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Abstract:

Cd1xCuxO and Ag co-doped Cd;.xCuxO nanostructure thin films with x = 0.2 and
different Ag content (0-8%) were deposited by chemical spray pyrolysis technique on glass
substrates at a temperature of 350 °C. The XRD results showed that the prepared films have
polycrystalline with low crystallinity nature for CdO cubic structure. The preferential
orientation of all films was absorbed along (111) plane. CuO monoclinic phase has appeared
with low intensity while the Ag cubic phase appeared only in 8% of Ag content. Structural
parameters such as average crystallite size, dislocation density and micro-strain were also
investigated. SEM images revealed that the surface morphology of the films consists of
spherical shaped grains uniformly distributed without detectable micro-cracks and improved
by Ag Co-doping. EDXS spectrum analysis confirmed purity and stoichiometry of the
prepared compositions. AFM results showed that the surface topography and the surface
quality of the deposited thin films can be controlled by the variation of the Ag co-doping
concentration. Optical absorbance and transmittance of Ag co-doped Cd;«CuxO thin films has
high values in the visible and near infrared regions respectively and varied with Ag co-doping
content. Direct optical energy band gap of Cd;.xCuxO exhibits a blue shift with Ag co-doping,
due to the quantum size and Burstein—-Moss (BM) effects. The increasing of optical energy
gap was confirmed by the decrease in the Urbach tails energy Ey after Ag co-doping..

Keywords: Ag co-doped Cd1-xCuxO ; Thin films; TCO; Structural and optical
properties; Surface Topography.
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1. Introduction

(TCOs) Transparent conducting
oxides materials attracted great attention
due to its unique optical and electrical
properties which can be controlled by
doping with different metallic ions.
Cadmium oxide CdO is one of the n-type
TCOs belonging to the 11-VI group with
high conductivity ~10°-10* (Q cm)* and
high transparency in the visible region. The
CdO direct band gap is in the range of 2.2-
2.5 eV [1-4]. Therefore doped CdO films
were suitable in wide range of
optoelectronic applications such as photo-
transistors, photo-diodes, photo detector,
photovoltaic cells, gas sensors, transparent
electrodes, IR reflectors, liquid crystal
displays and anti-reflection coating [1, 2, 5,
6]. Several techniques were used to
preparation of pure and doped CdO thin
films such as thermal evaporation [4], high
vacuum successive thermal deposition [2],
successive ionic layer (silar method) [3],
DC reactive magnetron sputtering [5], sol—
gel method [7,8], electrochemical
deposition [9] vapor transport process
(solid—vapor deposition)[10], PLD [11],
CBD method [12,13] and chemical spray
pyrolysis method [6,14].

The structural, morphological and
optical properties of CdO can be modify
and control by doping with metallic ions. It
is reported that doping CdO with smaller
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size metallic ions than Cd*?such as Cu, Fe,
Sn and In [2, 3, 8]. Sn, In and fluorine
doped CdO blue shifted its absorption edge
(band gap increases), decreased in the
electrical conductivity and changes in the
structural and morphological properties
[15,16,17]. While the absorption edge red
shifted (band gap decreases) and increases
in the electrical conductivity with increase
Cu, Al and Ag doping level and when CdO
doped with larger size metallic ions such as
Ag [3, 18, 19,20].

In this study, for the first time we
report the synthesis and structural,
morphological, optical properties of Ag co-
doped Cd;xCuxO thin films by chemical
spray pyrolysis method.

