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The electro-optical properties of ZnxCd1−xS films prepared by chemical bath deposition 
(CBD) technique have been investigated at room temperature (RT). The films are 
deposited on glass substrates at 70o C. The deposition of films is based on precipitation 
followed by condensation. The absorption spectra are recorded in the wavelength range 
415 - 690 nm, which show slight change in band gap due to increasing concentration of 
Zn. The average particle size is calculated from SEM and XRD studies. Apart from this 
comparative studies of transmission spectra, electroluminescence (EL) emission spectra, 
and voltage and temperature dependence of EL brightness are also made.  
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1. Introduction 
 
There has been great interest of researchers in electro-optical properties of ZnS/CdS thin 

films prepared by CBD technique [1] because this technique is regarded as one of the simplest and 
most economical techniques for producing good quality nano-crystalline films [2]. Indeed this 
technique is very attractive because of being capable of depositing optically smooth, uniform and 
homogenous layers. Although a number of research papers have been published exhibiting electro-
optical properties of CdS in different forms like powder, crystals, pellets, nanocrystallites and thin 
films [3], the information available on ternary ZnxCd1−xS system is very limited. It is well 
established that ZnxCd1−xS films possess properties between those of ZnS and CdS [4, 5]. Since 
their addition produces a common lattice in which band structure has a larger band gap than CdS, 
it makes the material more attractive for fabricating EL devices. Thin film studies of ZnS & CdS 
type materials are very important because of their wide technological applications e.g. ACTFEL 
panels, flat TV screen, sensitive photoconductor [6], IR detector [7], solar cell [8], light emitting 
devices [9] etc. These TFEL displays have found strong acceptance in medical and industrial 
control applications, where the need for wide view angle, longer life, wide temperature ranges and 
fast response time are critical.  

ZnxCd1−xS films have been prepared in different forms like powders, crystals, pellets, 
nanocrystallites and thin films. Earlier workers used many sophisticated techniques like molecular 
beam epitaxy [10], plasma chemical sputtering [11], metal organic chemical vapour deposition 
(MOCVD) [12] and metal organic vapor-phase epitaxy (MOVPE) [13] to produce thin films with 
adequate properties like high crystalline, low resistive and high transmittance. However, chemical 
deposition technique appears as an interesting technique for preparing ZnS/CdS thin films [1]. In 
last decade Bhushan and co-workers used CBD technique and reported high photoconductivity 
[14, 15, 16], moderate photovoltaic efficiency [17, 18, 19], efficient PL and EL in ZnxCd1−xS films 
[20, 21, 22]. In the present work we have studied the electro-optical properties of ZnxCd1−xS films 
prepared by CBD technique by varying the Zn content in the range 0.5 ≤ x ≤ 0.7.  
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2. Experimental techniques 
 
2.1 Sample preparation 
 
The samples were prepared by vertically dipping the cleaned substrates of conducting 

glass plates of dimension 24 mm x 75 mm (with high transmission coefficient), prepared by 
depositing SnO2 conducting layer by spray-pyrolysis method [23] using SnCl2.2H2O as the 
original chemical and having resistivity ≈ 20 Ω / . The substrates were first washed with acetone, 
HCl, distilled water and by using ultrasonic cleaner. Such cleaned glass slides were dipped into a 
mixture of appropriate amounts of 1 M solutions of zinc acetate / cadmium acetate, thiourea and 
30 % aqueous ammonia (All analytical reagent grade-99.9 % pure; mixture showed pH∼11). In 
addition appropriate amounts of 0.01 M solutions of copper acetate and NaF were also mixed in 
the original mixture. Zn (Ch3COOH)2 and Cd (Ch3COOH)2 provided Zn and Cd respectively 
whereas Thiourea (NH2)2CS gave sulphur for ZnxCd1-xS films. The solutions of the compounds 
used were prepared in double distilled water and films were prepared at a constant temperature of 
70o C in a water bath. Films were prepared on around 60 % area of the glass slide. The deposition 
of films is based on precipitation followed by condensation. In the beginning when precipitation 
started, stirring was done. After that, depositions were made in the static condition and after 
deposition; films were washed with distilled water and then dried by keeping in open atmosphere 
under sun light until its moisture content reduces completely. This helps in achieving adequate 
operating life of EL cell made with such films. Bhushan and Chandra [24] established that such 
prepared films last for more than two years. The film thickness was determined by weighing 
sample before and after the deposition and was found to be between 1-2 μm. Here subscripts to Zn 
and Cd represent the percentage composition in the solution and not the final compositions. In all 
the samples discussed here, the volumes of Cu acetate and NaF used as activator and flux 
respectively were 2 ml each. Also the dipping time was taken as 75 minutes because of high EL 
intensity, uniformity and thickness of deposited films. 

