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Abstract 
CdS and copper doped Cd1-xSCux thin films have been prepared by the spray pyrolysis 

method. The optical band gaps of pure and doped CdS were found to be varied from 2.34 to 2.45 

eV with increase x from 0 to 0.1. The X-ray diffraction (XRD) analysis revealed that the films 

were polycrystalline and exhibited two phases cubic and hexagonal structure with  increasing the 

hexagonal phase with increasing Cu ratio.  
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 الخلاصة
. فجىة انطاقت  (x=0,0.05. 0.1)بعذ حطعيمه بىسب مخخهفت مه انىحاط   CdSحم ححضيش أغشيه سقيقه نهمشكب          

كزنك  xمع صيادة حشكيض انمحخىي    (2.42eV-2.34)في انحانت انىقيت و انمطعمت كاوج حخغيش مه  CdSانبصشيت نهمشكب 

أن الأغشيت انمحضشة مخعذدة  (XRD)انحال في بقيت انثىابج انبصشيت انخي حم حسابها, حيث بيىج وخائج ححهيم الاشعه انسيىيت 

 انخبهىس وراث طىسيه مه انخشكيب ) انمكعب انسذاسي( وصيادة انطىس انسذاسي مع صيادة حشكيض وسب انىحاط انمضاف.

 

Introduction 
CdS films are widely used as a window layer in heterojunction solar cells owing to their wide 

band gap and the ease with which the material can be prepared by low cost methods. CdS has direct 

band gap of 2.4 eV, which falls in the visible spectrum at room temperature
[1]

.CdS can exists in two 

phases, hexagonal with a=4.1370 Å  and c=6.7144 Å
[2]

 and cubic with a=5.8330 Å 
[3]

,the hexagonal 

(wurtzite) CdS films are preferable for solar cell applications due to their excellent stability in 

photoelectric conversion and heterogeneous photo catalysis. However, it is not easy to obtain the 

film having a hexagonal structure only 
[4]

. 

 

Experimental Procedure 
Prior to deposit films, the glass substrates were cleaned in with cleaner solution, distilled water 

and followed by alcohol using ultrasonic bath.  

Cd1-xSCuxfilms were prepared by using an aqueous solution which contained CdCl2, CuCl2 and 

thiourea. In the solution, the Cd  +Cu to S ratio was maintained at 1:1.5. The excess sulfur was used 

to maintain stoichiometry in the films. The high substrate temperature causes loss of sulfur during 

deposition. The cadmium concentration in the solution was (1-x)*1M. The Cu concentration in the 

solution was (x)*1M (where x=0, 0.05 and 0.10). The ionic solution was sprayed onto hot glass 

substrates held at 673K using compressed air as the carrier gas. The spray rate employed was 3 mL 

per min.  

X-ray diffraction (XRD) pattern of the CdS film deposited on corning glass substrate is recorded by 

SHIMADZU XRD-6000 X-ray diffractometer (CuKα radiation λ=0.154nm) in 2θ range from 20° to 

60°. The interplaner distanced dhkl for different planes is measured using Bragg law
[5] 

 

2d sin θ = m λ                ..………………………………………...1 
 

Where d is the interference distance, Ө is Brag's   angle  ,  m is order level andλis the incident wave 

length   
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Whilethe average crystallite size(b) estimated by Scherrer’s formula [6]: 

 

  
      

 (  )     ( )
           ……………………………………………..2 

Where   is half width maximum. 

 

The thickness of prepared films was about 500 nm which measured by Michelson 

interferometer. An optical transmittance and absorbance spectra were recorded, at room 

temperature, in the wavelength range (400-1100nm) using OPTIMA SP-3000 UV-Vis 

spectrophotometer.  

       The absorption coefficient (α) of pure and Cu-doped CdS thin films were calculated from the 

optical transmittance spectrum measurements using the formula
[7]

:  

 

                ……………………………………………. 3 

 

 

where tis the thickness of thin films, and T is the transmittance intensity. The energy gap and 

optical constants were calculated as a function of different Cu concentrations.
 

 

Results and Discussion 
Figure (1) shows the X-ray diffraction patterns for pure and doped CdS films with different 

doping ratio with Cu (0,5 and 10%)this figure indicate all films have polycrystalline structure and 

have a good identically with standard peaks for booth hexagonal and cubic  CdS with  increasing 

the hexagonal phase with increasing Cu ratio. In addition we can also see from table (1) a 

decreasing in dhkl with increasing Cu content i.e., slightly shift in 2θ to  higher value (as shown in 

the two dimensional intensity, figure 2) because the size of Cu ion ( which have been inserted into 

lattice)  less than for Cd ion. 
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Fig. (1) X-ray diffraction patterns forCd1-xS Cux with different Cu ratio  (0, 5 and 10%) 
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Table (1) Structural parameters: Inter-planar spacing, crystalline size of deposited pure and doped 

CdS  films at different Cu doping ratio (0, 5and 10) %. 
 

Cu 

% 

2θ  

(Deg.) 