2. Experiment details

Thin films of Ag co-doped Cd;.
xCUuxO were deposited on glass substrates
at 350 °C using spray pyrolysis technique
on glass .0.1 M concentration of
Cd(NO3),.4H,0 (Mw:308.48),
Cu(NO3)2.3H,0 (Mw:241.60) and AgNO;
(Mw: 169.873) solutions were used as a
starting materials. In the Cu doped CdO
(Cdi,Cu,O) thin  film the Cu*
concentration was fixed at a pre-
determined value x = 0.2 for all portions,
where X represent the molar concentration
in the spraying solution. For Ag co-doped
Cd;xCuxO the molar concentration values
of Ag®* was (4, 6 and 8 %) from the total
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solution volume. The starting materials
were dissolving in distilled water and
mixed by magnetic stirrer for 10 min. The
starting  solutions is sprayed onto
microscopic glass slides substrates with
dimensions of 2.5 x 2.5 cm?’ after it
ultrasonically cleaned in distilled water,
acetone and absolute ethanol. The
optimum  conditions of the deposition
parameters were kept constant, such as
substrate spray nozzle distance (30 cm),
spray time (15 s), spray interval (3 min.),
carrier gas pressure (compressed air — 50
kg/cm?) and flow rate of the solution (8
ml/min). The possible chemical reactions
that take place on the heated substrate to
produce CdCuO and Ag:CdCuO films
may be as follows:

Cd (NO3), + Cu (NO3),

decomposition at 350 °C
CdCu0O + NO,

T 40,1
Cd (NO3), + Cu (NO3), + Ag NO,
decomposition at 350 °C

CdCuO: Ag + NO,

1 +0, 1

The films thickness was found about
250 nm measured by using optical thin
measurement model LIMF-10 by Lambda
Scientific, Ltd. Company. The structural
properties of the prepared films were
studied by XRD-6000  Shimadzu
diffractometer using CuKao radiations (A
1.5406A). SEM (INSPECT- 550) was
normally performed at 10 kV to measure
the surface morphology of the samples. In
most cases, the magnifications were set at
2 um. Atomic Force Microscopy studies
were recorded by using a CSPM model
AA3000 AFM. The optical absorption and
transmittance spectra are recorded at 200
1100 nm wavelength using a SCINCO
Mega 2100 Pc Uv- VIS
spectrophotometer at room temperature.

3. Result and Discussion:
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3.1  Structural characteristics
The structure properties of Ag co-doped
Cd1xCuxO have been investigated by
XRD. The diffraction pattern shows that
all samples have polycrystalline with low
crystallinlty nature of cubic CdO structure
as depicted in fig. 1, with lattice constant
about (4.6836 A) which is very close to the
JPCDS value (4.6953 A). The preferred
orientation (111), (200), (220) and (311)
are observed at two theta equal to
33.1011°,  38.4417°, 55.4759°, and
66.2057° respectively. The diffraction
peaks can correspond to the absorbed
peaks for cubic CdO (JCPDS Card no.: 01-
1049).The monoclinic structure of CuO
phase has appeared with low intensity at
two theta 35.5674° of (002) plane which
well corresponding to the monoclinic CuO
(JCPDS Card no.:02-1040). The low
intensity can be attributed to the high
intensity of cubic CdO phase as shown in
fig.1 a. Where the Cu ions (20%) highly
doped CdO thin film with smaller size of
dopant Cu*? ions (87 pm) [15] comparing
to that of Cd*™ (109 pm) [3, 15] lead to
replacement of Cd ions by Cu ions in the
CdO lattice. Similar results were observed
by different studies [4, 21, 22]. After co-
doping with (46 and 8 %) molar
percentage ratios with larger size (115 pm)
[3,15] of Ag ion comparing to that of Cd*?
the intensity of CdO preferential
orientations peaks (111), (200) decreases
with increasing of Ag percentage ratio so
the CuO phase peak appears with clear
height as shown in fig.1 (b,c and d). The
lowering of the peaks intensity after Ag co-
doped CdCuO thin films may be attributed
that the Ag ions replaced the oxygen ions
in the CdCuO lattice. Furthermore, at
higher Ag percentages, apart from
replacing the oxygen ions, Ag ions might
occupy the interstitial positions in the
CdCuO lattice. These results were in good
agreement with literature [3,20,21,23]. It
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is obvious from fig.1d that the Ag cubic
phase appears with a low intensity only at
higher percentage ratio of Ag dopant at
two theta 43.8414° of (200) plane which is
corresponding to cubic Ag (JCPDS card
no.:04-0783).
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Fig. 1: XRD pattern of Ag co-doped
CdxCu;4O thin films.

