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Abstract. Cd,Zn, S films are of considerable interest for a variety of solar
cell systems in which CdS films have been demonstrated to be effective as
the large band gap window material of a heterojunction. Cdy,Zng7sS films
have been deposited onto the glass substrates at different substrate
temperatures of 250°C, 275°C, and 300°C. The average optical transmittance
all of the films was over 70% in the visible range. The optical absorption
studies reveal that the transition is direct with band gap energy values
between 3.012 and 3.095¢V. The optical constants such as refractive index
and dielectric constant of the thin films were determined. The important
changes in absorption edge, refractive index and the dielectric constant were
observed due to the substrate temperature. The refractive index dispersion
curves of the films obey the single oscillator model and oscillator parameters
changed with substrate temperature. The most significant result of the present
study is to indicate that substrate temperature of the films can be used to
modify in the optical band gaps and optical constants of the Cd,,Zng 75S thin
films.

PACS: 78.20.Ci

1. INTRODUCTION

In recent years, extensive studies have been carried out on the preparation and
characterization of wide band gap oxide semiconductors such as TiO,, ZnO, SnO,, [1-3], etc.
due to their application in photovoltaic, photoelectrochemical energy conversion and
photoconductors. The cadmium zinc sulfide (CdZnS) thin film is one of the promising materials
in this respect. CdZnS thin films have been widely used as a wide band-gap window material in
heterojunction solar cells and in photoconductive devices. The CdZnS has been prepared by
various methods such as vacuum evaporating, screen printing, sintering, chemical deposition,
physical vapor deposition, spray pyrolysis, electrodeposition [4-6]. Among these, the spray
pyrolysis method is cheaper, simpler and more versatile than the others and gives the possibility
of obtaining films with suitable properties for optoelectronic applications and also when large
areas are needed.

The study of optical absorption has proved to be very useful for elucidation of the
electronic structure of these materials. It is possible to determine indirect and direct transition
occurring in band gap of the materials by optical absorption spectra. The data transmittance can
be analyzed to determine optical constants such as refractive index, extinction coefficient and
dielectric constant. The evaluation of refractive indices of optical materials is of considerable
importance for applications in integrated optic devices such as switches, filters and modulators,
etc., where the refractive index of a material is the key parameter for device design.

The optical constants of thin films depend on the condition of preparation such as the
substrate temperature during the deposition process. These parameters have to be controlled
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right from the initial stages of deposition. In this work, the effect of the substrate temperatures
on the optical properties of Cdg,Zny 7S thin films are presented and discussed.

2. EXPERIMENTAL

Spray pyrolysis is basically a chemical process, which consist of a solution that is
sprayed into a substrate held at high temperature, where the solution reacts forming the desired
thin film. Cdy»,Zn7sS thin films were deposited on thoroughly pre-cleaned glass substrates by
using spray pyrolysis method. In this method, the film precursor is sprayed into a heated
substrate (T=250'C, 275°C, and 300°C) using nitrogen as carrier gas. Cadmium chloride
dehydrate, zinc chloride and thiourea were used as the starting material. The spray pyrolysis
deposition system was given in details elsewhere [7-8]. The adhesion of the films onto the
substrates was quite good. Cdp2Zng7sS thin film exhibited yellow colour. The thickness of
deposited all the thin films was measured by weight difference method using a sensitive semi-
microbalance. These films, i.e., deposited at 250'C, 275°C and 300°C substrate temperatures
were named as S1, S2 and S3, respectively.

The optical absorption and transmittance spectra of all the thin films at room
temperature were recorded on a SHIMADZU UV-2450 UV-VIS Spectrophotometer in the
wavelength range 190nm-900nm. The reflectance data were calculated using these data.

3. RESULTS AND DISCUSSION
3.1 Optical band gap of the thin films

In order to determine the optical band gap of these films, the absorbance spectra of the
films were recorded at room temperature. The transmission and reflection spectra of S1, S2 and
S3 thin films are shown in Fig. 1 (a-b). The optical band gap can be calculated from the
following relationship [9],
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Fig. 1. Transmittance (a) and reflectance (b) spectra of the thin films.
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where m is a constant which determines type of the optical transition (m=1/2 for allowed direct
transitions and m=2 for allowed indirect transitions). Here, the direct transitions are optical
transitions that occur in the semiconductors. It is well known that direct transition across the
band gap is feasible between the valence and the conduction band edges in k space. In the
transition process, the total energy and momentum of the electron-photon system must be
conserved. Fig. 2 shows plot of (a1v)’ vs. photon energy. The values of the direct band gap E,
were determined by a least squares fit and are given in Table 1. E, values change with the

substrate temperatures.
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Fig. 2. The plots of the variations of (e V)’ vs. (hv) for the thin films.

