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Abstract  In recent years, zinc cadmium sulphide (ZnxCd1-xS) alloy compounds have paid much attention in the fields of 
opto-electronics, particularly in photovoltaic devices because of its tunable energy gap and the lattice parameters. The energy 
band gap of ZnxCd1-xS is controlled by the change of Zn-composition in order to suit the material properties with that of 
absorber material in solar cells. In this paper, we report on the effect of Zn-composition on physical properties of ZnxCd1-xS 
thin films deposited on corning glass substrates by solution growth method. The layers were prepared for different ‘x’ values 
that vary in the range, 0 – 1.0 at. %. The as-grown layers were characterized using EDAX, XRD, SEM, and UV-Vis-NIR 
spectrophotometers. All the layers showed a strong (002) plane as the preferred orientation that exhibited the hexagonal 
crystal structure. The composition of the layers agrees approximately with that of the elements in the solution. The films 
showed an average optical transmittance of 72 % at a zinc composition of 0.75 with a band gap of 3.88 eV. 
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1. Introduction 
In recent years, semiconductor materials have received 

renewed interest due to their novel properties. Among a 
variety of semiconductor materials, the wide-band gap bi-
nary II–VI compounds and their alloys have been investi-
gated most extensively for their potential application in 
different fields such as opto-electronic devices[1], nonlinear 
optical and luminescence devices[2,3] because of the quan-
tum-size effect[4,5], especially their tunable optical property 
[6,7]. Alloying of semiconductors is one of the simplest 
techniques used for tailoring the energy band gap, lattice 
parameter, electronic and optical properties[8]. Generally in 
alloys, the lattice parameter varies linearly with composition 
and follows the Vegard’s law. In some of the II–VI alloy 
materials, the energy gap variation with composition is not 
very smooth and they show slight bowing. In a wider region 
however, the band gap tailoring also obeys Vegard’s law[9]. 
Currently, the ternary II–VI semiconductor materials have 
attracted more interest than the binary II–VI compounds due 
to their better physical properties compared to other materi-
als, especially their tunable optical properties which could be 
controlled by their constituent mole-fraction, particle size, 
and morphology. Among the different ternary II-VI semi-
conductors, ZnxCd1-xS has been widely used as a wide band 
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gap material in heterojunction solar cells[10–12] and in 
photoconductive devices[13]. Moreover, in CuGaSe2 het-
erojunction solar cells, the use of ZnxCd1-xS led to an in-
crease of photocurrent by minimising the electron affinity 
mismatch between the two semiconductos. Further, 
ZnxCd1-xS can also be used as a window material in the fab-
rication of p–n junction solar cells without lattice mismatch 
in the devices based on quaternary materials like Cu-
InxGa1-xSe2 or CuIn(SzSe1-z)2[14]. Although ZnxCd1-xS layers 
have been synthesized by different techniques[10-14], solu-
tion growth method is a simple technique to grow thin films 
that are uniform and free from pinholes. This method is also 
known as chemical bath deposition and normally performed 
under the atmospheric pressure at ambient temperatures. In 
this paper, we report on the effect of alloying on the physical 
properties of ZnxCd1-xS thin films deposited on corning glass 
substrates by solution growth method.  

2. Experimental Details 
Thin films of ZnxCd1-xS were prepared by simple and 

economic process, chemical bath deposition method for 
different Zn-composition that varied in the range, 0 – 1.0 
at. %. The deposition bath contained 0.1M aqueous solutions 
of zinc acetate, cadmium acetate and thiourea, taken as 
precursors for Zn, Cd and S respectively. The mixture was 
stirred well using a controllable magnetic stirrer. Ultrasoni-
cally cleaned Corning 7059 glass substrates were vertically 
dipped in the deposition bath while stirring of the solution 
continues. The deposition was carried out at a bath tem-
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perature of 70℃ for a reaction time of 30 min. A thin layer 
with bright yellow color was formed on the surface of the 
substrates. These substrates were removed from the beaker 
washed with de-ionized water to remove the loosely adherent 
powder precipitates in the solution during deposition and 
then dried in hot air. The as-grown layers were characterized 
by studying the structural, optical and electrical properties. 
The crystallinity of the films was measured using a Siefert 
X-ray diffractometer with Cu-Kα radiation source (λ=1.54 
Å). The morphological properties of the films were evalu-
ated using the Hitachi scanning electron microscope (SEM). 
The optical transmittance measurements were performed 
using a Hitachi UV-Vis-NIR spectrophotometer. 

