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Abstract  
 The gold nanoparticles (Au NPs) decorated tungsten oxide nanorods (WO3 NR) arrays have 
been fabricated by physical vapor deposition method. Firstly, the WO3 NR arrays were fabricated by 
dc reactive magnetron sputtering with glancing angle deposition technique. The Au NPs of different 
sizes and morphology were uniformly sputtered on WO3 NR arrays via normal dc magnetron sputtering. 
The influence of Au deposition operated pressure on the structure and morphology of the resulting Au 
NPs on WO3 NR arrays were systematically studied. Crystal structure, morphologies and element 
analysis of as prepared samples were characterized by X-ray diffraction, field-emission scanning 
electron microscopy, and energy dispersive X-ray spectroscopy. The result indicated that the Au 
nanoparticles prepared at low operated pressure were mostly located near the top of the WO3 nanorods.  
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1. Introduction  
Metal Oxide in forms of nanostructures, such as nanowires, nanobelts, nanotubes and nanorods have 

been studied for gas-sensing applications due to their large surface-to-volume ratio. The nanostructures 
of metal oxide semiconductor gas-sensing materials, such as SnO2, WO3 and ZnO have showed higher 
response with improved sensitivity at low gas concentration compared with thin-film materials [1 – 3]. 
Moreover, the gas sensing performance can be achieved by doped with novel metal such as Au 
nanoparticle and Pt nanoparticle, which were used as catalyst materials [4 – 6]. Among various metal 
oxide semiconductor nanostructure materials, Tungsten trioxide (WO3) is an n-type semiconductor with 
a band gap of 2.60 − 3.60 eV. Gas sensors based on WO3 nanostructures have demonstrated high 
sensitivity and fast response due to their large surface-to-volume ratio [7, 8]. Several fabrication 
methods have been developed to glow WO3 nanostructure including chemical vapor deposition (CVD) 
[9], physical vapor deposition (PVD) [10, 11] and hydrothermal. These methods mostly produce 
random WO3 nanostructures, which are not desirable for commercial applications.  

Glancing angle deposition (GLAD) deposition technique, in which a high melting point material flux 
is incident onto the substrate from a glancing angle, α, in which substrate surface is rotated and tilted 
to an angle of greater than 80◦ with respect to the normal of substrate surface or less than 10◦ with 
respect to the direction of vapor flux. Low surface mobilities of adatoms lead to kinetic limitations such 
as geometrical confinements and atomic shadowing, resulting in the formation of a variety of porous 
columnar microstructures [12 – 14]. A physical vapor deposition (PVD) with glancing-angle deposition 
(GLAD) technique is a method to grow well ordered metal oxide nanostructures. In this work, WO3 
nanorods are prepared by glancing angle deposition (GLAD) technique using reactive DC magnetron 
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sputtering process and the result of operate pressure Au Nanoparticles Decorated WO3 Nanorods 
formation is studied. 
  

2. Materials and methods 
Tungsten trioxide (WO3) nanorods were fabricated by dc reactive magnetron sputtering system using 

GLAD technique. The distance from the target to substrate center and the substrate rotation speed were 
fixed at 5 rpm. The substrate normal was positioned at an angle of 85 ( = 85) with the respect to the 
vapor incident flux. A 3-in. metallic tungsten disc with 99.99% purity was used as sputtering target. 
Pure argon (99.999%) and oxygen (99.999%) were used as a sputtering and reactive gas, respectively. 
The flow rate of Ar and O2 was kept at constant value of 8 sccm and 24 sccm, respectively. The silicon 
wafers (100) substrates were prepared by ultrasonic washer with acetone, before loaded into the 
deposition chamber. The deposition time was fixed at 60 min. Then, the gold nanoparticles (Au NPs) 
were deposited on WO3 nanorods (WO3 NR) arrays as illustrated in Fig. 1. The influence of Au 
Nanoparticles Decorated WO3 Nanorods was generated with varing operated pressure from 10 mTorr 
to 30 mTorr were studied. The film crystalline structures were examined by a RIGAKU, TTRAX III 
X-ray diffractometer operating with Cu-K1 source. The measurements were conducted from 20 – 60 
incident angles. The morphology of the films was examined by using Field Emission Scanning Electron 
Microscopy (FE-SEM), Hitachi model S-4700 and Transmission Electron Microscopy (TEM).  

