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ABSTRACT  Cadmium Zinc Sulfide (CdZnS) thin films have been deposited from their two binary compound CdS 
and ZnS by vacuum co-evaporation technique. The Structure, optical, and electrical properties of these films 

which deposited on heated glass substrate at 423 K under vacuum 10-5 mbar with thickness 500nm and deposition rate 0.833 nm/
sec ,and treated at different annealing temperatures were carried out. X-ray diffraction analysis showed polycrystalline nature and 
have the hexagonal structure with strong preferential orientation along the (002) planes. The optical measurement showed the 
CdZnS films have direct energy gap (Eg),and its varies from 3.1 eV for as deposited to 3.4 eV for annealed film at 473 K. The electri-
cal conductivity decrease many order when these films annealed at different annealing temperature.
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1. Introduction:
Band gap energy is one of the most important parameters that 
characterize a semiconductor and determines many gross elec-
tronic and optical properties. II-VI semiconductors with energy 
gaps covering the visible spectral range are compatible candi-
dates for optoelectronic devices[1].

Cadmium sulfide (CdS) , an n-type direct gap semiconductor 
with room temperature band gap energy of 2.42 eV, has been 
found to be best suited for thin film CdTe and CuInSe2 solar 
cells. However, the band gap energy of CdS is relatively small for 
CdS/CdTe heterojunction solar cells, since 0.1μm of a CdS film 
absorbs 36% of the incident radiation with energy higher than 
2.42 eV. The band-gap energy of CdS can be increased by the ad-
dition of zinc sulfide (ZnS, Eg=3.66 eV)[2], the replacements of 
CdS with higher band gap CdZnS alloys has led to a decrease in 
window absorption loss, and has resulted in an increase in the 
short circuit current in the solar cell [3]and decrease of lattice 
mismatching with CuInGaSe chalcopyrite semiconductors[4]. 

CdZnS alloy compounds have attracted technological interest 
because the energy gap can be tuned and the lattice parameters 
can be varied [5]. In recent years the replacement of CdS with its 
ternary alloy CdZnS has been attempted for improvement of the 
CdZnS/CuInGaSe2 solar cell performance [6].

The information available on ternary CdZnS system is very lim-
ited. It is well established that CdZnS film possess properties 
between those of ZnS and CdS. Since their addition produces a 
common lattice in which band structure has a larger band gap 
than CdS. 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, IR de-
tector, solar cell, and light emitting devices [7].

The CdZnS films has been prepared by various method such 
as vacuum evaporation [8,9], spray pyrolysis [10-13], chemi-
cal bath deposition [14-16],chemical vapor deposition method 
assisted with laser ablation [1], screen-printing [17,18].In this 
work, CdZnS thin films have been prepared by using co-evap-
oration of CdS and ZnS from two horizontal source. The struc-
tural, optical, and electrical properties have been investigated 
as a function of annealing temperature. 

2. Experimental Details:
CdZnS thin films of thickness 500nm were prepared from two 
powder source Cadmium sulfide and Zinc sulfide (5N purity) by 
using co-evaporation technique in 10-5 mbar vacuum from two 
resistive molybdenum crucible onto ultrasonically clean glass 
substrate heated to 423 K. The deposition rate fixed at 0.833 

nm/sec. A post deposition annealing was performed in air at 
(373, 423, 473 K) for half an hour.

The structure of prepared CdZnS films was studied by using 
X-ray diffraction analysis, model Shimadzu-6000 with a CuKα 
x-ray source in range 20o-60o of 2θ. The morphology of pre-
pared thin films was examined by using atomic force micros-
copy (AFM).

Transmittance (T) and absorbance (A) spectra of the prepared 
samples were measured by normal incidence of light using 
spectrophotometer model (UV/VIS sp-3000 plus) in wave-
length range 400-1100 nm, using a blank substrate as reference 
position.

The electrical properties measurements include d.c conductiv-
ity and Hall Effect were performed by deposited Aluminum elec-
trodes on these films.

The electrical conductivity measured over the temperature 
range 303-513 K through digital electrometer keithley (616) 
and d.c power supply type (PE-1540). The Hall coefficient (RH), 
concentration (n) and mobility (μ) of the carrier have been de-
termined from Hall Effect measurement by using the following 
equations respectively.
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Where I represent the current through the sample, B magnetic 
induction and t thickness of the samples, which carried out by 
using Hall effect measurement system (3000 HMS) at room tem-
perature.

