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Abstract: There is an ever growing interest in the syntheki®w-cost, non-vacuum transparent conducting
oxides (TCOs) with n-type conductivity. In seardrsoch suitable TCOs, it is found that chemical phgsical
conditions can be conveniently incorporated in eO thin films to obtain higher transmission and
conductivity. In this work, CdO films have been gaeed, using simple Chemical Bath Deposition tegpni
for the molarities 0.05 and 0.1.The prepared filwexre annealed at a temperature of ©O@r one hour.
Transmission spectra of the films were taken udifg-VIS Double Beam Spectrophotometer in the
wavelength range 400-1100 nm. Optical constanth as¢ band gap, refractive index, extinction coefit,
dielectric constant and Urbach energy were alsdiesiu

Keywords: CdO thin film, optical properties, transparent cactthg oxide thin films, extinction coefficient,
Urbach energy.

Introduction

Oxides of many metals such as Tin, IndiunmcZiCadmium and their alloys, can be used as TCO'’s
possessing transparent conducting property. Mutteostudied transparent conducting metal oxidesaaion
deficient (i.e., Oxygen deficient) and hence aweagk n-type conductors[1]. The transparent condgatetal
oxides are also referred as oxide semiconductaie & metal oxide thin films are very importanttive field
of science and technology. These films can exhibious characteristics of metals, semiconductoid a
insulators with improved electrical and optical pedies. So they can be used as electrodes inleptamic
devices[2], display devices[3] and photovoltaidsfé]. The n-type CdO thin films exhibit rock salructure
(FCC) with band gap 2.2eV. It also has good optoalductivity and transmission in the visible rafgje CdO
films can be synthesized by various methods su@pasy Pyrolysis[6], Sputtering[7], Sol-gel spiratiag[8],
Activated reactive evaporation[9], Metal Organice@tical Vapour deposition (MOCVD)[10], Pulsed laser
deposition[11-13]. The main goal of the work is 9eek a simple, non-vaccum and economic deposition
technique for efficient transparent films. In thisidy CdO films were synthesized using simple ChahBath
method at various concentrations with fixed pHvalDptical studies such as transmission, bandg#active
index, absorption co-efficient, extinction coeféiot, dielectric constant (imaginary and real) amdaddh energy
were evaluated.

Experimental Methods

Cadmium Oxide thin films were prepared by CBD mdthath fixed pH value. Stock solution (5 ml)
of CdChL 2H,0O was taken in a beaker followed bythe additio afil of 30% NH, with slight shake gave a
whitish solution which is odorless. More of 30% Nias poured into the solution until it was clear ;NH
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Double Distilled Water (5D, 34 ml) was added to the precursor solution wiighe a fair whitish colour.The
set-up was kept into an open beaker where a goodranof oxygen was sufficiently supplied to it. Tasic
solutions of molar concentration 0.05M, 0.1M filneme prepared. The pH of resultant solutions wasyiéa
The glass plates were cleaned well and used irbaltle for deposition. Whitish thin films S1 and S2res
deposited on the glass substrates after 24 h, wthicted clearly whitish when rinsed with distilledater.
Samples were post-treated at 100°C for 1 hour. fllims obtained were named as S1(0.05M)and S2(0.1M).
After 24 hours all precipitate settled down at le¢tom of the bath indicating the completion of finecess.

The equations for the chemical reactions are é&zwe|
CdCb+ NH; + H,O------- 2>[Cd(NH,)4] 2 + 20H+ 2CI
20H + Cd-----CdO + HO

Optical studies were carried out with UV-VIS DoulBeam Spectrophotometer (PERKIN ELMER
Lambda35) for the wavelength region 400 nm to 110

Results and Discussion
Thickness of thefilm

Film thickness (d) was found by Gravimetric Weiglitference Method using high precision electronic
balance given by the relation [14]

d= M/(p*A)

where M is the mass of the film deposited on thiesgate in gramp the density of the deposited
material and A the area of the deposited film. Thekness of the films S1 is 780nm and S2 is 850nm

Optical studies of the deposited films

Fig. 1 shows the optical transmittance of the filmth 0.05M (S1) and 0.1M(S2) with wavelength. The
films show high transmission in the visible andmeérared region. It is clear from the transnoss spectrum
that the transmission of the films increasih the wavelength. Sample S1 exhibits maximumgparency
of about 50%and sample S2 slightly less transpgreh@about45% in the visible region and it extemngisto
the near infrared region.
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Figure 1. Transmission spectra of CdO films

Figure 2 shows the absorption spectra of CdO. Tiseration of CdO films S1 and S2 were studied in
the wavelength range 350-1100nm. The optical alagpa of the films decreases with the wavelengties&h
spectra reveal that as-grown CdO films have momorance in the UV region and less absorbanceein th
visible and high wavelength region.
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Figure 2. Absorbance spectra of CdO films

