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ABSTRACT

Spray pyrolysis is a simple, inexpensive and economical method to produce a thin film on large substrate area.
Thin films of CdZnSexTe21-x for composition parameter x=0.25 at a substrate temperature of 300°C are
prepared by spray pyrolysis technique. From the optical transmission and reflection spectra, absorption
coefficient (o) was calculated and was of the order of 10* cm™.Band gap energy were determined from
absorbance measurement in visible range as 2.27 eV using Tauc theory. It shows that the main transition at the
fundamental absorption edge is a direct allowed transition. The refractive index(n) and extinction coefficient(k)
both decreases as wavelength increases which shows that the optical constants are most suitable for many
scientific studies and technological applications such as heat mirrors, transparent electrodes and solar cells. The
activation energy increases at higher temperature may be due to attributed to the increase of band gap. Hence
the grain size of the films increases. This effect reduces the grain boundary effect. The XRD pattern shows
number of peaks indicating that the films are poly crystalline in nature. The analysis of spectrum indicated that
the films are having throughout cubic structure. The value of lattice parameter 'a" is 6.3702 A°

Keywords: CdZnSexTe21x thin films, spray pyrolysis ,optical, electrical properties, activation energy, lattice

parameter.

I. INTRODUCTION

In the recent years much more attention has been

evaluation of any material for application is complete

and meaningful only when its structure and

paid in semiconducting II-VI compounds because of
their optoelectronic properties and their possible
applications in switching and memory devices,
photodiodes and solar cells. The ternary compounds
including Cadmium zinc telluride and Cadmium zinc
selenide have attracted much more attention in the
field of solar cells due to their interesting properties of
band gap. There are several binary and ternary
semiconductors, such as GaAs, GaP, CulnSe2, CdZnTe,
CdZnSe, etc. which have band gaps in the required

range(suitable for photovoltaic conversion). The
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composition are precisely known. The reliability
factor, which is the most important one for device
application, can only be assured through a systematic
and detailed study of the structural, electrical and
optical properties. Cadmium zinc telluride and
Cadmium zinc sellenide are among II-VI series of
The

quarternary compound is a opens up the possibility of

semiconducting compounds. growth  of
their application for novel optoelectronic devices such
as light emitting diodes, photo electrodes, blue green

lasers etc.[1] the visible region of electromagnetic
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radiation [2]. The research of the optical and electrical
properties of CdZnTe and CdZnSe system forms a
basis of the active region of laser and LED.To the best
of our knowledge, very less work has been reported
on tellurium rich CdZnSexTex1x polycrystalline
material. Thus the present study is aimed at investing
the optical and electrical properties of CdZnSeosTers
in the form of thin films.

Several researchers studied properties in the II-VI
semiconductor films using the variety of methods such
as flash evaporation, chemical vapour deposition, r. f.
sputtering, chemical bath deposition, electro
deposition [3-5] and spray pyrolysis [6-7].

We have chosen spray pyrolysis due to simple,
inexpensive and produce a thin film on large substrate
area and it is suitable for scientific studies and for
many technological and industrial applications. Very
less work has been found on CdZnSex Tex-x) thin
films. So our aim is to study optical, electrical and
structural properties of CdZnSe2«Te21-» thin films with

x=0.25 prepared by spray pyrolysis technique.

II. METHODS AND MATERIAL

The aqueous solutions of Cadmium chloride(CdCl2),
Zinc chloride (ZnClz2), Selenium dioxide (SeO:2) and
Tellurium tetrachloride(TeCls) each of 0.02 M were
prepared in double distilled water. Chemicals used
were of AR grade. The solutions are mixed in one in
the proportion 1:1:1:3 by volume. The film shows a
tellurium and selenium deficiency [8-9] if the ratio of
proportion of solution was taken as 1:1:0.5:1.5 by
volume. Sprayer was mechanically moved to and fro
to avoid the formation of droplets on the substrate and
insure the instant evaporation from the substrate. The
distance between the sprayer nozzle and substrate was
kept at 30 cm. The spraying was done in the
atmosphere at the spray rate 3.5 ml/min. with a
maintaining pressure of 12 Kg/cm? The temperature
of substrate was maintained at 300°C and was
constantan

measured by pre-calibrated copper

thermocouple. The thicknesses of the films were

measured by weighing method on unipan
microbalance and was of the order of 0.1695 pm at
substrate temperature 300°C. At this temperature
deposition occurs at optimum rate resulting in
terminal thickness. 0.1695 um. It was found that the
thin films had grayish color owing to the presence of
more amount of tellurium. Optical transmittance and
on UV-1800-Shimandzu

