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ABSTRACT 

 

Effect of light illumination on electrical properties of nanocrystalline 

cadmium sulphide thin films prepared on ITO by chemical route  were investigated. 

X-ray diffraction (XRD) pattern revealed that the films were nanocrystalline in nature 

with mixed hexagonal and cubic phases. Improvement in the crystallinity of the films 

was found with increase in deposition temperature. The field emission scanning 

electron microscopy (FESEM) images showed uniform deposition of the material 

over the entire substrate surface and the change in morphology was found with 

deposition temperature. The optical measurement reveals that the cadmium sulphide 

thin films possess direct band gap and the band gap energy decreases with the increase 

of deposition temperature. Enhancement in the electrical properties of the deposited 

films with increase in deposition temperature was found from the I-V measurements 

under dark and illumination conditions. 
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1.  INTRODUCTION 

  

Thin films of metal chalcogenide semiconducting materials have been extensively 

studied by many  researchers because of their actual and potential applications in the solid state 

physics. Cadmium sulphide (CdS) is one of the binary semiconducting materials from II-VI 

group, of which physical properties have been constantly investigated during the last three-four 

decades for both fundamental and practical applications. It’s interesting properties like, high     

transparency, wide and direct bandgap transition (2.42 eV), high electron affinity and n-type 

conductivity makes the material suitable for many potential applications in a variety of solid 
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state devices such as photoconductor, photocatalysts, solar cell, electrochemical cell, gas sensor, 

and photosensor etc.1,2.  

Till today, many different deposition techniques such as chemical bath deposition 

(CBD)3, successive ionic layer adsorption and reaction (SILAR)4, close-spaced sublimation 

(CSS)5, sputtering6, vacuum evaporation7, chemical pyrolysis deposition8, electrodeposition9, 

pulsed laser deposition10 and electron beam evaporation technique11 etc. are used to prepare 

CdS thin film. Among the various method chemical bath deposition technique provides a simple 

way of synthesizing thin films because of its simplicity, convenience and inexpensive to 

produce uniform thin film. In addition, CBD could be used for the production of large area thin 

films, for solar related applications, without utilizing any high vacuum system12. In view of this, 

an effort has been made to study the effect of deposition temperature and light illumination on              

electrical properties of nanocrystalline cadmium sulphide thin films on ITO by using chemical 

bath deposition technique. Along with this study physical properties of the prepared thin films 

such as structure, surface morphology, optical and electrical properties using X-ray diffraction 

(XRD), field emission scanning electron microscopy (FE-SEM), optical absorption and I-V 

measurements respectively has been presented systematically.    

 

2.  EXPERIMENTAL DETAILS 

 

All the chemicals used for the deposition were analytical grade and all the solutions 

were prepared in the deionized water. Nanocrystalline cadmium sulphide (CdS) thin films were 

prepared from the chemical bath containing solutions of cadmium chloride (CdCl2.2H2O) and 

thiourea (CS(NH2)2), acts as a source of cadmium and sulphide ion respectively. 30% aqueous 

ammonia (aq. NH3) is used as a complexing agent during deposition process. The 

nanocrystalline cadmium sulphide thin films were deposited on ITO coated glass substrate by 

using a process explained in our earlier report13. Chemical bath contains: 10 ml of 0.05M 

cadmium chloride, 10ml of 0.05M thiourea solutions and 3.5ml of 30% aqueous ammonia in 

a 100ml beaker. The mixture was stirred for a few seconds by a magnetic stirrer and then 

transferred to another beaker containing cleaned ITO coated glass substrates, clamped 

vertically into it. After few minutes later, the substrates were found to be covered with yellow 

deposits. The bath was covered to help to stabilize the temperature and reduce the loss of                   

ammonia. After deposition, the substrate was taken out from the bath, washed with de-ionized 

water and was dried in air. In order to investigate the influence of the deposition temperature 

on the properties of films deposited by chemical route, the deposition was carried out at 60oC 

and 70oC.  
 

