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Abstract: The electrodeposition and characterization of Zn; Hg.Te (ZMT) thin films is reported in this work. The films were deposited
onto SnO; coated glass substrates from an aqueous solution bath of ZnSO,, HgCl,and TeO,at bath temperatures between 30 °C and 80 °C
Well adherent Zn, .Hg,Te films with compositions varying between x = 0 to x = 0.4 were obtained. The effect of growth parameters such as
deposition potential, concentration of electrolyte bath, pH and temperature on the properties of the film was studied. X-ray diffraction tech-
nique was used to determine composition, crystalline structure and grain size of the films. The films exhibited zinc blend structure with
predominant (111) orientation. Optical and electrical studies were also studied and the results are discussed.
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1. INTRODUCTION

The ever increasing technological needs for micro and optoelec-
tronic devices, such as light emitting diodes (LEDs) and
photodetectors (PDs), operating in the spectral regions from visi-
ble to far-infrared continues to attract much of the current research
activities on the thin films of different wide-gap and narrow-band
semiconductor heterostructures and compounds [1-3]. Among II-
VI based heterostructures with potential applications to the realiza-
tion of efficient PDs, many efforts have been focused on het-
erostructures based on popularly known ternary solid solution
CdHg,Te (0<x<1) thin films as well as bulk materials [4-6].
CdTe, HgCdTe and other compounds of II*VI® group are very
promising materials for use in optoelectronic and high-temperature
electronic devices. Ternary alloys of II-VI compounds are poten-
tial candidates for the detection of electromagnetic radiation. Zinc
mercury telluride, a solid solution has a wide range of band gap
tunability between 0 eV and 2.25 eV. It offers potential advantages
over Cd based HgCdTe, HgCdSe due to its high stability [7]. Re-
cently, ternary compounds have received much attention in the
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field of solar cells owing to their interesting properties of band gap
and lattice constant modulation by composition variation [8,9]. To
date, a number of growth techniques, in particular, molecular-
beam epitaxy (MBE) and liquid-phase epitaxy (LPE) have been
employed to grow different structures based on II-VI materials
[10-12], but the work on ZnHgTe reported in the literature is
scarce and we are interested to study Zn, Hg,Te thin films pre-
pared by electrodeposition. Electrodeposition offers a low - cost,
scalable technique for the fabrication of thin films. The influence
of various growth parameters on the deposition of crystalline
stoichiometric Zn; (Hg,Te films are studied and reported in this

paper.
2. EXPERIMENTAL DETAILS

All the chemicals used in this work were of analytical reagent
grade (99 % purity, E-Merck). The zinc mercury telluride films
were deposited onto fluorine doped SnO, coated conducting glass
plates (15 ohms/square) by co - deposition of zinc, mercury and
tellurium ions. The electrolyte bath was consisted of an aqueous
solution of ZnSO, (10 — 30 mM), HgCl, (0.1 — 1.5 mM) and TeO,,
(1 — 5 mM). As the solubility of TeO, s less at high pH, it requires
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Figure 1. Cyclic voltammograms on tin oxide coated glass elec-
trode: Curve (a): TeO,; Curve (b): TeO,+ ZnSOy4; Curve (¢): TeO,
+ chlz + Zl’lSO4

several hours for its dissolution. To avoid this problem, an acidic
solution was prepared by dissolving TeO,in H,SOsand then it
was heated for 15 minutes to prepare stock solution. The conduct-
ing tin oxide coated glasses of approximately 1 cm® area were
cleaned before deposition with detergent, dried and degreased
with acetone and distilled water. The depositions were carried out
cathodically using a potentiostat (EG & G, Princeton Applied
Research, USA, Model 362) with standard three-clectrode ar-
rangement such as working electrode (substrate), counter electrode
(graphite) and reference electrode (saturated calomel electrode-
SCE). Series of films were deposited at different potentials rang-
ing from — 0.6V to —1.2V versus SCE for various bath concentra-
tions and temperatures. The pH of the electrolyte was kept be-
tween 2 and 4. After film formation, the samples were rinsed with
distilled water, dried and stored in a desiccator for further studies.
The film thickness was measured using multiple beam interfer-
ometer and found to be in the range between 150 and 400 nm.
Deposited films were analyzed using an x-ray diffractometer
(Philips Model PW1710) using Cuk, radiation with A = 0.15418
nm. Surface morphological and compositional analysis were car-
ried out using a scanning electron microscope and energy disper-
sive X-ray analysis set up (EDAX) attached with SEM, respec-
tively (Philips, Model XL 30). Optical measurements were carried
out using a JASCO V-570 spectrophotometer.