FWHM 

(Deg.) 

dhkl 

Exp.(Å) 

G.S 

(nm) 

dhkl 

Std.(Å) 
hkl phase card No. 

 
24.7084 0.6872 3.6003 11.8 3.5827 (100) Hex. CdS  96-901-1664 

 26.4363 0.4754 3.3688 17.2 
3.3572 (002) Hex. CdS  96-901-1664 

 3.3677 (111) Cub. CdS 96-900-0109 

 
28.0778 0.4385 3.1754 18.7 3.1609 (101) Hex. CdS  96-901-1664 

0 30.6263 0.5330 2.9168 15.5 2.9165 (200) Cub. CdS 96-900-0109 

 
36.5011 1.2099 2.4597 6.9 2.4498 (012) Hex. CdS  96-901-1664 

 43.6717 0.7962 2.0710 10.7 
2.0685 (110) Hex. CdS  96-901-1664 

 2.0623 (220) Cub. CdS 96-900-0109 

 
47.8618 0.9942 1.8990 8.7 1.8982  (013) Hex. CdS  96-901-1664 

 
52.0086 0.9651 1.7569 9.2 

1.7611 (112) Hex. CdS  96-901-1664 

 
1.7587 (311)  Cub. CdS 96-900-0109 

 
24.8812 0.3771 3.5757 21.6 3.5827 (100) Hex. CdS  96-901-1664 

 26.4795 0.5211 3.3634 15.7 
3.3572 (002) Hex. CdS  96-901-1664 

 3.3677 (111) Cub. CdS 96-900-0109 

 
28.1641 0.4002 3.1659 20.5 3.1609 (101) Hex. CdS  96-901-1664 

5 30.7559 0.7722 2.9048 10.7 2.9165 (200) Cub. CdS 96-900-0109 

 
36.5443 0.7930 2.4569 10.5 2.4498 (012) Hex. CdS  96-901-1664 

 43.7581 0.4863 2.0671 17.6 
2.0685 (110) Hex. CdS  96-901-1664 

 2.0623 (220) Cub. CdS 96-900-0109 

 
47.9482 0.7351 1.8958 11.8 1.8982  (013) Hex. CdS  96-901-1664 

 
52.0518 0.5313 1.7556 16.6 

1.7611 (112) Hex. CdS  96-901-1664 

 
1.7587 (311)  Cub. CdS 96-900-0109 

 
24.9244 0.4191 3.5696 19.4 3.5827 (100) Hex. CdS  96-901-1664 

 26.5659 0.5911 3.3526 13.8 
3.3572 (002) Hex. CdS  96-901-1664 

 3.3677 (111) Cub. CdS 96-900-0109 

10 28.2073 0.4653 3.1611 17.6 3.1609 (101) Hex. CdS  96-901-1664 

 
36.6307 0.2991 2.4513 28.0 2.4498 (012) Hex. CdS  96-901-1664 

 43.9309 0.4634 2.0594 18.5 
2.0685 (110) Hex. CdS  96-901-1664 

 2.0623 (220) Cub. CdS 96-900-0109 

 
47.9050 0.5687 1.8974 15.3 1.8982  (013) Hex. CdS  96-901-1664 

 
52.1382 0.4815 1.7529 18.4 

1.7611 (112) Hex. CdS  96-901-1664 

  1.7587 (311)  Cub. CdS 96-900-0109 

 

 

 

 

 

 

 

Fig(2) Two dimensional X-ray diffraction patterns intensities for Cd1-xS Cux with different Cu ratio 

(0, 5 and 10%) 
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Table (2) shows a decrement in lattice constants for Hexagonal and cubic phases which have been 

observed in XRD patterns  

 

Table (2) Lattice constants for Hexagonal and cubic observed phasesin XRD patterns 

Cu:Cd% 
Cubic Hex 

a (nm) a(nm) c (nm) 

0 5.8349 4.1573 6.7376 

5 5.8256 4.1289 6.7268 

10 5.8069 4.1218 6.7052 

 

Optical measurements for deposited Cd1-xS Cux films on glass substrate with different doping 

concentrations are carried out in the wavelength range 400–1100 nm at room temperature. Figure 

(3) shows the room temperature transmittance spectra for samples doped with different Cu 

concentrations. This figure shows that the transmittance increases with increasing of wavelength 

(λ). On the other hand the transmittance decreases with the increase of Cu concentration 

 

 
 

Fig.(3) Transmittance variation with the wavelength for pure and doped CdS films with Cu. 

 

Figs.(4)  illustrates the variation of absorption coefficient with wavelength for Cd1-xS Cux 

films on glass substrate with different doping concentrations. All spectra illustrate absorption 

coefficient pattern of all deposited pure and doped thinCdSfilms decrease with increasing of 

wavelength (λ) from 400 to 1100 nm. On the other hand the absorption coefficient increases with 

the increase of Cu concentration.  
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Fig.(4) Variation of absorbance coefficient with the wavelength for pure and doped CdS films with Cu. 

