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Abstract—   Undoped Cadmium sulfide (CdS) nanocrystalline thin film and doped copper are prepared by chemical bath deposition (CBD) technique onto glass 
substrates at ( 80± 2˚C), with average thickness of about (300 nm ) have been investigated. The characterization of the product was done by UV-VIS absorption, x-ray 
diffraction (XRD) and atomic force microscopy (AFM) . The effect of copper content on structural, morphological and several optical properties have been studied The 
X-ray diffraction (XRD) analysis revealed that the films were polycrystalline with hexagonal structure and preferential orientation along (002) and exhibited two 
phases; cubic and hexagonal structure . Atomic force microscopy images show uniform, homogeneous and strong adherent to undoped (CdS) nanocrystalline and doped 
Copper over the entire glass substrate surface without any voids, pinholes or cracks .This reveals a continuous granular morphology for the films and the band gap of 
the thin films which are found to be direct allowed transition . The result also shows that the absorption coefficient, extinction coefficient, real and imaginary parts of 

dielectric constant are tending to increase with the increasing of Cu concentration.                                                                                                 

 
Keywords‒ nanocrystallineCdS , chemical bath deposition, Cu concentration, the characterization of (CdS:Cu) :absorption, x-ray diffraction and atomic force 
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——————————      —————————— 
1  Introduction
 

 TUltrathin  semiconductor      nanocrystalline 

thin films have attracted growing interest for both 
fundamental research and technical application due 
to their size-dependent electronic properties that has 
led to a wide range of technological applications as 
functional layers in electronic and optoelectronic 
devices, solar cells, photoelectrodes, photocatalysts, 
and sensors [1]. Nanocrystalline binary and ternary 
semiconductors of Groups II-VI have potential 
applications in many technical fields, including 
photoluminescence, solar cells and photovoltaic 
applications [2-3]. 

CdS films nano particles can be    processed 
utilizing various methods and chemical bath 
deposition is one successful method. 

———————————————— 
• Prof. Nada Khdair Abbas, Ph.D. in the Department of 

Physics, College of Science for women, University of 
Baghdad .Iraq E-mail: 2TUnadabbs@yahoo.comU2T 

• Prof. Dr. Ahlam M. Farhan : Ph.D. in the Department 
of Chemistry, College of Science for women, 

 U2Tmail:  -EUniversity of Baghdad .Iraq 
2TUmahlam63a@yahoo.co 

 
 

 Deposition of CdS using CBD is based on 
the  gradualrelease of CdP

2+
P ions and S P

2-
P ions in 

aqueous alkali bath and the subsequent 
condensation of these ions on substrate suitably 
mounted in the bath. 

 The  progressive release of Cd P

2+
P ions is 

achieved by adding a complexing agent (ligand) to 
the Cd salt to form some cadmium complex species 
which upon dissociation, results in the release of 
small concentrations of Cd P

2+ 
Pions. The S P

2-
P ions are 

supplied by decomposition of thiourea [4].  
It is important to study  the physical 

properties of particles with diameters between 1 
and 100 nm which  markedly differ from those of 
the corresponding bulk materials [5],  the UV/V is  
a spectra for CdS nanoparticles  different from the 
spectrum of bulk CdS [6]. 

Bulk CdS hasdirect band gap of 2.4 eV,   
which falls in the visible spectrum at room 
temperature[7]. CdS exist in two phases; hexagonal 
with a=4.1370 Å  and c=6.7144 Å [8] and cubic 
with a=5.8330 Å [9], the hexagonal (wurtzite) CdS 
films are preferable for solar cell applications due 
to their excellent stability in photoelectric 
conversion and heterogeneous photocatalysis. 
However,  challenging to obtain the film  from a 
hexagonal structure only [10] .  
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Foreign atoms or impurity atoms, may be 
present in a crystal lattice to improve or change  
certain semiconductor properties. Impurity atoms 
may be located at normal lattice sites, in which case 
they are called substitutional impurities. Impurity 
atoms may also be located between normal sites,  as 
they are  labeled as interstitial impurities. Some 
impurities, such as oxygen in silicon, tend to  be 
essentially inert; however, other impurities, such as 
gold or phosphorus in silicon, can drastically alter 
the properties of the material.[11]  
Several techniques were employed for the growth 