3. RESULTS AND DISCUSSION

The electrodeposition of 1I-VI ternary compounds is more com-
plex as they involve different constituents of varying deposition
potentials. The main chemical reactions involved in the electrode-

position of Zn, Hg,Te are as follows:

Zn*" +2¢ —Zn (1)
Hg®' +2¢° —2Hg 2)
HTeO ,” +3H" +4e” — Te + 2H,0 3)

Zn;Hg,Te films were found to be adhered well with the sub-
strates. The composition of the films was found to vary from x =0
to x = 0.4 for films deposited under optimized conditions. The
optimum deposition conditions for the deposition of Zn, Hg,Te
films are identified as: Deposition potential — 0.85 V vs SCE,
Solution pH: 3.0, Bath temperature: 80°C and Current density: 1.5
mA cm™.

3.1. Cyeclic voltammetric study

Voltammograms of plating baths of different compositions give
further information on the possible range of deposition potentials.
Fig.1 (a) shows a scan for a tin oxide coated glass electrode in a
solution containing TeO, (4 mM)at pH 3.0 + 0.1. Upon scanning
towards more negative potentials, a reduction wave for HTeO," to
Te at — 0.4 V versus SCE and a dark gray film of Te on the elec-
trode were observed. Addition of ZnSO4(10 mM) resulted in an
additional reduction wave at — 0.6 V versus SCE (Fig.1.b) and the
reduction wave of HTeO," about — 0.4 V together with a decrease
in its plateau current. This indicates a radical change in the reac-
tion mechanism; the decrease of current around — 0.4 V in the
presence of large amount of Zn?" can be explained by its competi-
tion with Te precursors for adsorption sites. The anodic wave at —
0.6 V vs SCE can be ascribed to the formation of ZnTe. In curve
(c), the reduction of the three precursors is shown. The wave cen-
tered at — 0.6 V is ascribed the formation of the compound Zn,.
«HgxTe. Beyond —0.9 V, the current increase rapidly indicating the
hydrogen evolution and it has been found that the deposits ob-
tained at potentials below —0.9 V are not adhered to the substrates
and found to be peeled out due to hydrogen evolution. Based on
the above results, a deposition potential range between -0.6 and —
1.0 V was selected to deposit Zn,Hg,Te films in the present
work.

3.2. Effect of pH and deposition potential

Deposition of Zn, (Hg,Te films was carried out using an elec-
trolyte with the pH value varying between 2 and 4. The pH of the
electrolyte was found to have a strong influence on the composi-
tion of the films. For pH below 2.5, excessive amount of pure Te
was deposited while at pH greater than 4, insufficient Te could be
dissolved in the electrolyte to produce stoichiometric films. At pH
< 2, deposition was also hindered due to hydrogen evolution and
adherence of deposited films with the substrates was poor. Films
deposited at pH 3.0 have yielded significant results. Therefore, the
pH of the solution in the present work was kept at 3.0. Zn, Hg,Te
films were deposited at different potentials ranging from — 0.6V to
—1.0V versus SCE. At the potentials < — 1.0 V, the films formed
were rich in Zn and at the potentials > — 0.6 V, an excess of Te
was observed. The best stoichiometry of the film was obtained at
the deposition potential close to — 0.8V versus SCE. The (111)
peak intensities of the XRD patterns of the films deposited at dif-
ferent potentials (not shown) are found to increase with deposition
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Table 1. Variation of mercury content in the films for various
HgCl, concentrations in the bath

