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Abstract

Transparent and conducting cadmium oxide (CdO)thin films were deposited onto soda-lime
glass substrate by simple chemical spray pyrolysis technique at different deposition
temperatures. The influence of the deposition temperature on structural, morphological,
electrical and optical properties of CdO films was investigated. X-ray diffraction patterns
revealed that polycrystalline CdO phase with cubic crystal structure started to form at
deposition temperature of 300 °C with secondary phase, while at lower deposition
temperature the prepared layers showed amorphous structure. At deposition temperature
higher than 300 °C, the prepared layers showed single CdO phase enhanced crystallinity.
Enhanced grain growth of CdO films is observed with increasing the deposition temperature.
Moreover, the electrical conductivity of the films was found to be increasing with increasing
the deposition temperature, which is consistent with the enhanced grain growth. Additionally,
the optical transmittance measurement of the CdO films showed around 90% transmission in
the visible and near infrared regions, independently of deposition temperature.
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1.Introduction

Transparent conducting oxides (TCOs) are extensively used in optoelectronic devices such as
flat panel display, organic light emitting diodes, photovoltaics, heat reflectors and energy
efficient windows [ A.J. Freeman,.2000] - [D.S. Ginley.,2000] - [ H. Hosono.,2002] -
[H.L.Hartangel.,1995]-[ J.S. Kim.,1998]- [T. Minami.,1996]-[ T.J. Coutts.,2000]. Among many
TCOs, cadmium oxide (CdO) thin films have attracted considerable attention for various
applications, due to its low electrical resistivity, high carrier concentration, nearly metallic
conductivities and high optical transmittance in the visible region of the solar spectrum [ Saha
B.,2007].CdO is an n-type semiconductor with a face centered cubic crystal structure and a
direct band gap of approximately 2.5 eV [ Carballeda-Galicia DM.,2000].CdO thin films have
been prepared by various deposition techniques including reactive evaporation [ V.
Yang.,2005],[ A.A. Dakhel.,2003], solution growth,[G.Phatak.,1994]-[ R. Maity.,2006],sputtering,
Carballeda-Galicia DM.,2000], [ A. Verkey.,1994], spray pyrolysis [ T.K. Subramanyam.,1997]-[ K.
Gurumurugan1994],[ Hadaate Ullah.,2017] chemical bath deposition [ R.K.
Gupta.,2008],SILAR,MOCVD -[ A.W. Metz.,2004],[T. Minami1996]and PLD [ Saha B.,2007]-{ S.
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Jin.,2004]. Among these techniques, chemical spray pyrolysis technique is simple, cost
effective and suitable for large area preparation.

In the present study, CdO thin films were deposited by chemical spray pyrolysis technique at
different deposition temperatures between 200 and 450 °C using compressed air as carrier
gas. The prepared films were characterized to study the influences of deposition temperature
on their structural, morphological, electrical and optical properties.

2.Experimental

The CdO films were deposited onto soda-lime glass (SLG) substrates by spray pyrolysis
technique. An aqueous solution of 0.1 M cadmium acetate((CH3;COO),Cd . 2H,0) were
dissolved in a distilled water. The desired chemical reaction is following:

Cd(CH5C00),. 2H,0 _A, Cd(CH5CO0), +2H,0 (1)
Cd(CH;CO0),(s) A»cd0(s)+CH3COC|-|3(g)+coz(g) (2)

The deposition parameters such as spray nozzle—substrate distance (25 cm, solution rate(0.66
(ml/min)) and pressure of carrier gas(25 (L/min)) were optimized. The solution was sprayed
onto preheated SLG at deposition temperatures of 200, 300, 350, 400 and 450 °C.X-ray
diffraction (XRD) patterns of prepared films were obtained by Philips diffractometer model
(PW3040) using K, radiation (\=1.54 A).The morphology of the films was studied by Scan
Electronic Microscope FEI Quantum model (FEG 250).The thickness of the prepare films
were measured using a Stylus profilmeter model (Dektak 150).The optical transmittance (T)
and reflectance (R) were obtained by UV/Vis/NIR spectrophotometer model (Jasco-670) in
the wavelength range 200-2500 nm.

