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rotates for one minute at  speed of 1200 rotates per minute 
(RPM), the sample was heated at 150 °C for 10 mn and then 
the process was repeated 5 times, finally the film was annealed 
at 400 °C for 1hour under air in furnace MF 120 Nuve.  
 

2.2.  Films characterization  
X-rays pattern of samples were carried out in Bruker AXS D8 
Discover diffractometer, CuKα1 (λ = 1.5418 A°) is used. The 
films coated transmittance and reflectance  were recorded by 
Shimadzu 3600 PC double beam UV-VIS-NIR spectrometer, 
the electrical resistance at room temperature was then 
determined by four probes method. AFM observations of the 
coated films were made by using a Quesant Model 250 system 
having an 80x80 micrometer head, in the wave mode in air. 
For the (10 x10) micrometer square images the resolution was 
(300 x 300) pixels, the scan rate was 2 Hz for all cases. All 

analyses were performed with the software from the WSXM 
system 
 

3. Results and discussion  
3.1.  Structural analysis  

The figure 1A shows the X- rays diffraction pattern of pure 
and copper doped cadmium oxide where the angle ranges 
within 20°-80°. The grain size G is given by the well-known 
Scherrer’s formula (1)[4], 

  
θβ

λ
cos
94.0

=G                                              (1) 

Where β is the full width at half medium of the peak, 2θ is the 
Bragg angle and λ is X- rays wavelength. The calculated values 
of G are listed in table1.  

Table1: Some parameters are calculated for pure and copper doped CdO 

The comparison of the observed XRD patterns with the 
standard JCPDS data (05-0640) confirms the structure of CdO 
phase with face centered cubic crystal structure [21]. The X rays 
pattern reveals that all investigated coated films are 
polycrystalline of cubic CdO structure and Bragg position for 
strong reflections like (111) direction was 32.92°, 33.08° and 
33.09° respectively for pure and doped (2 % and 3 %) CdO 
coated films, and then a slight angle shift, estimated at 0.03°-
0.16°, was carefully detected as sketched in fig. 1B. Others 
reflection positions (2θ) and their angle shifts are listed in table2. 
 

 Table1: X-rays results of pure and copper doped CdO 

(hkl) Bragg angle 
2θ (°) 

Angle shift 
∆(2θ) (°) 

(111) 
 

CdO 32.92 - 
0.03 
0.16 

2%Cu 32.95 
3%Cu 33.08 

(200) 
CdO 38.12 - 

0.14 
0.31 

2%Cu 38.26 
3%Cu 38.43 

(220) 
CdO 55.06 - 

0.07 
0.24 

2%Cu 55.13 
3%Cu 55.30 

(311) 
CdO 65.70 - 

0.55 
0.72 

2%Cu 66.25 
3%Cu 66.42 

 
These results are in well agreement with those of literature [22]. 
It seems that the CdO coated films have a preferential growth 
along the (111) direction. Most important peaks of CdO phase 
(111), (200), (220), (311) and (222) are shown in figure 1A. 
Textural coefficient is given by TC = I111/ (1/4) (I111+I200+ I220+I311) 
[4] and data are tabulated according to (111) direction. The 
discrepancy in TC parameter is very low which confirms the 
crystalline structure is maintained at low doping level. 

Consequently, according to both (111), (220) orientations, 
copper doping increases the grain size, while 3 % copper level  
 
doping reduces it.  As shown in figure 1B, CdO is present in 
coated film as confirmed by JCPDS card No. 05-0640, while a 
slight (2θ) shift to higher angle is caused by Cu doping.  The 
ionic radii of Cu (II) and Cd (II) are respectively 0.73 Å and 
0.95 Å and ionic radius ratio is rCu (II) / rCd (II) =0.77, then cooper has 
minor radius than cadmium, it may diffuse in host lattice without 
causing mismatch or distortion, this fact corroborates with the 
slight angle shift. Figure 2 illustrates grain size of samples grown 
by spin coating route according to (111), (200) and (220) 
orientations. The grain size sweeps in average of 6 nm, these 
values due to X rays peaks broadening are minor; this confirms 
the nanostructures aspect of our coated films. Furthermore grain 
size is increased by the Cu doping level (2 %). 
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Figure 1A. X-rays pattern of pure and copper doped CdO grown by 
spin coating process at  1200 RPM, Bragg angle ranges within 20°-80°. 