3. Results and Discussion 
Pure CdS films appeared bright yellow in color and be-

came pale yellow as more Zn replaces Cd in the layers. All 
the layer were uniform and strongly adherent to the substrate 
surface. 

3.1. Film Composition 

Fig.1. shows the chemical composition of ZnCdS films 
evaluated using EDAX. The EDAX spectra indicated well 
defined peaks corresponding to Zn, Cd and S in addition to O. 
All the grown films showed Se deficiency irrespective of the 
Zn-composition. The presence of oxygen in the layers was 
due to the surface contamination because the films were 
prepared using a non vacuum technique, CBD and/or also 
due to the incomplete reaction of the bath mixtures. 

 
Figure 1.  EDAX spectrum of Zn0.25Cd0.75S film 

3.2. Structural Properties 

The crystallographic studies made using X-ray diffraction 
analysis clearly indicated the effect of alloying on the crys-
talline quality of the grown layers. The X-ray diffraction 
spectra of ZnxCd1-xS films with three different ‘Zn’ compo-
sition, x = 0.25, 0.5 and 0.75 are shown in Fig. 2. The X-ray 
diffraction patterns of the layers showed the same preferen-
tial orientation without secondary phases in the investigated 
composition range. The X-ray diffraction patterns mainly 

exhibited peaks related the (002), (101), (110) and (112) 
reflections of the hexagonal structure. All the layers exhib-
ited the (002) crystal plane as the preferential orientation and 
its intensity increases with the increase of zinc content in the 
layers. As the samples are originated from hexagonal struc-
ture, no phase transition occurred with the increase of Zn/Cd 
ratio in the films. The position of diffraction peaks shifted to 
higher 2θ values with the increase of Zn-content. The X-ray 
diffraction results are in good agreement with the reported 
results[15,16]. 

 
Figure 2.  X-ray diffraction profiles of ZnxCd1-xS films 

This shift in the diffraction angle is expected since there is 
no phase separation or separated nucleation of ZnS or CdS in 
the ZnxCd1-xS phase and/ or due to the changes occurred in 
the lattice parameters with the increase of Zn-content. The 
values of a and c for films prepared at x = 0, pure CdS are 
4.25 Å and 6.73 Å, respectively. These values are in good 
agreement with the reported data for hexagonal CdS films 
[17]. Although the lattice constants, a and c decreased line-
arly with the increasing of ‘Zn’ concentration, the observed 
variation in a is marginal compared to that of c. This de-
crease in the value of ‘c’ is due to the Zn2+ incorporated in 
the CdS lattice entering into lattice and/or interstitial sites 
because of the smaller radius of Zn2+ ion (0.74Å) compared 
with that of Cd2+ (0.97 Å). The crystallite size (D) of 
ZnxCd1-xS films prepared with different Zn compositions, x 
were calculated using the Scherrer’s formula[18]. The 
evaluated grain size of the layers with the Zn-composition, x 
varied from 45 nm to 72 nm. 

Fig.3 shows the SEM images of the films synthesized at 
different zinc compositions. The surface morphology of 
ZnxCd1-xS films is found to be similar to that of CdS. The 
grains on the film surface were more compact and have 
dense structure. Also, the surface of the layer is covered with 
equal sized grains that are unevenly distributed. This may be 
probably due to the colloidal particles formed in solution. 
Further, the size of the particle increased with the increase of 
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Zn-content. The estimated particle size of the deposited films 
by SEM analysis is in the range, 40 – 70 nm. 

