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Abstract

Cadmium oxide films were grown on three different substrate types (glass, quartz, ITO) by spray pyrolysis technique
SPT. Transmittance spectra were recorded to obtain some optical parameters. The transmittance decreased when the
glass substrate replaced with quartz or ITO glass, while the reflectance increase by increasing wavelength and also by
changing kind of substrate. Real and imaginary parts of dielectric constant indicate that both constants have a higher
value when the film deposited on ITO glass substrate Urbach energy increased by changing the substrate from slide
glass to ITO glass. Single effective oscillator model used to determine dispersion parameters is decreased when the
glass substrate replaced with quartz or ITO glass substrate.
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Introduction

Cadmium oxide is n type semiconductor, and
energy gap between 2.2-2.7eV [1-4]. The wide band
gap CdO, make this material suitable in solar cells
and transparent electrodes TCO [5-6], photodiodes
[7], phototransistors [8], liquid crystal displays, gas
sensor [9], CdOdeposited by many procedureslike
spray pyrolysis [10,11], ion beam sputtering [12],
sol-gel [13]. Altiokka and Yildirim [14] use ITO
substrate to prepare CdO by electro deposition
technique. Anitha et al. [13] prepare CdO on glass,
quartz, FTO and Silicon substrates, they found that
FTO substrate has a bandgap value of 2.34 eV
which might be convenient for optoelectronic
applications. Rajput et al. [15] deposited CdO onto
glass  substrates  using  different = molar
concentrations of cadmium acetate utilizing so-gel
method. The chemical spray pyrolysis can use for

deposited high melting point materials [16-17].
This work is subject to prepare CdOfilms on
different types of substrate utilizing SPT to discuss
effects of substrate type on optical properties and
dispersion parameters.

Experimental Procedures

CdO thin films are grown on different types of
substrate at a constant temperature of 400 2C by
SPT. 0.1 M of Cd(COOCH3)z(supplied from Sigma-
Aldrich Chemicals) with re-distilled waterwas used
as an aqueous solution. Space between sprayer and
substrate was 28cm.

Corresponding author: Sami Salman Chiad

Address: !Basic science Division /Faculty of Agricultural Engineering / Baghdad University, Iraq; 2Department of Medical
Instrumentation Techniques Engineering, Electrical Engineering Technical College, Middle Technical University, Iraqg;
3Department of Physics, College of Science, Mustansiriyah University, Iraq; ‘Department of Physics, College of Education,
Mustansiriyah University, Iraq; SDepartment of Physics, College of Education for Pure Sciences, University of Babylon, Iraqg;
6*Department of Physics, College of Education, Mustansiriyah University, Iraq.

6"E-mail: dr.sami@uomustansiriyah.edu.iq

Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential conflict of interest.

Received: 20 February 2020 Accepted: 12 March 2020

elSSN 1303-5150

www.neuroquantology.com



NeuroQuantology | March 2020 | Volume 18 | Issue 3 | Page 56-65 | doi: 10.14704/nq.2020.18.3.NQ20151
Firdous Shaker Ahmed, Effects of Substrate Type on Some Optical and Dispersion Properties of Sprayed CdO Thin Films

Compressed air was employed as a carrier gas and
deposition average was 2 ml/min. Weighing
method was utilized to measure thickness, its value
was about 300 nm.

The structural properties were evaluated by XRD
with CuKa radiation (ACu=0.154056nm). Film
morphology was determined by AFM (AA3000
SPM), The spectrophotometer (Shimadzu UV probe
1640 Japan) was applied to determine absorbance
and transmittance.

Results and Discussion

The XRD patterns depict that deposited films for all
types of substrates were cubic polycrystalline
structure with a dominant orientation along (111).
Minor peaks are observed with orientation (200),
(220) and (311) planes.

