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Abstract. Zinc oxide (ZnO) and cadmium oxide (CdO) thin films were studied for their electrical
and optical properties for transparent conducing oxides (TCO) application. Using zinc (Zn) and
cadmium (Cd) as targets, ZnO and CdO thin films were deposited and also ZnO:CdO thin film
samples were co-deposited on to the glass substrates by reactive direct current (DC) magnetron
sputtering. X-ray diffraction (XRD patterns of ZnO and CdO films showed the diffraction planes
corresponding to ZnO (002) and CdO (200) respectively. The optical band gap of the films varied
between 2.5 — 3.2 eV as determined by UV-VIS spectrophotometry. The films exhibited Ohmic
behaviour.

1. Introduction

TCOs are an excellent class of materials which merge both high optical transparency and high electrical
conductivity. To have this physical properties, material should have sufficiently large energy band gap so
that it is transparent to visible light or not absorbing, with conductivity, an electron or hole concentration
with a sufficiently larger mobility. Glass fibres are transparent but are electrical insulators on the other
hand compound semiconductors are dopant dependent for their electrical conductivity. And thus TCO’s
have to obtain a midway between both these properties where the conductivity has to be that of close to a
metal as well as with high transparency [1, 3]. Binary and ternary compounds such as SnO,, ZnO, In,0s,
Ga,0;, CdO, Cd,SnO,4, CdSnO;, CdInyO4 and Zn,SnO, are well known TCOs/are currently used in TCO
application. Among those materials ZnO and CdO are well known for their tunable optical and electrical
property which helps in obtaining large energy bandgap and high mobility. ZnO is an n-type
semiconductor with a band gap value of ~3.3 eV at room temperature. Some of the important and
attractive properties of ZnO are having very good transparency, fast electron mobility and strong room-
temperature luminescence. ZnO is employed in several applications such as transparent electrodes in
opto-electronic devices like liquid crystal displays, organic light emitting diodes, solar energy cell, smart
windows and electronics as both active and passive devices like diodes, thin film transistors, etc. CdO is
an n-type semiconductor with a band gap value of ~2.18 to 2.31 eV at room temperature. Nanostructured
CdO is used as TCO materials for its higher conductivity. The CdO thin films has been used in wide
range of applications, such as, photodiodes, phototransistors, photovoltaic cells, transparent conducting
electrodes, liquid crystal displays, light detectors and reflectors [4, 5]. ZnO:CdO thin films can be
produced by various methods like sol-gel spin coating method, spray pyrolysis, LPCVD, extraction-
pyrolytic method, etc., ZnO-CdO composite thin films are generally prepared by various physical and
chemical deposition techniques, like electro-deposition [6], radio frequency magnetron sputtering [7],
molecular beam epitaxy [8], sol-gel process [9], chemical vapour deposition [10] and spray pyrolysis
[11]. The main advantage of preparing thin films by sputtering is to achieve smooth films which are
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highly useful at the interface of the layers of the TCO. The present work focuses on the co-deposition of
Zn0:CdO to enhance the TCO properties (optical transparency and Ohmic behaviour)

2. Experimental details

Zn0O, CdO and ZnO: CdO films were prepared by reactive DC magnetron sputtering technique at room
temperature. Zn and Cd targets (purity 99.999 %, 2’ dia: 3.2 mm thickness) were used as source materials
for depositing ZnO and CdO thin films. Thoroughly cleaned borosilicate glass substrates of dimension
2 x 1 cm”® were used for depositions. Cleaning procedure for glass substrates is given as follows: initially
substrates were cleaned using Triton-X to remove viscous residues and then rinsed thoroughly in running
water followed by double distilled water. The rinsed substrates were ultrasonically agitated in acetone and
ethanol for five minutes in each solution and then dried in hot air oven. Cleaned substrates were placed in
the substrate table and the deposition chamber was evacuated to the base pressure of 3.5 x 10” mbar.
Argon (Ar) and oxygen (O,) were used as sputtering and reactive gas respectively. ZnO films were
prepared by keeping cathode power as 30 W and deposition duration of 5 min. CdO thin films were
prepared by keeping cathode power 40 W and deposition time 5 min. ZnO:CdO deposition was carried
out for 5 min with cathode power of 40 W under Ar:O, partial pressure of about 1:3.5 at room
temperature. The thickness value of the films were measured using stylus probe profilometer (Mitutoyo
201) and the thickness values of the deposited films were 300,335 and 350 nm for the ZnO and (CdO,
Zn0:CdO) thin films deposited at 30 W and 40 W respectively. XRD measurements were done by Bruker
D8 focus diffractometer with Cu K, radiation (wavelength 1.54 A) to investigate the crystal structure. The
optical absorbance spectra and Tau’s plot were collected using a UV—Vis spectrophotometer (Perkin
Elmer, Lambda 950).The current-voltage characteristics were measured with a Keithley 4200
semiconductor characterization system.