 

 

 
Figure 3.  SEM micrographs of ZnxCd1-xS films; (a) x=0.25, (b) x=0.5 
and (c) x=0.75 

Fig. 4 indicates the influence of alloying on the optical 
transmittance, T versus wavelength, λ characteristics of 
ZnxCd1-xS films measured in the wavelength range, 
300-1800 nm. The transmittance of the films increased from 
74% to 85% above the fundamental absorption edge with 
increase of Zn-content. It could be observed from Fig. 4 that 
ZnxCd1-xS films had a transparency in the visible region, 
which indicates better crystallinity in the films Also, the 
fundamental absorption edge of the films shifted towards the 
shorter wavelength side with the increase of Zn-composition. 
The optical studies revealed that the absorption coefficient, 
α increased with the increase of composition upto 0.75. This 
shift in the α might be due to the increase of band gap as a 
function of composition (x ≤ 0.75). The energy band gap was 
determined from the (αhν)2 versus hν plots where the in-
terception of linear portion onto the energy axis gives the 
energy band gap of the material. The variation of band gap of 
ZnxCd1-xS films with ‘Zn’ composition was found to be 
linear, which is due to the fact that the band gap of ZnS is 
greater than that of CdS[9]. The optical band gap of the films 
varied in the range, 3.4 - 3.9 eV when the composition varied 
from 0.0 to 1.0. This shift in the energy band gap towards 

higher energy side is consistent with the behavior reported in 
literature[19,20]. Zn0.75Cd0.25S films showed a band gap of 
3.88 eV, which is shown in inset of Fig.4. This continuous 
change in band gap with increasing proportion of zinc again 
confirms the formation of a solid solution. The larger energy 
band gap determined for the films grown at higher Zn values 
might be attributed to the incorporation of hydroxyl groups 
in the films and /or due to the presence of secondary phases 
in small quantity that were not observed in the XRD pattern. 

 
Figure 4.  Transmittance versus wavelength plot of ZnxCd1-xS films (inset 
shows (αhυ)2 versus hυ plot for Zn0.75Cd0.25S film) 

5. Conclusions 
Thin films of ZnxCd1-xS have been successfully prepared 

by simple and economic process, chemical bath method with 
different ‘Zn’ compositions that varied in the range, 0 – 1 at % 
at a constant bath temperature of 70℃ for a reaction time of 
30 min. All the layers showed a strong (002) plane as the 
preferred orientation that exhibited the hexagonal crystal 
structure. The variation of lattice constants with Zn- com-
position showed linear behavior. The evaluated average 
grain size was found to vary from 45 nm to 76 nm. SEM 
micrographs revealed the grains on the film surface were 
more compact and have dense structure. The films showed 
an average optical transmittance of 72 % at a zinc composi-
tion of 0.75 and exhibited a band gap of 3.88 eV. By suitably 
controlling the Zn-composition in the layers, the ZnxCd1-xS 
films may have minimum lattice mismatch that that of pure 
CdS with some of the absorber layers, particularly with 
chalcopyrite compounds. 

ACKNOWLEDGEMENTS 
The authors would like to thank the University Grants 

Commission (UGC), New Delhi for the financial support. 

 

(a) 

(b) 

(c) 



4  K. Nagamani et al.:  Physical Properties of ZnxCd1-xS Nanocrytalline Layers Synthesized  
 by Solution Growth Method 

 

REFERENCES 
[1] Amlouk M., Ben Said M. A., Kamoun N., Belgeacem S., 

Brunet N., and Barjon D., 1999, Acoustic properties of 
β-In2S3 thin films prepared by spray, Japanese J. Applied 
Physics, 38(1A), 26-30.  

[2] Bawendi M. G., Steigerwald M. L., and Brus L. E., 1990, The 
quantum mechanics of larger semiconductor clusters 
("Quantum Dots"), Annu. Rev. Phys. Chem., 41, 477-496.  

[3] Coe S., Woo W. K., Bulovic M., and Bulovic V., 2002, 
Electroluminescence from single monolayers of nanocrystals 
in molecular organic devices, Nature, 420, 800-803. 

[4] Murray C. B., Kagan C. R., and Bawendi M. G., 1995, 
Self-organization of CdSe nanocrystallites into three- di-
mensional quantum dot superlattices, Science, 270 (5240), 
1335-1338. 

[5] Hoheisel w., Volvin V. L., Johnson C. S., and Alivsatos A. P., 
1994, Threshold for quasicontinuum absorption and reduced 
luminescence efficiency in CdSe nanocrystals, , J. Chem. 
Phys., 101 (10), 8455-8460. 

