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The effect of Copper Concentration on the
Structural , Morphological and Optical
Properties of CdS:Cu Nanocrystalline prepared
by chemical bath deposition

Nada K. Abbas', Ahlam M.Farhan® ,Rugayah A.ulwali‘and Nagham Y. Ahmed *

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
microscopy.

1 Introduction
Deposition of CdS using CBD is based on
the gradualrelease of Cd** ions and S* ions in

TUItrathin semiconductor nanocrystalline aqueous alkali bath and the subsequent

hin films h q .. for both condensation of these ions on substrate suitably
thin films have attracted growing interest for bot mounted in the bath.

fundamental research and technical application due The progressive release of Cd?* ions is

to their size-dependent electronic properties that has achieved by adding a complexing agent (ligand) to

:ced to a VIV'?e range ofltechno_loglczl appllcziltlons as the Cd salt to form some cadmium complex species
unctional fayers In electronic and optoelectronic which upon dissociation, results in the release of

devices, solar cells, photoelectrodes, photocatalysts, small concentrations of Cd%* ions. The S ions are

and sensors [1]. Nanocrystalline binary and ternary supplied by decomposition of thiourea [4].
semiconductors of Groups 11-VI have potential It is important to study the physical

applications in many technical fields, including properties of particles with diameters between 1
phot_oluminescence, solar cells and photovoltaic and 100 nm which markedly differ from those of
applications [2-3]. _ the corresponding bulk materials [5], the UV/V is
. CaS films nano particles can be  processed a spectra for CdS nanoparticles different from the
utilizing various methods and chemical bath spectrum of bulk CdS [6].
deposition is one successful method. 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 A and c¢=6.7144 A [8] and cubic
with a=5.8330 A [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 CdCl;.H,O ( 0.1M)
as Cd** ion source, CuCl; (1,2,3,4)% as Cu®* ion
source, thiourea (0.1M) as an S* ion source and
ammonia was used as a complexing agent to
control the Cd®* and Cu?* 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 CdCl;,, (M)*0.1 M CuCl;, 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
pHep21l1). 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
CuKa radiation with wavelength (1.5406)A°. 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
(CuKa radiation A=0.154nm) in 20 range from 20°
to 60°. The interplaner distanced dng for different

planes is measured using Bragg law [12]

2dsinf@=ni......c.c.c.oeoeevvnnn()
The grain size of the films were calculated using
Scherrer formula [13] :

K2
G.S=""0 (2)

where, K : constant taken to be 0.94, B : is
the f

ull width at half maximum (FWHM) in
radian , A: is the X-ray wavelength (1.5406 A°) and
0= 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 (o) of
pure and Cu-doped CdSnanocrystalline  were
calculated from the optical transmittance spectrum
measurements using the formula[14]:

a=—In| —
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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 26.49°
at Cu concentration (0&1% wt) while at Cu content
increase to( 2,3,4)%wt another peak appears at 30.8°
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 (1) a decrease in dhkl with
increasing Cu content i.e., slight shift in 20 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= 1.38A)
[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 1l 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 ° and
30.8 ° Cu content (0, 1and2,3 4)%wt respectively.
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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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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 WITHCU

Do Average The root
g roughness
ped grain Size mean
Cu- content (x) average
typ (nm) square (Sa)(nm)
e (S9) (nm)
Pure CdS 93.73 0.239 0.193
1 90.00 6 511
2 92.75 11.4 9.62
Cu
3 76.34 12.8 111
4 75.56 37.2 323

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]

100 ; —Pure G
—1%Cu
——2%Cu
75 —3%Cu
E — 1% Cu
":E 50
:
&
25
0 ] — T T T — T T T T 1

300 400 500 600 700 800 200 1000 1100
wave Length (nm)

Fig. 4. Transmittance variation with the wavelength for pure and doped
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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*10* cm™ ,9 *10* cm™ ,10 *10* cm™ and
12*10* cm™ for Cu ratio equal (0 , 1, 2,3 and
4 )%wt respectively.

18
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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]:

ahv:B(hu_Egjr................(4)

wherehv 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 (ahv)?,
(0hv)®?, (ahv)'? and (ahv)' versus photon energy
(hv) 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 ( 0=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]

[

N

{alv)? (em 2 V) 1010

o

o 0.5 1 15 ‘20 s 3 3.5 4 4.5
hv (eV)

Fig. 6. The variation of (ahv)? versus photon energy (hv) 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 (g;) and
imaginary (&;) parts of dielectric constant.
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The extinction coefficient ( ko ) have been
determined by using the following equation [33]:

ald
41

ko = (5)
Where , « : is the absorption coefficient and A: is the
wavelength of the incident photon ..

It is clear from this equation that k. depends on a

and has a similar behavior to a .Fig. (7) illustrates
the wvariation 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 ko will increase
with the increasing in the Cu concentration since it

has a similar behavior to a and depends on it .

06 - e pure Cd3
] 1% Cu
@ 03 1 2%Cu
g ]
b ] 304 Cu
E 04 e 40
3 ] 4% Cu
8 ]
3 ,__,_.—...\\‘
3 03
g8 ]
TN
% 01 —
-

300 400 300 600 700 800 900 1000 1100
wave Length (nm)

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]:

4R —k2 N i+]:!.(6)
A-R) -

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 .

6 pure CdS
1% Cu
5 2%Cu
305 Cu
. 4 e 40 Cu

Reffectiv e index ()
[ L

1

0 LN I B A B D B I S EEN SR R B R |

300 400 500 600 700 BOO 900 1000 1100
wave Length (nm)

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] .
e= =K (7)
&=2nK o, (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

IJSER © 2016
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CdSnanocrystalline thin films and doped with Cuon
glass substrate. it can be observed , that the values
of & ang &i0f CdS:Cu thin films increases with the
increasing in the Cu concentration .

30 e pare CdS
=—1%Cu

5 2%Cu
=132 Cu

20 1% Cu

g 15
5 9 —————
0 e e
300 400 500 600 700 8OO 900 1000 1400
wave Length (nm)

Fig. 9. The variation of &, with the wave length for pure and doped
CdSnanocrystalline with Cu

25 7 =——pure CdS
i 1% Cu
5 ] —n o 2% C1
] \.\_.—\ e 399 C1
] — ——4%Cu
e

05

300 400 300 600 700 800 900 1000 1100
wave Length (nm)

Fig. 10. The variation of &; 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 A =550 nm and the optical energy gap
values for these prepared samples. This Table
illustrates that the values of a, k, n, g, €; 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 2=550 nm and E; FPR
PURE AND DOPED CDSNANOCRYSTALLINE AT
DIFFERENT CU DOPING CONCENTRATIONS.

Cu | oo | 2. | Ege
% T% (clgn K n & & V)
o | 4. | 2606 3‘1121 298 | 888 | 068 | , oo
762 | 19 | “1% | 2474 | 2127 | o747 | *
. 7339 3158 %2193 316 [ 999 | 087 [ .
0| 15 | 2 [ 4007 | 8078 | 5405 | >
27 | 4287 | 018 | 337 | 113 | 1.26
2 lea | 61| 8 | 7 7 g |20
18, 0.24
5562 339 | 114 | 1.65
3 824 4 327 7979 | 8693 | 5334 | 210
15, 026
6137 334 | 111 | 1.80
4 82645 9 8;7 857 | 2068 | 0041 | 1-%°

4 CONCLUSIONS

e 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

e 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.

e 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 .

e  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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