 
2.2 Fabrication of EL cell 
 
The construction of EL cell is shown in fig.1. For EL studies a thin layer of araldite  
 (∼ 4 μm) was coated on the film-using centrifuge. Aluminum was used as electrode (area 

1 cm2 and thickness ~100Ao) and was thermally evaporated in vacuum using 12’’ Hind Hivac 
coating unit (model-12A4D). Conducting side of glass plate and Al served the purpose of two 
electrodes for application of voltage.  
 

 
 

Fig. 1.  Construction of EL cell 
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2.3 Measuring instruments 
 
The excitation source for EL was an audio oscillator coupled with wide band amplifier (50 

Hz-20 KHz; 0-1000V). For detection of emitted light, an RCA 6217 photo multiplier (PM) tube, 
operated by a highly regulated power supply (EHT 11, Scientific Equipments, Roorkee) was used. 
The integrated light output in the form of current was recorded by a sensitive Polyflex 
galvanometer (10-9 A/mm). For spectral studies a Thermo- Jarrel Ash grating monochromator 
(model-82415) was used. Optical absorption spectra were studied with a Varian (UV-VIS) DMS-
100 spectrophotometer. XRD and SEM studies were performed at University of Delhi using a 
computerized Shimadzu diffractometer (model-98XRD).  

 
 
3. Results and discussion 
 
3.1 Characterization Studies 
 
3.11 Scanning Electron Microscopy (SEM) 
The SEM micrographs of ZnxCd1−xS film at a magnification of 5000 are shown in fig. 2. 

Spherically shaped grains are observed in this sample. From these micrographs, non-uniform 
distribution of particles is found. They consist of either some single particle or cluster of particles. 
The average grain size in the micrograph is calculated to lay around 100 nm. 
 
 

 
 

 
Fig. 2 SEM micrographs of ZnxCd1−xS film (x = 0.7) 

 
 

3.12 X- ray diffraction (XRD) 
 
The X-ray diffractograms of ZnxCd1−xS film are shown in fig. 3. Both the cubic and 

hexagonal phases are found. The assignment of the peaks has been made from the comparison of 
ASTM data and the evaluated lattice constants values with those of reported values. It is observed 
that the diffraction patterns show crystalline nature with prominent diffraction lines of ZnS 
[(110)h] and CdS [(111)c & (220)c]. The evaluated and reported values of the lattice constants 
agree well with each other. The corresponding XRD data are summarized in Table 1. 
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Fig. 3 X-ray diffractograms of ZnxCd1−xS film (x = 0.7) 
 
 

The average particle size (D) was estimated from the full width at half-maximum 
(FWHM) of the diffraction peak of different films, using Sherrer’s formula [25]- 
 

                                                       D    = Kλ / (β1/2 cos θ)                                                          (1) 
 
where ‘λ’ is the wavelength of X-rays and ‘θ’ the Bragg’s angle (in radian), K is a constant, which 
depends on the grain shape (0.89 for circular grains), β1/2 is the full width at half-maximum 
(FWHM). The average grain size in the samples is found to be nearly 325 nm.  
 