[6] Jang E. J., Jun S., and Pu L. S., 2003, High quality CdSeS 
nanocrystals synthesized by facile single injection process 
and their electroluminescence, Chem. Commun., 48 (24), 
2964-2965. 

[7] Bailey R. E., and Nie S. J., 2003, Alloyed semi- conductor 
quantum dots: Tuning the optical properties without changing 
the particle size, J. American Chem. Soc., 125 (23), 
7100-7106. 

[8] Romeo N., Sberveglieri G., and Tarricone L., 1978, 
Low‐resistivity ZnCdS films for use as windows in hetero-
junction solar cells, Appl. Phys. Lett., 32 (12), 807-809. 

[9] Upadhyaya H. M., and Chandra S., 1994, Chemical bath 
deposition of band gap tailored CdxPb1-xS films, J. Mater. Sci., 
29 (2), 2734-2740. 

[10] Ramakrishna. Reddy K. T., and Jayarama Reddy P., 1992, 
Studies of ZnxCd1-xS films and ZnxCd1-xS/CuGaSe2 hetero-
junction solar cells, J. Phys. D: Appl. Phys., 25 (9), 
1345-1348.  

[11] Mitchell K. W., Fahrenbruch A. L., and Bube R. H., 1977, 
Evaluation of the CdS/CdTe heterojunction solar cell, J. Appl. 
Phys. 48 (10), 4365-4371. 

[12] Basol B. M., High‐efficiency electroplated heterojunction 
solar cell, J. Appl. Phys. 55 (2), 601-603. 

[13] Torres J., and Gordillo G., Photoconductors based on 
ZnxCd1-xS thin films, 1992, Thin Solid Films, 207 (1-2), 
231-235. 

[14] Yamaguchi T., Matsufusa J., and Yoshida A., 1992, Optical 
transitions in RF sputtered CuInxGa1-xSe2 thin films, Jpn. J. 
Appl. Phys., 31 (6A), L703-705. 

[15] Prem Kumar T., Saravanakumara S., Sankaranarayan K., 
2011, Effect of annealing on the surface and band gap alig-
ment of CdZnS thin films, Applied Surface Science, 257 (6), 
1923-1927.  

[16] Xia W., Welt J. A., Lin H., Wu H. N., Ho M. H., and Tang C. 
W., 2010, Fabriacation of Cd1-xZnxS fFilms with controllable 
zinc doping using a vapor zinc chlride treatment, Solar 
Energy Materials & Solar Cells, 94 (12), 2113-2118. 

[17] Yamaguchi T., Yamamoto Y., Tanaka T., Demizu Y., Yos-
hida A., 1996, (Cd,Zn)S thin films prepared by chemical bath 
deposition for photovoltaic devices, Thin Solid Films, 
281-282, 375-378. 

[18] Warren B. E., X-ray Diffraction, Dover, New York (1990) 
p.253. 

[19] Kulkarni S. K., Winkler U., Deshmukh N., Borse P. H., Fink 
R., and Umbach E., 2001,Investigations on chemically 
capped CdS, ZnS and ZnCdS nanoparticles, Applied Surface 
Science, 169- 170, 438-446. 

 

http://jjap.jsap.jp/link?JJAP/38/26
http://jjap.jsap.jp/link?JJAP/38/26
http://jjap.jsap.jp/link?JJAP/38/26
http://jap.aip.org/resource/1/japiau/v55/i2/p601_s1
http://jap.aip.org/resource/1/japiau/v55/i2/p601_s1
http://jjap.jsap.jp/cgi-bin/getarticle?magazine=JJAP&volume=31&number=6A&page=L703-L705
http://jjap.jsap.jp/cgi-bin/getarticle?magazine=JJAP&volume=31&number=6A&page=L703-L705
http://jjap.jsap.jp/cgi-bin/getarticle?magazine=JJAP&volume=31&number=6A&page=L703-L705

	1. Introduction
	2. Experimental Details
	3. Results and Discussion
	3.1. Film Composition
	3.2. Structural Properties

	5. Conclusions