These peaks were fit with ICDD card no. 05-0640. It
can be noticed that peak intensity of ITO substrate
was the higher one as shown in Fig. 1. These results
agree well with Mohammed et al. [18] and Mishra
etal. [19].
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Fig. 1. XRD patterns of deposited films on varioussubstrate types

Surface topography of the as grown films was
noticed via AFM images as shown in Figure (2, 3
and 4). These images indicate an increase in

columnar size, roughness and surface area related
to the deposition films on various types of
substrates.
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Fig. 2. AFM images and Granularity distributed curve (glass)
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Fig. 3. AFM images and Granularity distributed curve (Quartz)
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Fig. 4. AFM images and Granularity distributed curve (ITO)

elSSN 1303-5150 www.neuroquantology.com



NeuroQuantology | March 2020 | Volume 18 | Issue 3 | Page 56-65 | doi: 10.14704/nq.2020.18.3.NQ20151
Firdous Shaker Ahmed, Effects of Substrate Type on Some Optical and Dispersion Properties of Sprayed CdO Thin Films

Transmission spectra of CdO samples at various
substrate types in wavelength range (300-900) nm
are displayed in Fig. 5. Transmittance increases via
increasing wavelength for the deposited films, and
decreased when glass substrate replaced with

Fig. 6. represents reflectance versus wavelength. It
can be noticed that reflectance increased via
increasing wavelength and replacing glass
substrate to quartz or ITO glass until to 500 nm,
while reflectance is unchanged when the glass

quartz or ITO glass, this attributed to the substrate replaced with quartz or ITO glass for the
arrangement of crystals. deposited films at wavelengths higher than 500 nm.
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Fig. 5. Transmittance spectra of CdO films grown on various substrate types
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Fig. 6. Reflectance spectra of CdO films grown on various substrate types.
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The dielectric constant, which represented material via wavelength respectively.
respond of incident electromagnetic field, is Urbach energy Ey was obtained via Eq. 3[22-23]:

calculated from following formulas [20-21]: hv
g1 = n2- k2 (1) o = o, exp (E—) 3)
£2= 2nk (2) v

Where «, is a constant [24]. By plotting Ina versus
photon energy to evaluate the value of Ey of various
substrate types as in Fig. 9. Results of Eyare display
in Table 1.

Where &1, €, n, k represented real, imaginary
dielectric constants, refractive index and extinction
coefficient respectively.

Figs. (7,8) represent relationship betweene; and &
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Fig. 7. €1against wavelength of deposited films.

o
o
L

~ [+
o o
1 1

(=]
o
1

w -
(=} o

Real Part of Dielectric Constant (£;)
N (4]
o o

6
—glass

o — quartz
= 5 —ITO
-]
[
-
w
=
(=]
O 4
(=]
e
o
(]
L")
=3
— 1
a
L)
(-]
E
& 2
>
-
~
=
g,
g
o

0 trevvrrern S RRERARE] ey rrerrreere rerrrerre SRR RARE] rrrrrereTy rerereery

200 300 400 500 600 700 800 900 1000
Wavelength A (nm)

Fig. 8. e2 against wavelength of deposited films.
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Fig. 9. Lna versus hv of deposited films.

Refractive index n was evaluated via single
oscillator proposed by Wemple and Di Domenico
[25,26]:

n® (hv) =

Eo Ed
EZ - (hv)?
Where E, is average electronic energy gap for
transition, and Eqis dispersion energy. These
coefficients were evaluated from plotting (n2-1)-!
versus (hv)? as in Fig. 10, Eq, E, and E; values are
listed in Table 1.The values of optical bandgap

+1 @)

3

agrees with Chopra and Das [27].
The single-term Sellmeier was obtained from the

relation [28, 29]:
2
07“0

1—(h, I0)?
Where A, S, are average oscillator position and

strength respectively, and they were evaluated
from Fig. (11).

n*(L)-1= (5)
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Fig. 10. (n2-1)-against (hv)?2 of CdO films deposited on various substrate types.
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Fig. 11. (n2-1)'against 1/A2 of deposited films.
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These results are display in Table (1).