3.Results and discussion:
3-1. Structural Properties
 Figures (1) displays XRD patterns for as deposited CdZnS film 
and annealed at 473 K.

It is observed that the diffraction patterns show polycrystal-
line nature and exhibited sharp peaks at 2θ equal to 25.69o , 
26,61o, 28.77o, and 47.97o which correspond to reflections 
from (100),(002),(101) and (103) planes of hexagonal phase 
respectively.
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The peaks position are in good agreement with JCPDS 
card data (40-834) for hexagonal CdZnS of peak position 
25.50o,26.667o,28.77o, and 48.15o.

The XRD pattern reveals that the (002) reflection is the most in-
tensive in hexagonal phase, which indicates a general tendency 
that the c-axis of the CdZnS is preferentially perpendicular to 
the thin film surface. 

Same result have been found by Kumar et. al.[3], and Jae et. al.[2 
].Also Wongcharonen and Gaewdang [4]found the Cd1-xZnxS 
films with atomic fraction x<0.9 is belong to hexagonal wurtzite 
structure with a preferential orientation (002) plane.

There is no diffraction peaks associated with CdS and ZnS phas-
es. Xia et al. [5] also observed the absence of CdS and ZnS peaks 
which means the film have single phase.

The diffraction patterns of the film that deposited at 423 K 
and annealed at 473 K showed sharp peaks at 2θ equal to 
25.72o,26.68o,28.85o, and 48.03o as shown in figure (1 b). The 
height of the (002) peak increased for annealing films this at-
tributed to increase in grain size , where the grain size increase 
from 30.7 nm to 31.6 nm when film annealed.

It was observed that the diffraction angle of (002) for CdZnS 
films shifted towards higher angles with an increase anneal-
ing CdZnS films, which means that the (002) lattice constant 
decreases(the c value decrease from 6.692 for as deposited film 
to 6.676 for annealed film).

Table (1) shows the values of bragg’s angles, interplaner spac-
ing, relative intensity and miller indices of CdZnS films.

Sample 2θ Exp. 
(deg.)

2θ Stan. 
(deg.)

d(Ao) I/Io hkl

As deposited

25.69 25.50 3.463 10 100

26.61 26.66 3.346 100 002

28.77 28.77 3.100 32 101

47.97 48.15 1.894 6 103

Annealing at 
473K

25.72 25.50 3.460 5 100

26.68 26.66 3.338 100 002

28.85 28.77 3.091 20 101

48.03 48.15 1.892 3 103

Fig.( 1) x-ray diffraction pattern of CdZnS thin films, a- as 
deposited b- annealed at 473 K.

3-2. Morphological properties
Typical surface morphologies of as deposited CdZnS films and 
annealed at 473K in two and three dimensional are shown in 
Fig. (2). It’s observed from the AFM micrograph confirms that 
the grains are uniformly distributed within the scanning area 
(1600nm x 1600nm). An initial visual investigation of the de-

posited film as grown and annealed at 473K has shown that 
they are compact and have good adherence to the substrate. 
Also the three-dimensional AFM images show that both films 
are polycrystalline and homogenous, the thin films were com-
posed of multilayered grains. Also we can notice that the grains 
are in nano-size and nanostructure range. The values of grain 
size increases with increasing of annealing temperature .The 
values of the average grain size variable from 70.23 to 91.61nm 
for as grown and annealed films at 473K respectively. It is ob-
served from Table(2) that the RMS roughness value increases 
after annealing at 473K . This result indicates that the growth of 
larger grains with increasing temperature leads to an increase 
in the surface roughness.

Table (2) The grain size and roughness for as grown and an-
nealed CdZnS films

Grain 
size 
(nm)

RMS roughness(nm)Ta

70.230.866as grown

91.615.790473K

3-3. Optical properties
The study of optical absorption has proved to be very useful for 
elucidation of the electronic structure of these materials. It is 
possible to determine indirect and direct transition occurring 
in band gap of the materials by optical absorption spectra. The 
data transmittance can be analyzed to determine optical con-
stants such as refractive index (n), extinction coefficient (k) and 
dielectric constant (ϵ). The evaluation of refractive indices of 
optical materials is of considerable importance for applications 
in integrated optic devices such as switches, filters and modu-
lators, etc., where the refractive index of a material is the key 
parameter for device design.

