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Abstract

The study of the influence precursor temperature on the
structural, morphological and optical properties of
erbium doped zirconium telluride using ECD method
where the aqueous solution of the cationic precursor was
0.1 mol solution of ZrOCI,.8H,O and the anionic
precursor was 0.01 mol solution of Tellurdioxide (TeOy)
was prepared by dissolving with 7 ml of Hydrochloric
acid (HCI), and then 0.05 mol solution of Erbium
trioxide (Er203) was used as the dopant. The films were
characterized via UV-1800 Visible Spectrophotometer,
Bruker D8 Advance X-ray diffractometer with Cu Ka
line (A = 1.540564) in 20 range from 10° - 90°and
Scanning  Electron  Microscopy. The  X-ray
diffractometer pattern of ZrTe and Er-ZrTe thin film
showed prominent crystalline peaks that are in
agreement with the JCPDS card number 046-1088 and

I. Introduction

The transition-metal dichalcogenides material have been
studied extensively because of its applications in
photovoltaics [1], [2], [3], [4], [5]. The transition-metal
dichalcogenides materials possess different layers with
the transition metal atom sandwiched between two
chalcogen atoms such as S, Te or Se [6], [7], [8], [9],
[10], [11] and those layers are separated by the van der
Waals force, which offer new promising materials
beyond graphene for exploring striking phenomena and
device applications [12], [13]. Researcher have paid
much attention to Zirconium-based chalcogenides
material such include zirconium telluride material with
great physical properties [14], [15]. Many researchers
have used different technique to synthesize ZrTe thin
films which includes; electrodeposition technique [16],

041-1445 for ZrTe and Er-ZrTe thin film with a cubic
phase indexed at (111), (200), (201), and (210)
orientations and ZrTe and Er-ZrTe Films are
polycrystalline with intense peaks at (111) and (210)
planes at 20 value of 26.354° and 51.360° respectively.
Higher precursor temperature decreases peak intensity
towards amorphous phase. The surface morphology of
ZrTe thin films shows the particles are agglomerated
which resulted from the formation of large grains due to
effect of carbon electrode used in the process of
deposition and energy band gap of 1.55 — 1.51 eV was
obtained.
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[17] pulsed laser deposition [14], [18], [19], Sputtering
[20], [21], [22]. In all these techniques mention above
ECD technique is more suitable for the growth/syntheses
of Erbium doped zirconium telluride thin film because it
is economically friendly, easy to use, and it can be used
for industrial fabrication of films within a short period of
time.

This research focus on the influence of precursor
temperature on erbium-doped Zirconium telluride (Er-
ZrTe) using electrochemical deposition method and its
application in solar cells fabrication, photovoltaic,
agriculture with Zirconium (1) oxychloride octahydrate
(ZrOCl,.8H20) as the Zirconium ion source and
Tellurdioxide (TeOy), as the Telluride ion source and
Erbium trioxide (Er.03) as the dopant. The parameters
for fabrication such as deposition potential, the
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precursors temperature have been optimized at initial
stages of deposition. The results reported in this research
are structural, optical, EDX and scanning electron
microscopy analysis

Il. Materials and Method

The deposition of ZrTe and Er-ZrTe thin films the
following analytically grade chemicals were used which
include  Zirconium (IV) oxychloride octahydrate
(ZrOCl.8H,0), Tellurdioxide  (TeO,),  Hydrogen
Chloride (HCI), Erbium trioxide (Er.O3). Others
materials are; Deionized water, Power supply,
Multimeter, Carbon electrode, Fluorine electrode,
Fluorine doped tin oxide as substrate (FTO). The
electrochemical deposition technique (ECD) was used
and the bath system is composed of a source of the cation
(i.e Er0s, ZrOCl,.8H,0 for Er?*, Zr?*), a source of the
anion (i.e Tellurdioxide (TeO, for Te?), deionized water
all in 100 ml beaker, the magnetic stirrer was used to stir
the reaction bath. The power supply was used to provide
an electric field (DC voltage), a conducting glass was
used as the cathode while the anode was carbon and
fluorine electrode. Finally, uniform deposition of thin
films by electrochemical deposition technique was
achieved.