of the ternary CdSCu films.  The study analyses 
CdS:Cunanocrystalline which were deposited by 
Chemical Bath Deposition(CBD) technique at 
different composition of (molar concentrations) 
and to study the effect of copper concentration on 
the structural, morphological and optical 
properties of these films. This study aims to 
discuss the  importance  of window layer of solar 
cells and other application .  
 

2 EXPERIMENTAL PROCEDURE  
The CdS:Cu thin films were prepared  utilizingCBD 
technique on commercial glass slide for various 
copper concentration (0,1,2,3and ,4)% .  Initially, 
materials which were used are  CdClR2R.HR2RO ( 0.1M) 
as CdP

2+
P ion source, CuClR2R (1,2,3,4)%  as Cu P

2+
P ion 

source, thiourea (0.1M) as an SP

2-
P ion source and 

ammonia  was used as a complexing agent to 
control the CdP

2+
P and Cu P

2+
P ion concentrations ..CdS: 

Cu nanocrystalline(M = 0, 0.01, 0.02, 0.03 and 
0.04) were prepared  using an aqueous solution 
through chemical precipitation technique starting 
from (1-M)*0.1M CdClR2R, (M)*0.1 M CuClR2R, 0.1M 
thiourea (to provide sulfur), and ammonia which is 
used as a complexing agent and to adjust the pH at 
(10.5-11) ( using PH-meter model HANNA ،

pHep211). The clean substrates are  immersed 
vertically in the bath beaker for about 40 min .An 
alkaline solution of ammonia was used to adjust pH 
of the reaction mixture .The process  involves a 
controllable chemical reaction at a low rate, by 
adjusting the pH value and temperature of the 
working solution allows maintaining the 
stoichiometry constant for any ratio of anions and 
cations . The temperature of chemical bath was 
adjusted with hot plate and temperature controller 
(80±2°C) , while magnetic stirrer is applied to 

promote ion-by-ion heterogeneous growth on the 
substrate . The pH value of working solution was 
adjusted  using a pH meter and is kept in between 
10.5 and 11 for different deposition time (10-
40min.). After deposition of the substrates were 
removed from the chemical bath and cleaned in 

distilled water. 

The films were characterized by X-ray diffraction 
technique using (Philips X-ray diffractometer) with 
CuKα radiation with wavelength (1.5406)Aº. A( 
UV-160A UV-visible recording) spectrophotometer 
supplied by Japanese company (Shimadzu) was 
used to record the optical absorbance and 
transmittance spectra of CdS: Cu thin films at 
wavelength range (400-1100) nm. Surface 
morphology of the films were studied by using 
(CSPM AA3000) Atomic Force icroscope( AFM ) 
supply by  Angstrom Company.X-ray diffraction 
(XRD) patterns of the CdS:Cu films which 
deposited on corning glass substrate  were recorded 
by SHIMADZU XRD-6000 X-ray diffract meter 
(CuKα radiation λ=0.154nm) in 2θ range from 20° 
to 60°. The interplaner distanced dRhkl R for different 

planes is measured  using Bragg law [12] 

2d sin θ = n λ……………………….(1) 
The grain size of the films  were calculated  using 
Scherrer formula [13] : 

𝑮.𝑺 = 𝑲 𝝀
𝜷.𝐜𝐨𝐬 (𝜽)

   ………………………..(2) 
where, K : constant taken to be 0.94, β : is 

the f 

ull width at half maximum (FWHM) in 
radian , λ: is the X-ray wavelength (1.5406 Aº) and 
θ= Bragg’s angle . 