a- Optical Band Gap
In order to determine the optical band gap of CdZnS films, the 
absorbance spectra of the films were recorded at room tem-
perature in the range of wavelength 200-1100 nm .Also the 
transmission spectra of as deposited and annealed films were 
measured as shown in fig.(3).Optical transmission spectra of 
CdZnS films on glass showed the usual interference pattern of 
a high index film in the range of low absorption with a sharp 
fall of transmittance at the band edge, which was an indication 
of the good crystallinity of the film. The absorption edges of the 
films were observed to shift towards shorter wavelength with 
respect to the increasing annealing temperature. This figure 
shows that the as deposited film have a higher transmittance 
as compared with other films which annealed at (373,423,and 
473)K. This means the untreated films is the best for window 
applications. Figure (4) shows the absorption coefficient versus 
the wavelength .It is clear that the absorption coefficient have a 
high value ( ≤104) which means the material have direct band 
gap. There is blue shift in the absorption edge, it is a reflection 
of increase in band gap, resulting from the effect of annealing 
temperature. Asogwa [19] found that with increasing annealing 
temperature, the optical edge shifts towards the lesser value of 
wavelength. 
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Fig. (3) Transmittance vs. wavelength for CdZnS films at room 
temperature and different annealing temperatures.

Fig. (4) Absorption coefficient vs. wavelength for CdZnS films at 
room temperature and different annealing temperatures.

Fig. (5) (αhυ)2 vs. (hυ) plots for thin CdZnS films

The optical band gap can be calculated from equation (1). Figure 
(5) shows plots of (αhν) 2 versus photon energy (hν) for thin 
CdZnS films. Linearity of the plots indicates that the material is 
of direct band gap nature. The extrapolation of the straight line 
to (αhν) 2 =0 axis gives the energy band gap of the film mate-
rial. The values of the direct band gap (Eg) were determined and 
given in Table (3). Eg values change with the annealing tempera-
tures. The optical energy gap was found to increase with the in-
crease of the thermal annealing temperature. It was increased 
from 3.1 eV for un annealed film to 3.4 eV for film annealed at 
473 K. This result of as deposited film is agreement with result 
shown by Lee et. al.[2]and Kumar et. al. [3] who found that the 
energy gap of CdZnS films equal to 3.0eV and 3.12eV respec-
tively. The energy gap broadening in the annealing films may be 
related to the existence with in the band gap of a high density of 
levels with energies near the bands which can give rise to band 
tailing, as has been suggested for other polycrystalline materials. 
The increase in the optical energy gap may be due to the increase 
in the particle size which leads to decrease the defect stats.

b-Optical Constants
The variation of refractive index (n) with wavelength for as de-
posited and annealed films at different annealing temperature 
(373,423,473)K are given in figure (6). From this figure we ob-
served that the refractive index decrease with the increase of 
wavelength of the incident photon. At wavelength equal to 360 
nm the refractive index increased from 2.323 for as deposited 
film to 2.533 for film annealed at 473 K. Kumer et al. [8] found 
the refractive index value equal to 2.464 at 500 nm wavelength 
for Cd0.4Zn0.6S films.
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Table(3) the optical constants of CdZnS thin films at differ-
ent annealing temperatures.
 	  
λ=360 nm

εiεrknα(cm-1)
*104Eg

opt(eV)Ta(K)

0.6645.3760.1432.3234.9563.10
as 
deposited

1.26513.6700.1703.605.8883.25373

0.6034.7020.1382.1734.8313.30423

0.7466.3950.1472.5335.1243.40473

3.4 eV for film annealed at 473 K. This result of as deposited 
film is agreement with result shown by Lee et. al.[2]and Kumar 
et. al. [3] who found that the energy gap of CdZnS films equal 
to 3.0eV and 3.12eV respectively. The energy gap broadening 
in the annealing films may be related to the existence with in 
the band gap of a high density of levels with energies near the 
bands which can give rise to band tailing, as has been suggested 
for other polycrystalline materials. The increase in the optical 
energy gap may be due to the increase in the particle size which 
leads to decrease the defect stats

The increase in the refractive index with increasing the anneal-
ing temperature for CdZnS thin films is attributed to improve-
ment the (002) hexagonal phase when we annealed these films 
and this leads to increase the packing density.