A. Substrate (FTO)

The substrate was a conducting glass material. The
substrates were dipped in acetone, methanol, rinsed with
deionized water and later ultra-sonicated for 20 min in
an methanol solution. Then they were rinsed in deionized
water and kept in an oven to dry.

B. The growth of Er-ZrTe thin films

The substrates were kept in vacuum to avoid
contamination; using the aqueous solution of the cationic
precursor of 0.1 mol solution of ZrOCl,.8H,0 while the
anionic precursor was 0.15 mol solution of selenium
metal powder each in 100 ml of water was added and
stirred. However, Zirconium and Erbium compounds in
100 ml of water and were then stirred using the magnetic
stirrer for three minutes. The FTO coated glass substrates
were weighed using the electronic scale before the
Erbium-doped Zirconium Selenide (Er-ZrTe) was
deposited. After weighing, the conducting sides of the
FTO glass substrate were determined using a multimeter.
During the deposition, the target materials were poured
into the beakers; about 10 ml for Erbium (Er) solution
and 15 ml for Zirconium and Selenium solutions
respectively. Using the forceps, the substrate was picked
from the glass container and placed in-between the
working electrode with its conducting side facing the
Fluorine electrode and then inserted into the target
material, then for 15 S, the potential drop across the thin
film was measured with the help of a digital multimeter

and the current passed through the sample with the help
of a sensitive ammeter. The power supply was kept at a
constant voltage of 10 V, after the deposition the samples
were taken to the annealing machine and heated for 30
minutes to remove internal stresses. The optical
absorption study of the film deposited on FTO coated
glass (substrate) was carried out in the wavelength range
0f 300-1100 nm using UV-1800 spectrophotometer
while the structural and were carried out using the x-ray
diffractometer. The material deposited at room
temperature labeled ETO and the once deposited at
different precursor temperature of 50°C, 60°C, 70°C, and
80°C labeled ET1, ET2, ET3, and ET4.

C. Characterization of The Films.

The structural characterization of the films was carried
out using Bruker D8 Advance X-ray diffractometer with
Cu Ko line (A = 1.54056 A) in 20 range from 10° - 80°
the instrument helped in determining the type of lattice
crystal and intensities of diffraction peaks, with the help
of database software supplied by the international center
of diffraction data. The quantitative analysis of the films
was carried out using Energy Dispersive X-ray Analysis
(EDX) for thin films to study the stoichiometry of the
film. UV- visible NIR wusing UV-1800 visible
spectrophotometer was used to obtain the absorbances of
the films. Various other parameters from the absorbance
were derived using the formula below (a) From the law
of conservation of energy we obtained,

A+T+R=1 Q)

Where A is the absorbance, R is the Reflectance, and the
transmittance is T.

I11. Results and Discussion

A. The Optical Analysis of ZrTe and Er-ZrTe Material
The Optical absorbance spectral of the deposited thin
films were studied via Uv-visible spectrophotometer at
different temperature with a wavelength range of 200 —
1100 nm. From fig. 1 there is a sharp decrease in the
absorbance as the temperature increases from 50°C -
80°C which shown that Erbium affect the ZrTe material.
ZrTe which represent the control on the plot revealed a
steady decrease as the wavelength of the electromagnetic
radiations increase from 450 nm to 850 nm ZrTe film
absorbed more cells at the UV region of the spectrum.
Er-ZrTe films absorbed more light at the UV region of

the spectrum which shown that Er-ZrTe can function in
many applications such solar cells for fabrication of solar
panel, photovoltaic, and supercapacitor for storage
devices

The optical transmittance spectra as a function of
wavelength in fig. 1b shows an inverse reaction on the
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absorbance spectra in fig. 1a; the transmittance spectral
transmits above 90% in UV region and near infrared

material like Er-ZrTe can function in mass production of
solar cells materials and others application in electronic
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Fig. 1: Plot of absorbance (a), Transmittance (b) and Reflectance (c) as a function of Wavelength

region (NIR) and high transmittance at the ultraviolet
region reveals how the temperature affect ZrTe because
introducing Erbium to ZrTe precursor give room for free
energy characteristic and increases the temperature from
50°C — 80°C the transmittance of the ZrTe films
increases. All the samples of Erbium showed an
increasing  transmittance  value with increasing
wavelength. Er-doped samples showed significant
increase in transmittance with increased temperature and
the samples showed consistently  increasing
transmittance

for increasing temperature. This is attributed to the small
film thickness. There was a steady increase in the
transmittance spectral which revealed the ternary

The photon energy of the synthesized ZrTe and Er-ZrTe
thin film material in fig. 2 revealed that as the absorption
coefficient square increases the light radiation from the
photon energy increases. The bandgap energy was
determined by Tauc plot extrapolation technique,

industries.

