor resistance decreases) and almost no desorption of 
Ag2S to return to Ag2O. Therefore, at low power 
consumption, the sensitivity of the sensor is much greater 
than that at the higher power. Interestingly, depending on 
the requirement of high gas sensitivity or fast response, 
we could choose the applied power for the sensor.  

4. CONCLUSION 

Research results show that the self-heated sensor with the 
Ag doped SnO2 nanowires network fabricated with simple 
process. The sensor can operate at low power consumption 
and detect low H2S concentration at the power consumption 
of only 2 mW. However, it needs further study for the 
application of the fabricated sensor in the future. 
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