Spectrophotometer in the wavelength range 350 nm

reflectance was taken
to 1100 nm. Electrical conductivity was measured by
using four probe method [10]. Analytical method of

indexing the X-ray diffraction pattern was used.

III. RESULTS AND DISCUSSION

3.1 OPTICAL STUDY
3.1.1

The optical transmittance (T) of the film was

Transmission spectra

recorded at room temperature using UV-1800-

Shimandzu  spectrophotometer. = Variation  of
transmittance with wavelength of the incident beam
was recorded for the range of wavelength 350 nm to
1100 nm. And then the graph is plotted between %
Fig.1.Shows the

variation of transmission versus wavelength for as

transmittance and wavelengths.

deposited CdZnSeosTers thin films.
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Fig.1Transmission = spectra of as
CdZnSeosTers thin films .
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It was observed that the transmittance started
decreasing after a particular wavelength, depending
upon composition parameter (x) and remains constant
for higher wavelengths.

It was also observed that onset of decrease of
transmission gives the optical absorption edge. The
optical coefficients were calculated for each
wavelength given by relation,

o = (1/t ) In(lo /T)
Where, “t” thickness of the film,” Io” and “ I” the
intensities of incident and transmitted radiations
respectively.

3.1.2 Reflectance spectra

Reflectance can be calculated using above values of %
transmittance and graph is plotted between
reflectance (R) and wavelength in nm. Fig. 2
represents the reflectance spectra of as deposited

CdZnSeosTe1sthin films.
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Fig. 2 Reflectance of as
CdZnSeosTe1sthin films.

The absorption coefficient “a” is related to the optical

spectra deposited

transmission “T” and reflectance “R” by the relation
[11],

T = (1-R)%exp(-at)/1-R2exp(-2at) «.ovrerennenenn. (2)
Equation (2) is valid in the vicinity of fundamental
absorption edge when R? exp(-2at) « 1 and it is used
to calculate the absorption coefficient “o”.

From fig. 2 it was observed that as the wavelength
increases there is sharp decrease in the reflectance.
The onset of decrease of reflectance gives the

approximate value of band gap [12].

Knowing the approximate region of band gap from
reflectance curve, o is calculated by using equation
(2), from the knowledge of T, R and t.

An analysis of the spectrum showed that the
absorption at the fundamental absorption edge can be
described by the Taue relation [13],

o= (A/hv)* (hv-Eg)» ....ccoeiininin. 3)

Where hv —photon energy, A-constant which is
different for different transitions, n = 1/2 for direct
band gap transition and n = 2 for indirect band gap
transition. To calculate the exact value of band gap,
we plotted the graph between (athv)? versus hv of as

deposited CdZnSeosTe1s thin film of as shown in fig.3.
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Fig.3 Graph between (othv)? versus hv of as deposited
CdZnSeosTe1s thin film .
The linearity of the graph showed the direct allowed
transition, indicating the semiconducting nature of
the films. The linear portion of the plot was
extrapolated to meet on hv axis yield, the value of
band gap energy was found to be 2.27 eV.
These results are found to be in good agreement with
that obtained by Umeshkumar er al and Murali et
al[14-15]
The optical transmission spectrum of the films under
study shows that the transmission spectra mechanism
is due to the direct allowed transition. [16]

The linear plot of (ahv)? versus hv over wide range
of photon energies shows thin film CdZnSeosTeis has

a direct allowed transition.
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3.1.3 Optical constants (n and k)
The refractive index was obtained from the relation
(17],

n = [(1+R) /(1-R)] +[(4R/(1-R)?)-k2]* .......... (4)
Where k —is the extinction coefficient which is related

to the absorption coefficient o and wavelength A as,
[18-20]

