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ABSTRACT

Cadmium tin oxide Cd,SnO, thin films were prepared by RF magnetron sputtering technique on glass substrates at
room temperature. The as-prepared films were amorphous. The optical parameters as transmittance, optical energy
gap, refractive index and the width of the band tails of the localized states found to be affected by changing the
annealing temperature and thicknesses of the films. The electrical resistivity found to be affected by annealing
temperature too.
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INTRODUCTION

Tin oxide SnQ@, Indium oxide InQ and Zink oxide ZnO are good examples of degeneet@conductors which are
highly transparent and conducting binary metal exiinsparent conducting oxides (TCOs). These iatgdrave
been thoroughly investigated and employed in maplieations. However, ternary oxide TCOs such agSAQ)
[1], CdInG, [2], ZnG&04 [3] and CdSNQ, [4] have eminent properties required for a transpiaconducting oxide.
It is reported that G&nQ, thin films show electrical resistivity ( T0Q cm), high transmission>90%) in the
visible region and smoother surface than conveati®@nQ TCO film [5-6]. This aspect makes §hQfilms an
important material for the application of electroohaterial in solar photovoltaics. It is known thHeansparent
conducting oxides are a class of materials whighamit visible radiation and conduct electricitywhs found that
it has a wide applications as transparent electridepanel display, heat reflective coatings omergy-efficient
windows, and electrochromics such as smart mirfe18] solar cells [10-11], abrasion resistance icagst [12]
corrosion resistant coatings [13], gas sensors [dihic contacts to surface-emitting lasers [15di@hic contacts
to photodetectors [17-18], Shottky contacts to ptetectors [19-23], and heat mirrors for energicieiffit windows
and light bulbs [24]. The properties of these filange highly dependent on the method of depositioth the
substrate upon which they are deposited. Cadmiuiteois an n-type semiconductor, with direct bang ga
approximately (2.4 — 2.7 eV) and has a poor optiaismittance in the visible spectral region [ZBh oxide
(Sn02) is am-type semiconductor which possesses perfect phygioglerties,. Additionally, the material shows
high variations of the electrical resistance in fliesence of oxidizing and reducing gases. Thirokide films
exhibit high optical transparency (> 80 %) in thsihle region [26]. Cadmium sulfide has been pregdan the form
of nanocrystalline thin films, their optical charadzation indicates that film deposited by sol ek larger band
gap than those prepared using spray pyrolysis. [Pi¢ crystallalographic structure and the optmalperties of
cadmium sulfide has been studied by Dipalee ef28], showing that annealing results in decreashegenergy
gap. The spectral studies on noanocrystalling,C@,S thin films [29] in the range of wavelength betwé&®0 nm
to 1300 nm showed absorption is high%10° cm™ ®the estimated band gap decreased from 2.42 e\9tbel/

227
Pelagia Research Library



Mostafa M. Abd El-Raheem et al Adv. Appl. Sci. Res., 2012, 3(1):227-234

as x varies from 0.0 to 0.5. Krishnakant et al [RJnd that incorporation of nano particle improties electrical
conductivity.

The present work was carried out with an aim taniifie the possibility of preparing cadmium stann#ia films
using rf sputtering. Hence an attempt was maderépgre and study cadmium stannate thin films uddérent
condition, specially annealing the films in air whihas been paid little attention as far as we know

MATERIALSAND METHODS

Thin films of CdSnQ, (Cd:SnQ ato,ic ratio of 2:1) targets from Cathay Advandééakerials Limited (China) were
deposited onto ultrasonically cleaned glass suestiagsing UNIVE 350 sputtering unit with DC poweoael Turbo
drive TD20 classic (Leybold), rf power model CESAHE power generator and rate thickness monitor model
INFICON SQM-160 . The deposition conditions werasé pressure of about 2X1Pa, substrate to target distance
of 10 Cm, rf power of 150 W, self bias 400V, defiosi pressure of 2 Pa, argon flow rate of 10SCCMe T
substrate temperature during deposition was mamtdaat room temperature. As-deposited S, films have
been annealed in air at different temperaturesénange from 250 to 55C.

Investigations of the microstructure were carried using a Philips-PW1710 X-ray diffractometer wihi-K, as a
target and Ni as a filter.

