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Abstract- Nanoparticles of CdS have been produced by rf-
sputtering method. X-ray diffraction patterns and selected 
area electron diffraction patterns confirmed the 
nanocrystalline cubic CdS phase formation. TEM 
measurements of the CdS thin film prepared on carbon coated 
copper grid show that the particle size lies in the range 2 - 5 
nm and the optical transmittance measurement shows above 
85 % transparency in the wavelength range 500 - 800 nm. 
Effects of electrodes distance variation on the optical 
properties of the nanoparticles were studied. The direct 
optical bandgap value of the films initially decreased with 
lowering of electrode distance then increased. The direct 
optical bandgap lies in the range 3.09 eV to 3.67 eV and 
indirect bandgap 1.74 eV to 3.18 eV for electrode distance 
variation 2 cm to 4 cm. 
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I. INTRODUCTION 
 
 Nanostructured materials have gained special interest 
in recent years due to their new properties providing the 
theoretical concepts [1-3] in physics associated with it. 
Quantum confinement effects are observed in nanoparticles 
because of large surface to volume ratio, resulting in high 
density of surface states. Preparation and study of 
nanoparticles[4,5], nanobelts [6,7],  nanofibres and nanowires 
[8,9] have been reported by different groups with different 
routes. One-dimensional nanostructured materials have gained 
immense importance in the assembly of nanodevices [10,12]. 
Nanometer-scale electronics have opened the new area of 
application in device technology[13]. One-dimensional 
nanoscale materials may be utilized in various nanodevices 
including nanologic circuits, nanolasers, nanosensers, 
nanothermometers[14], etc. Quantum wires of semiconductors 
[15] and metallic alloys [16] have found to exhibit interesting 
magnetic and electrical properties.  
   
Quantum confinement effect modifies the electronic structure 
of nanocrystals when the sizes of the nanoparticles are 
comparable to that of Bohr excitonic radius of those materials.  
Hence depending upon the sizes of the materials, the 

nanoscale semiconductors show interesting properties, and 
great efforts have been imposed on controlling their sizes. 
Starting from the zero-dimensional nanoparticles, various 
structures, such as nanowires, nanorods, nanotubes and 
nanobelts have been produced from different materials [17- 
20], among them CdS is one of the widely studied materials. 
Previously, CdS nanowires have been reported via chemical 
bath deposition process by Zhang et al [21]. CdS nanoparticles 
have been prepared via sol-gel method by Mathieu et al [22]. 
Murray et al[23] and Counio et al[24] have synthesized CdS 
nanoparticles by pyrolysis of organometalic reagents and 
controlling precipitation of nanocrystals in inverted micelles 
respectively. CdS nanoparticles embedded in silicon dioxide 
matrix have also been reported via magnetron rf-sputtering 
technique by Rolo et al[25] and Vasileviskiy et al. Recently, 
CdS nanoparticles have been grown within the self-organized 
pores of a polymer matrix via chemical bath deposition by us 
[26]. As the nanoscale semiconductors show interesting 
properties [27-30], different properties of CdS thin films 
studied by different groups [31-32]. In this paper we have 
reported the synthesis and characterizations of CdS 
nanoparticles by rf-magnetron sputtering without any capping 
agents or matrix.     
 

II. EXPERIMENTAL 
 
2.1 Target preparation for sputtering 
 

Cadmium sulphide (CdS) target was fabricated by 
taking a suitable aluminium holder (2 inch dia) and 
compacting the hexagonal CdS polycrystalline powder by 
applying suitable hydrostatic pressure (~ 100 kg / cm2). The 
fabricated CdS target was placed in the radio frequency 
magnetron-sputtering chamber for the deposition of 
nanocrystalline thin films on various substrates such as glass 
and Si.  
 
2.2 Film synthesis 
 

The films were synthesized at room temperature and 
the substrate used was glass and Si. The glass substrates were 
cleaned at first by a mild soap solution, then in boiling water 
and ultrasonic cleaner and finally degreased in alcohol vapor. 
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For Si substrates, to remove the surface oxide layer, they were 
etched in HF (~20%) for 5 minutes and finally cleaned in an 
ultrasonic cleaner. The chamber was evacuated by 
conventional rotary and diffusion pump combination to a base 
pressure of 10 – 6 mbar. Before starting the actual deposition 
the target was pre-sputtered and the substrates were covered 
by a movable shutter. The working pressure of the evacuated 
chember was maintained at  ~ 0.08 mbar sending argon gas 
during deposition of the film. The sputtering was performed at 
varying the target to substrate distance from 1.5 cm to 4 cm 
keeping constant rf power at 260 watt. For transmission 
electronic measurement the films were directly deposited on 
carbon coated copper grid. 
 
2.3 Characterization 
 

The deposited films were characterized by studying 
mainly structural and optical properties. UV-VIS 
spectrophotometric measurement was performed by using a 
spectrophotometer (Shimadzu UV-3101PC) at room 
temperature. The spectrum was recorded by taking a similar 
glass as reference and hence transmission due to the film only 
was obtained. For phase confirmation an X-ray diffractometer 
(Bruker Advance D8) was used. XRD pattern was measured in 
2 range 20 - 70 o using Cu K� radiation of wavelength �= 
0.15406 nm. For TEM measurement a transmission electron 
microscope (Hitachi 600) was used. The details of the 
characterizational result are discussed in the following. 
 