The thickness of prepared films was about 
300 nm which was measured by Michelson 
interferometer. An optical transmittance and 
absorbance spectra were recorded, at room 
temperature, in the wavelength range 300-1100nm 
using OPTIMA SP-3000 UV-VIS     
spectrophotometer. The absorption coefficient (α) of 
pure and Cu-doped CdSnanocrystalline  were 
calculated from the optical transmittance spectrum 
measurements using the formula[14]:  
 

……………………(3) 














=

T

1
ln

t

1
α
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where (t) is 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. 

 

3 RESULTS AND DISCUSSION  
3.1  X-Ray Diffraction Analysis 
The X-ray diffraction patterns of pure and doped 
CdS nanocrystalline with different doping ratio of 
Cu (0, 1,2,3 and 4%)  deposited by CBD method on 
glass substrate with thickness (300) nm are shown 
in Figs. 1. The XRD patterns for all cases reveal 
polycrystalline in nature and have a good  identical  
standard peaks for both hexagonal and cubic CdS 
with  increasing  Cu concentration.appears at 26.49º 
at Cu concentration (0&1% wt)  while at Cu content  
increase to( 2,3,4)%wt another peak appears at 30.8º 
corresponding to the reflection from (200) plane. 
Our results are agree with the results obtained by 
Al-Hamdani N A and SalihA  H [15].In addition we 
can also see from table (I) a  decrease in dhkl with 
increasing Cu content i.e.,  slight shift in 2θ to 
higher value because the size of Cu ion ( which 
have been inserted into lattice) is  lesser than  Cd 
ion (covalent radii for Cd=14.8 and for Cu= 1.38Å) 
[16]. 
The intense and sharp peaks in the XRD pattern 
reveal the good crystallinity of the thin films and 
confirm the stoichiometric nature of CdS:Cu thin 
films. The preferential orientation (002) in CdS:Cu 
thin films where x= 0 (CdS film) it was reported for 
thermal vacuum evaporated  [17] - [18] - [19] while 

it was reported for chemical bathed [20]. 
Table II illustrates bragg's angles, inter 
planersspacing, relative intensities, miller indices, 
and latticeconstants of CdS:Cu thin films.The 
diffraction peaks for (002) are located at 26.44 º and 

30.8 º Cu content  (0, 1and2,3 4)%wt respectively. 

 

Fig. 1. X-ray diffraction patterns forCdS:Cu  with different Cu ratio (0, 1, 2, 3 
and 4%)  

 
TABLE 1  

STRUCTURAL PARAMETERS: INTER-PLANAR SPACING, 
CRYSTALLINE SIZE OF DEPOSITED PURE AND DOPED 
CDSNANOCRYSTALLINE AT DIFFERENT CU DOPING  

RATIO (0, 1, 2, 3 and 4%)  
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Table (2) shows a decrement in lattice 

constants with increase  Cu content for Hexagonal 
and cubic phases which have been observed in XRD 
patterns.  

 
TABLE 2 

 LATTICE CONSTANTS FOR HEXAGONALAND CUBIC 
PHASE CDS:CU LATTICE OBSERVED IN XRD PATTEMS 

 
3.2 Atomic Forrc Microscopes (AFM) Analysis 
Atomic force microscopy (AFM) is a non-invasive 
and convenient technique to study the 
morphological characteristics and surface roughness 
of semiconductor thin films and to observe 
microstructure of CdS:Cunanocrystalline thin films 
.It is  known that AFM is one of the most effective 
ways for the surface analysis due to its high 
resolution and powerful analysis software [21,22]. 
This technique offers digital images which allow 
quantitative measurements of surface features, such 
as root mean square roughness, RRqR, or average 
roughness RRaR, and the analysis of images from 
different perspectives, including three-dimensional 
simulation .[23,24].  
 Figures (2 and 3) illustrates two and three 
dimensional AFM images for pure CdSand doped 
with different doping ratio of Cu (0, 1, 2, 3, and 4%) 
deposited by Chemical Bath  Deposition on glass 
substrate. In addition it can be observed from AFM 
imagesthat , nearly all the grains were pyramidal in 
shape. AFM parameters are indicated (average 
diameter , average roughnessand root mean square 
roughness) for these samples have been shown in 
Table (3). 
As observable, average grain size decreases with 
increasing Cu content while the root mean square 
roughness ((Sq)) and the average roughness ((Sa)) 
were found to increase with increasing the ratio of 

Cu% 2θ 
(Deg.) 