The optical reflectance spectra as a function of
wavelength in fig. 1c at different temperature of 50°C —
80°C. From the plot ZrTe film shows an exponential
decrease in the near infrared region and a steady increase
in the UV region of the spectrum. All the samples
showed a maximum increase of reflectance in the visible
region and an exponentially decreasing reflectance in the
near IR region. The exponential decrease of the film is
attributed to small film thickness because of the film
thickness can affect the absorption of light by the
material for onward transmission and as the wavelength
of electromagnetic spectrum increases the reflectance of
the film increases as well.

1
using: (ahv)= = B(hv — E,). The bandgap energy
decreased in the visible and IR region and increased in
the UV region. This confirms the photosensitivity of the
film upon exposure to light in the IR region. The
bandgap energy of 1.55 -1.51 eV was obtained
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Fig. 2: Plot of absorption coefficient as a function of photon energy

The optical refractive index, extinction coefficient and
optical conductivity as a function photon energy in fig.3.
The plot of fig. 3a sample ETO representing ZrTe film
showed a high refractive index in the UV and NIR region
and a sharp decrease at the ultraviolet region and
introducing Erbium as the dopant improve the refractive
index of the film. In fig.3b the extinction coefficient of
the thin film material synthesized at different precursor

temperature increases as the light radiation fall on the
surface of the film which rise to increases in the photon
energy of the synthesized material and all the sample has
a steady increase as the precursor temperature of the
material increases (50°C — 80°C) and the optical
conductivity of the films in fig. 3c revealed an increase
in ZrTe (ETO) material and the dopant improve the
optical conductivity of Er-ZrTe (ET1-ET4) thin film
materials
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Fig. 3: Plot of refractive index (a), extinction coefficient (b) and optical conductivity (c) as a function of photon energy

The real and imaginary dielectric constant of ZrTe and
Er-ZrTe thin film material as a function of photon energy
in fig.4 revealed that as the temperature of Er-ZrTe films
increase from 50°C — 80°C the electromagnetic radiation
from the photon energy increases. The photon energy of

the materials has a steady increase from 1.5 eV — 2.5 eV
with a sharped drop in the photon energy of the film to
4.0 eV which revealed how refractive and extinction
coefficient of the material can affect the real and
imaginary dielectric constant of the deposited material.
From the plots real and imaginary dielectric constant of
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ZrTe film improve at the ultraviolet region and
introducing Erbium as the dopant make a better material
at 2.3 eV. |In fig. 5a the real dielectric constant has a
value of 0.999 and photon energy of 1.265 eV at the UV
region and at the NIR region with a value of 1.503 and
photon energy of 2.462 eV which results to sharp
decrease of the real dielectric constant at the ultraviolet
region with a value of 1.327 and photon energy of 3.404
eV. It is well noticed that increase in photon energy will
result in decrease in the real dielectric constant of the

synthesized material. In fig.5b the imaginary dielectric
constant of the material synthesized at UV region has a
value of 0.0035 and photon energy of 1.556 eV and at
the NIR region has a value of 0.1655 and photon energy
of 3.628 eV and at the ultraviolet region has a value of
0.0550 and photon energy of 3.866 eV and the imaginary
dielectric constant increases from the UV region to the

NIR region with a sharp decrease at the ultraviolet
region.