III. RESULTS AND DISCUSSION 
 
3.1 X- Ray Diffraction and Nanostructural studies  
 

X-ray diffraction pattern of CdS powder (target material) 
and thin films were studied. The several peaks of hexagonal 
phase of CdS powder with a = b = 4.136 Å, c = 6.713 Å, have 
been obtained due to diffraction form (100), (002), (111), 
(102), (110), (103), (112) and (203) planes of CdS as shown in 
Fig.1. For thin films, only the reflection from (111) plane of 
cubic CdS (a0 = 5.818 Å = b0 = c0). Fig.2 shows the XRD 
spectra of CdS thin films for target to substrate distances (a) 4 
cm, (b) 3.5 cm, (c) 3 cm and (d) 2.5 cm. Also the peaks are 
broadened due to the nanocrystallinity of the films. Here it 
should also be noted that the broadening of peak increases 
with the increase in electrode distance and bellow electrode 
distance 2 cm quality of deposited film is not so good. The 
information on strain () and the crystallite size (L) of CdS 
thin films have been obtained from the following Debye-
Scherrer relations: 

 
 

 
 

where is the Full-Widths-at-Half-Maximum 
(FWHM) of the diffraction peaks. Inset of The interplaner 
spacing (d) corresponding to XRD peaks, TEM measurement 
and JCPDS data card [33] have been computed as shown in 
table 1. The variation of crystallite size and strain with 
electrode distance are shown in Fig.3. From this figure, it is 
clear that the crystallite size decreases and strain increases 
with the increase in substrate to target distance. 
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Table 1. Interplaner spacing (d) from TEM, XRD,  JCPDS 

files corresponding (hkl) values. 

 
 

The nanostructured of the films, deposited on carbon 
coated copper grid, were studied at room temperature by using 
a transmission electron microscope (TEM). The micrographs 
and corresponding diffraction pattern of CdS nanoparticles 
have been shown in Fig. 4 (a) and (b) respectively. The 
presence of CdS nanoparticles is clearly visible in TEM 
picture and corresponding diffraction pattern of the film 
consists of central halo and concentric rings. From the 
diameter of the rings, we calculate the inter-planer spacing (d) 
values, which correspond to reflection from (111), (220) and 
(311) planes of cubic CdS with a0 = 5.4060 Å. From TEM 
micrograph we obtained the diameter of the particles lies in 
the range of 2 nm to 4.35 nm. 
 
3.2 Optical absorption and optical bandgap 
 

The bandgap of the film Eg(film) was determined from 
the transmission vs. wavelength traces (as shown in Fig.5 for 
variation of electrode distance) recorded in the range 300 - 
800 nm. These show above 85 % transmittance in the 
wavelength range of 550 nm to 800 nm. The fundamental 
absorption, which corresponds to electron excitation from the 
valance band to conduction band, can be used to determine the 
nature and value of the optical band gap. The relation between 
the absorption coefficients (( and the incident photon energy 
(hcan be written as [34], 

 

 
                                                  

where A is a constant and Eg  is the band gap of the 
material and exponent n depends on the type of transition. For 
direct allowed n=1/2 , indirect allowed transition, n=2, and for 
direct forbidden, n=3/2.  To determine the possible transitions, 
hn vs. h were plotted and corresponding band gap were 
obtained from extrapolating the straight portion of the graph 
on h  axis. The direct bandgaps (lie in the range 3.09 eV to 
3.67 eV) and indirect bandgaps (lie in the range 1.74 eV to 
3.18 eV) calculated from(h)2 vs. h  and(h)1/2  vs. 
hplots respectively are shown in Fig.6 and Fig.7 for 
substrate to target distance variation from 2 cm to 4 cm. The 
direct bandgap values of the films are higher than that of bulk 
value of CdS (2.42 eV) because of quantum confinement of 
carriers in CdS nanocrystals.  

 
The properties of nanocrystalline materials change 

from their corresponding bulk properties due to the sizes of 
the nanoparticles become less or comparable to the Bohr 
excitonic radius (rB).  
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where  is the permittivity of the sample, m*e = 
0.21m0 and m*h = 0.80m0 are the effective mass of electron 
and hole in CdS  respectively, where m0 is the mass of a free 
electron. From the above relation the Bohr radius of CdS 
comes out as 2.8 nm. The values of particle sizes in the 
nanocrystalline CdS thin film, as determined from that of 
TEM studies, are comparable to Bohr radius supporting the 
quantum size effect.   
 

 
 

The shift of band gap might also be utilized in 
determining the crystal radius (r) using relation [35, 36] 
 

 
 

where  is the reduced mass of electron-hole 
effective masses and  is the dielectric constant. The particle 
sizes have been calculated from above relation and those lie in 
the range 2.69 nm to 3.68 nm for variation of electrode 
distance. The same obtained from TEM measurement  also 
fairly support these results. 
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Table II: Comparison of electrode distance, direct 
bandgap, indirect bandgap and particle size from shift of 

direct bandgap. 

 
 

The variation of direct bandgap and particle size 
(obtained from the shift of bandgap to that of bulk value) with 
electrode distance are shown in Fig.8. It is clear from the 
figure that the particle size increases (3.16 nm to 3.68 nm) 
with the increase of electrode distance (2 cm to 2.5 cm) first 
and then it decreases (3.68 nm to 2.69 nm) with the increase of 
electrode distance (2.5 cm to 4 cm).  
 

IV. CONCLUSIONS 
 

The thin films of CdS nanoparticles, deposited by rf-
magnetron sputtering were well dispersed. TEM and optical 
studies revealed that the quantum size effect was predominant 
in determining the above properties with particle size lying in 
the range 2 nm to 4.35 nm. XRD study revealed the cubic 
phase of nanocrystalline CdS. Optical transmission spectrum 
showed above 80 % transmittance in the wavelength range of 
450 nm to 800 nm and a high direct bandgap 3.81 eV to 2.90 
eV and indirect bandgap was also high due to quantum 
confinement effect in CdS. 
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