FWHM 
(Deg.) 

dRhklR 
Exp.(Å) 

dRhklR 
Std.(Å) 

G.S 
(nm) phase hkl card No. 

0 

24.9881 0.7111 3.5606 3.5808 11.448 Hex.CdS (100) 96-900-
8863 

26.4907 0.4562 3.3620 3.3544 17.899 Cub.CdS (111) 96-101-
1252 

28.1656 0.7097 3.1657 3.1632 11.546 Hex.CdS (101) 96-900-
8863 

30.7846 0.3553 2.9021 2.9050 23.202 Cub.CdS (200) 96-101-
1252 

43.8081 0.7110 2.0649 
2.0674 

12.048 
Hex.CdS (110) 96-900-

8863 

2.0541 Cub.CdS (220) 96-101-
1252 

47.9301 0.6599 1.8965 1.9049 13.180 Hex.CdS (013) 96-900-
8863 

51.7974 0.7105 1.7636 
1.7629 

12.435 
Hex.CdS (112) 96-900-

8863 

1.7518 Cub.CdS (311) 96-101-
1252 

1 

25.5067 0.8608 3.4894 3.5808 9.467 Hex.CdS (100) 96-900-
8863 

26.8867 0.7461 3.3134 3.3544 10.953 Cub.CdS (111) 96-101-
1252 

28.4935 0.5739 3.1120 3.1632 14.289 Hex.CdS (101) 96-900-
8863 

30.8708 0.8608 2.8942 2.9050 9.579 Cub.CdS (200) 96-101-
1252 

44.3902 1.2052 2.0391 
2.0674 

7.122 
Hex.CdS (110) 96-900-

8863 

2.0541 Cub.CdS (220) 96-101-
1252 

51.9379 1.7217 1.7591 
1.7629 

5.135 
Hex.CdS (112) 96-900-

8863 

1.7518 Cub.CdS (311) 96-101-
1252 

2 

25.5519 0.6313 3.4733 3.5808 12.910 Hex.CdS (100) 96-900-
8863 

27.0588 0.4591 3.2927 3.3544 17.806 Cub.CdS (111) 96-101-
1252 

30.8910 0.3443 2.9924 2.905 23.950 Cub.CdS (200) 96-101-
1252 

36.8723 0.6887 2.4357 2.4558 12.165 Hex.CdS (012) 96-900-
8863 

44.3902 1.1478 2.0391 
2.0674 

7.478 
Hex.CdS (110) 96-900-

8863 

2.0541 Cub.CdS (220) 96-101-
1252 

51.9656 1.5495 1.7583 
1.7629 

5.706 
Hex.CdS (112) 96-900-

8863 

1.7518 Cub.CdS (311) 96-101-
1252 

3 

27.0588 0.7461 3.2927 3.3544 10.957 Cub.CdS (111) 96-101-
1252 

30.9465 0.4591 2.8873 2.905 17.963 Cub.CdS (200) 96-101-
1252 

36.8149 0.7461 2.4394 2.4558 11.227 Hex.CdS (012) 96-900-
8863 

44.4181 1.1478 2.0379 
2.0674 

7.479 
Hex.CdS (110) 96-900-

8863 

2.0541 Cub.CdS (220) 96-101-
1252 

52.0803 0.6887 1.7547 
1.7629 

12.844 
Hex.CdS (112) 96-900-

8863 

1.7518 Cub.CdS (311) 96-101-
1252 

4 

27.0640 0.6887 3.2920 3.3544 11.870 Cub.CdS (111) 96-101-
1252 

30.9891 0.4591 2.8334 2.905 17.965 Cub.CdS (200) 96-101-
1252 

36.8723 0.5165 2.4357 2.4558 16.220 Hex.CdS (012) 96-900-
8863 

44.4210 0.6313 2.0378 
2.0674 

13.598 
Hex.CdS (110) 96-900-

8863 

2.0541 Cub.CdS (220) 96-101-
1252 

52.2525 0.6313 1.7493 
1.7629 

14.022 
Hex.CdS (112) 96-900-

8863 

1.7518 Cub.CdS (311) 96-101-
1252 

 
dop
ing 
% 

Cubic Hexagonal 

a 
Std.(
Å) 