Sample Grain size (nm ) TC 
(111) 

Eg (eV) T 
(550 nm) 

(%) (111) (200) (220) (αhν)² dT/dλ dR/dλ 

CdO 8.235 8.245 6.199 1.80 2.49 2.59 2.52 56 
CdO: Cu  
2% 

11.246 9.662 7.471 1.72 2.50 2.59 2.59 68 

CdO: Cu 
3% 

8.801 7.853 7.122 1.73 2.56 2.62 2.59 79 



Low 

Figur
are sk
obser
 

1
The 
cadm
the w
visibl
inset
in UV
conti
It rea
for th
then 
Simil
Subr
in V
magn
We 
trans
avera
listed
ment
trans
trans
trans
optic
 

Whe
coeff
estim
extra
α=0 
samp
Cu d
figure
foun
repo
avera
with 
gap 
here)
Ther
regul

Copper Doped

re 1B. JCPDS c
ketched (red da
rved. 

1.1. Optical ch
 transmittance

mium oxide gr
wavelength ran
le spectrum, o
t of fig.3. As c
V-VIS range u
inues to increa
aches a maxim
he 3 %, 2% Cu
 transmittance
lar evolution 

ramanyam has
VIS and IR s
netron sputter
remark that 

smittance parti
age transmittan
d in table 1, 
tion that lo
smittance aro
smittance of 3
sparency as c
cal band gap is

h =να
ere Eg (eV) is t
ficient and ν 

mates were der
apolating the li
as plotted in f
ple exhibits Eg

doped have r
e 4 and listed
d by T.P. G
rted a value o
age of Eg aroun
those obtaine
from (αhν)², 
) of pure and
re is an effec
lar in the stud

d CdO Nanowir

card No 05-064
ash lines). Sligh

haracterization
e of pure and
rown by sol-g
nge 200-2500
of studied sam
can be seen th
until 85% for 
ase monotonic
mum found to
u doped CdO
e decreases sl
 is observed
s found the sam
spectrum for 
ring for one p
 Cu ions im
icularly in visib
nce at 550 nm
 and confirm
ow copper 
ound visible 
 % Cu doped
an be easily 
s expressed as 

( gEh −ν
the optical ban
(Hz) is the p

rived from the
inear portion o
figure 4.  It va
 equals to 2.49
espectively 2.

d in table 1. W
Gujar  is 3.18
of Eg ~2.53 eV
nd 2.46 eV [2
ed in literature
dT/dλ and d

d Cu-doped C
ct of the Cu 
died range on

res 

40 of pure and
ht angle shift (2

n 
d copper dope
gel is depicted
0 nm. The tra
mples and pure
he transmittan
3 % Cu doped
cally in the VI
o be 91 %, 90

O and pure Cd
lightly with co
 in Kumarav
me trend prof
the CdO fil

particular oxy
mprove consid

ble range (see
m increases wi
ms the previo

level dopin
 edge (750-
 CdO approa
seen inset of

 [4], 

5.0)g   

nd gap, α (m-1
photon freque
e optical trans
of the plot of 
aried with dop
9 eV , the sam
50 and 2.56 
While the op
8 eV [25] an
V [23]. Other
4]. Our result
e [23, 24]. Th
dR/dλ (reflecta
CdO films are

dopant conc
n the optical b

 
 copper doped

2θ) to higher an

ed (2 % and 
d in figure 3 w
ansmittance p
e glass, is obs

nce grew up ra
d CdO sample
IS and NIR sp
 % and 89 % 

dO respectivel
opper doping 
vel paper [9,
file of transmit
ms grown by

ygen pressure 
derably the o
 inset of fig.3)
ith doping lev

ous statement.
ng improves 
-800 nm) w

aches the pure
f fig.3. The d

  (2) 

1) is the absor
ency. Band g
smission spect
(αhν)² against 
ping level, the
mples  2 % and

eV as sketch
ptical band gap
nd Kumarave
rs works exhib
ts are in accord
he estimated e
ance is not s

e given in Tab
centrations bu
band gap estim

JNTM (2011

26 
 

d CdO 
ngle is 

 3 %) 
within 
lot in 
erved 
apidly 
e and 

pectra. 
in IR 

ly and 
level. 
 23]. 
ttance 
y DC 
 [24]. 