3. Results and discussions

3.1. X-ray diffraction analysis

The crystalline properties and material phases of the ZnO, CdO and ZnO:CdO thin films were studied
structurally by means of XRD measurements in the scan range of 30°-80° which are shown in Fig 1. The
pure ZnO thin film exhibited the hexagonal wurtzite structure (JCPDS: 01-075-1256) while CdO thin film
had the cubic structure (JCPDS: 01-075-2245).For both ZnO and CdO compounds, mixed crystallite
phases of with hexagonal and cubic structures were found. This was due to the larger ionic radius of Cd
compared to Zn: the small amount of CdO in the ZnO making up sample ZnO:CdO caused a lattice
expansion and hence a shift to smaller 20 angles. The clear presence of mixed crystallite phases of both
Zn0O and CdO compound was found with hexagonal and cubic structures, respectively [10-12].
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Figure 1. XRD patterns of ZnO, CdO, ZnO:CdO thin films
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3.2. Optical analysis

The optical properties were studied for ZnO, CdO and ZnO:CdO thin films. Fig 2. showed the absorbance
spectra in the wavelength range 300-800 nm respectively. The absorbance increased as the CdO
concentration increased in the films. The transmittance is decreased with the doping of CdO in the
samples and it might be due to band-to-band absorption of the CdO with its bandgap smaller than that of
ZnO or due to the increased optical scattering of incident light on the film surface [11, 13].

The dependence of the absorption coefficient with the photon energies fitted to the relationship for the
allowed direct transition [14]

(ohv)’ = B(hv-Ey) (1)
where, B is a constant. By extrapolating the linear portion of the plots of (ahv)® vs. hv shown in Fig 3. The

optical bandgap Eg values were obtained. With the doping of Cd, the optical bandgap increased. The
optical absorption edge was blue shifted with the doping of Cd from ZnO to CdO [15].
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Figure 2. Absorbance spectra of ZnO, CdO, ZnO:CdO thin films
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Figure 3. Tau’s plot of ZnO, CdO, ZnO:CdO thin films
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3.3. Electrical studies

The electrical characterization of the ZnO, CdO and ZnO-CdO thin films was carried out by using
Keithley 4200 semiconductor characterization system. After making contacts with aluminum foil, the
variation of current with voltage was noted between -10 and 10 V at room temperature and room lighting
for all samples and is shown in Figs. 4, 5 and 6. The Ohmic conduction mechanism was observed for
Zn0:CdO films and they had low resistivity compared to the other samples (ZnO and CdO), for which
there was a deviation from Ohmic behavior, together with higher resistivity. It was observed that the ZnO
rich thin film has a high resistivity, due to grain boundary effects and also, due to the semiconducting
nature of the ZnO, which will create a potential barrier that affects the electrical transport causing a
reduction in conductivity [16]. With the addition of cadium oxide to Zinc oxide, the resistivity has
decreased as observed. This interpretation is consistent with the optical measurements where a decrease in
band gap with the co-deposition of ZnO:CdO occurred. The Cd proportion therefore plays an important
role in the electrical characteristics.
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Figure 4. I-V curve of ZnO thin film
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Figure 5. I-V curve of CdO thin film
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Figure 6. I-V curve of ZnO:CdO thin film

Mixed oxides of ZnO:CdO thin films were successfully deposited using the sputtering method. The XRD
diffraction results showed that the polycrystalline nature of the thin films changed from the hexagonal
structure characteristic of ZnO to a cubic structure characteristic of CdO for the thin films containing a
high concentration of ZnO to the films containing a high concentration of CdO, with no smooth
transition. From the optical analysis, it was found have high transparency in the visible region. From the
electrical studies, it was observed that with the addition of cadium oxide to Zinc oxide, the resistivity has
decreased. These highly conducting and low optical band gap thin films may be suitable for applications
in solar cells and optoelectronic devices.