a 
Exp.(Å) 

a 
Std.(Å) 

a 
Exp.(Å) 

c 
Std.(
Å) 

c 
Exp.(Å) 

Cu 

0 

5.810
00 

5.8232 

4.1348 

4.1114 

6.749
0 

6.9161 
1 5.7884 4.0292 6.8797 
2 5.7674 4.0106 5.8942 
3 5.7641 3.8021 5.8322 
4 5.7638 3.8013 5.5652 
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Cu content, respectively. It is important to note that 
these obtained values are averaged and there is a 
statistical variation associated with them, which 
depends on the location of the measurements that 
are performed on the samples [24,25]. 

 
 
 
 
 
 
 
 
 

  
 
 

Fig. 2. Atomic force microscopy (AFM) images of CdS and 
CdS:Cunanocrystalline thin films 

 

 

 

 

 

 

 

 

 

Fig. 3. AFM pictures and their granularity accumulation distribution for as 
deposited (CdS) nanocrystalline with different Cu content ratio (0, 1, 2, 3 and 

4) % 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

TABLE 3  
VAVIATION  OF SURFACE ROUGHNESS AND ROOT 

MEAN SQUARE FOR PURE CDSNANOCRYSTALLINE AND 
DOPED WITH CU 

 
3.3 Optical Properties 
The optical properties of the films deposited on 
glass substrates are determined from the absorbance 
(A) , and transmittance (T) measurements in the 
range (300–1100) nm are shown in   Fig.(4).. It was 
found that the transmittance of CdS:Cu films 
increases with the increasing in the wavelength. It is 
clear from the same figure that the transmittance 
decreases with increasing in Cu concentration 
which can be also deduced from the changing in the 
films’ colure ,. Also it is clear that the transmittance 
of Cd:Cu thin films changes from   ≈ 85% to ≈ 35 % 
and this is consider awide range which can be useful 
in different application like optical filters . In 
addition the variation of the transmittance of  Cd:Cu 
thin films with the wavelength is very important 
because this variation will limit the transmitted 
wavelengths which play an important role in 
etermination the category/type of the optical 
filters[26] 

 

 
 

Fig. 4. Transmittance variation with the wavelength for pure and doped  

roughness 
 average 
(Sa)(nm) 

The  root 
mean 
square 

 (Sq) (nm) 

Average 
grain Size 

(nm) Cu- content (x) 
Do
ped 
typ
e 

0.193 0.239 93.73 Pure CdS 
5.11 6 90.00 1 

Cu 
9.62 11.4 92.75 2 

11.1 12.8 76.34 3 

32.3 37.2 75.56 4 
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CdSnanocrystalline with Cu . 
 

Figure(5) illustrates the variation of absorption 
coefficient with wavelength for CdS:Cuthin films 
on glass substrate with different doping 
concentrations. It is clear that as the Cu 
concentration increases the absorption coefficient 
of CdS:Cu thin films is increased . This increasing 
in the absorbance is attributed to the copper atoms 
take Interfacial positions between atoms of 
cadmium sulfide and that increase the localized 
levels which results in an increase of the depth of 
donor levels associated with these vacancies and 
these levels will be available for the photons to be 
absorbed therefore the absorbance of CdS:Cu thin 
films will increase with increasing in Cu 
concentration . As well as from the same figure , it 
can be seen that the absorption edge shifts to the 
higher wavelengths corresponding to the red region 
as the Cu concentration  increased. From this 
shifting in the absorption edge to the red region it 
can be deduced that the energy gap of CdS:Cu thin 
films will decrease with increasing in Cu 
concentration . Also the same figure shown the 
values of absorption coefficientincreases with 
increasing of Cu concentration and take the 
values( 7*104 cm-1 ,9 *104 cm-1 ,10 *104 cm-1 and 
12*104 cm-1  for Cu ratio  equal (0 , 1 , 2,3 and 
4 )%wt respectively.  