optical 
. The 

vel, as 
. We 
 the 
where 
e glass 
direct 

rption 
ap Eg 
tra by 
 hν to  
 pure 
d 3 % 

hed in 
p was 
el has 
bit an 
dance 
nergy 
hown 
ble 1. 
ut not 
mated 

fro
ban
blu
Ou
Flu

Fig
and
 

Th
hav
Cd
sign
Cd
bou
equ
reg
in f
dar
mo
dop
sep
hei
sam
nan
nan
Cd
cop
cad
gra

  Fi
Pic
and
sho

) 

om dR/dλ vers
nd gap shifts f
ue shift which
ur results are 
uorine has incr

3 Cu C

gure  2.  Grain s
d (220) direction

1.2.  Surface
he 2D and 3D
ve dimensions

dO coated film
ned by circles

dO nanograin
undaries; the 
uals to 742 nm
gions with diffe
fig. 5A) attract
rk ones wh
orphology sha
ped CdO sa
parated and g
ight equals to
me shape of 
nowires per µ
nowires exhib

dO), 0.208 µm
pper doping 
dmium oxide 
ains into nanow

igure 5A. AFM
ctures are 10x10
d (right) 3D view
ows nano-moun

sus λ (not show
from 2.49 to 2
h may be exp
 in well agree
reased the ban

CdO2 Cu CdO
CdO

size plot against
ns 

e morphology i
D AFM investig

s 10 x 10 mic
m is homoge
s as depicted i
ns look like 
 average of g
m. Pure CdO
ferent asperity,
t more atoms 

which might 
ape was repor
ample reveals
grown in the 
 275 nm , th
wires with big

µm² ) and maj
bit different s

m (3 Cu % dop
level influen

coated film an
wires. 

M topography im
0 µm², grain size
w, (height is sh

nts. 

wn here) sugge
2.62 eV. These
plained by Bu
ement with th
nd gap as repo

0
2
4

 

t Cu content ac

 investigation 
gation is show
crometers. Ov
eneous with f
in 2 D views (
 mounts wit

grain size is 0
O coated film 

, the bright on
during the gro

demonstrate
rted in literatu
s columns lik
same directio
e 3 % Cu do
g nanowires d

ajor height ( ~
sizes 0.186 µ
ped CdO). W

nces the surf
nd tends to m

mage of pure C
e and voids are 
own at left corn

M. Benhalili

esting that the
e gap values le
urnstein-Moss

hose of literatu
orted by Akyuz

0
2
4

6

8

10

12

 220
 200
 111

 G
ra

in
 S

iz
e 

 (n
m

)

 
ccording to (111

wn in figure 5, 
verall, the sur
few voids wh
(see fig. 5 left)
th no well d
0.075 µm and
reveals agglom

nes (signed by
owth process th
e cavities. 
ure [23, 27]. 2
ke wires whi

on having an 
oped CdO sho
density ( num

~382nm). Clu
µm (2 Cu % 

We conclude t
face morphol

make longer the

dO coated film
shown in (left) 

ner of 3D imag

iba et al. 
 optical 
ead to a 
s effect. 
ure [6]. 
z [26]. 

1), (200) 

 picture 
rface of 

hich are 
).  Pure 
defined 

d height 
merated 
y arrows 
than the 
Similar 

2 % Cu 
ich are 
average 
ows the 

mber of 
sters of 
 doped 
that low 
logy of 
e nano-

ms. AFM 
2D view 

ge, arrow 



Low 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur
films.
(left) 
image
 

 
Figur
films.
(left) 
image
 

Tr
an

sm
itt

an
ce

(%
)

 Figu
and 3
show
CdO

Copper Doped

re 5B. AFM to
. AFM Pictures
2D view and (r
e, arrow shows n

re 5C. AFM to
. AFM Pictures
2D view and (r
e, arrow shows n

0
0

20

40

60

80

100

Tr
an

sm
itt

an
ce

  (
%

)

ure  3. Transmit
3% Cu doped 

ws VIS transmitt
 and pure glass 

d CdO Nanowir

opography imag
s are 10x10 µm
right) 3D view, 
nanowires. 

opography imag
s are 10x10 µm
right) 3D view, 
nanowires. 

