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 الملخص:

لترسيب بلورات نانوية من  SILARاستخدام طريقة تفاعل وامتزاز الطبقات الايونية المتعددة المعروفة بـ لقد تم 
(. الاغشية 024-04مختلفة )ترسيب لدورات الزجاج من على ركائز مجهرية اغشية اكسيد الكادميوم الرقيقة 

عند المعالجة الحرارية وبعدها تم اجراء  الهواءفي  عولجت ، ومن ثمبالماء المقطر غسلهاالرقيقة المحضرة تم 
. الاغشية الرقيقة المحضرة تم تشخيصها بواسطة في الهواءواحدة لمدة  ساعة   مئويةدرجة  044درجة حرارة 

والمجهر الإلكتروني ( UV-Visومطياف الاشعة المرئية والفوق بنفسجية ) (XRD) حيود الأشعة السينية
مرحلة التشبع  هيتدل على انها  دورة من الترسيب 04 عند(. لقد لوحظ بان الافلام المحضرة SEM) الماسح

ود المحضرة هي من اكسيد الكادميوم مع وجالأفلام بان كدت نتائج حيود الأشعة السينية . كما الهذا التفاعل
المحضرة هي الأفلام بعض الطور لهيدروكسيد الكادميوم عند دورات الترسيب العالية. من حيث التركيب، فان 

لقد تمت دراسة (. 244( و )000)ذات طبيعة متعددة التبلور ولها ترتيب عالي باتجاه المستويات البلورية 
% الى 22عند تغيير دورات الترسيب ولوحظ تغير قيم النفاذية بين الخصائص الضوئية للأفلام المحضرة 

لتحضير افلام رقيقة من هيدروكسيد الكادميوم   SILAR ويظهر هذا العمل إمكانية استخدام طريقة%.  04
 الذي تم تحويله الى افلام من اكسيد الكادميوم بعد المعالجة الحرارية المناسبة. 

A.C. Nwanya et. al.  
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Abstract Successive Ionic Layer Adsorption and Reaction (SILAR) was used to deposit nanocrys-

talline cadmium oxide (CdO) thin films on microscopic glass substrates for various cycles (40–120).

This is based on alternate dipping of the substrate in CdCl2 solution made alkaline (pH �12) with
NaOH, rinsing with distilled water, followed by air treatment with air dryer and annealing at 300 �C
for 1 h in air. The prepared films were characterized by X-ray diffraction (XRD), UV–Visible Spec-

trophotomer (UV–Vis) and Scanning Electron Microscopy (SEM). The 80th cycle was observed to

be the saturation stage for this reaction. The XRD results confirmed the films to be CdO with some

Cd(OH)2 phase at higher deposition cycles. The films were polycrystalline in nature having high ori-

entation along (111) and (200) planes. As the number of cycles increases the calculated average

crystallite sizes increase gradually up till the 80th cycle after which a gradual decrease in the crys-

tallite size was observed with increasing number of cycles. The films’ transmittance in the visible and

near infrared region decreased as the number of cycles increased and ranged between 25 and 80%.

This work shows the feasibility of using simple SILAR method at room temperature to obtain

Cd(OH)2 films which are transformed to CdO thin films after annealing.
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1. Introduction

Thin films that are simultaneously transparent to visible light
and electrically conducting have been widely studied because

of their wide range of applications (Zhu et al., 2013; Chu and
Chu, 1990; Jefferson et al., 2008; Murthy and Rao, 1999).
Oxide films of cadmium, indium, as well as tin, in period five

of the periodic table have been shown to have high transmit-
tance in the visible and near infrared regions and high electrical
conductivity (Murthy and Rao, 1999; Eze, 1998; Varkey, 1994;
Dou, 1998; Elttaye et al., 2013). These properties have made

them good candidates for use as transparent conducting oxide
(TCO), but of these three metals, oxide of cadmium appears to
be least used. Cadmium oxide is a degenerate, n-type semicon-

ductor with a wide energy band gap of about 2.16–2.42 eV at
room temperature (Chu and Chu, 1990; Jefferson et al., 2008;
Murthy and Rao, 1999; Eze, 1998). CdO is used as a transpar-

ent conductive material and this transparent conducting prop-
erty of CdO was first presented by Badeker in 1907 (Eze, 1998;
Varkey, 1994; Dou, 1998). The high conductivity exhibited by

