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Zinc telluride thin films can be used in a large variety of applications such as optoelectronics and microelectronics tools. In this paper, the

| growth of ZnTe films prepared by electrodeposition, thermal evaporation and closed space sublimation method with various precursors
and some its physical properties of obtained zinc telluride films are discussed.
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INTRODUCTION

Extensive research has been carried out on the deposition
and characterization of polycrystalline thin films by several
researchers [ 1-32]. These materials are used in optical instruments,
solar cells, telecommunications terminals, in-vehicle equipment,
traffic lights, magnetic films, diamond films, microelectronic
devices, solar selective coatings, sensor devices, optical mass
memories and superconducting films. In recent years, binary
semiconductor material such as zinc telluride has been studied
by many scientists. Recent investigations have shown that zinc
telluride thin films show absorption in the spectrum range from
visible to near infrared (as widely reported in the literature). The
[I-VI (ZnTe) compound semiconductors have a direct transition
at 2.26 eV. Therefore, ZnTe is capable of green light emission
at 550 nm, i.e. in spectral region corresponding to the maximum
sensitivity of the human eye. This makes ZnTe an appealing
candidate for the production of bright light-emitting diodes
and diode lasers. There are several reports available on the growth
of zinc telluride thin films by different deposition methods such
as electro-deposition method [33-35], closed space sublimation
technique [36,37], screen printing technique [38], spray pyro-
lysis [39], radio frequency magnetron sputtering [40], thermal
evaporation [41], electron beam evaporation [42], physical
vapour deposition [43] and molecular beam epitaxy [44].
Each technique has strengths and weaknesses as described
by researchers.

In this paper, we report the preparation of zinc telluride
thin films using electrodeposition, thermal evaporation and
closed space sublimation technique. Investigations of physical
properties of obtained zinc telluride films are also described.

Electrodeposition method: Among the several techniques
used in the development of ZnTe thin films, electrodeposi-
tion technique offers a lot of advantages among which are
simplicity of achieving n- and p-type electrical conductivity
[45], ease of band gap tenability [46], good control of thickness
of thin films by adjusting the growth voltage and time. Various
researchers have carried out numerous works on the fabrication
of ZnTe semiconductors and associated devices using electro-
deposition techniques from aqueous and non-aqueous solutions.
The optical, electrical, structural, morphological and composi-
tional properties of ZnTe semiconductors have been well investi-
gated and reported. The preparation of ZnTe thin films using
a simple two-stage electrodeposition process was first described
by Basol and Kapur [47]. By applying electrodeposition technique,
Neumann-Spallart and Konigstein [48] used aqueous acidic
solutions comprising of K,SO, as supporting electrolyte, ZnSO,
as Zn precursor and TeO, as Te precursor in obtaining p-type
ZnTe films.

Mahalingam et al. [49] carried out the investigations by
using ZnSO, and TeO, precursors with Na,SO, supporting
electrolyte and observed that the electrical conductivity type
of electrodeposited ZnTe films remains p-type despite the
variations in the growth temperature. Fauzi ez al. [SO] employed
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TeO, as Te precursor and ZnCl, as Zn precursor different from
the ones used by Neumann-Spallart and Konigstein [48] to electro-
plate p-type ZnTe films from an aqueous acidic bath. Diso et al.
[51] studied the effect of using two different Zn precursors
which are ZnSO, and ZnCl, on the optoelectronic properties
of electroplated ZnTe semiconductors. They observed that the
electrical conductivity type of ZnTe materials made from the
two different baths remain the same as p-type while the optical
properties vary. Other researchers [52,53] used aqueous
solutions in an acidic medium to electroplate ZnTe films with
p-type electrical conductivity. The electrodeposition of ZnTe
thin films using a non-aqueous solution have also been
successfully demonstrated by Chaure et al. [54], Islam et al.
[55] and Gandhi et al. [56].

Considering most of the ZnTe films grown by conven-
tional methods, it was observed that they were mainly p-type
in electrical conduction. As explained by Mandel [57] and John
etal. [52],itis difficult to achieve n-type ZnTe thin films because
of self-compensation. Researchers [58-60] who achieved n-type
ZnTe semiconductors were able to accomplish this by using
extrinsic doping. However, a recent report by Olusola et al. [45]
revealed the possibility of realizing both n-type and p-type
electroplated ZnTe semiconductors by intrinsic doping. They
achieved the intrinsic doping by basically varying the growth
voltage without the incorporation of external dopants such as
chlorine, tin and aluminium. To further confirm the authenticity
of developed n- and p-type ZnTe materials, Olusola et al. [45]
fabricated p-n homo-junction diodes from the intrinsic p- and
n-ZnTe materials using device structure glass/FTO/n- ZnTe/
p-ZnTe/Au. The obtained results revealed the electronic device
grade of the fabricated diodes. Apart from finding applications
as homo-junction diodes, p-ZnTe films have also been used as
an hetero-junction partner with n-CdS thin films in the
fabrication of light emittind diodes [61], one-sided rectifying
p-n junction diodes [62] and photovoltaic cells [63,64].