The value of refractive index (n) and extinction
coefficient (k) were calculated using relations (4) and
(5). The calculated values of refractive index (n) and
extinction coefficient (k) at the wavelengths in the
range 350 nm -1100nm are plotted as a function of
wavelength in nm as shown in figs4 and 5

respectively
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Fig. 4 Graph of refractive index (n) versus wavelength
(M) of as deposited CdZnSeosTe1s thin film
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Fig. 5 Graph of extinction coefficient (k) versus
wavelength (A) of as deposited CdZnSeosTeis thin
film

Figs. 4 and 5 shows that both k and n decreases with
increasing wavelength but at higher wavelengths
remains approximately constant. Our calculated
values of n and k are in well agreement with the
Saliha Ilican et.al [17] for spray pyrolitically deposited
some ternary semiconducting CdZn(Si1-xSex) thin films
and other workers [21-22] also for ternary group of
Quijada
Henry([23] reported the refractive index for CdZnTe

semiconducting  materials. and Ross
material to be 2.6.The This shows that optical
constants are most suitable for many scientific studies
and technological applications, such as sensors, heat
mirrors, solar cells transparent electrodes and
piezoelectric devices.

3.1.4 Real and imaginary parts of dielectric constant
The real (e1) and imaginary (e2) parts of dielectric
constant are

given by the relations [24]
er=n2-kZ. ... (6)

We also calculated real and imaginary parts (e1 and €2)
of dielectric constants at several wavelengths ranging
from 350nm-1100nm as it is directly related to the
density of states within the energy gaps of the films.
Figs. 6 and 7 shows the variation of real and imaginary
parts of dielectric constant for CdZnSeosTeis thin

films at substrate temperature 300°C.
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Fig 6 variation of real part of dielectric constant for
CdZnSe0.5Tel.5 thin films at substrate temperatures
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Fig 7
constant for CdZnSeosTevs

variation of imaginary part of dielectric
thin film at substrate
temperatures 300°C.

It is observed from the graph that both real and
imaginary parts of dielectric constant decreases with
increasing wavelength. The nature of curves for both
e1 and €2 are found to be same, the only difference is
that the values of real parts are higher than those of

imaginary parts.

3.2 ELECTRICAL PROPERTIES
The temperature dependence of conductivity was
studied in the temperature range 300 K to 573 K. The
resistivity were measured by four- probe method [25]
given by the relation,
p =[(V/I)* 2nS)]/ [G«(t/S)]......... (8) And

G7(t/S) = [25/t] * In(2).....evvnrenennn. ©
Where S-the distance between the probes, t- the
thickness of the film, I- the current generated from
the constant current source between the inner probes,
V- the voltage developed between the outer probes.
Fig.8 Shows the Arrhenius plot of conductivity versus
inverse temperature of as deposited CdZnSeosTeis
thin films The activation energy was calculated from
Arrhenius plot using the relation [26-27],
o = 0o exp{ -E«/kT}....... (10)

where ‘oo is the pre-exponential conductivity, Ea' is
the activation energy and k' Boltzmann constant and

T "is the absolute temperature.

Ln(o)
=]

1000/T (K T)

Fig. 8. Arrhenius plot of conductivity versus inverse
temperature of as deposited CdZnSeosTe1s thin film

The plot shows two segments i.e. two conduction
regions. Region I(lower part of graph) between the
temperature 298 K to 348 K and region II(upper part
of graph) between the temperatures 349K to 498 K.
These two segments correspond to two values of
activation energy. The temperature dependence is
weak at lower temperature which confirms the low

activation energy. The slope increases at high

temperature which reveals the possibility of
conduction due to the extended state. This indicates
semiconducting nature of the films. The

polycrystalline CdZnSeosTei1s thin films of do have
the electrical and optical properties similar to those of
single crystal. At the same time, the deposition
conditions have been found to have significant effect
on the electrical properties [28-29]. The activation
energy increases at higher temperature may be due to
attributed to the increase of band gap. Hence the grain
size of the film increases.This effect reduces the grain
boundary effect .Thus it is evident that CdZnSeosTe1s
thin films the possibility of shallow trapping state due
to the interstitials of Cd/Zn or telluride vacancies are
expected to dominate the extrinsic conductivity near

the room temperature. Whereas at higher temperature
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deep traps states influence are probable appears.
Similar results are also reported by the other workers
[30-31] for same group of ternary compounds.