SI.No HgCl, concentration Hg content in
’ in the bath (mM) the film (at %)
1 0.2 12
2 0.4 26
3 0.6 27
4 0.8 28
5 1.0 30
6 1.2 30
7 1.4 30
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Figure 2. XRD patterns of typical ZnTe, HgTe and ZnHgTe thin
films

potentials from — 0.6V to — 0.9V. At the potentials lesser than —
0.9V, the heights of the diffraction peaks were reduced. It indicates
that at more negative potentials, films rich in amorphous phase are
formed.

3.3. Effect of bath composition

Table 1 shows the HgCl, concentration in the solution bath and
the corresponding Hg concentration in the deposited film. In-
creased concentration of HgCl, in the deposition bathhas resulted
in a high Hg content in the films. When the HgCl, concentration in
the bath is increased beyond 1mM, there was no change of mercury
content in the film. Films deposited at increased bath concentration
of mercury have shown well-pronounced diffraction peaks of
ZnHgTe. At fixed bath composition of mercury, higher mercury
content is obtained at more negative potentials. The height of the
XRD diffraction peaks increases linearly with TeO, concentration.
But it reaches a limiting value after 4 mM. The increase of x-ray
diffraction peak height at higher TeO, concentration can be under-
stood in terms of increase in deposition currents and thus total film
thickness. In case of ZnSO, concentration, the height of the diffrac-

Figure 3. Scanning electron micrograph of as-grown ZnHgTe thin
film

tion peaks decreases when the concentration increases from 10 mM
to 30mM, and at high ZnSO, concentration (>30mM) increased
hydrogen evolution was observed, the deposition was found to be
irregular and no prominent XRD peaks were obtained. In the pre-
sent investigation the concentration of precursors were kept as;
TeO,: 4mM, HgCl,: 1mM and ZnSO4: 10mM.

3.4. Structural and morphological studies

Figure 2 shows the X-ray diffraction patterns of ZnTe, HgTe and
ZnHgTe thin films deposited at potential — 0.85 V versus SCE at
80°C and at pH of 3.0. Fig.2 (a) shows the XRD pattern of the film
deposited with the bath solution of 10 mM ZnSO4and 4 mM TeO,,
and it shows the reflection peaks associated with ZnTe. Fig.2 (b)
shows the XRD pattern of the film deposited with the bath solution
of 1 mM HgCl, and 4 mM TeO, and these reflections are corre-
sponding toHgTe. Fig. 2(c) shows the film deposited using the
electrolyte with all the three precursors. From the XRD patterns of
ZnHgTe, it has been observed that the crystallites in the films are
preferentially oriented along the (111) face with zinc blende struc-
ture. The absence of diffraction peak associated with ZnTe and
HgTe in ZnHgTe films indicated that the ZnHgTe films prepared in
the present study were of single phase. Hence it is concluded that
the crystalline ZnHgTe thin films oriented along the (111) direction
can be grown by electrodeposition technique. The inter-planer
spacing‘d’ for the (111) plane was calculated using the Bragg’s
relation.

d=nA/2sin@

The lattice constant ‘a’ of the electrodeposited ZnHgTe films of
various Hg content was determined by using the relation

a=d/ Vh2+k>+1%)

The measured values of lattice constants are in between ZnTe
(6.1026 A°) and HgTe (6.453 A°). The average grain size (D) of
the as-deposited films was determined from the (111) peak using
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Figure 4. XRD patterns of ZnHgTe films deposited at different
bath temperatures (Bath conditions : 4 mM TeO, 1 mM HgCl, ,10
mM ZnSO,, pH = 3.2)

the Debye-Scherrer formula,
D =0941/Bcos 8,

where A is the wavelength of x-ray used and B is the full width at
half maximum (FWHM) of (111) peak of XRD pattern. The deter-
mined grain size of the as-deposited film is about 20 nm.