The optical band gap of the films S1 and S2 waadausing the relation[15]
(ahv) =A(hv-Eg)"

Where, A -energy independent constant, m - temmsletermining the optical transmission type (fo
direct allowed, indirect allowed 2, direct forbe8/2 and indirect forbidden transition 3) respadyi. E; is
the Energy gap. A plot ofufiv)? versus h is shown in Fig 3. CdO is a direct band gap sendootor .The
straight line on the curve in the horizontal axiews the band gap of the CdO thin films and it.B62V for
the film S1 and 2.89eV for the film S2.This charigethe band gap may be due to the difference in the
deposition method and the parameters used duringrtitess of coating.

0.00006 -

0.00005 -

0.00004 -

—51

0.00003 -
—352

(ahv)?

0.00002 -

0.00001 4

0

25 26 27 28 289 3 31 32 33 34 35

Photon Energy( eV )

Figure 3. Plot of (ahv)?versus hv

The measurement of optical constants such asctiefzdandex (n), complex dielectric function(reaica
imaginary), extinction coefficient (k), are very portant to study the optical properties of the ddhin
materials. R is the normal incidence reflectivihdas given by-

R = (n-1F+K¥(n+1)+k?

where n is the refractive index and k is the egtimccoefficient (k=A/4x)[16]. The values of n and k
are calculated using the above equations. Thectefeaindex variation with photon energy is plottadrig.4.
The film S1shows refractive index change from 109184 and S2 from 1.89 to 1.92.
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Figure 4. Plot of refractive index (n) vs photon energy(hv)

The extinction coefficient (k) plot against the pt energy in Fig.5 shows that the extinction
coefficient (also called the attenuation coeffitjéa high for low photon energy and it decreaséh mcrease
of photon energy. Stronger absorbing medium shovesenextinction coefficient. The energy loss of
electromagnetic radiation through that medium isasneed by the extinction coefficient of a particula
substance. The extinction coefficient is invergelated with the transmittance spectra. The highgmittance
shows low extinction coefficient [17] and low tramitance shows high extinction coefficient.
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Figure5. Plot of extinction coefficient (k) vs photon ener gy(hv)

The optical conductivity is measured using thedfelhg formula[18]
o= oM4n

Optical conductivity of the films S1 and S2 incressvith photon energy. The change in the optical
conductivity with photon energy is same for botk fhms (fig-6). The increase of optical condudiyin the
high photon energy region is due to the increasdh& absorbance of sample thin films.[19] Optical
conductivity of S1 is slightly higher than the filg2.
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Figure6. Plot of optical conductivity (o) vs photon energy(hv)
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Real part of the dielectric constant is relatetheon value and imaginary part of the dielectrinstant
to the k value. The values gfande;were calculated using the relations [20],

8r:n2'k2
Si:2nk

The imaginarye;and reale, parts of the dielectric constants are ptbtes a function of photon
energy in Fig 7. & Fig 8.The imaginary part sholWwe tibsorption of energy of a dielectric materiahfran
electric field due to dipole motion. The imagingart of dielectric constant decreases with photmrgy. Fig-

8 shows how much the real dielectric constant sldlw down the speed of light in the material S1 less
value ofg; than S2. Fig-8 shows how much the real dielectizstant will slow down the speed of light in the
material. For the film S1 the real part of dielectonstant increases from 3.65 to 3.77 and fofr@&n 3.57 to
3.7.
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Figure 7. Plot of Didlectric constant (imaginary) vs photon ener gy(hv)
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Figure 8. Plot of Didlectric constant (imaginary) vs photon ener gy(hv)

Plot of In @) with photon energy is depicted in Fig 9. The akdted urbach energy for the film samples
are shown in table 1.Lower value of Eu indicates/weeak absorption due to minimum level defects and
impurities in the system. For the sample S2 Euglédr than the sample S1.

Table 1. Urbach energy(E,) of CdO thin films

Sample Urbach Energy (m eV
S1 48.14
S2 52.46
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Figure9. Plot of In(e) vs photon ener gy(hv)

4. Conclusion

CdoO thin films are deposited on glass plates u§lhgmical Bath method after anneling shows flim

thickness of 780nm and 860nm.The Optical studiesvghat higher molarity film has less transmittantke
band gap values were found to be 2.86 and 2.89e¥fafive index increases from 1.91 to 1.94(S1) ki@
to 1.92(S2). Optical conductivity increases from 40 to 10 x 16 with photon energy for the films. The real
part of dielectric constamt increases with the photon energy and the imagiparof the dielectric constagt
decreases with the photon energy. Urbach energthéosamples increases from 0.001 to nearly 0.0025
photon energy.
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