3.3 XRD STUDY

Phase analysis of deposited thin films is carried out by
X-ray method using CuKa
radiation(A=1.5406A.U.) with 26=20° to 80°. XRD

study of the sample was taken at room temperature.

diffraction

X-ray diffraction (XRD) spectra of as deposited
CdZnSe2Te21» thin films deposited on glass substrate
300°C  for the

composition parameter x= (.25, is shown in Fig.8.The

at the substrate temperature
XRD pattern shows number of peaks indicating that
the films are polycrystalline in nature. The analysis of
spectrum indicated that the ternary films are having
throughout cubic structure It is observed that two
main peaks corresponds to (111) and (220) planes. The
experimental d-values for CdZnSeosTeis thin films
are calculated using Bragg’s relation,

2dma sinB=mnA,........c..een.ee. (11)

By taking 0 values from the peaks of XRD pattern.
These d-values are compared with the results of other

workers [32-38}
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Fig.9 XRD of as deposited CdZnSexTez1x thin film
with x=0.25

The value of lattice parameter " a’ is found to be 6.3702
A° for

substrate

for CdZnSexTe21x thin films deposited at

temperature 300°C with composition

parameter x=0.25

4 CONCLUSION
Spray pyrolysis is a simple and inexpensive method to
produce a thin film. Optical band gap of CdZnSeosTe1s
thin film was found to be 2.27 eV which was
calculated from (othv)? versus (hv) plot. The linearity
of the plot shows the direct allowed transition.
Arrhenius plot shows the two segments i.e. two
conduction regions. Higher the conductivity value at
low temperature is an evidence of the adsorption-
distortion phenomenon. The XRD pattern shows
number of peaks indicating that the films are
polycrystalline in nature. The analysis of spectrum
the
structure(sphalerite). The value of lattice parameter "a’
is 6.3702 A° for

at substrate temperature 300°C with composition

indicated that films are having cubic

CdZnSe2Te21» thin films deposited

parameter x=0.25.
5 REFERENCES

[1]. Maissel L.I, Glang. R., Handbook of thin film
Technology, Mc Graw-Hill. New York,1980.

[2]. Velumani. S,.Narayandar S.K.,.Mangalaraj.
D,.Sebastian P.] and Mathew. X., Solar energy
material and solar cells,81(2004)328.

[3]. Natarajan. C., Nogami G..,.Sharon M.,Thin solid
films.44(1995)261.

[4]. Chandramohan R.,Mahalingam T.,.Chu. ].P,
Sebastian. P.J. Solar Energy Material and Solar
Cells, 81(2004) 371.

[5]. Loglia. F,.Innacenti M.,.Pezzatini. G,.Foresti M.L

.J. Electrical, chem.. 562 (2004) 117.

[6]. Tembhurkar Y.D. and.Hirde J.P.Thin solid
films215(1)65-70.
[7]. Tembhurkar Y.D. and.Hirde J.P.Bull

.mat.sci.15(2)143-148.
[8]. Y.Bull.mat.sci.17(5)465-468.
[9]. Tembhurkar Y.D.,.Meshram. A.S. International ].
of Scientific Research 4 sept.2016 .
. Valde L.B..,Proc.I.LR.E..420(1954).
. Hirde J.P and Tembhurkar Y.D..Indian J.Pure and
Appl. Phys. 28 (1990)583.

. Moss T.S. Optical properties of semiconductors.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)



. Yakuphanaglu

Volume 8 - Issue 1 - Published : & February 10, 2021 - Page No : 01-18

. Tauc J, Amorphous and liquid Semiconductors.,

Plenum Press, New York,NY,USA,1974.

. Umeshkumar P, Khairnar,Sulakshana S, Behere,

Panjabrao H.2011. Pawar. “The optical parameters
of ZnxCdl-xTe chalcogenide thin films”. Journal
of surface Engineered Materials and Advanced
Technology, (2011-2009). 1, 51-55.