Thermal evaporation technige: ZnTe nanostructures
have been synthesized by many methods such as chemical vapour
deposition [65], radio frequency magnetron sputtering [66],
reactive magnetron sputtering [67], chemical vapour deposition
[68], sol-gel process [69], laser ablation [70] and spray pyrolysis
[71] using different precursors [72,73]. Bhahada et al. [74]
have synthesized uniform ZnTe thin films by the thermal evap-
oration method. Out of these techniques, thermal evaporation
method has many advantages such as high deposition rate, real
time rate and thickness control. Large charges can be loaded
per deposition run. The evaporated substance is directed at the
substrate placed above the source without any interference,
by focusing the filament or aperture. The filament and focusing
aperture do not heavily over coated. Material which is deposited
sublime at lower temperature under vacuum. The selection of the
substrates is wide. The films grown by this method have uni-
form thickness. Although the technology is low-cost in compari-
son to other physical vapour deposition method and easily available.

The ZnTe thin films were prepared using a vacuum coating
unit (Hind High Vacuum Company, Bangalore, India) Model
12A4D. High purity Zn (99.998) and Te (99.998) were taken
in the stoichiometric proportion for the preparation of Zn;..Tex
alloys with varying composition with x = 0.1, 0.2 and 0.3. Each

material of ZnTe was weighed by an electronic balance which
has a resolu-tion of + 0.0001 g, according to percentage of
composition to be used. The material (~100 mg) was placed
into molybdenum boat and heated indirectly by passing current
through the electr-odes. Cleaned glass slides were used as a
substrate. The deposition has been done at vacuum of 107 torr.
The obtained results revealed that ZnTe have cubical and
hexagonal structure. Optical absorption data reveled that band
of gap ZnTe thin film 2.57 eV.

Closed space sublimation: The fabrication of CdTe based
solar cell can be achieved by closed space sublimation techni-
que. The rough surface thin films are synthesized using closed
space sublimation technique for solar cell applications [75-79].
The complete device with highest reported efficiency of more
than 16 % was fabricated using this technique along with chemical
bath deposition. Closed space sublimation technique has some
unique features, i.e. transport rate is high under moderate vacuum
level, throughput is high and extremely high vapour pressure
due to a small distance between source and the substrate. A small
amount (~20 mg) is used to synthesize a thin film. Inverse propor-
tional relation between growth rate and source-substrate distance
for good quality films. Knudsen's expression best explains the
high vapour pressure of closed space sublimation with other
evaporation techniques [80].

% = CQmmkT) 2P —P) ()

where dN/dt is number of atoms per unit surface area (cm™);
C is constant depend on rotational degree of freedom, P" is
vapour pressure of material at temperature T and P represents
the vapour pressure above the surface.

The important deposition parameters are the distance between
source and substrate, deposition time and ambient pressure
and also the temperature gradient between source and substrate.
Transportation of gas from source and sublimation on to the
substrate is also an important deposition parameter in closed
space sublimation technique. The conductivity of thin films is
affected due to high deposition rate under low pressure. The
larger grains are formed due to substrate temperature influence
and also resistivity and mobility can be controlled with substrate
temperature [81]. Fig. 1 showed the schematics of closed space
sublimation technique.

Zinc Telluride (ZnTe) powder with high purity (99.99 %)
was used as a source material and placed in a graphite boat.
Soda lame glass slides were treated as substrates. The cleaning
of substrates was achieved in ultrasonic bath with isopropanol,
temperature of 60 =+ 5 °C for 20 min and dried in air. A halogen
lamp of 1000 W was used for direct heating of source material.
The substrate temperature was carried out using 500 W halogen
lamp usually known as substrate lamp under high vacuum of
10” mbar. K type thermocouples were introduced for temper-
ature controller and connected with the main power supply.
The source and substrate temperatures were maintained gradually
after attaining the required high vacuum level.