3. Results and discussion

3.1. Structural properties

Fig.1(a,b,c&d) shows X-ray diffraction patterns for the samples deposited at deposition
temperatures of 300, 350, 400, 450°C respectively. X-Ray diffraction patterns of the
deposited films showed that CdO phase begin to form at 300 °C, where the deposited films at
200°C were amorphous. The deposited films at 200 °C were amorphous as the temperature is
not enough to form CdO phase, while at 300 °C the peaks of CdO begin to appear with an
unidentified phase where the temperature is not sufficient for the complete evaporation and
decomposition of the starting precursors. However, by further increase in the deposition
temperature, the secondary phase disappeared and CdO reflections became stronger and
sharper as the crystallinity started to enhance with further increase in the deposition
temperature. The observed CdO reflections were indexed according to the cubic structure
(JCPDS no. 05-0640) showing reflections corresponding to(111),(200), (220),(311) and (222)
planes.
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Fig. 1. X-ray diffraction patterns of CdO thin films at temperatures 300, 350, 400 and 450 °C:

The average crystal grain size (D) was estimated using

Scherrer's formula [ B.D. Cullity.,1956]:

0.94A
- Bcos@ ( )

where 0 is the usual Bragg angle and B is the full width at half-maxima of the diffraction
peaks.

The structural parameters for (1 1 1) crystallographic orientation of the CdO thin films shows
that with increasing the deposition temperature from 300 °C to 450 °C, the crystallite size
increases from 10.8nm to 24nm, indicating improvement in the crystallinity of the films with
increasing the deposition temperature.

3.2.Morphological properties
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SEM is a convenient technique to study the surface morphology of thin films. Fig. 2a,b,c and
d show the SEM images of the CdO thin films deposited at deposition temperatures of 300,
350, 400 and 450 °C respectively. The surface property of the CdO films appears to change
as a function of deposition temperature. The grain growth of CdO was found to be enhanced
with increasing deposition temperature as shown in Fig. 2. With increasing the deposition
temperature, the small clusters are merged with each other to form bigger grains and the CdO
films become more compact, dense and adhered to the entire substrate without any cracks.

Fig. 2. SEM images of CdO thin films sprayed at 300,350,400 and 450°C

3.3. Electrical properties

The electrical conductivity of CdO thin films prepared at different deposition temperature was
measured using two-probes configuration. Fig. 3 shows the variation of electrical conductivity
with deposition temperature. The electrical conductivity increased with increasing deposition
temperature, which may be attributed to the enhanced crystallinity and grain growth of the
films with increasing the deposition temperature.
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Fig. 3) conductivity of CdO thin film deposited at different depositiontemperatures for 15 min.
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3.4.0ptical properties

The optical transmittance spectra for the CdOthin films prepared at different temperatures are
shown in Fig. 4. All prepared films show high transperancy in both visible and near IR
regions. It can be seen that by increasingthe deposition temperature, the transperancy increase.
This inhancing in the transperancy can be attrebuted to decrease in thin film thickness, where
the thicknessof the film prepared at 300,350,400,450 °C are 410, 310, 167 and 162 nm
respectivlly. At 450°C theprepared CdO thin film shows higher transimission which reach to
up 90 %.
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Fig. 4. Influence of different Tg,,0n the optical transmission spectrum of CdO

The Eg value can be calculated usingthe fundament absorption, which corresponds to electron
excitationfrom the valance band to conduction band. Eg is usually obtained byextrapolations
of the linear portion of the plots of (ahv)?vs. hv, as shown in Fig. 5,where hv is photon energy
and a is theabsorption coefficient expressed as:

a="T @&

where T is transmittance and d is film thickness.
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Fig(5) Relation between (ahv) ? and hv for CdO thin films prepared at different temperature
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The relation between theabsorption coefficient and the incident photon energy (hv)isgiven by
the equation(6)

(ahv)? = A(hw — E;)  (5)
where ‘A’ is a constant and ‘Eg’ is optical band gap.

The value of direct energy band gap Eg is about 2.3 eV whichis in agreement with the
literature[.A.J.Varkey1993]&(1.BenMiled2017).

From Fig(5) it can be seen that there are two energy bands for films prepared at 300 and 350
°C confirming that there are two phases in the prepared films. For films prepared at 400 and
450°C there is just one energy band gap indicating one phase in CdO films.

4.Conclusion

Highly conducting and transparent CdO thin films were successfully deposited on soda lime
glass substrate by spray pyrolysis technique. The influence of the deposition temperature on
structural, morphological, electrical and optical properties of CdO films was investigated. X-
ray diffraction patterns revealed that polycrystalline CdO phase with cubic crystal structure
begin to form at deposition temperature of 300 °C. The film grown at deposition temperature
450 °C) show high crystallinity, high transmittance up to 90% in the visible and near infrared
regions, low resistivity (86.8 x10™ Qcm). These highly conducting and transparent CdO thin
films could be an excellent candidate for future optoelectronic applications.
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