. Murali, K. R., Austine, A.2009. “Deposition of Cdx

Znl-xSe films by brush electro deposition and

their characteristics” Chalcogenide Letters Vol. 6,
No.1,p.23-28

. MossT. S.(1961),0ptical properties of
semiconductors. Butterworth and Co Pub. Ltd
London 2.

. Saliha Ilican., Muhsin Zor.,Yasemin

Caglar.,Mujdat Caglar.,Optica
Applicata,vol XXXVI,No.1(2006)29-36.

. Coutts, T.J, Ward ].S., Young, D.L.,.Dessent T. A

and.Noufi R (2001), “The search for and potential
impact of improved transparaent conducting
oxides on thin film solar cells”, Technical digest of
the 12th international photovoltaic science and

engineering conference, Jeju Korea June 11-15.

. Mahrov B., Boschloo G. Hgfeldt A., Dloczuk , L.

and Th. Dittrich (2004), Photovoltage study of

charge injection from dye Molecules into

transparent hole and electron conductors, Appl.
Phys. Lett. 84(26), 5455-5457.

. Mahrov, B., Boschloo G., Hyfeldt A., Siegbahn H.

and Rensmo H. (2004), Photoelectron
spectroscopy studies of Ru(dcbpyH2)2(NCS)2/Cul
and Ru(dcbpyH2)2/CuSCN interfaces for solar cell
applications, Journal of Physical Chemistry B, 108

(31), 11604-11610.

. Ammar A.H. Appl. surface sci.201(1-4)(2002) 9-19.

F.,Sekerci.M.,
structure,751(1-3),(2005) 200-203.

J.of molecular

. Quijada A. and Ross Henry, NASA Goddard Space

Flight Center,”Temperature Evolution of Excitonic
Absorptions in Cd,-,Zn,Te”, Materials Manuel,
Code 551, Greenbelt, MD 20771, USA.

. Abd EI-Wahabb E. Bekheet A.E. 2001. Effect of

annealing on the optical properties of

. Yakuphanaglu

Ag33Sb31Se36 thin films, Applied Surface Science,
173(1-2), pp.103-14.

F..Sekerci. M.,J.of molecular
structure,751(1-3),(2005) 200-203.

. More P.D and.Deshmukh L.P, Indian journal of

Engineering and Material
Sciences,Vol.10,(2003)pp.427-432.
. Datta T, Nouff R., Deb

S.K.Appl.Phys.Lett.,47(1985)1102.

. Sridevi D.” study of semiconducting compounds

CulnSe2 and CulnTe2”,Ph.D. Thesis,1985,1.1.T.
Madras.

. Valde L.B..,IR.E.420 (1954).

. Shreekanthan K.N. JKasturi N,.Bangera
V..Ind.].Pure and appl. Phys. 44(2006)705-708.
. Rusu M.,Nicalaescu I.I and.Rusu

G.G.J.Appl.Phys.A ,70,(2006) 565.

. Tembhurkar Y.D..,Inter.].Sci. and research 5 issue

12 (2016) 1293-1294.

. Ringel S.A., Sudharsanan R., Rohatgi A., and

Carter W.B. Journal of Electronic Materials, Vol.19
.No.3,pp.259-263,1990.

. Chu T. L.,. Chu S. S,. Ferekides C, and Britt ]J..

Journal of Applied Physics, Vol. 71, No. 11, pp.
5635-5640,1992.

. Basol B.M,.Kapur V.K,Ferris M.L. Journal of

Applied physics Vol. 66, No.4,pp.1816-1821,1989.

. K.Prasada Rao,0.Md.Hussain, K.T.R.Reddy et.al.

Journal of Alloys and

Vol.218,No.1,pp.86-89,1995.

Compounds,

. Haloui A.,.Feutelais Y, Legendre B.. Journal Alloy.

Compd. 260(1997)179-192.

. Haitao Xu, Run Xu, Linjun Wang,Yanyan Zhu.

Journal Infrared Millim. W.31(2012)411-416.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)