The structural parameters such as
lattice constant average grain size (D),
dislocation density (0), the number of
crystallites per unit surface area (N) and
micro-strain (g) were calculated from the
XRD data. The calculated lattice constant a
are tabulated in table 1 which are in a good
agreement with the reported value in
(JCPDS Card). The crystallite size for the
preferential orientations of the prepared
samples was calculated using Debye-
Sherrer formula [24,25].

092
" BcosO

(1)

Where A i1s the wavelength of the x-
ray (1.5406 A), 0 is Bragg angle and B is
the FWHM (full width at half maximum)
value in radian .The variation of the
crystallite size as a function of Ag co-
doped percentage shown in fig. 2. The
calculated crystallite size D for (111) plane
of Cd;xCuxO is found to be decreased
from 21.59 nm to 18.35 nm and to 17.59
for 4% and 6% Ag co-doped Cd;.xCuxO
respectively then it increase to 19.86 nm
with increase of Ag o-doped percentage to
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8 % as shown in table 1. This variation in
the crystallite size value indicate that the
Ag dopant was contributed in the
crystallinty change furthermore the
preferred growth orientation of Cd;.xCu,O.
The dislocation density (6) which can be
defined as the dislocation line per unit
volume, were calculated using the relation
[26].

1
8= oy (2)

The measurement of the dislocation
density (0) quantifies the count of the
defects presented in crystalline thin films.
The small value of (8) obtained in the
present work confirms that the spray
pyrolysis is an effective technique can be
used to deposit good and high quality Ag
co-doped Cd;xCuxO thin films [26.27].

The number of crystallites per unit
surface area (N) could be calculated using
the relation [28.29]:

t

Vo ©

Where t is the thickness of the films.
The variation of (6) and (N) as a function
of Ag co-dopant concentration shown in
figure 3, it is absorbed that (N) has the
same behavior of (8) were they increasing
with decreasing crystallite size and with
the increasing of Ag co-doped
concentration up to 6% of Ag dopant
concentration then it decreases for 8% Ag
co-doping concentration. The calculated
values of (d) and (N) shown in table 1.

The micro-strain (¢) has been
determined using the following equation
[26, 30]:

B cos6
4

The variation of micro-strain (g) as a
function of Ag co-doped Cd;xCuO
concentration for (111) and (200) plans

Micro_Strain (g) =

(4)
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shown in figure 4. It is notice that the doping concentration. The type of micro-
micro-strain exhibits an increasing with strain changes can be attributing to the
increasing Ag co-dopant concentration up crystallization process in polycrystalline
to 6% then it also decreases for 8% Ag co- thin films.

Table 1: Structural parameters of Ag co-doped Cd;xCu,O thin films obtained from XRD data
as a function of Ag doping concentration.

Ag - . . .
Lattice . Dislocation Micro-
Diffraction Co-doped 20 Constant Crys_talllte density (N) strain
Cd.Cu,O FWHM Size
plane : Degree a () 16 -2 (e)
ratio A) (M) | 108ines/m? | 1™ | 103
0% 33.101 4.6836 0.3307 21.59 2.15 194 1.382
(111) 4% 33.077 | 4.6869 0.4750 18.35 2.97 202 1986
6% 33.123 4.6806 0.4920 17.59 3.23 230 2058
8% 33.049 4.6907 0.4360 19.86 2.54 160 1823
0% 38.441 4.7664 0.4800 17.37 3.31 2.39 1.976
(200) 4% | 38435 | 4pes04 | 09200 | 16.90 350 259 | 2.141
6% | 38445 | 4793 | 0600 | 1570 4.06 323 | 2.306
8% | 38362 | 4pesss | 0370 | 2344 1.82 0971 | 1545
22 -
=217 ﬁ: § o
13 e%5g "
20 g 52
@ § &Z20
o] e g_:
E 19 4 g g 15 —e— Dislocation Density
§ % § —o— Number of Crystallites
G a z
18 1 121.a.N. ot;/u 4:7/0 6“’/n 8‘;/0
Ag % Co-doped Cd1.x Cuy O
17 4 : : : : Fig.3: The variation of (5) and (N) as a
0% 4% 6% 8% .
AQ % Co-doped Cilgy, CUsO function of ,_Ag co-doped Cd,.,Cu,O
Fig. 2: Variation of the crystallite size of Ag concentration  for (111) plane.
co-doped Cd,.,Cu,Othin films for (111) plane
as a function Ag dopant concentration.

