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Abstract Stoichiometric films of ZnTe are electrodeposited
on stainless steel and conducting glass substrates from
an aqueous solution consisting of ZnSO4 (50 mM), TeO,
(17 uM) and H,SO, to maintain a pH of 2.5. Structure, mor-
phology, composition, and optical are studied using XRD,
SEM, EDAX and optical transmittance spectroscopy The
films are composed of small crystallites (50 nm) with cubic
crystal structure. The films were polycrystalline in nature
with peaks corresponding to the cubic phase. Direct band
gap of 2.30 eV was observed. XPS studiers indicated the
formation of ZnTe. EDAX measurements were made on the
films and it was found that there was a slight excess of Te.
AFM studies indicated a surface roughness of 15 nm and a
crystallite size of 10-50 nm.

1. Introduction

Types II-VI compounds present a wide range of optical
and electrical properties, making them an important class
of material-competing candidates for silicon and other ma-
terials in photovaltic conversion and optoelectronic applica-
tions. It is well-known that the structure and other properties
of thin films depend strongly on deposition method and sub-
strate temperature, and evaporation method and deposition
rate. ZnTe, being a wide and direct band gap material, is
attractive in optoelectronic devices in the visible region. It
has been prepared by various methods, including thermal
evaporation [1-4], sputtering [5—7], epitixial growth [8], di-
rect combination of Zn and Te in quartz ampoule [9] and

K. R. Murali - P. R. Rajkumar (<))
Electrochemical Materials Science Division, Central
Electrochemical research Institute, Karaikudi—630 006

electrodeposition [10— 12], and has been studied. The ther-
mal evaporation is considered to be a standard and repro-
ducible method for most of thin film materials. In this pa-
per, we report the optical and structural properties of ZnTe
films prepared by pulse electrodeposition technique. To our
knowledge this is the first time report on pulse deposited
ZnTe films.

2. Experimental methods

ZnTe films were deposited on conducting glass and stain-
less steel substrates using an aqueous solution of ZnSOy4
(50 mM), TeO, (17 um) and H,SO4 to maintain a pH of 2.5.
The duty cycle was changed in the range of 10-50 %. The
deposition was carried out at room temperature and at a po-
tential of —0.9V(SCE). The thickness of the films (estimated
by the weighing method) after a deposition time of 60 min
varied in the range of 1.0 — 2.0 um. Structure of the films was
studied by X-ray diffraction(XRD).using Cu-Ka radiation,
the optical transmission, between 400 and 2200 nm, was
recorded on UV-VIS-NIR spectrophotometer, while AFM
was recorded using Molecular imaging system. XPS studies
were made using a VG ESCALAB MKII spectrometer with
MgKo radiation, EDAX measurements were recorded with
the help of SEM attached with an EDAX microanalyser.

3. Results and discussion
Structural studies were made using x-ray diffraction studies.
Fig. 1 shows the XRD patterns of the films deposited at dif-

ferent substrate temperatures. Peaks corresponding to (111),
(220) and (311) orientations of the cubic phase are observed.
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Fig. 1 X-ray diffractogram of ZnTe films deposited at different Duty
cycles (a) 10% (b) 30% (c) 50%

As the substrate temperature increases, the (111) orientation
peak increases in intensity and the width of the peaks also
decrease as the temperature of the substrate temperature in-
creases. The crystallite size was calculated using Scherrer’s
equation [13]. The crystallite size was found to increase from
40 nm-100 nm as the substrate temperature increases. The
lattice constant was estimated to be 0.610 nm for the films
deposited at a substrate temperature of 90°C. It is observed
that the lattice constant is close to the value reported in the
ASTM data [14].

Optical absorption spectrum of the films deposited on
conducting glass substrates were recorded in the wave-
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Fig.2 (ahv)? vs hv plot of ZnTe film deposited at a duty cycle of 50%
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Fig. 3 XPS spectrum of ZnTe films deposited at a duty cycle of 50%

length ranges 400-800 nm. Fig. 2 shows the (a hv)? vs
hv plot for the films deposited at a substrate tempera-
ture of 90°C. The plot is linear indicating the direct band
nature of the films. Extrapolation of the linear region to
the energy axis indicated a band gap of 2.30 eV. This
value is similar to the value obtained on single crystals
[15].

X-ray photoelectron spectroscopic indicated the forma-
tion of ZnTe. Fig. 3 shows the XPS spectrum of ZnTe films
deposited at 90°C. XPS studies indicated the Zn 3p and Te
3d peaks, which are in close agreement with the reported
values for Zn and Te in ZnTe. Depth profiling was carried
out at a sputter rate of 10 nm/min, this indicates a uniform
distribution of Zn and Te throughout the thickness. EDAX
measurements yielded a composition of 49.5% Zn and 51.5%
Te (Fig. 5).

Atomic force microscopic studies indicated that the crys-
tallite size increases as the duty cycle increases. Fig. 6 shows
the AFM pictures of the films deposited at different duty cy-
cles. At lower duty cycles, the flux of ions are low, since the
time for which the potential is applied ( ON time) is low and
the time for which the potential is not applied (OFF time) is
higher. Due to the higher OFF time compared to ON time,
sufficient time is available for the nuclei to form and the
crystallites to relax before the next pulse and larger grains
for lower duty cycle compared to higher duty cycle, where
the ON time is higher than the OFF time. The crystallite size
is found to vary from 10-50 nm as the duty cycle decreases
from 50-10%.

The surface roughness of the films also decrease with
increase of duty cycle. The RMS roughness values of the
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Fig.4 EDAX spectrum of ZnTe films deposited at different duty cycles
(a) 10% (b) 30% (c) 50%

surfaces were found to decrease due to the evenly distributed
ZnTe deposits on the surface. The average peak to valley
distance decreased as more of the substrate surface is cov-
ered as a consequence of the lateral growth of the composite
particles during the initial stages of deposition. The increase
in the RMS roughness values of the films after 30 min to
approximately 15 nm can be attributed to growth of the par-
ticles. As particles grew in height, they also spread laterally
so that the RMS roughness remained approximately constant
as the average thickness of the films increased for deposi-
tion times longer than 30 min, with the final RMS rough-
ness values of 15 nm for the films deposited at a duty cycle
of 50%.

4. Conclusion
The results of this investigation indicate that films with crys-

tallite size of 10-50 nm can be grown with a surface rough-
ness around 15 nm.
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Fig. 5 AFM image of ZnTe films deposited at different duty cycles (a)

10% (b) 30% (c) 50%
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