 

 
Fig. 1 Schematic of GLAD with sputtering process 

 

3. Results and Discussion 
The crystal structure of WO3 nanorod thin films with ad-deposit (ADS) and Au NPs decorate 

pressure of 10 to 30 mTorr are revealed in X-ray diffractograms as shown in Fig. 2. It can be seen that 
the crystal structure of all WO3 nanorod films exhibits amorphous structure due to the low energy and 
the low mobility. In addition, there are no diffraction peak corresponding to the Au phase of the 
decorated nanoparticles. The results indicated that the Au NPs should be very thin so that its diffraction 
signals was too low to be detected by the XRD. In addition, it can be noticed that the Au NPs deposited 
on WO3 NRs were not clearly observed by the necked eyes due to the small particles size. The EDS, 
FE-SEM and TEM will be used to confirm the presences of the Au nanoparticles. 
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Fig. 2 Typical X-ray diffraction patterns of WO3 nanorods with as-deposited (ADS) and Au NPs 

decorate pressure of 10 to 30 mTorr.  
 

Typical SEM images of WO3 thin films with ad-deposit (ADS) and Au NPs decorate pressure of 10 
to 30 mTorr are shown in Fig. 3. It can be seen that the WO3 thin films exhibits columnar nanorods 
structures formed by atomic self-shadowing due to glancing angle deposition. From the SEM images, 
the average diameter of WO3  nanorods are estimated to be 50 nm and everage length of WO3 nanorods 
about 167 nm. After decorated Au NPs with operate pressure 10 to 30 mTorr, a number of small spots 
Au decoration were observed to be distributed rather uniformly over the WO3 nanorods and the everage 
size of Au NPs are estimated to be 5 – 10 nm . In addition, the Au nanoparticle on the WO3 nanorods 
film decreases from 2.10 to 0.90 wt % (1 to 0.40 Atomic %) as Au decoration pressure increases from 
10 to 30 mTorr due to the Au NPs were lower scatter at high pressure, which low plasma energy to 
sputter Au target. The Weight (%) and Atomic (%) of Au NPs Vs. Au decorate pressure 10 to 30 mTorr 
as shown in Fig. 4. 
 

 

Fig. 3 Typical FE-SEM image of WO3 nanorods with as-deposited and Au NPs decorate pressure of 
10 to 30 mTorr  
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Fig. 4 Weight (%) and Atomic (%) of Au NPs Vs. Au decorate pressure 10 to 30 mTorr 

 

The detailed structure and morphologies of the prepared nanostructure were further investigated by 
TEM. In Fig. 5 shows a typical Au NPs decorated on WO3 NRs deposited at 10 mTorr-operated 
pressure. It can be confirmed that the nanoparticles are mostly located near the top of nanorods and the 
Au particle diameter was estimated be in the range of 5 nm which correspond to the SEM from the 
previous result. 
 

 
 

Fig. 5 TEM images of the Au nanoparticles decorated on WO3 nanorods 
 

4. Conclusion 
In conclusion, the WO3 nanorods were deposited by dc magnetron sputtering with GLAD technique. 

The structure and morphology of Au NPs decorated on WO3 nanorods with varies operate pressure 10 
to 30 mTorr were studied. It was found that the crystal structure of all WO3 nanostructure thin films 
exhibits amorphous due to the low energy and the low mobility. A number of Au nanoparticle 
decoration are observed to be distributed over the WO3 nanorods and decreases with decoration pressure 
increases. Future this work will be determined the effect of decorated Au nanoparticles for WO3 
nanorods gas sensing.  
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