D
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Fig. 4: The variation of micro-strain () as a
function of Ag co-doped Cd; ,Cu,O
concentration for (111) and (200) plans.
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3.2 Surface morphology & EDXS
analysis

The surface morphology and the
surface microstructure of Ag co-doped
Cd1xCuxO as a function of Ag dopant
concentration obtained from SEM s
illustrated in fig.5 (a-d).

Fig.5: Surface morphology of Ag co-doped Cd;.xCuxO thin films obtained from SEM images
analysis: (a) 0 % Ag (b) 4 % Ag (c) 6 % (d) 8 % Ag.

Figure (5a) shows the surface morphology
and the surface microstructure of Cdi.
xCUxO thin film, consists of spherical

shaped grains uniformly distributed
without detectable micro-cracks. As well
as the grains is tightly packed and
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agglomerations. Figures 5(b—d) shows the
surface morphology of Cd;«CuxO films
co-doped with 4, 6, and 8 % of Ag molar
ratio, respectively. Enhanced the surface
uniformity and improved the distribution
of the grain size with regular shapes can be
notice in the Ag co-doped films. The
EDXS spectrum shown in Fig. 6 reveals

Adel H. Omran Alkhayatt

the presence of Cd, Cu, O and Ag peaks
only, confirming again the purity of the
prepared composition; the chemical
composition is very close to the starting
composition, see Fig. 6d. The EDXS
measurement indicates that the deposited
thin film is cadmium rich and is in a good
agreement with the literature [26, 27, 31].
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Fig. 6: EDXS spectrum of 6 % Ag co-doped Cd;.xCuxO thin films.

3.3 Surface topography (AFM analysis)

The surface topography and the grain
size of the deposited thin films were
studied using atomic force microscope
(AFM). The roughness and the RMS
roughness plays an important role in
developing and characterize the optical
properties for coating surface, moreover it

gives an information about the surface
quality under studying [27, 32]. Three
dimensions surface topography of Ag co-
doped Cd;«CuxO thin films are represented
in fig.7. AFM micrographs 2pm X 2pm
were used to determination the surface
roughness for these thin films. The figure
shows the surface of all samples is uniform
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and homogenous without any racks. The
roughness of Cd;«CuxO with x = 0.2 is
1.46 nm and slightly decrease to 0.77 nm
for 4% Ag co-doped film. For 6% Ag co-
doped Cd;«CuxO roughness decreases to
1.3 nm whereas it is increased again to
4.24 nm for 8% Ag co-doping. Also the
measured RMS roughness of 0,4,6 and 8%
Ag co-doped Cd;«CuxO thin films was
1.79, 0.953, 1.58 and 4.99 nm respectively
as illustrated in table 2. From fig. 7 it can
be seen that the average grain size was
slightly decrease from 94.3 for Cd;«CuxO
to 84.2 nm for 4% Ag co-doping then it
was increase to 97.8 for 6% Ag co-doped
film. Then it was decrease again to 83 nm

Adel H. Omran Alkhayatt

for 8% Ag co-doped one. The measured
values of roughness, RMS roughness and
the average grain size are lower than those
reported in literatures for doped and co-
doped CdO thin films prepared by various
techniques [8, 27, 32, 33, 34].

The variation of roughness, RMS
roughness and the average grain size
values clearly indicate that the Ag co-
doping influences the surface topography
of the deposited films and the quality of
the thin film surface can be also controlled
by the variation of the Ag co-doping
concentration in the film, according to the
AFM results.

Fig.7: Surface topography of Ag co-doped Cd;xCuxO obtained from AFM images analysis:
(@) 0% Ag (b) 4% Ag (c) 6 % (d) 8 % Ag.
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Table 2: The variation of the Roughness, Root Mean Square and the Average grain diameter
of Ag co-doped Cd;.xCuxO thin films.