CdO results from the presence of anion vacancies or through
doping (Chu and Chu, 1990) and it crystallizes in the sodium
chloride (FCC) structure (Ortega et al., 1999). CdO properties
such as large band-gap, low electrical resistivity and high trans-

mittance in the visible region make it useful for a plethora of
applications such as photodiodes, phototransistors, photovol-
taic cells, transparent electrodes, liquid crystal displays, IR

detectors, and anti reflection coatings (Murthy and Rao,
1999; Eze, 1998; Lokhande, 2004; Ellis and Irvine, 2004;
Baranov et al., 1997; Gupta et al., 2011). The properties of

CdO films can be optimized to a suitable parameter value in
order to suit a particular application by controlling some of
the process parameters like film thickness, concentration of

solution, temperature of the substrate and the solution flow rate
etc. (Varkey, 1994; Dou, 1998; Ortega et al., 1999; Lokhande,
2004; Ellis and Irvine, 2004; Baranov et al., 1997).

Many methods have been used to synthesize CdO for vari-

ous applications. Such methods include but not limited to ion
beam sputtering (Chu and Chu, 1990), magnetron sputtering
(Baranov et al., 1997; Gurumurugan et al., 1996;

Subramanyam et al., 1997,) spray pyrolysis (Murthy and
Rao, 1999; Ismail, 2009; Mishra et al., 2009), reactive pulsed
laser deposition technique (Ismail et al., 2007) thermal deposi-

tion (Eze, 1998; Suhail et al., 2012), metal organic chemical
vapor deposition (Ellis and Irvine, 2004), chemical bath
deposition (de León-Gutiérreza et al., 2006; Khallaf et al.,
2011; Al-Jawad and Alogili, 2009), SILAR (Salunkhe and

Lokhande, 2008, Gokul et al., 2013; Balu et al., 2012) etc.
Of all these methods, SILAR seems to be one of the less fre-

quently used methods in the literature for CdO deposition.

SILAR means ‘Successive Ionic Layer Adsorption and Reac-
tion’ and is also known as a modified version of chemical bath
deposition technique. It is one of the suitable chemical methods

used for the formation ofmetal oxides in which the thin films are
obtained by immersing a substrate into separately placed cat-
ionic and anionic precursor solutions (Pathan and Lokhande,

2004). This method is capable of producing metal oxide films
at relatively low temperature and is relatively simple. It does
not require expensive equipment, and there is minimal waste
of chemicals when compared with other methods. Other advan-

tages of SILAR are not limited to the fact the deposition rate

and the thickness of the required film can be easily controlled
over a wide range by changing the deposition cycle; and there
are no restrictions on the substrate material, dimensions or sur-

face profile to be used. Unlike power methods, for example, the
frequency magnetron sputtering, SILAR does not cause local
over heating that may be detrimental to the deposited material

and it does not require vacuum at any stage compared to the
vapor deposition methods (Balu et al., 2012). However,
the major disadvantage of SILAR is that for oxide films, the

hydroxide phase is formed first which is then converted to the
oxide on annealing. Noteworthy, this limitation is not peculiar
to SILAR but is observed in other solution growth methods.

In this work, SILAR method was used to deposit thin films

of CdO on microscopic glass substrates after various cycles
(40–120) using CdCl2 as the Cd2+ ion source. The deposited
films were characterized structurally, morphologically and

optically. The effects of various cycles on the properties of
the films were studied and their respective possible applications
based on these properties were presented.