The optical transmittance (T) and reflectance (RYhe films under test have been measured by meérs
computer programmable Jasco V-570 (Japan) doulsie lspectrophotometer in the wavelength range froénta
2500 nm at normal incidence. In case of reflegtiviteasurement, an additional attachment model 13-4
provided. The absorption coefficientof the films was determined directly from the speghotometer reading
using the formula [31]:

2.303

a =2 1ogi (77) (3
Where d is the film thickness.

The optical energy band gap was estimated fronofiteal measurements by analyzing the optical datia the
expression for the optical absorbance, and theophetergyhv using the following equation:
(ah9) = A(h9 — E,)" 2

Since,h is the Planck's constant; A is a constant ayid Ehe optical energy gap, which were obtained by
Extrapolating the linear portion of the plots @k h9)'/" versus(hv) toa = 0
The refractive index n was calculated from thedwihg equation:

n= 2R (B arepe @)

1-R 1
Wherek = aA/4m is the extinction coefficient antis the incident light wavelength.

To calculate the refractive index of thin films shing some fringes accompanied with the transmissymttra, the
following equations will be used:

n= [N+ /(N*—s?) (4)

WhereN = 12 4 250m+Tm) (5)

2 TyTm

and the refractive index of the substrate s;

s =Tls+ (%—1)1/2

Ts Tu, T are the transmission of the substrate, maximunmangmum transmittance of the fringes respectively.
The spectral dependence of refractive index, ricalpgap Ep, width of the band tails £of the localized states and

others were estimated.
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The resistivity measurements were carried out amréemperature using two-terminal configurationapplying
constant voltage to the film and measuring the enirthrough it using Keitheley 614 electrometelecEical
contacts were made by applying silver paste owesthiface of the films with separation of 2 mm.

RESULTS

Figure 1 shows the X-ray diffraction patterns sf-aleposited and annealed,&dQ, film of 350 nm thick at 550
°C for 2 hrs. It is seen that the as-deposited éikhibits the amorphous structure, which agree wiitiers [32].

The effect of annealing temperature 580on the structural properties of the films of sahiekness 350 nm thick
reveals a tendency of beginning crystallizatio2ét= 32 and 56which is consistent with Jeyadheepan et al [33].
This behavior agrees also with others [32], buhweibme difference, where it has been reportedasaprepared
films become polycrystalline after annealing at penature above 52% and our results have not show clear peaks.
This difference may be due to differences in theoddion process. Furthermore, our results agreanith X. Wu

et. Al [34] who observed that as deposited filmsR¥y sputtering are amorphous and crystallizatiothefprepared
Cd,SnQ, films take place during the annealing temperature.
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Fig. 1 X-ray diffraction of Cd 2SnO4 as-deposited and
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annealed thin films (350 nm thick) at 550 °c for 2 hrs.

The scan electron microscope analysis assertavibephous nature of the as-deposif€de EDAX analysis reveals
the stoichiometric composition of the £thQ, compound as shown in figure 2.
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Fig. 2 SCM for annealed thin film of 270 nm at 600 °C for 2hr. Also the EDX of the as-deposit film of the
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Figure 3 shows typical transmission spectra fodegsesited Cs5nQ, films of different thicknesses(150, 250, and
350nm). Interference maxima and minima due to ipleltieflection on film surface can be observeddatihg that
the films have a good plane surface. A very rougffiase will destroy the interference due to muétipéflections
Hence, reflection may increase and scattering fuoeven surface may decrease [35-36]. It is sedigure 3 that
there is a little decrease in the transmittandd wicreasing the thickness, this might be duentwease of both
reflection and absorption [36]. On the other hamdrage transmittance of the as-deposited filnexigss of 90%
in the range of wavelength from 450 to 1000 nm.ngmnaission loss is in the longer wavelength is sadigure 4
also which can be interpreted as due photon-eledhteraction, which can scatter the photons. Lesseur from
both reflection and absorption. Reflection in thégion is not strictly a surface phenomenon. Ré&fecfrom the
bulk of the material can occur, provided that thecteon escapes the surface. If the scatteredretectoes not
escape the surface, it can be concluded to havedim®rbed [32].