Roughness Average

Root Mean Square

Average grain

Sample (nm) (hm) diameter (nm)
Cd)l(.;(éluzxo 1.46 1.79 94.3
(fdAléxgl‘ng)’ 0.779 0.953 84.2
?%QX%ZC)) 13 1.58 97.8
(;:dAlg',X%g%C)) 4.2 4.99 83

3.4 Optical characteristics

The optical properties of solid
materials depend on several parameters
such as preparation conditions, the
deposition technique, crystal structure, and
surface topography, moreover their doping
(ratio and type). The study of the
fundamental absorption edge  of
semiconducting solid materials gives good
and essential information about the
electronic structure and the optical
forbidden energy gap within the high
energy a part of the optical absorption
spectrum whereas the lower energy a part
of the spectrum corresponds to the atomic
vibrations  [35,  36].Therefore  the
absorption edge of Ag co-doped Cd; xCuxO
should be studied here, fig.8 shows the
absorbance and transmittance spectra as a
function of incident photon wavelength for
the different ratio of Ag co-doping films. It
can be noticed from the figure that the
absorbance and transmittance of the
prepared films exhibit different behaviors
in the visible and NIR regions, where the
highest and lowest absorbance values were
in the visible and NIR regions respectively.
While the transmittance showed lower
values about (20-60) % in the visible
region and the high values about 80% in
the NIR region. The Ag co-doped Cd;-
xCuxO with 0-8% Ag/Cd ratios leads to

increase the absorbance and decrease the
transmittance in the visible region that is in
agreement with the studies [3, 37, 38]. This
can be attributed to the variation of the
crystallinity of Cd;.xCuxO thin film by an
occupation of Ag ions substitutional and
interstitial sites in the Cd;.xCuxO lattice
which lead to less crystallinity and increase
the grain boundary leading to more light
scattering and may be to the increased
absorption by the free carriers [8, 34, 39].

1.0 1.0

/’// 0.8
7 —— Abs.cdp,Cuy
y —— Tra. Cdy.4CuyO
/ P Abs. Cdj_xCuyO :Ag 4%
Tra. Cd1.xCuyO :Ag 4%

0.8

0.6 0.6

—— Abs. Cd1.xCuyO:Ag 6% 04
—— Tra. Cd1.xCuyO:Ag 6%
—— Abs. Cdq_yCuyO:Ag 8%
Tra. Cd.xCuyO:Ag 8%

0.4

aoueniwsuel |

Absorbance

o
[N

0.2

0.0 4 0.0

T T T T
200 400 600 800 1000 1200

Wavelength nm

Fig.8: The absorbance and transmittance
as a function of incident wavelength for Ag
co-doped Cd;-xCu,O thin films.

The absorption coefficient (o) of deposited
films can Dbe determined using the
following equation [40]:

1 1

o=n)
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where T is transmittance. The variation of
the optical absorption coefficient with
incident photon energy for different ratios
of Ag co-doped Cd;xCuxO thin films are
shown in fig.9.

— c¢d,,Cu0
—— Cd,,Cu,0:Ag 4%
~—1.2e+5 - —— Cd,, Cu,0:Ag 6%
— Cd,,CuO:Ag 8%

8.0e+4 -

o
o
@
ES

2.0e+4 A

Absorption Coefficient (o) cm

o
o

T T T T T
1.0 15 2.0 25 3.0 35 4.0

Photon Energy eV

Fig.9: The optical absorption
coefficient () as a function of incident
photon energy of Ag co-doped Cd;xCuxO
thin films.

It is obvious from the figure that the
value of absorption coefficient (o)
increases with the increase of incident
photon energy for all Ag co-doped Cd;.
xCuxO prepared films. At the low energies
in the NIR region the absorption
coefficient value slightly increased, then it
is rapidly increased in the visible and
ultraviolet regions with the increasing the
ratio of Ag content. This can be attributed
to the absorbing nature of the Ag element.
It can be noticed that the value of the
absorption coefficient has high values in
the order of 10* cm™ for all samples which
give an indicate that the electronic
transitions were direct transitions.