2. Experimental details

Glass slides were degreased in concentrated tetraoxosulphate

(VI) acid (H2SO4), washed with detergent and distilled water,
ultrasonicated in a mixture of acetone and double distilled
water for 10 min and then dried in an oven. Cadmium oxide

thin films were deposited onto the cleaned glass substrates by
alternate immersion of the glass substrate in CdCl2 (Cd2+

ion source) and in double distilled water (OH- source) at room
temperature. CdCl2 and H2O served as the cationic and anio-

nic solutions respectively. The alkalinity of cadmium chloride
solution was increased to pH �12 with the addition of sodium
hydroxide. As the cleaned glass substrate was immersed in the

alkaline cadmium chloride solution, cadmium complex
adsorbed on the substrate. The glass substrate with the cad-
mium complex is then immersed in distilled water and the reac-

tion occurred on the glass surface to form Cd(OH)2. The
period of dipping the substrate in the cadmium bath was
referred as ‘‘adsorption’’ and that in H2O as ‘‘reaction’’. This

process forms one cycle and was repeated severally (40–120)
in order to increase the film thickness. After each cycle, the
glass slide was rinsed with distilled water and after a complete
cycle the films were dried with an air dryer. Finally, the depos-

ited films were annealed in air at 300 �C for 1h to transform the
hydroxide phase to the oxide.

2.1. Characterizations

The elemental composition of the samples was determined by
X-ray Energy Dispersion spectroscopy (EDX) with accelerat-

ing voltage of 10 kV while phase identification was performed
by means of X-ray diffraction (XRD) using a XPERT-PRO
diffractometer with CuKa radiation on an operating voltage

of 40 kV and current of 40 mA. The morphology and the
crystal sizes were investigated with the aid of Scanning Elec-
tron Microscope SEM (model S-4700, HITACHI) operating
at an acceleration voltage of 10 kV. The optical properties of

the films were examined by using a UV–Visible spectropho-
tometer at normal incident of light in the wavelength range
of 200–1100 nm. The band-gaps and the refractive index of

the samples were calculated from the absorption spectra.
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3. Results and discussions

3.1. Thin film formation

Dipping the glass slides in the beaker containing cadmium
chloride and excess sodium hydroxide solution for 30 s causes

a cadmium complex ion to adsorb on the substrate due to
attractive forces between ions in the solution and that on the
glass. The cadmium complex ions can be represented with

the following equations:

CdCl2 þ 2NaOH! CdðOHÞ2 þ 2NaCl

CdðOHÞ2 þNaOH! ðNaÞCdðOÞ2� þH2OþHþ

The glass substrate with the adsorbed cadmium sodium
oxide ion is immersed into a beaker of distilled water and
the ion is converted into cadmium hydroxide. Sodium ion in

the complex is attracted to the hydroxide ion to form sodium
hydroxide while the CdO2� in the complex is attracted to the
H+ to form the cadmium hydroxide ion.

ðNaÞCdO2� þH2O! CdðOHÞ2� þNaOH

CdðOHÞ2� þ ��!heat CdOþH2O

On annealing at a temperature of 300 �C the cadmium
hydroxide transforms into the oxide phase. The deposited films
showed good adherence to the substrate after annealing.

3.2. Energy dispersion spectroscopy (EDX)

Fig. 1 shows the EDX spectrum of the deposited films. The

EDX spectrum shows the characteristic X-ray energy level of
Cadmium (Ka = 3.133 KeV and Kb = 3 keV) and oxygen
(Ka = 0.523 KeV). Other elements present such as silicon, cal-

cium and aluminum, are from the glass substrate while sodium
is from the precursors used.

3.3. X- Ray diffraction

The XRD patterns of the deposited CdO films are shown in

Fig. 2. The several peaks observed in all the diffractograms
confirm the polycrystalline nature of the CdO films deposited.
The prominent peaks observed in the diffraction pattern are

due to diffraction from (111), (200), and (220) cubic phase
formation as compared with standard X-ray diffraction data
file JCPDS (file No. 75-0594). The peaks observed at
2h = 29.6� and 49.5� corresponds, respectively, to the diffrac-

tion from (100) to (102) crystal planes of the hexagonal poly-
crystalline phase of Cd(OH)2 as confirmed from the ASTM
card. This, therefore, implied that all the formed Cd(OH)2
were not transformed into CdO. However, these peaks are
observed only for the 80–120 cycles implying that as the cycles
increased, the rate of transformation of Cd(OH)2 to CdO is