The surface morphology, chemical composition and crystalline properties of the films 

were analyzed by field emission scanning electron microscopy (FE-SEM) and energy 

dispersive X-ray spectroscopy (EDS) using S-48500 type-II (Hitachi High Technology 

Corporation Tokyo, Japan), and X-ray diffraction (XRD) using Bruker AXS, Germany (D8 

Advanced), respectively. The optical properties of the films were determined by JASCO V-

630 UV-VIS spectrophotometer. The electrical property of cadmium sulphide deposited on 
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ITO coated glass substrate was studied by I–V characteristics in dark and under illumination 

(visible spectra) with different intensities using Keithley meter (Model no. 2400) over the 

range ±0.5 V. 

  

3.  RESULTS AND DISCUSSION 

 

3.1 Structural studies 

 

The crystalline size and crystal structure of the nanocrystalline cadmium sulphide thin 

films were determined from X-ray diffraction pattern. Fig. 1 shows the measured diffraction 

patterns at diffraction angle (2θ) from 20o to 80o for the prepared thin films. The peaks at 

2θ=21.76o, 35.59o, 45.80o and 51.15o corresponds to SnO2 because of the substrate (ITO) used. 

Other diffractions peak at approximately 2θ=27.12o, is related with the mixture of hexagonal         

(0 0 2) and cubic (1 1 1) planes [JCPDS card no. 41-1049 and JCPDS card no. 80-0019]. A 

peak corresponding to 2θ=30.74o is associated with a cubic (2 0 0) plane and peak 

corresponding to 2θ=60.77o is associated with a hexagonal (1 0 4) plane was observed. The   

(2 0 0) diffraction peak becomes more intense with the increase of deposition temperature 

might be due to the increase of film thickness or increase of crystallite size14. XRD patterns 

also indicates that the cadmium sulphide films have a high crystalline orientation along the (2 

0 0) crystalline direction of  cubic phase. Thus from XRD studies, it is clear that cadmium 

sulphide is a mixture of cubic and hexagonal phases with nanocrystalline in nature, which 

agrees with the earlier report for cadmium sulphide thin film15. The average crystallite size (D) 

of the cadmium sulphide films was estimated from the (1 1 1) and (2 0 0) peaks using Scherrer 

formula16. The average crystallite size is found to be increased from 29.42 nm to 33.92 nm as 

deposition temperature increase from 60o to 70oC. 

 

 
 

Fig. 1- XRD pattern of nanocrystalline cadmium  sulphide films deposited on ITO coated glass substrate at 

a) 60o and b) 70oC 
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3.2  Surface morphology and compositional studies 
 

Fig. 2a and 2b shows FE-SEM image of cadmium sulphide thin films deposited on 

ITO coated glass  substrate at deposition temperatures of 60o to 70oC. It shows that the substrate 

is well covered with the deposited material without cracks and pinholes. The field emission 

scanning electron microscopy (FE-SEM) study for nanocrystalline cadmium sulphide films on 

the ITO coated glass substrate reveals that the film formed is uniform and homogenous. FE-

SEM images of both the samples reveals that use of aqueous ammonia as a complexing agent 

resulted in a thin chiplike layers of deposited materials. Similar kind of morphology which is 

very sensitive to photoelectrode degradation was reported by Patil et al.17. FE-SEM image of 

the films deposited at higher temperature shows significant change in the morphology.  

The elemental analysis of cadmium sulphide films deposited at temperature 70oC on 

ITO coated glass substrate was performed using EDS analysis and presented in fig.3. The 

analysis confirms the presence of Cd and S in the deposited film with Cd=69.13% and 

S=30.87%. It confirms that the film has been Cd rich. However, in addition to Cd and S, there 

are other peaks corresponding to Sn, O, In, etc. and can be attributed to those originating from 

ITO coated glass substrate. 
 

