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Abstract Key words 

Effect of copper doping and thermal annealing on the structural and 

optical properties of Zn0.5Cd0.5S thin films prepared by chemical 

spray pyrolysis have been studied. Depositions were done at 250°C 

on glass substrate. The structural properties and surface morphology 

of deposited films were studied using X-ray diffraction (XRD) and 

photomicroscope (PHM) techniques. XRD studies reveal that all 

films are crystalline tetragonal structure. The film crystallinity are 

increased with 1% Cu-doping concentration and also increased for 

the films annealed at 300°C than the other studied cases. The lattice 

constant 'a' and 'c' varies with doping concentrations from 5.487Å to 

5.427Å and 10.871Å to 10.757Å respectively. The grain size attained 

maximum value of 24 nm. Films thicknesses results were between 1 

and 2 µm. The optical characteristics of the prepared thin films have 

been investigated by UV-VIS spectrophotometer in a wavelength 

ranging (300-1100) nm. The energy band gap of the films decreased 

linearly with increase of Cu-doping concentration and annealing 

temperature which varied from 2.4 eV to 2.48 eV.   
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 ZnxCdx-1Sتأثير التطعيم بالنحاس والتلدين على الخواص التركيبية والبصرية للأغشية الرقيقة 

 ف موسى   لسلام خ  ،فيصل حماد عنتر  ،أنمار ضرار كوسج 

 جامعة الأنبار ،كلية التربية للعلوم الصرفة ،قسم الفيزياء 

 الخلاصة

المحضَير  برريةية اليرل الييمييالح الحيراري  مي   ZnxCdx-1Sغشيية الرقيةية  إن دراسة التركيب البلوري والخواص البصرية للأ

لبيان  أثير الترعيم بالنحيا  والتلينيع يلي.ياذ إُ اتثبي  وميع ريسة دراسية شييود الأنيعة السيينية ان الأغشيية المحضَير   متلي   ركييب 

( ، وان التبلور يزداد نةاءً ينين الترعييم 112ة المستوى )الجاليوباراي  متعند التبلور ُو التر يب الربايح والإ جاه المفضل يلى طو

الييى  5.487Å   تغييير مييت التليينيع مييع c  و  a، كمييا ان ثوابيي  الشييبيية   C°300مييع النحييا  وينيين التليينيع بحييرار   %1بتركيييز 

5.427Å  10.781ومعÅ  10.757الىÅ 300)الموجيية صية لمينى الأطيواةيلى التوالحذ واتثب  مع رسة دراسة طيف الإمتصا-

1100) nm   ان الإنتةالات الأليترونية مع النوع المبانر وان فجو  الراقة للأغشية  تناقص رريا مت إزديياد  راكييز الترعييم وزيياد

2.40eV.  الييييييييييييييييييييييى  2.48eVشييييييييييييييييييييييرار  التليييييييييييييييييييييينيع و تغييييييييييييييييييييييير مييييييييييييييييييييييع 

 

Introduction  

   The information available on ternary 

ZnxCdx-1S system is very limited especially in 

the presence of Cu as dopant [1,2]. It is well 

established that ZnxCdx-1S films possess 

properties between those of ZnS and CdS [3]. 

Metal sulfides usually have a narrow band gap  

 

 

 

and show good photo responses under visible 

light irradiation. CdS is a well-known photo 

catalyst for producing hydrogen from aqueous 

solution containing sacrificial reagents [4,5]. 

In fact, ZnxCdx-1S films have variable band 

gap energy of 2.4–3.7 eV, primarily dependent 

on a relative Cd:Zn Ratios[6]. Also, ZnxCdx-1S 

is widely used as a wide-band-gap window 
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material in heterojunction solar cells, low-

voltage cathode luminescence, high-density 

optical recording and blue, and ultraviolet 

laser diodes [7, 8]. 

   The main object of such mixing is to 

facilitate the substitution of Cu in their 

presence because ionic radii of Zn
+2

, Cd
+2

 and 

Cu
+2

 are 0.74, 0.97 and 0.72 ˚A, respectively. 