500 1000

400 50
0

20

40

60

80

100

Wave

A
B

C

ttance dependen
CdO  grown b
tance profile of
 of substrate. 

res 

ge of 2 % Cu 
m², grain size an

(height is shown

ge of 3 % Cu 
m², grain size an

(height is shown

0 1500 20

00 600 700 800

 

 

 

elength (nm)

nce on photon w
by spin coating 
f pure, 2 % Cu

 doped CdO c
d voids are sho
n at left corner 

 doped CdO c
d voids are sho
n at left corner 

000 2500

 Pure CdO (A)
 CdO:2 Cu (B)
 CdO:3 Cu (C)

)

wavelength of p
 at 1200 RPM,

u and  3% Cu d

JNTM (2011

27 
 

coated 
own in 
of 3D 

 

coated 
own in 
of 3D 

 

 
pure, 2 
, inset 
doped 

Fig
und
line
 

Th
up
roo
res

Wh
and
lev
tim
due
sub
imp

Fig
sho
 
 
Co
Th
vie
Cd
acc
cop
for
VI
imp
% t

) 

2.0 2
0.0

1.0x10-4

2.0x10-4

3.0x10-4

4.0x10-4

5.0x10-4

(α
hν

)² 
  (

m
-1

eV
)²

  
  
  

gure  4. Depen
doped CdO , %
es are depicted)

1.3.  Electric
 

he electrical m
 as can be see
om temperatu
sistance R was 

I
VkR =

here k is a con
d I is the inte

vel doping dim
mes for 2 % an

e to copper, 
bstitute to cad
prove the con

p u re  

0

1 k

2 k

3 k

4 k

 
El

ec
tr

ic
al

 re
si

st
an

ce
 ( 

Ω
)

gure 6. DC resis
ows the four pro

onclusion 
he pure and Cu
ws, optical p

dO phase is ob
cording to (1
pper doping l
rmation of our
S-IR range a
proves the tra
to 79%, and e

2.1 2.2 2.3 2.4

 CdO
 2 %  Cu
 3 %  Cu

ndence of (αhν)
% 2 and 3 % C
. 

al measureme

measurement w
n inset of figu
ure is depic
 calculated by 

  

nstant found t
ensity of DC c

minishes greatly
nd 3 % Cu do
which has two

dmium sites an
nductivity.   

C d O 2  C u  

 

stance at ambie
obes set up sche

u doped CdO
roperties wer
btained and th
11) direction
evel. A peak 
r coated films
are obtained

ansmittance m
exceeds the po

4 2.5 2.6 2.7

 

hν  (eV)

)² on incident 
Cu doped CdO

ent 

was carried ou
ure 6 and the e
cted in figure
 using [28],  

  

to be 4.53, V i
current. It is o
y the resistanc

oped CdO resp
o level of oxi
nd offers free

 
 

:C d O 3  C u :

ent is plotted ve
eme 

O films structur
re investigated
he grain size r

n and TC de
broadening re

s. High transp
 and low c

mainly in visible
oint of 90 % in

M. Benhalili

2.8 2.9 3.0

 

photon energy
, (extrapolation

ut in four pro
electrical resist
e 6. The el

              

is the applied 
observed that 
e by about 5 a
pectively. Thi
idation I and 
 electrons wh

:C d O

 

 
ersus Cu amoun

ral, 2D and 3D
d. It is reveal
reaches up to
ecreases a litt
eveals nanostr

parent coated f
opper level 
e band edge f
n IR spectrum

iba et al. 

 
y (hν) of 
n straight 

obes set 
tance at 
lectrical 

  (3) 

 voltage 
copper 

and 400 
s fact is 
 II, can 

hich can 

nt. Inset 

D AFM 
ed that 
 11 nm 
tle with 
ructures 
films in 
doping 

from 56 
m. Band 



Low Copper Doped CdO Nanowires JNTM (2011) M. Benhaliliba et al. 

28 
 

gap increases with copper level doping and demonstrates a blue 
shift. Low copper doping level maintains the crystalline 
structure, extends the grains and transforms them to high 
transparent nanowires and reduces the ambient resistance.  
These characteristics of high VIS-IR transparency and low 
resistive nanowires can provide to our coated films, produced by 
facile sol-gel route, various applications in material sciences and 
optoelectronics devices which can be investigated in next work.  
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