Figure 3 shows the scanning election micrograph of as-deposited
films. In the optimized condition, the surface of the film is smooth
showing grains of different sizes and well covering the substrate.
Isolated islands are found, some larger spots are also observed but
they are actually the aggregation of the smaller islands.

Effect of bath temperature on structural properties

The XRD patterns of typical ZnHgTe films deposited at different
bath temperatures are shown in Figure 4. The bath temperature
affects the nature of the films and high temperatures are required to
achieve crystalline films. ZnHgTe films deposited at room tem-
perature were found to be amorphous and broad XRD peaks were
observed. However, these peaks started to increase above 40°C and
the peak positions indicate the presence of HgZnTe. It is found that
higher deposition temperature led to the formation of well-
crystallized cubic alloy films. Moreover, higher deposition tem-
perature resulted in thicker films with improved crystallinity as
revealed by the intense diffraction peaks. HgZnTe films deposited
at 80°C were used for further characterization. At temperatures
above 80°C, the current densities were found to be higher (>1.5
mA cm™). These high current densities led to the formation of films
with rough surface with poor adhesion. The thickness of the film
was found to increase linearly with temperature and it is obvious
that the temperature affects the rate of release of ions. The (111)
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Figure 5. Variation of (a hn) versus hn for a typical ZnHgTe thin
film

peak of XRD patterns of the films deposited at higher temperature
has shown sharper peaks and small FWHM and resulted in the
enhancement of crystallite size in the films deposited at higher
temperatures.

3.5. Optical studies

The variation of energy gap with composition was determined
from the room temperature optical absorption experiments and
spectral dependence. The optical data was used to plot a graph of
(ovh)? vs hv, where o is the optical absorption coefficient of the
material and hv the photon energy. Figure 5 shows the plot of
(ovh)? vs hv for the films with Hg contents (x value) of 0.12, 0.25
and 0.41. The band gap E, values have been calculated from the
linear fit of the (o hv)*vs hv plot giving the values 1.9 eV, 1.5 eV
and 0.9 eV corresponding to the Hg contents 0.12, 0.25 and 0.41,
respectively. This linear dependence showed by o with hv indi-
cates that the transition is direct. The energy gap values obtained
for the ZnHgTe films deposited in this work are well within the
limits of ZnTe and HgTe. Alloy composition of the films may also
be estimated from these optical data.

3.6. Electrical studies

The conductivity type of the electrodeposited Zn, Hg,Te thin
film was studied by the hot probe method. The as-deposited films
in the optimized condition were found to be p-type. The electrical
resistivity of the as-deposited and annealed films was determined
by room temperature I-V characteristics studies. I-V characteristics
plot showed a linear response in all the films. The resistivities
measured from the I-V characteristics plot of as-deposited and
annealed films with varying Hg content in Zn,Hg,Te films are
found to be in the order of 10" ohm.cm. The resistivity of the as-
deposited Zn, (Hg,Te film was found to decrease with Hg content
in the film. Annealing the deposited films at 200°C in air for 30
minutes reduces the electrical resistivity from 10* to 10* ohm.cm
and this could be attributed to the recrystallization of the as-
deposited films, which in turn improves the carrier mobility by
diminishing the grain boundaries.
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4. CONCLUSIONS

Polycrystalline ZnHgTe thin films were successfully synthesized
from acidic solution baths using electrodeposition in the gal-
vanostatic mode. The preparation of stoichiometric films could be
achieved by appropriate selection of the growth parameters. The as-
grown films presented excellent adherence and relatively good
morphological and crystalline properties, as inferred from SEM and
XRD analysis. The films exhibited zinc blende structure with pre-
dominant (111) orientation. Annealing the films at 200°C resulted
in the improvement of crystallinity of the films. Optical absorption
studies revealed a direct band gap and a band gap tailoring is ob-
served with the change of Hg content in the films. The electrical
resistivity of the films is found to decrease with increase in the Hg
content in the films.
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