Therefore, Cu can easily be substituted in 

place of Cd
+2

/Zn
+2

 either in substitutional or 

interstitial positions [9]. 

ZnxCdx-1S films have been prepared by 

photochemical deposition (PCD), chemical 

bath deposition (CBD) and co-evaporation 

deposition [10]. 

   The spray pyrolysis technique is particularly 

attractive because of its simplicity in 

comparison with methods requiring vacuum 

conditions or complex equipment's. It is fast, 

inexpensive, vacuum less and is suitable for 

mass production. The spray pyrolysis 

technique is basically a chemical deposition 

technique, in which Solutions of the desired 

material are sprayed onto a preheated 

substrate. Continuous films are formed onto 

hot substrate by thermal decomposition of the 

reactants. Films prepared by this technique are 

generally polycrystalline in structure and their 

properties are extremely influenced by the 

deposition process. In particular, spray 

pyrolysis has proved well suited for producing 

semiconductor films of the desired 

stoichiometry on large and non-planar areas 

[11]. Although the spray deposition technique 

was employed earlier for the preparation of 

ZnxCdx-1S thin films, zinc chloride and 

cadmium chloride were used as source for the 

zinc and cadmium in the deposits [12]. 

Experimental details 

   The CdCl2, ZnCl2 and NH2–CS–NH2 were 

used as the source materials for Cd
+2

, Zn
+2

 and 

S
-2

 ions respectively, in addition of 

CuCl2.2H2O as a doping source material for 

Cu
+2

 ions. All the chemicals used in this work 

were of analytical reagent grade and used 

without further purification. 

1. Film preparation 
   ZnxCdx-1S thin films were prepared by 

dissolving the appropriate amount of ZnCl2 

and CdCl2 in distilled water. The ZnCdS 

ternary thin film was co-precipitated by slowly 

adding aqueous solution of (CS(NH2))2 to the 

mixture of ZnCl2 and CdCl2 aqueous solution, 

with stirring at constant 60 rpm throughout the 

reaction. For the preparation of good quality 

films, the concentration of (0.10M) ZnCl2, 

(0.10M) CdCl2 and (0.10M) NH2–CS–NH2 

were optimized and used as deposited 

solution. The appropriate amount of ZnCl2, 

CdCl2 and NH2–CS–NH2 solutions were 

mixed.  

   Chemical spray pyrolysis technique was 

used to deposit ZnxCdx-1S thin films on micro 

glass substrates having area of 2×2 cm
2
 which 

were cleaned using distilled water and dipped 

in ethyl alcohol for 5 min at room temperature. 

In each run, 100 ml of solution was sprayed at 

a rate of 2 ml/min on the substrates maintained 

at an optimized temperature of 250°C. To 

avoid excessive cooling of substrate, spraying 

was achieved in periods was about 10 sec 

followed by 15 sec wait [13]. To deposit films 

of uniform thickness the distance between the 

substrate and spray nozzle was kept at 50 cm. 

   ZnxCdx-1S thin films were doped with 

different Cu concentrations (for 1, 3, 5 %) and 

annealed at 200°C and 300°C for 2 hours. 

2. Surface morphology and structure. 

   The films were characterized by X-ray 

diffraction (XRD) with Cu K radiation 

(model: Philips pw. 1840) in the 2 range 

from 20° to 60° and the thickness of the films 

was measured by optical method (pezos 

fringes).    

   The surface features of the deposited and 

annealed samples were characterized using 

(Nikon-73346) photomicroscope (PHM) 

analysis under magnification of 108 X.    

3. Absorbance measurement 

   Absorbance spectra of the films were 

measured as a function of incident photon 

wavelength at normal incidence and at room 

temperature using double beam Junwa-6800 

spectrophotometer equipment. The optical 

data were obtained within the spectral rang 

350-750 nm and a blank substrate was on the 

reference beam for all measurements. 
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Results and Discussion 

1.Structural study 

   ІІ-VІ Chalcogenide semiconductor materials 

show the structural duality, and can be formed 

as either sphalerite (cubic) or wurtzite 

(hexagonal) type [14]. The X-ray diffraction 

patterns were studied to determine the crystal 

structure of the Zn0.5Cd0.5S:Cu thin films. 