The  crystal  structure, the
arrangement, and distribution of atoms
within the space lattice play an important
role in the energy gap values of materials
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thin film samples. The values of the optical
energy gap (Eg) can be determined from
the relation between the absorption
coefficient (o) and the incident photon
energy (hv) using Tauc's relation [41,42]:

ahv = ay(hv —Eg) " (6)

Where o, IS an energy independent
constant and called the band tailing
parameter [35], Eq is the optical forbidden
energy gap situated between the localized
states near the mobility edges (Mott and
Davis, 1971) [35, 43, 44]. n is constant
called the power factor of the transition
mode which depends on the nature of the
material and the electronic transition. For
direct allowed transition the value of n is
(1/2), therefore the values of the optical
energy gap of Ag co-doped Cd;«CuxO thin
films were determined from the plot of
(ohv)? versus the incident photon energy
(hv) as shown in fig.10. From the
extrapolation of the straight line portion to
the hv axis at a = 0, the optical energy
band gap Eg are obtained and the
calculated values are tabulated in table 3.
The Eg4 value for Cd;«CuxO film was found
to be 2.332 eV which matches with the
values reported by A.A. Dakhel and R.K.
Gupta et al. [4, 11]. It was observed that
the absorption edge shifted toward higher
energies and the optical energy gap
increased to 2.406, 2.434 and 2.462 eV
with  increasing of Ag co-doping
percentage 4%, 6% and 8% respectively,
these values are adequately high for
photovoltage and optoelectronic
applications. The blue shift of absorption
edge can be attributed to several reasons;
(@) fundamental quantum size effect
(quantum confinement) in nanostructured
semiconductors [33, 34, 45, 46]. ]. It is
reported that at small crystallite size.
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Fig.10: The plots of (ahv)® Vs. hv For 0%, 4%,
6% and 8 % of Ag co-doped Cd;Cu,O thin
films.

the quantum confinement can be
contributed to the widening of band gap
[45,47 ]. The blue shift of the band gap E*
is proportional to the radius of the particle
R by the equation [48]:

+T[21’12 1.8e% ;
& 2R%m* eR ™)

where Eg is the band gap in the bulk,
h is the reduced Planck constant, e is the
charge on the electron, m” is the reduced
mass of the electron and hole in the
quantum region, and & is the apparent
dielectric constant of the semiconductor . It
is obvious from eqn.7 that the blue shift in

E*=E
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the band gap would occur if the size of the
crystallite decreases.

With the increasing of Ag co-doping
ratio, the crystallite size decreased and be
smaller as in XRD results, where the band
bending effect take place at the crystallite
(grain) boundaries due to increase the
surface to the volume ratio, which leads to
widening of the optical band gap by the
decreasing in the band bending. Similar
results were reported by A.G. Imer [34], N.
Manjul et al. [38] and R.K. Gupta et al.
[45].

(b) Optical band gap blue shifted due
to the band gap widening BGW or the
Burstein—Moss effect [25, 22]. Where the
increase in the carrier concentration by
doping process will cause the Fermi level
to move into the conduction band, and the
filling of lower states in the conduction
band by the electrons from the impurity
atoms will results in a blue shift near the
absorption band edge and then the electron
need addition energy to transfer to the
conduction band as reported by [37, 38,
42]. The widening of the optical band gap
with the crystallite size and Ag co-doping
concentration are illustrated in fig.11.
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Fig.11: The variation of the optical energy gap with crytallite size and with Ag co-doping
concentration.

In many amorphous and crystalline
materials, absorption coefficient
exponentially depends on the photon

energy hv near the band edge. This part of
the absorption coefficient curve called
Urbach tail and characterizes local defects
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which create localized states extended in
the band gap for polycrystalline, low
crystalline and amorphous materials
[24,35] . The Urbach band tailing energy
of the optical absorption edge in the
material follows the empirical Urbach rule

given by the equation [24, 38, 49]:
hv
o= a,exp (E)

- Ina

=Ina, + B and Ey

E

u
-1

dlna] ®)

~ |dnv

Where o, is a constant, Ey is the
band tail energy or Urbach energy.