Table.1 XRD data of ZnxCd1−xS film (Preparation time = 75 min.; Preparation 
temperature = 70 o C; film thickness ∼ 1-2 μm) 

 
d-values (Ao) 

 
Observed        Reported 
 values                values 

Relative intensities 
 
Observed           Reported 
 values                  values 

h k l Lattice constant (Ao) 
 
Observed              Reported 
 values                    values 

 
  3.3600              3.360 
  2.0518              2.058 
  1.7506              1.911 

 
100                          100 
35.5                          80 
28                             74 
 

 
(111)c-CdS 
(220)c-CdS 

(110)h-α ZnS 

 
5.8196             5.818 
5.8033             5.818 
3.02                           3.82 
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3.13 Optical absorption spectra  
 
Results of optical absorption spectra for ZnxCd1−xS films at varied composition of ZnS are 

shown in fig.4. The absorption coefficient (α) and the band gap Eg are related by the following 
relation in direct band gap materials [26]- 

 
                                                       α = C (hν-Eg)1/2            (2) 
                                                                     hν 
            
where ‘Eg’  is the optical band gap and ‘C’ is a constant. Thus, as presented in fig.5, the band gap 
of materials can be determined from the Tauc’s plots [extrapolation of plots between hν and (αhν)2 ].  
 

 
 

Fig.4 Optical absorption spectra of different ZnxCd1−xS films composed by various mixture 
ratio: [1. x = 0.5,       2.   x = 0.6,       3.   x = 0.7] 

 

 
 

Fig.5 Tauc’s plots of different ZnxCd1−xS films composed by various mixture ratios: 
[1. x = 0.5,   2.   x = 0.6,  3.   x = 0.7] 
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The materials of present study are of direct band-gap nature and with increase in Zn 
content, the band-gap is also found to increase [6]. This confirms the formation of a common 
lattice with higher band-gaps at increasing concentration of ZnS. These values are plotted in fig. 6. 
Plots obtained between hν and (α hν)2  gave similar values of band gaps as obtained from the 
measurement of ‘α’ directly. 

 

 
 

Fig. 6 Variation in band gap values with Zn content for different ZnxCd1−xS films 
 
 

3.2 EL brightness 
 
The variation in EL brightness with increasing concentration of Zn content is shown in fig. 

7. It is seen that with increasing concentration of Zn, first the EL brightness increases (x = 0.6), 
which becomes maximum (for x = 0.7 film) and on further increasing the Zn content, brightness 
starts decreasing. This behaviour indicates effectiveness of acceleration – collision mechanism 
along with formation of a Mott-Schottky barrier [27]. 

 

 
 

              Fig. 7 Variation of EL brightness with varied concentration of ZnS 
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3.21 Voltage dependence of EL brightness 
 
The dependence of EL brightness on applied voltage for films with varied concentration of 

ZnS is presented in fig.8. It is noted that at lower voltages the increase in brightness is 
comparatively slow, which becomes quite fast at higher voltages. Also it is observed that light 
emission starts at a threshold voltage for different films [28]. The threshold voltage reduces with 
increasing concentration of ZnS content in ZnxCd1−xS films. The threshold voltage as well as 
maximum EL brightness depends on the frequency of AC. The reason may be that as voltage is 
increased, more electrons and holes are injected into the emission layer and their subsequent 
recombination results in higher EL brightness. At high enough applied voltages, electrons tunnel 
from interface states into conduction band of the active layer. They are subsequently accelerated 
by the high electric field and the impacts excite the activator ions. As a result, the threshold 
voltage is related primarily to electron tunneling, which is induced by electric field. The voltage 
variations of EL brightness are in agreement with excitation- collision mechanism and formation 
of Mott- Schottky barrier. 

 
 

Fig. 8 Variation of EL brightness with applied voltage for different ZnxCd1−xS films 
[O  x = 0.5,    x = 0.6, Δ  x = 0.7]. 