 

The optical energy gap values (Eg
opt

) for thin CdSfilms on glass have been determined by using 

Tauc equation 
[8]

. 
 

r

g
E hυAαhυ 








  

 

where hυ is the photon energy, Eg is the optical band gap energy, A is inversely proportional to 

amorphousity and r is  used to find the type of the optical transition by plotting the relations 

(αhυ)
1/2

,(αhυ)
1/3

,( αhυ)
2/3

,and (αhυ)
2
 versus photon energy (hυ). The energy gap (Eg) is then 

determined by the extrapolation of the linear portion at (αhυ)
2
 =0 . It is found that the relation for 

r=1/2 yields linear dependence part at which the absorption coefficient α ≥ 10
4
cm

-1
, which describes 

that Cd1-xSCux films have the allowed direct transition. This result is in agreement with result had 

shown by the previous researches. 

The variation of (αhυ)
2
  as a function of photon energy for pure and Cu doped thin CdSfilms at 

different Cuconcentration has been plotted in Fig.(5).This figure reveals that the increasing of Cu 

concentrations from 0 to 10% leads to increase the energy gap from approximately 2.34eV to 

2.45eV. This can be attributed to decrease the lattice constants.
[9]
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Fig.(5) The variation of (αhυ)

2
 versus photon energy (hυ) for for pure and doped CdS films with Cu. 

 

It is important to determine the optical constants of thin films such as refractive index (n), 

extinction coefficient (k), and the real (εr) and imaginary (εi) parts of dielectric constant. 

Fig.(6) shows the variation of extinction coefficient with wavelength at different Cu doping 

ratio. The extinction coefficient depends mainly on absorption coefficient; for this reason, the 

behavior of it is similar for absorption coefficient i.e., the increasing of extinction coefficient with 

increasing photon energy because the absorption is increased. 
 

 
Fig. (6)  Extinction coefficient versus wavelength for pure and doped CdS films with Cu. 
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        The index of refraction of pure and Cu doped thin CdS films was estimated from the 

reflectance (R) data using the relation
 [10]

: 

 

  1-R

1R
k

R1

4R
n 2

2





  

 

The variation of the refractive index versus wavelength in the range 400–1100 nm, for 

deposited CdS films on glass with different Cu doping concentrations films have been shown in 

Fig. (7). It is clear from this figure that the refractive index in general increases with increasing of 

doping concentration with Cu. 

  

 
 

Fig. (7)The variation of refractive index with the wavelength for pure and doped CdS films with Cu. 

 

The real and imaginary parts of dielectric constant were evaluated using the formulas 
[11]

: 
                                                                                          

εr= n
2
−k

2
 

εi=2nk 
 

The variation of the real and imaginary parts of the dielectric constants values versus 

wavelength have been shown in figures (8 and 9) for deposited pure and Cu doped thin CdS films 

on glass with different doping concentrations. Their value are decreased with wavelength more than 

500nm.The variation of the dielectric constant depends on the value of the refractive index. By 

contrast, the dielectric loss depends mainly on the extinction coefficient values which are related to 

the variation of absorption. 
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Fig.(8) The variation of εr with the wave length for pure and doped CdS films with Cu. 

 

 

 
Fig.(9) The variation of εi with the wave length for pure and doped CdS films with Cu. 

 

Table (1) shows the optical constants for deposited pure and Cu doped thin CdS films on glass 

with different doping concentrations (0, 5 and 10%) at λ = 800 nm and the optical gap  values for 

these prepared samples. This Table illustrates that the values of α, k, n, εr,εiand Egincrease with 

increasing Cu dopant concentrations, whereas the behavior of T is opposite i.e., decrease with 

increasing Cu doping concentrations. 
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Table (1) The optical parameters at λ=800 nm and Eg for pure and doped CdS films at different Cu 

doping concentrations. 
 

Cu% T% α (cm
-1

) K n εr εi Eg (eV) 

0 54.91 11992 0.076 2.718 7.381 0.413 2.34 

5 45.92 15567 0.098 2.979 8.866 0.585 2.40 

10 38.73 18976 0.121 3.168 10.021 0.764 2.45 

 

Conclusions 
Structural and optical properties of Cd1-xSCuxthin films deposited by spray pyrolysis deposition 

technique have been studied as a function of different Cu dopant concentrations. The outcome of 

this investigation can be summarized as follows:                    

 XRD indicates that all Cd1-xSCuxfilms have polycrystalline structure and have booth hexagonal 

and cubic  CdS phases and  increasing the hexagonal phase with increasing Cu ratio.  

 Decreasing in dhkl with increasing Cu content i.e., slightly shift in 2θ to  higher because the size 

of Cu ion less than for Cd ion.i.e decreasing in lattice constants. 

 The transmittance increases with increasing wavelength while it decreases with increasing Cu 

doping concentrations.  

 The energy gap increases from 2.34eV to 2.45eV with the increase of Cudoping  concentrations 

from 0 to 10% due to the decrement in lattice constants. 

 The  optical constants values( α, k, n, εr and εi ) increase with increasing Cu dopant 

concentrations,  
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