Table 1.
Film E, (eV)
S1 3.095
S2 3.052
S3 3.012

3.2. The refractive index and dielectric constants of the thin films

The complex refractive index and dielectric function characterize the optical

properties of any solid material. The dispersion plays an important role in the research for
optical materials. Because, it is a significant factor in optical communication and in designing
devices for spectral dispersion. The complex refractive index of the film is expressed as [10],

= n(w) +ik(w), (2)

where 7 is the real part and k is the imaginary part of complex refractive index. The refractive
index of the thin films can be determined from the following equation [11],
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2, g2
po (=D + k" , 3)
(n+1)*+k*
where k (k=aA/4m) is the extinction coefficient. The refractive index values of the thin films
were calculated using Eq.3. The refractive index and extinction coefficient k£ dependence of
wavelength were plotted. These constants at 450 nm are given in Table 2. The fundamental
electron excitation spectrum of the films was described by means of a frequency dependent of
the complex electronic dielectric constant. The dielectric constant is defined as,
g(w)=¢/(w)+ie(w) and real and imaginary parts of the dielectric constant are related to the n
and & values. The ¢; and &, values were calculated using the formulas [10],

g=n"—k°, 4)
&, =2nk, (5)

& and &, values at 450 nm are given in Table 2.
Table 2. Optical constant of the thin films (at 450nm).
Film n kx107 & &x107
S1 2.08 1.21 4.34 5.02

S2 2.13 1.28 4.52 543
S3 2.50 1.86 6.25 9.31

3.3. Single Oscillator Parameters from WDD Model

According to the single oscillator model proposed by Wemple and DiDomenico [12]
the optical data could be described to a very good approximately by the following formula
E,E

o

E} —(hv)’ ©

where, n is the refractive index, E, is the average excitation energy for electronic
transitions, iv is the photon energy and E, is the so—called dispersion energy. The latter
quantity measures the average strength of the interband optical transitions. Plotting (n” — 1)

against (hv)’ allows the determination of the oscillator parameters by fitting a straight line to the
points (Fig. 3).

n’ =1+

(1)
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Fig. 3. The plots of the variations of (n”-1)” vs. (hv)’ for the thin films.
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The value of E, and E, can be directly determined from the slope (E(,Ed)'] and the
intercept on the vertical axis, (E; / E,). The values obtained for the dispersion parameters, £,
and E, are tabulated in Table 3. The oscillator energy, E, is an average energy gap as pointed
out in many references [13-19]. We found that E, value of the films is related empirically to the
lowest direct band gap by E,~1.2 E, This relation is in agreement with the obtained relation
(E~1.4 E,) obtained from the single oscillator model [13]. The M_; and M.; moments of the
optical spectra can be obtained from the relationship

M_
E2=M' and E? = . (7)

o
-3 -3

The obtained values are given in Table 3.

Table 3.
Film E, (eV) E4(eV) M, M_; (eV)?
S1 3.744 4.213 1.125 0.080
S2 3.937 4.576 1.162  0.075
S3 3.868 5.130 1.326  0.089

4. CONCLUSIONS

The effects of substrate temperatures on optical properties of CdgZng7sS thin film
deposited onto glass substrates by the spray pyrolysis method have been investigated. The direct
optical band gaps of the films were found to be between 3.012 and 3.095eV. The refractive
index and the dielectric constants of the films changed with substrate temperature. The
refractive index dispersion curves of the films obey the single oscillator model.
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Ancrpakt. Gunmosute ox CdyZn; S € HaHECEH Ha CTaKJIeH CYICTpaT MpU pa3IHnyHH
TeMIiepaTypu Ha ctakiaoto u toa: 250°C, 275°C u 300°C. Cpeanara TpaHCMHUTAHIIA BO BUUIBHOT
nen Ha cute (uimoBu Oemre Hag 70%. ncutyBameTo Ha OTIHYKATa allCOPIIIMja OTKPHja JAeKa
MIPEMUHOT € TUPEKTEeH CO IMpoYnHa Ha 3a0panHerata 3oHa momery 3.012 u 3.095e¢V. bea
OlpefeNieHH ONTHYKUTE KOHCTaHTH Ha TEHKUTEe (UIMOBHM, Kako INTO € WHAEKCOT Ha
NPEKpLIyBake U JUETIeKTPUUHATa KOHCTaHTa. Bo 3aBHCHOCT oX TemmneparypaTa Ha cyOCTpaToT
O0ea HaOJpyqyBaHHM IIPOMEHHM BO AalCOPIIMOHUTE IMKOBH, HMHIECKCOT Ha IPEKPIIYBAlkE U
JIUeNeKTpUYHaTa KOHCTaHTa. Jlucmep3noHWTE KpUBH Ha HHIEKCUTE Ha MpEKpIIyBame Ha
¢mwiMoBHTE ce MOKOpyBaaT Ha MOAEIOT Ha EOWHEYEH OCLUIaTop, a [apaMeTpuTe Ha
OCLMJIATOPOT CE€ MEHyBaaT CO IIpOMEHa Ha Temieparypara. Haj3HadaeH pe3ynraT Ha oBa
UCTPaKyBambe € 3aKIYYOKOT JIeKa TeMIeparypara Ha cyOCTpaToT MOXKe Ja ce MCKOPUCTH 3a
MpOMEHa Ha OTMHYKaTa 3a0paHeTa 30HA W ONTHYKUTE KOHCTAHTU HAa TEHKUTE (HIMOBU OJ
Cdo»Zng 7sS.
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