 

 
 

Fig. 5. Variation of absorbance coefficient with the wavelength for 
purenanocrystallineCdS and doped with Cu . 

The optical energy gap values (Eg) for CdS:Cu 
thin films prepared by chemical  deposition  
method have been determined from the region of 

the high absorption at the fundamental absorption 
edgeof these films by using Tauc equation [15,27]: 

r
gE hυBαhυ 






 −= …………….(4) 

wherehυ is the photon energy, Eg is the optical 
energy gap, B is a constant depends on the nature of 
the material ( properties of its valence and  
conduction band ) [28] and r ∶  is a constant  
depends on the nature of the transition between the 
top of the valence band and bottom of the 
conduction band [29,30]. 

This equation is used to find the type of the 
optical transition by plotting the relations (αhυ)2, 
(αhυ)2/3, (αhυ)1/2 and (αhυ)1/3 versus photon energy 
(hυ) and select the optimum linear part. It is found 
that the first relation yields linear dependence, 
which describes the allowed direct transition , then 
Eg was determined by the extrapolation of the 
portion at ( α=0 ) as shown in Fig.(6). It is clear that 
the optical energy gap for CdS:Cu thin films 
decreases and shifts towards the red region  as the  
Se concentration in the films increased. This is 
attributed to the increasing the width of localized 
state with increasing of Cu which results increase of 
the depth of donor levels which in turn causing a 
reduction in the optical energy gap for CdS:Cuthin 
films[29] . The obtained values of the optical energy 
gap match well with the reported values of CdS 
[31]-[32] 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6. The variation of (αhυ)2 versus photon energy (hυ) for for pure and 

doped CdSnanocrystalline 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 (ε i) parts of dielectric constant. 
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The extinction coefficient ( k° ) have been 
determined by using the following equation [33]:     

               𝑘° =   𝛼𝜆 
 4𝜋 

        ………………..    (5)   

Where ,𝛼 : is the absorption coefficient and 𝜆: is the 
wavelength of the incident photon .. 

It is clear from this equation that k° depends on α 
and has a similar behavior to α .Fig. (7) illustrates 
the variation of the extinction coefficient of 
CdS:Cuthin films with the wavelength for different 
ratio of Cu concentration . From this figure , it can 
be noted that k° varies slightly with the increasing 
in the wavelength corresponding to the reduction in 
the photons' energy and the increasing in the 
absorption coefficient. Then k°  increases highly at 
the absorption edge region and this increasing is 
attributed to the increasing of the absorption 
coefficient due to the direct electronic transitions 
thereafter k°  reaches to its maximum value at the 
high absorption region corresponding to the 
increment in the photons' energy and the increasing 
in the absorption coefficient with the decreasing in 
the wavelength . In addition , it is clear from this 

figure that                                                             

with the increasing in the Cu concentration the 
extinction coefficient k°  increases . This is 
attributed to the increasing in the absorption 
coefficient due to the increasing of the depth of 
donor levels and these levels will be available for 
the photons to be absorbed causing an increment in 
the absorbance and leads to increase in the 
absorption coefficient .Therefore k°  will increase 
with the increasing in the Cu concentration since it 
has a similar behavior to α and depends on it .         

 

 

 

 

 

 

 

 

Fig. 7.  Extinction coefficient versus wavelength for pure and doped 
CdSnanocrystalline with Cu. 