The effect of annealing GENQ, thin films of the same thickness 270 nm at différ@nnealing temperatures (250,
350, 450 and 550C) for 2 hrs. are shown in figure 4. It is cleaattla decrease of transmittance is seen with
increasing annealing temperaturevhich agrees with Agbo e al [37] which may be due to improvement of film
properties. Interference maxima and minima is shimwfigure 4 too.
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Fig.3 Variation of T% with ~ A(nm) fot Cd 2SNOchin films
of different thicknesses at room temperature.
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Fig.4 Variations of transmittance T% with wave length A(nm) for as
-prepared and annealed Cd 2Snoathin films at different temperaturs.
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The optical energy gap will be estimated from tipdiaal measurements by analyzing the optical dath the
expression for the optical absorbance, and theophehergyhd using equation 2. The optical band gap can be
obtained by extrapolating the linear portion of filets of(ahd)"" versushd to a=0. Using the value n=2, the
relation found to be straight line as shown in feg6é representing direct transition. Figdreeveals that the optical
gap of the Cg5nQ, thin films ( 300 nm thick ) has the values 2.8&.2.9, and 2.96 eV for the as-deposited and
annealed at 250, 350, and 48Drespectively. It is reported that the optical gaphe CdSnQ, thin films is 2.7 — 3
eV [32] which is in consistent with the presentutes The increase in the band gap energy withegming the
annealing temperature can be attributed to thet8urdloss shift in which the absorption edge shtftwards
higher energy with an increase of carrier conc¢ioing38-39].The optical band gap, Eicreases with increasing
annealing temperature, which can be explained Bew; the unsaturated defects are gradually aedealut
producing a larger number of saturated bonds lgadin a decrease in the density of localized stated
consequently the optical gap increase

8
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Fig.5 Plots of (ahv)”?vs. hy for Cd,SnO, thin films, as-prepared

and annealed at 250, 350, 450 °C for 2 hr.
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Fig. 6 plot of ( ahv)? vs. (h v) for as-deposited
Cd 2SnO4 thin films of different thcknesses

Fig. 6 shows the plots ofifi9)*? vs. () for the as-deposited G8nQ, thin films of different thicknesses from
which the optical gap are determined and founde@ M4, 2.49, 2.66 eV for the thicknesses 150, a6d,350 nm
respectively i.e. optical gap increases with increasing thicknesshef films Thicker films are characterized by
homogeneous network, which minimizes the numbedefects and the localized states, thereby incrgatia
optical gap [40]

To calculate the width of the band tailsdf the localized states, the following equatio@][4ill be used:
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a(w) = a,(w)e"/* (6)

Wherea, (w) is constant, h is the Plank's constant. Figusows the Lmr(w) versus(hd), the slope of which can
be used to calculate. Bf the as-prepared and annealed films of the shitkness 300 nm at different temperatures
for 2hr.The calculated values of the band tailgshef localized states.Hrom figure 8 found to be 0.353, 0.333,
0.329, 0.325 and 0.326 eV, for the as-depositedeard films of thickness 300 nm at 150, 250, 356 450C
respectively. This behavior of decreasing the \alole E with increasing annealing temperature agrees wiétl

our results which reveal thatHncreases with increasing the annealing tempeza@n the other hand, as values of
E. are very much larger than 0.05 eV, Tauc's modsétban electronic transitions between localizetestm the
band edge tails may well be valid in our materjalq.

—— asprepared
LB

16:“““““““““‘
2.4 2.6 2.8 3 32 3.4 3.6

Fig 7Ln (a)-hvrelations for as-prepares and annealed

Cd; SnO thin films (300 nm thick) at different temperatures

The variation of the refractive index with the wkregth is shown in figur®, indicating that the refractive index
decreases with increasing the wavelength. The teffieannealing is obvious, where the refractiveediecreases
with increasing the annealing temperature which rayattributed to the decrease in the packing tiemgih
increasing annealing temperature [42].
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Fig.8 Variations of the refractive index n with the incidenct
wavelength A for as-deposited and annealed Cd 2Snodthin

filmsof thickness 300 nm at different annealing
temperatures for 20 mins.

Fig. 9 reveals that the electrical resistivity decreasith increasing the annealing temperature which ban
explained as due to grain growth and possibly tatlyzation [43].
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Fig.9 Variations of the resistivity  p (Q.cm) with annealing
temperature Tam(K) for CdZSnO4thin film of thickness

300 nm at room temperature.
CONCLUSION

Cadmium tin oxide C¢nQ, thin films were prepared by RF magnetron sputtetachnique on glass substrates at
room temperature. The as-deposited films were ahowp whereas a tendency of crystallization appewidu
annealing. The optical energy gap was increase initteasing the film thickness and increasing thaealing
temperature. The width of the band tails of thealzed states found to decrease with increasingeaimy
temperature. The refractive index was decreasels witreasing the incident wave length and with afing
temperature.. The electrical resistivity decreasid increasing the annealing temperature.
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