Table 1. Dispersion parameters of CdO thin films with various
Substrate types

So

Eq Eo | Eg M A | Eu
;?:1 (eV | (e | (eV 8oo 2)( iVl eV ;113 n | m

) V) ) 2 m2 m | eV
Glass 32. 48 | 24 6.6 | 2.7 | 6. 0.2 4.8 32 | 69

03 0 00 7 7 67 | 89 6 1 9
Quar | 26. | 4.7 | 2.3 76 | 25 | 5. 0.2 6.2 32 | 71
tz 35 4 72 7 6 56 | 47 2 7 9
ITO 23. | 44 | 23 6.0 | 24 | 5. 0.2 7.1 34 | 79
Glass | 57 1 57 0 5 00 | 25 3 1 3

Conclusion

Transmittance decreased when glass substrate
replaced with quartz or ITO glass. Urbach energy
increased while bandgap decreased byreplacing
substrate from 2.4 eV of CdO thin film grown on
glass substrate to 2.357 eV of film grown on ITO
glass substrate. Single effective oscillator model
used to determine.All dispersion parameters were
affected by substrate type. According to our results
ITO substrate seem to be the best substrate for
deposited CdO thin film. (less, Eq, E,, energy gap,
and &, refractive index and transmittance)

References

Ortega M, Santana G, Morales-Acevedo A. Optoelectronic
properties of CdO/Si photodetectors. Solid-State
Electronics 2000; 44(10): 1765-1769.

Rusu RS, Rusu GI. On the electrical and optical characteristics
of CdO thin films. Journal of optoelectronics and Advanced
materials 2005; 7(2): 823-828.

Dakhel AA. Structural, optical and electrical measurements on
boron-doped CdO thin films. Journal of materials science
2011; 46(21): 6925-6931.

Abass KH, Latif DM. The Urbach Energy and Dispersion
Parameters dependence of Substrate Temperature of CdO
Thin Films Prepared by Chemical Spray Pyrolysis.
International Journal of ChemTech Research 2016; 9(9):
332-338.

Santana G, Acevedo AM, Vigil O, Cruz F, Puente GC, Vaillant L.
Structural and optical properties of (Zn0O) x (CdO) 1-x thin
films obtained by spray pyrolysis. Superficies y vacio 1999;
(9): 300-302.

Benko FA, Koffyberg FP. Quantum efficiency and optical
transitions of CdO  photoanodes. Solid state
communications 1986; 57(12): 901-903.

Saha B, Das S, Chattopadhyay KK. Electrical and optical
properties of Al doped cadmium oxide thin films deposited
by radio frequency magnetron sputtering. Solar energy
materials and solar cells 2007; 91(18): 1692-1697.

Su LM, Grote, Schmitt F. Diffused planar InP bipolar transistor
with a cadmium oxide film emitter. Electronics Letters,
1984; 20(18): 716-717.

elSSN 1303-5150

www.neuroquantology.com



NeuroQuantology | March 2020 | Volume 18 | Issue 3 | Page 56-65 | doi: 10.14704/nq.2020.18.3.NQ20151
Firdous Shaker Ahmed, Effects of Substrate Type on Some Optical and Dispersion Properties of Sprayed CdO Thin Films

Sankarasubramanian K, Babu K], Soundarrajan P, Logu T,
Gnanakumar G, Ramamurthi K, Sethuraman K Senthil
Kumar SM. A new catalyst Ti doped CdO thin film for non-
enzymatic hydrogen peroxide sensor application, Sensors
and Actuators B: Chemical 2019; 285: 164-172.

Vigil O, Cruz F, Morales-Acevedo A, Contreras-Puente G,
Vaillant L, Santana G. Structural and optical properties of
annealed CdO thin films prepared by spray pyrolysis.
Materials Chemistry and Physics 2001; 68(1-3): 249-252.

Khadayeir AA, Hassan ES, Chiad SS, Habubi NF, Abass KH,
Rahid MH, Mubarak TH, Dawod MO, Al-Baidhany IA.
Structural and Optical Properties of Boron Doped Cadmium
Oxide. In Journal of Physics: Conference Series 2019;
1234(1): 012014. IOP Publishing.

Chu TL, Chu SS. Preparation of CdO Films by lon-Beam
Sputtering and Spray Pyrolysis Techniques, J.
Electronchem. Soc, 1990; 19: 1003-1008.

Anitha M, Anitha N, Kulandaisamy I, Amalraj L. Effect of
substrates on the structural, morphological, and optical
properties of sprayed CdO thin films using nebulizer.
Journal of Sol-Gel Science and Technology, 2018; 86(3):
580-589.