   In Figs.1 and 2 three diffraction peak are 

seen corresponding to diffraction angle (2-

theta) in all studied cases, the major peak for 

the doping concentrations and annealing 

temperatures located at 27.27°, 27.37° and 

27.57° are attributed to 112 diffractive peak of 

tetragonal structure. The annealed filmed show 

-0.3° shift in 2-theta while the doped films 

showed +0.3° shift. They are also showed that 

the intensity of diffraction peak is inversely 

proportional to doped concentrations while it 

is increased after annealed.  
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Fig.1: X-ray diffractograms of Zn0.5Cd0.5S:Cu 

films at varied doping concentration and 

annealing by 300°C. 

 

   The lattice constant a and c for tetragonal 

phase of Zn0.5Cd0.5S:Cu thin films were 

calculated using the following equation [14]. 
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Fig.2: X-ray diffractograms of Zn0.5Cd0.5S:Cu 

films at varied annealing temperatures and 

doping by (1%).  

And the grain size ‘D’ of the samples was 

estimated by using ‘Scherrer’s formula [14]. 

 

where λ is the wavelength of the X-ray used,  

is the broadening of the diffraction line 

measured at half of its maximum intensity 

(FWHM) and h is the Braggs' angle. The value 

of the lattice constant 'a' and 'c' varies with 

doping concentrations from 5.487Å to 5.427Å 

and 10.871Å to 10.757Å respectively as 

shown in Table1, also from this table it is 

observed that the grain size attains maximum 

value of about 24 nm.  

  Surface morphological study has been carried 

out on Zn0.5Cd0.5S:Cu films as shown in table 

2. Spherically shaped grains are seen in the 

form of clusters in undoped sample, which are 

not distributed uniformly. A Cu-doped and 

annealed samples shows compact distribution 

over the surface and good connectivity 

between grains.   The thicknesses of the films 

are found to be between 1 and 2  
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Table 1: the structural parameters of Zn0.5Cd0.5S:Cu films.

Cell parameters Crystal 

system 

Average grain 

size (nm.) 2-theta Thin films pattern 
c (°A) a (°A) 

10.848 5.487 

Tetragonal 

24 27.27 1.0 Doping 

concentrations (ml.) 10.871 5.427 22 27.37 3.0 

10757 5.449 24 27.57 5.0 

10.848 5.487 

Tetragonal 

23 27.57 Without Annealing 

temperature (°C) 10.848 5.487 24 27.37 200 

10.848 5.487 24 27.27 300 

 

Table 2: The surface features of the deposited and annealed samples were characterized through (Nikon) 

photomicroscope (PHM) analysis. 

Cu Doping concentrations 
Annealing 

without 300°C 

without 

  

1% 

  

3% 

  

5% 

  

 

 
2. Optical study 

   The optical absorption spectra for 

Zn0.5Cd0.5S:Cu films at varied doping 

concentration of Cu:[1%, 3%, 5%] before And 

after annealing by 200°C and 300°C are 

presented in Figure (3), the band gap of 

materials can be determined from the Tauc’s 

plots. 

   The materials employed in the study are of 

direct band gap nature. The band gap was 

found to decrease with Cu-doping before 

annealing. While it is more decrease after 

annealing by 200°C. Although, this annealing 

temperature is less than the temperature of 

preparation, but it lasted for a longer time 

which helped to complete the interaction 

between the metals to make a more 

homogeneous films. The annealing by 300°C 

has led to invariant broadness in energy gap 

with and without doping that broadening of 

band gap may be due to filling up of 

conduction band edge by the excessive 
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carriers donated by the impurity atoms [3]. 

This leads to blue shift in optical band to band 

transitions by blocking the low energy 

transitions. These values are compared in 

Fig.4. 

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig. 3: Tauc's plots of different Zno.5Cd0.5S:Cu films at varied concentration of Cu:[0.0 ml, 1.0 ml, 3.0 ml, 

5.0 ml]. 