reduced. Hence, these higher cycle films need to be annealed
at a temperature higher than 300 �C or for a longer time so
that all the hydroxide phase can be transformed to the oxide.
The 40 cycle film showed only (111) and (200) diffraction

peak and it is observed that the number of peaks increased
and became more defined as the number of cycles increased
up to 80 cycles. This shows increase in the crystallinity and

crystal size of the films. A slight decrease in peak intensity
for 100 and 120 cycles compared to the 80 cycle film was
observed. In thin film deposition by the SILAR method, there

is a stage of saturation after which further cycles initiate no
further reaction and/or the already deposited film begins to
peel. This peeling disorients the crystals’ structure and this

explains the difference in the peak intensity. Hence the 80th
cycle seems to be that saturation stage for this reaction.

The crystallite sizes were estimated using Scherrer relation,

D ¼ Kk
b cos h

ð1Þ

Where K is a constant taken to be 0.9, k is the wavelength, h is

the Bragg’s angle and b is full width half maximum (FWHM)
of the preferential plane. The dislocation density (d), defined as
the length of dislocation lines per unit volume, has been esti-

mated using the equation (Bilgin et al., 2005):

d ¼ 1

D2
ð2Þ

Where d is the measure of the amount of defects in a crystal.
Table 1 shows the comparison of the observed d values

obtained for various cycles with the standard values as well

as the estimated grain sizes.
It can be seen from Table 1 that the highest average crystal-

lite size occurred in the film deposited at the 80th cycle. On theFigure 1 EDX spectrum of the deposited film.
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Figure 2 XRD patterns of CdO thin films prepared via SILAR

method microscope glass slide at various deposition cycles.
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other hand, the obtained lesser values of d (3.36 · 1016 and
4.93 · 1016 lines/m2) for the films formed after 40 and 60 cycles

respectively indicate that the degree of crystallization is higher
for these films. This is in comparison with the values obtained
for 80, 100 and 120 cycles which are (8.43, 15.70, and

6.55) · 1016 lines/m2 respectively.

3.4. Scanning Electron Micrography

The three-dimensional surface morphological study of the
CdO films for different cycles was carried out using SEM

images as shown in Fig. 3. From the micrographs, it is evident
that the samples are composed of the nanocrystalline grains

along with some spongy clusters. The spongy cluster reduces
as the number of cycle increases. It is observed that the
Cd(OH)2/CdO films cover the whole length of the substrate

used.

3.5. Optical studies

Figs. 4 and 5 show the absorbance and the transmittance
spectrum respectively for the films. It is observed that the

2µm       EHT =20.00kV         Signal A =VPSE G3
WD =11.0mm         Photo No. =5932

1µm      EHT =20.00kV               Signal A =VPSE G3           
WD =8.0mm                 Mag = 10.00 K X              

a

e

b

c d

Figure 3 SEM micrographs of CdO thin films deposited on microscope glass after (a) 40 cycles (b) 60 cycles (c) 80 cycles (d) 100 cycles

and (e) 120 cycles.

Table 1 Comparison of d values (Å) and hkl plane for the CdO films.

Standard d

values Å

Observed d values (Å) for the various cycles Estimated crystallite size (Å) for the various cycles hkl

plane

40 60 80 100 120 40 60 80 100 120

2.71 2.72 2.77 2.74 2.73 2.72 5.07 11.80 13.59 7.38 8.10 111

2.34 2.36 2.38 2.36 2.36 2.35 5.94 4.50 11.88 8.91 5.93 200

1.65 – 1.68 1.67 1.66 1.67 – 4.50 3.36 3.36 4.48 220

1.41 – 1.43 1.42 1.42 1.42 – 3.31 4.03 6.04 3.02 311

1.35 – – 1.36 1.36 1.36 – – 1.93 1.93 1.93 222
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absorbance decreases gradually with increase in wavelength
and as the number of cycles increased. The increased absor-
bance by the higher cycles is due to increase in the thickness.