(a)        (b) 
 

Fig. 2- FESEM images of nanocrystalline cadmium sulphide films deposited on ITO coated glass substrate 

at a) 60o and b) 70oC 

 
Fig. 3- Typical EDS pattern of nanocrystalline cadmium sulphide films deposited on ITO coated glass 

substrate at 70oC. 
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3.3  Optical studies 

 

Fig. 4 shows the optical absorption spectra of nanocrystaline cadmium sulphide thin 

films in the wavelength range of 400-900nm deposited at 60oC and 70oC. The theory of optical 

absorption gives the relation between the absorption coefficient α and the photon energy hυ, 

for direct allowed transition as, 

 

  α =
A(hν−Eg)

2

hν
            (1) 

 

where hυ is the photon energy, Eg is the optical bandgap, A is a constant. 

 

 
 

Fig. 4- Absorbance with respect to wavelength for cadmium sulphide films deposited on ITO coated glass 

substrate at a) 60o and b) 70oC. 

 

 In inset of fig. 4 shows a plot of (αhυ)2 versus hυ which is linear at the absorption edge, 

confirming the direct bandgap material. The linear fit of the plot indicate the existence of the 

allowed direct bandgap transition. Extrapolation of the linear portion of the curve to             

(αhυ)2 = 0 determines the optical bandgap Eg. It is clear from the figure that the bandgap energy  

decreases from 2.22 eV to 2.17 eV as the deposition temperature increases from 60oC to 70oC. 

Decrease in bandgap energy with increase in the deposition temperature can be attributed to 

the increase in the crystallite size of the material.  

 

3.4  Electrical studies 
  

In order to study the electrical properties of nanocrystalline cadmium sulphide thin 

films I-V curve under dark and light illumination was obtained.  Fig. 5a and 5b shows I-V 

characteristics curve obtained from the nanocrystalline cadmium sulphide thin film prepared 

at deposition temperatures of 60o to 70oC for different illumination intensities.  

http://www.physics-journal.org/
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Fig. 5- Current–voltage (I–V) characteristics curve obtained from nanocrystalline cadmium sulphide films 

deposited on ITO at a) 60o and b) 70oC with different illumination intensities. 

Nanocrystalline cadmium sulphide thin film deposited on ITO coated glass substrate 

of area 1 cm2 was selected and silver paste was applied (two Ag contacts separated by a 

distance of 1cm) to ensure the good neutral electrical contacts to the films. From I-V plot, 

decrease in resistivity was found with increase in illumination intensity for both the samples. 

This suggests that the incident photon energy breaks some of the covalent bonds in the CdS 

semiconductor and as a result free electron-hole pairs are available for current conduction18. 

These results suggest that nanocrystalline cadmium sulphide thin films prepared by CBD on 

ITO coated glass substrate possess electrical properties sufficient to function as a window 

layer19. The photosensitivity20 is calculated by using the equation as, 

 𝑆 =
(𝑅𝐷 − 𝑅𝐿)

𝑅𝐷
⁄                              (2) 

where RD and RL is the resistance in dark and under light, respectively. Fig. 6 shows the plot 

of photosensitivity versus illuminated light intensities. It can be concluded that the 

enhancement of the photoconductive sensitivity is due to the electron hole pairs excited by the 

incident light19. These characteristics are important for the application of these films in 

optoelectronic applications.  

 
Fig. 6- photosensitivity versues illuminated intensity of cadmium sulphide film deposited on ITO 

(b) (a) 
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3.5 CONCLUSION 
 

In the present investigation, effect of deposition temperature and light illumination on 

the electrical properties of nanocrystalline cadmium sulphide thin films deposited onto ITO 

coated glass substrate by using CBD technique was studied. XRD studies reveal nano-

crystalline nature of the films with mixed (cubic and hexagonal) crystal structures. 

Crystallinity of the films enhanced with increase in deposition temperature. The cadmium 

sulphide thin films deposited on ITO/glass substrate present uniform deposition, homogeneous 

morphology and nano-crystalline properties, confirmed by FE-SEM and XRD analysis. 

Optical absorption study revealed direct bandgap nature and bandgap decreases with the             

deposition temperature. Electrical studies showed that the films are semiconducting and 

decrease in resistivity was found with increase in light illumination for both the samples. 
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