 

 

  

 

 

 

 

 

 

 
 

 

 

Fig. 4: The optical energy gap as a function of Cu concentration in Zno.5Cd0.5S:Cu films before And after 

annealing by 200°C and 300°C. 
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The absorption coefficient () of the prepared 

Zno.5Cd0.5S:Cu thin films were found from the 

following relation [15]. 

 
Where (A) is the absorbance and (t) is the film 

thickness.  

Figs.5 and 6 shows the plot of absorption 

coefficient with wavelength, which obtained 

that the value of  for all films in 

the visible region, this means that the 

transition must corresponding to a direct 

electronic transition, and the properties of this 

state are important, since they are responsible 

for electrical conduction. These figures also 

show that the absorption coefficient increases 

linearly with doping concentration and 

annealing temperature. Except for the behavior 

observed in the form of (1%) doping 

concentration, that may be due to the increases 

in grain size and decreases in the number of 

defects [13] .   
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Fig.5: The variation of absorption coefficient for 

Zno.5Cd0.5S:Cu films without and with (1%, 3%, 5%) 

doping concentration. 
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Fig.6: The variation of absorption coefficient for 

Zno.5Cd0.5S:Cu films without and with (200°C,300°C) 

annealing temperatures.  

   The extinction coefficient (K) was calculated 

using the related [15]:  

     
where λ is the wavelength. 

The variations at the extinction coefficient 

values are a function of wavelength are shown 

in Figs.7 and 8. It is observed that the 

spectrum shape of the extinction coefficient as 

the same shape of the absorption coefficient. 

The value of (K) as the visible region was 

depend on the film treatment method, where 

the value of (K) at  was varied from 

17 to 41 and that variation values become 

smaller at NIR region. 
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Fig.7: The variation of extinction coefficient for 

Zno.5Cd0.5S:Cu films without and with (1%, 3%, 5%) 

doping concentration. 
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Zno.5Cd0.5S:Cu films without and with 

(200°C,300°C) annealing temperatures. 
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The refractive index (n) is the refractive 

between speeds of light in vacuum to its speed 

in material which does not absorb this light. 

The value of refractive index was calculated 

from the equation [15]: 

 

 
where (R) is the reflectivity. 

The variation of refractive index vas 

wavelength is shown in Figs.9 and 10, which 

shows that the maximum value of (n) is (2.6) 

for all films at the same wavelength. Also 

shows that the films become more transparent 

in the visible region. 
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Fig.9: The variation of refractive index for 

Zno.5Cd0.5S:Cu films without and with (1%, 3%, 

5%) doping concentration. 
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Fig.10: The variation of refractive index for 

Zno.5Cd0.5S:Cu films without and with 

(200°C,300°C) annealing temperatures. 

 

 

 

Conclusions 

   Zn0.5Cd0.5S:Cu thin films have been 

synthesized by the chemical spray pyrolysis 

technique using aqueous solutions of CdCl2, 

ZnCl2 and NH2–CS–NH2 were used as the 

source materials for Cd
+2

, Zn
+2

 and S
-2

 ions 

respectively, In addition of CuCl2.2H2O as a 

doping source materials for Cu
+2

 ions. The 

XRD study showed the compounds to have 

tetragonal phase and its preferred orientation 

is in the 112 direction. It was observed that 

crystallinity of film increased with doped at 

(1%) and annealed at high temperatures 

(300°C) than the other samples. The lattice 

constant 'a' and 'c' varies with doping 

concentrations from 5.487Å to 5.427Å and 

10.871Å to 10.757Å respectively, also the 

grain size attains at maximum value about 24 

nm. Surface morphological study of Cu doped 

and annealed samples showed compact 

distribution over the surface and good 

connectivity between grains. The thicknesses 

of the films are found to be between 1 and 2 

 It is concluded from the structural 

analysis that the Cu-doping and the 

Zn0.5Cd0.5S:Cu annealing has a strong effect 

on the structural properties. The energy band 

gap of the Zn0.5Cd0.5S:Cu thin films decreases 

linearly with increases Cu-doping 

concentration and annealing temperature. In 

conclusion, it can be stated that the influence 

of Cu content and thermal annealing on the 

optical properties of Zn0.5Cd0.5S:a Cu film is 

noticeable. 
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