The low crystallinity nature were
absorbed in the Ag (0, 4, 6, 8)% co-doped
Cd1xCuxO thin films as shown in XRD
pattern fig.1 and have been confirmed by
the spectral behavior of the absorbance and
absorption coefficient figs.8 and 9. The
figures showed and confirmed that the
prepared samples were verified Urbach
rule and obey his empirical equation
(8).The figures also reveal that there are a
tail region for Cd;.xCuxO and Ag co-doped
Cd1xCuxO samples. Similar behavior was
reported for low crystallinity
semiconductors in the literature [24, 35,
36, 38, 42]. The variation of In (a) versus
photon energy (hv) for Ag (0, 4, 6, 8)% co-
doped Cd;«CuxO thin films are shown in

Adel H. Omran Alkhayatt

fig.12. The Urbach energy values were
estimated from the slopes of the plots inset
of Fig. 12, and the values are illustrated in
Table 3. The Urbach energy values for Ag
0, 4, 6, 8)% co-doped Cd;.xCuxO are
0.839 , 0.696, 0.690 and 0.616 eV
respectively, where the band tails energy
Eu values decreased with increasing of Ag
dopant concentration as shown in fig.13a.
This can relate to the minimization of the
number of crystal defects and enhancement
of the quality of the co-doped films and
this may be the reason for increased the
energy gap of these films. Fig.13b shows
the variation of band tails energy Ey versus
the values of optical energy gap E; of Ag
co-doping Cd;xCuxO thin films.

12 4
— cd,,Cu0

Cd,,Cu,0: Ag 4%
—— Cd,,Cu,0: Ag 6%
— Cd,,Cu,0:Ag 8%

111

Lhna

10 1

T T T T T
1.0 15 2.0 25 3.0 35 4.0

Photon Energy eV

Fig.12: Variation of In (o)) with energy (hv) for
Ag (0, 4, 6, 8)% co-doped Cd;,Cu,O thin
films, from which Urbach energy can be
obtained.

Table 3: The values of the optical band gap energy (Eg), the band tail width (Ey) Urbach
energy of Ag co-doped Cd;.xCuxO thin films.

Wavelength of

Sample absorption Eq (eV) Eu (V)
edge (nm)
Cd;«Cu, O 531.73 2.332 0.839
Cd;«Cu,O:Ag
1% 515.37 2.406 0.696
Cd; «Cu,O:Ag
6% 509.44 2.434 0.690
Cd;«Cu,O:Ag
8% 503.65 2.462 0.616
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Urbach Energy L7 (€V)
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Fig.13: (a) Ey as a function of Ag co-doping content, (b) Ey Vs. optical energy gap of
Ag co-doped Cd;«CuyO thin films.

4. Conclusions

In the present work Cd;.xCuO and
Ag co-doped Cd;«CuxO Nanostructured
thin films have been successfully deposited
on glass substrates at constant temperature
of 350 °C by chemical spray pyrolysis
technique. The Ag co-doping with
different Ag content was performed on the
Cd1xCuxO with x=0.2 thin film to enhance
its structural and optical properties to be
more suitable photovoltage and
optoelectronic  applications. The XRD
results revealed that all prepared films was
polycrystalline structure and have low
crystalline nature. The crystallite size for
the preferred orientation (111) was
decreased from 21.59 nm to 19.86 nm with
increase of Ag co-doping level. Increased
of dislocation density and micro-strain
were obtained with increase of Ag content
, the small values of dislocation density
confirms that the spray pyrolysis is an
effective technique and can be used to
deposit good and high quality Ag co-doped
Cd1xCuxO thin films. Surface morphology
and surface topography got improved and
can be controlled by Ag co-doping. The
optical properties studied show that, the
prepared films have high absorbance and
high transmittance (more than 80%) in the
visible and near infrared regions
respectively — with  high  absorption

coefficient o of the order 10* cm™. The
values of the optical energy gap for direct
allowed transitions were found to be blue
shifted from 2.332 eV to 2.462 eV with
increasing of Ag co-doping content. This is
due to quantum size effect and B.M effect.
The band tail width (EU), or Urbach
energy, was found to be decreased with the
increase of Ag co-doping content. The
widened optical band gap and decreased
band tail width make Ag co-doped Cdi.
xCuxO films more suitable for photovoltaic
and optoelectronic applications such as in
solar cells.
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