 Figure (7) shows the variation of extinction coefficient (k) with 
the wavelength for as deposited and annealed CdZnS films. It 
is clear that the extinction coefficient increase from 0.143 to 
0.147 for as deposited and annealed film at 473 K respectively, 
at wavelength equal to 360 nm.

Fig. (6) The refractive index  vs. the wavelength for CdZnS films 
at room temperature and different annealing temperatures

Fig. (7) The extinction coefficient vs. the wavelength for CdZnS 
film at room temperature and different annealing temperatures.
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Figures (8) and (9) show the effect of thermal annealing on the 
real (ϵr) and imaginary (ϵi) parts of the dielectric constant for as 
deposited CdZnS thin films of thickness 500 nm. 

The behavior of the ϵr and ϵi with annealing temperatures is the 
same as that of n and k respectively.

At wavelength equals to 360 nm the real part of dielectric con-
stant increased from 5.376 for as deposited film to 6.395 for 
film annealed at 473 K.

The imaginary part increased from 0.664 for un annealed film to 
0.746 for film annealed at 473 K at wavelength equal to 360 nm.

Fig. (8) Єr vs. the wavelength for CdZnS films at room tempera-
ture and different annealing temperatures.

Fig. (9) Єi vs. the wavelength for CdZnS films at room tempera-
ture and different annealing temperatures.

3-4 Electrical Properties
 In order to study conductivity mechanisms, it is convenient to 
plot logarithm of the conductivity ( lns ) as a function of 1000/T 
for CdZnS films in the range(303 – 513) K, as shown in Fig. (10).

It is clear from this Figure that there are two transport mecha-
nisms giving rise to two activation energies Ea1 and Ea 2 .

The conductivity and the activation energies are illustrated in 
Table (4) . It is clear that the conductivity decrease with heat 
treatment of the film at different annealing temperatures ,while 
the activation energies increase.

1

2

3

4

5

6

7

8

400 500 600 700 800 900 1000 1100 1200

λ nm

ε 
r

at R.T
Ta=100C
Ta=150C
Ta=200C

0

0.2

0.4

250 450 650 850 1050

λ nm

εi

at R.T
Ta=100C
Ta=150C
Ta=200C

An increase in the resistivity with increasing annealing tem-
peratures could be due to an increase in the band gap of CdZnS 
thin films.

The type of charge carriers, carrier concentration (nH) and Hall 
mobility (mH) of charge carries have been estimated from Hall 
measurements. It is obvious from the negative sing of the Hall 
coefficient the type of carrier is donor (n-type charge carries ). 
Table (4) shows the Hall parameters for as deposited CdZnS film 
and film treated at different annealing temperatures .

 It can be observed from this table that the carriers concentra-
tion increase while the mobility decrease with increasing of an-
nealing temperatures .The decrement in Hall mobility attribut-
ed to the increase of stacking fault density and miss orientation 
of the crystallites[18]. 

 

Figure (10) Ln σ  versus 1000/T for CdZnS films.

Table (4): The electrical measurements of CdZnS thin films
                 treated at different annealing temperatures. 

Ta(K) σR.T x10-2 
(Ω.cm)-1 Ea1(eV) Ea2(eV) nH x1018

(cm-3)
µH x10-2 
cm2/V. s.

as 
deposited 36.78 1.361 0.1199 0.226 1017
373 20.18 1.373 0.1283 5.62 22.44
423 0.074 1.3956 0.1309 8.17 0.057
473 0.022 1.5975 0.1382 22.48 0.0062

 4.Conclusions:
CdZnS thin films have been deposited by vacuum co-evapo-
ration method on glass substrates at temperature 473K , and 
treated at different annealing temperatures. The structure of 
films was analyzed by x-ray diffraction and the results obtained 
showed that the films structure is polycrystalline and have hex-
agonal structure. The measurements of optical transmittance 
for CdZnS films demonstrate a high transmission values in 
the wavelength range, and there is a blue shift in the absorp-
tion edge. The optical  absorption spectra of the films showed 
that the absorption mechanism is due to direct transitions, and 
the optical energy gap increase with increasing annealing tem-
perature. The electrical conductivity decrease with the increase 
of annealing temperature. However, as deposited CdZnS films 
without any heating treatment is considered as the best of all 
these films because of its higher conductivity and very low ab-
sorption in the visible rang which is suitable to use as a window 
material in heterojunction solar cells.
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