Different sets of ZnTe thin films were prepared with source
temperature of 450 + 5 °C. The substrate temperatures were
300+5°C,3300+5°Cand 360 + 5 °C with the deposition time
was 5 min for optimized deposition. Pre-annealing process was



Vol. 30, No. 3 (2018)

Zinc Telluride Thin Films: A Review 471

Thermocouple Substrate lamp —4
shielded wire
Substrate temperature _\_.‘_ - Graphite slab

controller

Substrate lamp

contactor
'.—
220 VAC
Source lamp contactor
L

Source temperature
controller = |

/ Substrate /
]
&
/ Mica sheet

— 7
e //
i |

Thermocouple
p '—

shielded wire

Source lamp —a

Fig. 1. Schematics of evaporation assembly of closed space sublimation

started once the required source and substrate temperatures
achieved with deposition time, the source lamp was switched
off and the substrate lamp was still 'on' till the source temper-
ature was dropped to substrate temperature. At the end of deposition,
the source-substrate temperatures were switched 'off' and the
chamber was left for cooling down to room temperature under
vacuum to avoid oxidation [75-81].

ZnTe thin films showed polycrystalline behaviour in X-ray
diffraction (XRD) spectra (Fig. 2). The film had cubic structure
with [111] direction confirmed by using International Card of
Diffraction Data (ICDD) reference cards. The lattice constant
' is 6.0980 A. Scherer's formula was used to calculate the
crystallite size of ZnTe thin films [82]. The crystallite sizes were
30 to 60 nm ranges. The substrate temperature affects the crysta-
llinity of the film's structure. The slow reaction between Te and
Zn species was due to the thermal energy available at low temper-
ature, which is very less in comparison with inter-diffusion of
atoms. The quenching of atoms with the increase of substrate
temperature on the substrate reduces the diffusion length and
increases the mobility [81]. The deposition phenomena depend
upon Te and Zn atoms diffusing on the substrate with the increase
of substrate temperature. The reaction between Te and Zn increases
with the thermal energy available for atoms arriving, would be
responsible of good quality ZnTe thin films.

The high vapour pressure at the early deposition stages of
Te material evolves with time for the vertical composition of
ZnTe thin films. The rapid consumption of Te material with time
results less as compared to Zn material, finally the amount of
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Fig. 2. XRD patterns of ZnTe films deposited at different substrate tempe-

ratures
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Te will be reduced. The vapour pressure of Zn will supersede
Te material with time and result the increasing concentration of Zn.
The discussion is applicable to other deposition techniques
also like e-beam evaporation, sputtering, efc. but the important
result regarding substrate temperature is noticed. The effects of
substrate temperature on stoichiometry is remarkable using closed
space sublimation technique. At low temperatures ranges, the
Te vapour pressure is high so Te is in excess ZnTe thin films.
The surface evaporation rate of Znis 107 to 10~ g-cm™s™ at the
temperature range less than 500 °C, so Te is less than Zn at this
temperature ranges. The materials who has high vapour pressure
vapourizes more rapidly the lower vapour pressure [81]. The
smaller amount of material's atom or molecules will be more
moveable at any substrate temperature, Te atoms have chance
to make a bond with Zn atoms bond regardless the amount of
Zn in films and the crystallinity will be better at higher substrate
temperature. In closed space sublimation technique, the source-
substrate temperature is kept 5 mm, therefore the vapour pressure
of Te and Zn is very high due to small proximity. Such a high
vapour pressure is not possible in other techniques like sputtering
or e-beam evaporation due to large source-substrate distances
as a result the evaporated species flux is not high. The stoichio-
metry is improved with increasing substrate temperature of Te-Zn
reaction. Therefore, the inter-sticking will be enhanced.

The diffusion length and mobility of Zn and Te species at
higher temperature will result the increase in crystallite size
from 37 to 63 nm. The surface diffusion has relaxing time larger
for mobile atoms to settle at crystal site due to elevated temperature
increase. Rearrangement among the small crystallites to form
larger grains at higher temperatures [81]. With the help of above
discussion, the dislocation density and strain decreases from
72 %x10*t02.5 x 10* nm? and 9.3 x 10* to 5.5 x 10* nm?,
respectively.

As a result of the above section, closed space sublimation
technique has a high vapour pressure at elevated substrate temper-
ature so the ad-atoms move towards lattice sites with high energy
at favourable places resulting larger crystallite sizes also reduces
the imperfections in as-grown ZnTe thin films [83,84].

Conclusion

There are various techniques have been employed for deposi-
tion of zinc telluride thin films, namely thermal evaporation,
closed space sublimation and electrodeposition. It is concluded
that a lot of variation in the results reported by different researchers
from these deposition methods.
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