The thickness was estimated from the optical result using
Eq. (3):

T

1� R
� exp½�aðkÞ:d� � exp½�A� ð3Þ

Where
T is the transmittance (0–1),

R is the reflectance

A= absorbance of the film,
a(k) = absorption coefficient in (cm�1) and
d= thickness in (cm).

The presence of absorption edge (between 415–425 nm)
indicates that the films have a good degree of crystallinity

(Al-Hussam and Jassim, 2012; Balu et al., 2012). The maxi-
mum transmittance in the wavelength range of 350–110 nm
was found to be 87, 66, and 30 for 60, 100, and 120 cycles

respectively. The lower cycle films could be used for optical
coatings for solar cells as they exhibit high transparency.

The dependence of absorption coefficient a on the photon
energy is shown in Fig. 6. The values were obtained by using

the relation:

a ¼
ln 1

T

d
ð4Þ

Where T is the transmission and d is the thickness of the film.
The absorption coefficient exhibits high values in the short

wavelength region and this implies that there is a high proba-
bility of the transition being a direct allowed one (Suhail et al.,

2012). This means that the conduction band minimum and the
valence band maximum occur at the same value of crystal
momentum and the transition is caused only by a photon.

The optical energy band gap value (Eg) for the deposited
CdO films was determined by using Tauc’s equation:

a ¼ A
hm� Eg

� �n

hm
ð5Þ

Where A is a constant, hm is the photon energy and a is the
absorption coefficient, while n depends on the nature of the
transition. For direct transitions n =½ or 2=3, while for

indirect ones n = 2 or 3, depending on whether they are
allowed or forbidden respectively. It is found that the relation
for n= ½ yields linear dependence, which describes the
allowed direct transition. Eg is then determined by the extrap-

olation of the portion at (a = 0) as shown in Fig. 7. The values
of 3.81 eV, 2.0 eV and 1.85 eV were estimated for the 60, 100,
and 120 cycles respectively. Particles whose dimensions

become comparable to the bulk exciton Bohr radius are
observed to exhibit strong quantum confinement effect, which
result in increase in the band gap with decreasing particle size

(Al-Hussam and Jassim, 2012). However, the bulk exciton
Bohr radius of CdO is not available in the literature and it is
therefore difficult to conclude as to which confinement regime

11.0 1.5 2.0 2.5 3.0 3.5
0

1

2

3

α

Photon energy (eV)

A
bs

or
pt

io
n 

co
ef

fic
ie

nt
(x

10
7  

m
-1

)

120 cycles
100 cycles
60 cycles

Figure 6 Variation in absorbtion coefficient with photon energy,

(hm) for CdO thin films deposited via SILAR method at three

different deposition cycles.
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the CdO nanocrystals belong (Ghosh and Rao, 2004). Hence,

the CdO films may not obey the quantum confinement effect.
The obtained bandgap values for the higher cycles were

slightly lower than what has been reported using SILAR

method. For instance, Balu et al. (2012) and Beevi et al.
(2010) while varying the concentration of the precursor
obtained values in the range of 2.27–2.48 eV and 2.54–
2.58 eV respectively. Mishra et al. (2009) obtained 2.37 eV

using spray pyrolysis while Khallaf et al. (2011) obtained
2.53 eV using chemical bath deposition method. The lower val-
ues could be attributed to the presence of Cd(OH)2 in the

higher cycle films.

4. Conclusion

Transparent CdO thin films were fabricated by the cost effec-
tive SILAR method. XRD studies show that all the films are
polycrystalline in nature with cubic structure having preferen-

tial orientation along (111) and (200) plane. The calculated
average grain sizes increased between the 40 and 80 cycles
and decreased gradually after the 80th cycle. Cd(OH)2 phase

was detected at higher cycles hence these higher cycle films
need to be annealed at a higher temperature(above 300 �C)
in order to transform all the hydroxide to oxide. The maxi-
mum transmittance in the wavelength range of 350–110 nm

was found to be 87, 66 and 30 for 60, 100 and 120 cycles
respectively. The range of optical band gap estimated for var-
ious cycles of the CdO films is between 1.85 and 3.81 eV. The

films were found to exhibit very promising physical properties
which make them desirable for optical coating as well as other
opto-electronic applications.
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