The refractive index(𝑛°) ofpureCdSnanocrystalline 
thin films and doped with Cu was estimated from 
the reflectance (R) data using the relation.[33]: 

( ) 1-R
1Rk

R1
4Rn 2

2
+−−

−
= ………………(6) 

The variation of the refractive index as a 
function of the wavelength forCdS:Cu thin films is 
illustrated in Fig. (8). It is clear from this figure that 
the refractive index decreases with the increasing in 
the wavelength of the incident photon . Also it can 
be observed , that the refractive index of CdS:Cu 
thin films increases with the increasing in the Cu 
concentration at the spectrum region (500-1100)nm 
. This increasing is attributed to the decreasing in 
the grain size of the films with the increasing in the 
Cu concentration which interns causing an 
increment in the surface area of the films which in 
turns reduces the speed of light in the material of 
the thin film and then leads to an increasing in the 
refractive index .                                                         

 
 

Fig. 8.The variation of refractive index with 
 the wavelength for CdSandCdS:Cunanocrystallinethin films 

 
The real and imaginary parts of dielectric constant 
were evaluated using the formulas.[34] . 
εRrR= n P

2
P−kP

2
P……………….(7) 

εRiR=2nk   …………...…….(8) 
The variation of the real and imaginary parts 

of the dielectric constants values versus wavelength 
have been shown in figures (9 and 10) for pure 
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CdSnanocrystalline thin films and doped with Cuon 
glass substrate. it can be observed , that the values 
of εr and εiof CdS:Cu thin films increases with the 
increasing in the Cu concentration . 

 

 
Fig. 9. The variation of ε r  with the wave length for pure and doped 

CdSnanocrystalline with Cu 
 

 

 
Fig. 10. The variation of ε i  with the wave length for pure and doped 

CdSnanocrystalline with Cu. 

Table (4) shows the optical constants for 
deposited pure and Cu doped CdSnanocrystalline on 
glass with different doping concentrations (0, 1, 2, 3 
and 4%)  at λ = 550 nm and the optical energy gap  
values for these prepared samples. This Table 
illustrates that the values of α, k, n, εr, εi in general 
increase with  cumulative Cu dopant concentrations, 
whereas the behavior of T is opposite i.e., decrease 
with increasing Cu doping concentrations. 

 
 

 
 
 
 
 

 
TABLE 4  

THE OPTICAL PARAMATARS AT λ=550 nm and Eg FPR 
PURE AND DOPED CDSNANOCRYSTALLINE AT 

DIFFERENT CU DOPING CONCENTRATIONS. 
 

Cu
% T% 

α 
(cm-

1) 
K n εr εi 

Eg(e
V) 

0 45.
762 

2606
1.9 

0.11
412
5 

2.98
2474 

8.88
2127 

0.68
0747 2.50 

1 
38.
779
66 

3158
1.5 

0.13
829
5 

3.16
4997 

9.99
8078 

0.87
5405 2.35 

2 27.
64 

4287
6.1 

0.18
8 

3.37
7 

11.3
7 

1.26
8 2.30 

3 
18.
854
5 

5562
4 

0.24
357
6 

3.39
7979 

11.4
8693 

1.65
5334 2.10 

4 
15.
865
24 

6137
9 

0.26
877
8 

3.34
857 

11.1
4068 

1.80
0041 1.95 

4  CONCLUSIONS 
• Chemical bath deposition method technique can be 

successfully employed for the deposition of uniform 
morphologist and nanocrystallineCdS:Cuthin films with 
hexagonal phase at R.T                    

• XRD indicates that all CdS:Cunanocrystalline have 
polycrystalline structure and have booth hexagonal and 
cubic phases and increase the cubic phase with 
increasing Cu ratio.  

• The results of AFM for the CdS:Cunanocrystalline 
films, observed the smooth surface texture with lower 
Cu– concentration . The root mean square and Surface 
roughness increases with increasing coper content . 

• Optical studied indicates that CdS:Cuthin films exhibit 
direct band gap which is strongly depends on the Cu 
concentration almost cover the entire visible spectral 
that makes these films are suitable for optoelectronic 
devices especially for solar cell. 
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