 
 

3.22 Temperature dependence of EL brightness 
 
The temperature dependence of EL brightness of different ZnxCd1−xS films at varied 

proportions of Zn and Cd are shown in fig. 9. It is observed that the EL brightness is maximum at 
a particular temperature of 40oC. This indicates that traps are effective in EL process [29]. Thus, 
the maximum release of such electrons takes place at a particular temperature corresponding to its 
depth. Thus, a maximum in the brightness temperature curves occurs. The decrease in EL 
brightness at higher temperatures occurs due to the temperature quenching effect of thermally 
induced dissociation of the exciton and the exciton-phonon interaction [30]. In this condition the 
electron moves back to ground state without emitting any photon.  
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Fig. 9 Variation of EL brightness with temperature for different 

ZnxCd1−xS films composed by various mixture ratios: 
[1. x = 0.5, 2.   x = 0.6, 3.   x = 0.7] 

 
From the initial part of temperature dependent curves (fig.9), the plot between ln I Vs 

(1/T) (fig.10) gives the trap depth values (E) which are presented in table 2. It is observed that 
trap-depth changes slowly with temperature. The values of trapping parameters have been 
evaluated. The irregular variation of the life-time of electrons in the traps with temperature shows 
the existence of retrapping in the phosphor [31]. 

 
 

Table 2 Trap depth values of different ZnxCd1−xS films (Preparation time = 75 min.; Preparation 
temperature = 70 o C; film thickness ∼ 1-2 μm) 

 
S. No. Concentration of ZnS in mixture ratio  

Trap depth values (eV) 
1. X = 0.5 7.9×10-4 
2. 
 

X = 0.6 3.9×10-4 

3. X = 0.7 1.54×10-4 
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Fig. 10 Plots between ln I Vs (1/T)  : [1. x = 0.5, 2.   x = 0.6, 3.   x = 0.7] 
 
 

3.3 EL emission spectra 
 
The EL emission spectra of different ZnxCd1−xS films at varied concentrations of ZnS and 

CdS at an excitation frequency of 500 Hz are shown in fig.11. It is found that the peak positions 
shift with the increasing concentration of ZnS towards the higher energy side, which obviously 
occurs due to increase in band gap due to its addition. This has already been confirmed from 
absorption spectral study. The EL is caused by the radiative recombination of electron-hole pairs at 
donor acceptor pair sites [32]. The corresponding peak positions of all these spectra are presented 
in table3. 
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Fig. 11 EL emission spectra of different ZnxCd1−xS films composed by  

various mixture ratios: [1. x = 0.5, 2.   x = 0.6, 3.   x = 0.7] 
 
 

Table 3 Peak positions of EL emission spectra of different ZnxCd1−xS films (Preparation 
time = 75 min.; Preparation temperature = 70 o C; film thickness ∼ 1-2 μm) 

 
S. No. Concentration of ZnS in mixture ratio Peak positions (nm) 

1. X = 0.5 522  
2. 
 

X = 0.6 505  

3. X = 0.7 480  
 
 

4. Conclusions 
 
Structural, electronic and optical properties of chemically deposited ZnxCd1−xS films (0.5 ≤ 

x ≤ 0.7) prepared on glass substrates by CBD technique have been investigated. It has been 
observed that good quality films can be prepared by CBD method and the resulting film structure 
deteriorates with increasing Zn concentration. The addition of ZnS to CdS leads to the formation 
of a common lattice with higher band gap value. Maximum EL brightness is observed for a 
particular ZnS to CdS ratio. The minimum voltage (threshold voltage) required to obtain EL has 
been 14 volts, which can further be reduced by proper doping or by annealing of the films. This 
observation is sufficient for the utilization of these films in fabricating EL devices. XRD studies 
reveal the presence of both cubic and hexagonal phases while SEM shows non-uniform 
distribution of particles. Temperature dependence of EL brightness shows maximum at a particular 
temperature. From EL emission spectra the peaks are found to shift towards lower wavelength side 
due to addition of ZnS. 
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