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Abstract: 
To mimic biological olfactory receptor arrays, a three dimensional (3D) “electronic nose” was 
fabricated by using well-aligned ZnO nanowire arrays modified with different metal oxides. Metal oxide 
nanowire arrays share 3D structures similar to mammalian olfactory receptor arrays, with thousands of 
vertically aligned nanowires providing a high reception area which can significantly enhance the 
sensors’ sensitivity. Meanwhile, with different material decorations, each array of nanowires can 
produce a distinguishable response for each separate analyte, which would provide a promising way 
to improve the selectivity. We have successfully fabricated gas sensors based on SnO2, In2O3, and 
WO3 coatings which have discriminated five gases which are NO2, H2S, H2, NH3, and CO. The 
sensitivity to NO2 and H2S has reached down to the ppb level. 
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Introduction 
Highly sensitive and selective chemical agent 
detectors have important applications in the 
areas of environmental emission control, public 
security, automotive applications, workplace 
hazard monitoring, medical diagnosis, and so 
on [1-2]. Among most of the detection 
technologies, including conductive polymer 
sensors, metal oxide conductometric sensors, 
and microcantilever sensors, metal oxide 
conductometric sensors comprise a significant 
part of the gas sensor component market. The 
reason is that metal oxides possess a broad 
range of electronic, chemical, and physical 
properties that are often highly sensitive to 
changes in their chemical environment. As 
nanotechnology has developed, metal oxide 
nanostructures have attracted much attention 
for applications in highly sensitive and selective 
gas sensors due to their high aspect ratio, large 
surface area, and availability of versatile 
structures as compared to their thin film 
counterparts [3-4]. For example, in gas sensors 
formed with individual In2O3 nanoparticles, a 
nanowire or nanowire networks can detect NO2 
down to the ppb level at room-temperature [5-
6].  

For the purpose of mimicking the biological 
olfactory system with a diversity of receptor 

arrays, vertically aligned 3D nanowire arrays 
have great potential for sensor applications, 
due to their extremely large surface area which 
provides a much stronger capability of capturing 
target molecules in the atmosphere [7-8]. To 
realize multiple receptor arrays, different metal 
oxides were coated onto well-aligned ZnO 
nanowire arrays, which can be readily grown by 
hydrothermal synthesis [8-9]. The electrical and 
gas-sensing properties of individual nanowire 
arrays were characterized. The electronic nose 
was fabricated with ZnO nanowire arrays 
decorated with the different metal oxides (SnO2, 
In2O3, and WO3) and the gas discrimination of 
this electronic nose was studied in detail. 

Experimental 
The fabrication of vertically aligned 
semiconductor core-shell nanowire arrays 
generally starts with well-aligned ZnO 
nanowires grown by hydrothermal synthesis 
[10]. Fig.1 shows the schematic of the 
fabrication procedures for 3D sensor devices. 
The substrate was cleaned by a standard 
process, followed by the well aligned growth of 
ZnO nanowire arrays by hydrothermal synthesis 
[8]. Common thin film techniques, such as 
sputtering, PLD, or CVD, can be used to 
deposit the shell layers [8]. In this experiment, 
50 nm SnO2, In2O3, and WO3 were sputtered in 
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