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Metal nanoparticles, in particular noble metal nanoparticles with 

narrow size distribution, controlled scalability and purity, exhibit 

unprecedented and exciting properties strongly dependent on their 

size, shape and inherent electrons distribution with reference to 

those of macro-scaled counterpart. The challenge is how to 

fabricate these nanoparticles in cost-effective method as well as 

without hampering optical, electrical and topographical properties 

of other layers involved in device fabrication. In this study, a 

simple two-steps process was adopted to fabricate silver (Ag) 

nanoparticles on zinc oxide (ZnO) thin film followed by their 

topographic and optical characterizations. The underneath layer 

ZnO thin film, as an example, was also investigated thoroughly 

how the properties change during the nanoparticles fabrication. In 

the process, ZnO thin film was sputtered on standard glass 

substrate followed by further sputtering of an ultra-thin Ag layer. 

Subsequently the specimen was treated at high temperature.  

 

    

The synthesis of metallic nanoparticles of controlled shape and 

size is of great importance in many applications such as catalysis, 

medicine and photovoltaic.  In catalysis, it has been shown 

routinely that metallic nanoparticles improve remarkably the 

activity toward various types of reactions  

Fabrication of metal nanorings has been reported through various 

methods such as lithography, molecular-beam epitaxy, template-

assisted deposition, etc. It is apparent that, in most cases, 

template-assisted technique and complicated methods and/or 

sophisticated facilities are required to fabricate such metal 

nanorings. On the other hand, silver  nanoparticles  have been  

synthesized via chemical routes by many authors. In such 

scenario, particles are surrounded by surfactants and thus 

applications such as, sensing and catalytic, cannot be truly 

realized because of unexpected analyses around these 

nanoparticles.   

Various studies showed that it is important to control the size, the 

morphology and the average distance between  nanoparticles   in 

order to optimize their effect  on  light scattering.     

  

 

 XRD  

Fig. 1. The XRD spectra of   as grown ZnO  thin films  and Ag  

anoparticles on ZnO thin films. 

Thin layers of metallic silver were obtained by DC sputtering 

technique using an Automatic sputter coater (model NSC-4000). 

The deposition of Ag-ZnO layers was carried out in two steps.  

First, ZnO thin films were deposited on glass substrate using 

reactive plasma of pure oxygen (O2) and pure zinc  target (99.999 

%).   The deposition time was 25 minutes at 100 watt power.    In 

the second step, Ag was sputtered under pure Ar plasma using a 

pure silver target (99.99%)   from Semiconductor wafer, Inc. Before 

sputtering, the substrates were cleaned using ethanol. The targets 

were ultrasonicated for 15 min in acetone followed by 15 min 

ultrasonic cleaning in methanol. The base pressure in the chamber 

was less than 2×10-6 torr and the working pressure was set to 

7×10-3 torr by adjusting the gas flow at 80 sccm (Ar for silver 

deposition and pure O2 for ZnO deposition). The zinc and silver 

targets were plasma etched for 1 min before each starting the 

deposition process. The target substrate distance was maintained 

fixed at 10 cm.  
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 Fig. 4 (a) FESEM micrograph of Ag-NPs on ZnO  (b) EDS 

 spectrum . Individual scale bar show the image size. 

(a) 

(b) 

(c) 

Fig. 3:  Ag NPs on ZnO thin films  XPS   a)  survey  b) Ag3d 

lines  c ) Zn 2p lines 

(a) 

The evolution of Ultra thin layers of Ag on ZnO thin films 

prepared  by DC sputtering after  annealing was investigated.   

FESEM micrographs revealed the transformation of Ag layers 

into random shaped nanoparticles. Furthermore, the results 

showed a significant change of the properties of the ZnO films 

due to stress relaxation, recrystallization and grain growth. 

The XPS survey spectrum displayed the presence of Ag, Zn, O, 

N and C. The quantitive analysis gave Zn/O = 1.0 which 

corresponds to the soichiometric composition of the film and 

Ag/Zn = 0.05. Optical absorption results showed a slight 

decrease of the energy gap (from 3.31 eV to 3.25 eV). This 

process can be described using the Ostwald ripening 

mechanism governed by the surface diffusion energy 

redistribution of silver.   
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