Altiokka B, Yildirnm AK. Effects of pH on CdO films deposited
onto ITO coated glass substrates by electrodeposition.
International Journal of Surface Science and Engineering
2018; 12(1): 13-22.

Rajput JK, Pathak TK, Kumar V, Swart HC, Purohit LP. Tailoring
and optimization of optical properties of CdO thin films for
gas sensing applications. Physica B: Condensed Matter
2018; 535: 314-318.

Hassan ES, Mubarak TH, Abass KH, Chiad SS, Habubi NF, Rahid
MH, Khadayeir AA, Dawod MO, Al-Baidhany IA. "Structural,
Morphological and Optical Characterization of Tin Doped
Zinc Oxide Thin Film by (SPT)", Journal of Physics:
Conference Series 2019; 1234(1): 012013.

Muhammad SK, Hassan ES, Qader KY, Abass KH, Chiad SS,
Habubi NF. "Effect of Vanadium on Structure and
Morphology of Sn02 Thin Films", Nano Biomed. Eng, 2020;
12(1): 67-74.

Mohammed AS, Kafi DK, Ramizy A, Abdulhadi 00, Hasan SF.
Nanocrystalline Ce-doped CdO thin films synthesis by spray
pyrolysis method for solar cells applications. Journal of
Ovonic Research 2019; 15(1): 37-42.

Mishra RL, Sharma AK, Prakash SG. Gas sensitivity and
characterization of cadmium oxide (CdO) semi conducting
thin film deposited by spray pyrolysis technique. Digest
Journal of Nanomaterials and Biostructures 2009; 4(3):
511-518.

Xue SW, Zu XT, Zhou WL, Deng HX, Xiang X, Zhang L, Deng H.
Effects of post-thermal annealing on the optical constants
of ZnO thin film. Journal of Alloys and Compounds 2008;
448(1-2): 21-26.

Khadayeir AA, Abass KH, Chiad SS, Mohammed MK, Habubi NF,
Hameed TK, Al-Baidhany IA. Study the influence of
Antimony Trioxide (Sb203) on optical properties of (PVA-
PVP) composite. Journal of Engineering and Applied
Sciences 2018; 13(22): 9689-9692.

Urbach F. The long-wavelength edge of photographic
sensitivity and of the electronic absorption of solids.
Physical Review 1953; 92(5): 1324.

Alkelaby AS, Abass KH, Mubarak TH, Habubi NF, Chiad SS, Al-
Baidhany 1. Effect of MnCl2 Additive on Optical and
Dispersion Parameters of Poly methyl Methacrylate Films.

Journal of Global Pharma Technology 2019; 11(04): 347-
352.

Hong-Wei W, Xian-Wu M. Optical absorption in asymmetric
double quantum wells driven by two intense terahertz
fields. Chinese Physics B 2013; 22(3): 0371041-0371046.

Wemple SH, DiDomenico Jr M. Optical dispersion and the
structure of solids. Physical Review Letters 1969; 23(20):
1156-1160.

Wemple SH, DiDomenico Jr M. Behavior of the electronic
dielectric constant in covalent and ionic materials. Physical
Review B 1971; 3(4): 1338.1351.

Chopra KL, Das SR. Thin Film Solar Cells, Plenum Press, New
York 1993.

Wemple SH. Refractive-index behavior of amorphous
semiconductors and glasses. Physical Review B 1973; 7(8):
3767-3777.

Habubi NF, Abass KH, Sami CS, Latif DM, Nidhal JN, Al Baidhany
Al Dispersion Parameters of Polyvinyl Alcohol Films doped
with Fe. In Journal of Physics: Conference Series 2018;
1003(1): 012094. IOP Publishing.

Chiad SS, Habubi NF, Abass WH, Abdul-Allah MH. Effect of
thickness on the optical and dispersion parameters of CdO.
4Se0. 6 thin films. Journal of Optoelectronics and Advanced
Materials 2016; 18(9-10): 822-826.

Chiad SS, Abass KH, Mohammed M, Khadayeir A. Fabrication
and Study the Structure, Optical and Dispersion Parameters
of PMMA with InCI3 Additive. Journal of Global Pharma
Technology 2019; 11(4): 369-374.

elSSN 1303-5150

www.neuroquantology.com



