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Abstract- Optical constants of vacuum-evaporated thin films Zn,Cd.yTe by use of thermal
evaporation of the ternary compound has been investigated. Structural and optical
properties of Zn,Cd(xTe solid solution with x = 0.1 to 0.5 were synthesized, from the
resulting ZnTe and CdTe composition used in preparation of thin films. Structural
investigation indicates they have polycrystalline structure. Composition was confirmed from
EDAX while SEM picture shows homogeneity in films. Plots of (ah))? versus (h() yield
straight line indicating direct transition occurs with optical band gap energies in the range
1.7 - 2.3 eV.. lt is also found with increase Zn content the band gap of the films increases.
Refractive indices and extinction coefficients have been evaluated in the spectral range

(200 — 2500 nm).
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Introduction

Solid solution formation in semiconductors
has been of interest for a number of years. An
important question regarding ternary zinc-
blende  compound  semiconductors s
concerned with the structural and dynamic
changes that can occur upon replacement of
either cations or anions in the binary base
material The 1I-VI compounds semiconductors
and solid solutions based on them are
promising source for various types of thin film
devices such as thin film transistors [1], Solar
cells [2] and photoconductors [3].

Thin films of Zn,Cd.4wTe were prepared by
variety of techniques, such as, two source
vacuum evaporation [4], molecular beam
epitaxy [5], chemical vapour deposition and
closed space vapour transport [6], physical
vapour transport (PVT) [7], vertical Bridgman
growth [8]. In the recent study Zn,Cd 1.y Te thin
films are deposited by thermal evaporation at
substrate temperature (373K).

Experimental

For the preparation of ternary semiconductors,
Zn,Cd(1»Te the constituent compounds ZnTe
and CdTe have been taken in molecular
stiochoimetry  proportional weights and
crushed and mixed homogenously. The
different sets of samples of varying
compositions (x = 0.1 to 0.5) were deposited
via sublimation of the compound in vacuum

Copyright © 2010, Bioinfo Publications

higher than 10° mbar under controlled growth
conditions of various compositions onto the
amorphous precleaned glass substrates at the
temperature of 373 K. The thicknesses of
films were controlled by using quartz crystal
thickness  monitor model No.DTM-101
provided by Hind-High Vac. The deposition
rate was maintained 10-15 A/sec constant
throughout sample preparations. The source
to substrate distance was kept constant (15
cm) and substrate was kept at constant
temperature (373 K). Deposited samples
were kept under vacuum overnight. All the
samples are deposited under the similar
optimized condition. These samples were
annealed at reduced pressure of 10° mbar for
the duration of 3 hours at the temperature of
573 K and maintain carefully. These samples
were then used for various characterizations.

Results and discussion

All the Zn,Cd.¢Te films prepared by the
above technique were polycrystalline of multi
phase structure indicating preferential of the
film crystallites corresponding to textured
(100)H and (220)C growth [11]. From the Fig.-
1 X-ray diffractograms of various compositions
it is observed that for x = 0.1 and x = 0.2 there
are only two prime peaks which corresponds
to (100) plane of hexagonal CdTe and (220)
plane of cubic ZnTe.
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Fig. 1- X-ray diffractograms of various Zn,Cd:-
»1e structures.
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Diffraction analysis suggests that all the
samples of various compositions are
polycrystalline nature. The shifting of peak
positions of these prominent diffraction lines
suggests the formation of solid solution
corresponding to Zn,Cd(1xTe material from
the basic starting compounds CdTe and ZnTe.
From the scanning electron micrographs, it is
found that the straitions, which are exactly
parallel equidistance and extend from one end
to another end. These straitions indicate the
oscillatory growth [12]. The composition of
starting basic ingredients and film composition
comparison is presented in the table No.1.

Table 1- EDAX data for Zn,Cd(1.yTe
composite thin films.

Basic Ingredient Taken EDAX Composition
x| Awzn | A%Cd | A% | meza | R A%
0.1 5 45 50 7.07 40.52 52.41
0.2 10 40 50 13.42 37.78 48.81
0.3 15 35 50 15.59 34.46 49.96
0.4 20 30 50 28.20 25.90 45.90
0.5 25 25 50 31.49 20.95 47.56

The reflectance and transmittance spectra of
these samples were recorded using Hitachi
Spectrophotometer model-330 in spectral
region 200-2500nm. Absorption coefficients
1) have been evaluated using percentage
transmittance data as a function of

wavelength presented in Fig.-2 for the

samples of different compositions.
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Fig.-3 Variation of 'n' and "k’ with
Wavelength for ZnxCd-xTe (x=0.1).

The plot of (7h1)? versus hil are plotted and
shows clearly linear dependence for the value
of p="2[9]. This is attributed to an allowed and
direct transition with direct band gap energies.
The evaluated band gap energies are 1.7 eV,
2.05 eV, 22 eV, 2.3 eV and 1.5 eV for the
samples of compositions x = 0.1 to 0.5
respectively clearly indicating dependence on
compositions of films [13].The variation of
refractive indices and extinction coefficients as
a function of wavelength as represented in
Fig.-3. It is found that variations in refractive
indices and extinction coefficients are
oscillatory in nature.
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Conclusion

In conclusion, homogeneous polycrystalline of
multi phase structure of the thin films of
Zn,Cd1xTe have been successfully deposited
by thermal evaporation technique using basic
ingredient ZnTe and CdTe elemental starting
materials. EDAX composition seems to be
closely matched with starting basic
ingredients. The dependence of the optical
parameters of the films on the light energy
supports the direct character of the interband
transition through an optical band gap in the
range 1.7 — 2.3 eV. The variation in optical
constants as a function of wavelength is
oscillatory in nature having well defined
maxima and minima, which depends on the
composition of the thin films.
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