4. Conclusion

Zn0:CdO thin films were deposited on glass substrates by dc magnetron sputtering .The structural,
optical and electrical properties of the films were studied from the view of their application as transparent
electrodes. It was observed from the XRD that the polycrystalline nature of the thin films. An
improvement in crystallinity with the addition of CdO was also observed. From the optical analysis, it
was found that the transmittance and band gap of the sample decreased with an increasing CdO
concentration. From the electrical studies, it was found that the resistivity of the mixed oxide thin films
decreased with the addition of CdO proportion.

5. Acknowledgments

Authors sincerely thank SASTRA University for the providing necessary experimental facilities. One of
the authors MS sincerely thank the Department of Science and Technology (DST/SR/FTP/ETA-
058/2009), New Delhi and Defence Research and Development Organization (0903809/M/01/1384) for
the financial support.

6. Author Contributions

This paper is based mainly on the M. Tech. project report of V Maragatham, for which M. Sridharan
served as supervisor. VM performed the majority of the experiments, analysis and interpretation and
wrote the paper based on her project report. V Sushmitha and P Deepak Raj contributed to the planning of
the experiments and interpretation. All coauthors read and commented on the manuscript.



IConAMMA-2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 310 (2018) 012021 doi:10.1088/1757-899X/310/1/012021

7. Reference

[1] W.J. Jeong, S.K. Kim and G.C. Park , 2006, Thin Solid Films 506— 507, 180 — 183

[2] E.J.J. Martin, M. Yan, M. Lane, J. Ireland, 2004, C.R. Kannewurf, R.P.H. Chang, Thin Solid Films
461, 309- 315

[3] Woon-Jo Jeong, Gye-Choon Park, 2001, Solar Energy Materials & Solar Cells 65, 37-45

[4] R. Ferro, J.A. Rodriguez, O. Vigil, A. Morales-Acevedo, G. Contreras-Puente, 2000, Phys. Stat. Sol.
A 177,477

[5] S.B. Zhang, S.H. Wei, A. Zunger, 2001, Phys. Rev. B 63, 075205.
[6] Z. Zhao, D.L. Morel, C.S. Ferekides, 2002, Thin Solid Films 413, 203

[7]1 S. Sadofev, S. Blumstengel, J. Cui, J. Puls, S. Rogaschewski, P. Schafer, 2006, Appl. Phys. Lett. 89,
201907

[8] G. Torres-Delgado, C.I. Zuniga-Romero, O. Jimenez-Sandoval, R. Castanedo-Perez, B. Chao, S.
Jimenez-Sandoval, 2002, Adv. Funct. Mater. 12, 129

[9] F. Wu, L. Fang, Y.J. Pan, K. Zhou, Q.L. Huang, C.Y. Kong, 2010, Physica E 43, 228

[10] H. Tabet-Derraz, N. Benramdane, D. Nacer, A. Bouzidi, M. Medles, 2006, Sol. Energy Mater. Sol.
Cells 73, 249

[11] Trilok K. Pathak, Jeevitesh K. Rajput, Vinod Kumar, L.P. Purohit, H.C. Swart, R.E. Kroon, 2017,
Journal of Colloid and Interface Science 487, 378-387

[12] O. Vigil, L. Vaillant, F. Cruz, G. Santana, A. Morales-Acevedo, 2017, Thin Solid Films 361-362, 53

[13] A.D. Acharya, Shweta Moghe, Richa Panda, S.B. Shrivastava, Mohan Gangrade, T. Shripathi,
D.M. Phase, V. Ganesan, 2012, Thin Solid Films 525, 49

[14] T.K. Pathak, V. Kumar, H.C. Swart, L.P. Purohit, 2015, J. Mod. Opt. 62 (17), 1368
[15] F. Yakuphanoglu, S. Ilican, M. Caglar, Y. Caglar, 2010, Superlattices Microstruct. 47, 732

[16] B. Joseph, K.G. Gopchandran, P.K. Manoj, P. Koshy, V.K. Vaidyan, 1999, Bull. Mater. Sci. 22, 921