Real Dielectric Constant

T T T T T
15 20 25 30 35 4.0

hv (eV)

Imaginary Dielectric Constant

Fig. 4: Plot of real (a) and imaginary (b) dielectric constant as a function of photon energy
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B. Structural Analysis of ZrTe and Er-ZrTe Material

The X-ray diffractometer pattern of ZrTe and Er-ZrTe
thin film showed prominent crystalline peaks that are in
agreement with the JCPDS card number 046-1088 and
041-1445 for ZrTe and Er-ZrTe thin film with a cubic
phase indexed at (111), (200), (201), and (210)
orientations. The XRD patterns shown in fig. 5 were

The ZrTe and Er-ZrTe Films are polycrystalline with
intense peaks at (111) and (210) planes at 26 value of
26.354° and 51.360° respectively. Higher precursor
temperature decreases peak intensity towards amorphous
phase. This is evidence of the presence of microstrain
along the lattice. Average crystallite size was estimated
using Scherrer’s relation equ. 2

obtained using the energetic CuKy X-ray source (A p=_* @)
=1.5406 A) in the diffracting angle range of 15 — 80°. BCosd
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Fig. 5: XRD pattern of ZrTe and Er-ZrTe Thin Films
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Sample 20 d Lattice constant  (B) (hKI) Grain Size(D) Dislocation
(degree) (spacing)  (A) FWHM nm density,o
A lines/m?
ETO 26354  1.23177 9.595764739 018517 111 5.38453 3.44913
ET1 33.831  19.1386 6.621168178 0.20958 200 3.80793 6.89640
ET1 37879  1.15218 1259781996 0.14800 201 6.96633 2.06059
ET3 57.360  0.8591 13.86580874 0.22584 210 7.07858 1.99576
ET4 65.389  0.87852 12.81689573 0.22499 211 8.55033 1.36784

C. Surface Morphology Of ZrTe And Er-ZrTe Material

The surface morphologies of ZrTe and Er-ZrTe thin film
material in fig. 6 were obtained by Leo-Zeiss scanning
electron microscopy (SEM). The surface morphology of
ETO which represent ZrTe thin films shows the particles
are agglomerated which resulted from the formationnn
of large grains due to effect of carbon electron used in
the process of deposition while doping ZrTe thin films
improve the surface morphologies of the deposited
samples at 50°C and 70°C doping with Erbium the grains

size reduced at 60°C doping its was observed in sample
ET1 and ET4 a large grain size which is due to increase
in temperature. All the surface morphologies are
spherical in sharps and such spherical sharpes revealed
the crystallites on the surface of the films. The films are
free of cracks which shows that the surface of the films
were smooth and visible. With a close look at Sample
ET2 and ET4 though poly dispersed having a
combination of ellipsoidal and spherical shape, these
morphologies are suitable for solar cells, photonvoltaics
and other applications in the electronic industries.
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Fig. 6: SEM Micrograph of ZrTe and Er-ZrTe.

D. Elemental Study of ZrTe and Er-ZrTe Thin Films
Material

The elemental analysis of ZrTe and Er-ZrTe thin films
material was performed using Energy Dispersive X-ray
Analysis (EDX). This unit is attached to the Scanning

Electron Microscopy (SEM). JEOL-JSM 7600F Japan.
It is was noticed in fig.7 the formation of ZrTe and Er-
ZrTe in the EDX spectra analysis and the others element
present is due to the elemental composition of the (FTO)
substrate used to synthesized of thin films material
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Fig. 7: Energy Dispersive Analysis of ZrTe and Er-ZrTe Thin Films Material

E. Electrical Analysis of ZrTe and Er-ZrTe Material

The Electrical study of ZrTe and Er-ZrTe thin films
material in Table 2, it was noticed that the thin films
material synthesized revealed increase in thickness from
142.11 - 159.15 nm with a corresponding decrease in the
resistivity of the synthesized thin films material from

4.323x10° — 1.292x10° (Q/cm) which resulted to
corresponding increase in the conductivities of the
synthesized thin films material from 0.231x10%! —
0.773x10* (Qm/cm)™.

Table 2: Electrical parameters of ZrTe and Er-ZrTe Thin Films Material

Samples Thickness, (t) Resistivity, (p) Conductivity, (o)
(nm) Om)? (Qm/cm)?

EZO 142.11 4.323x10° 0.231x10%

EZ1 146.16 3.340x10° 0.299x10%

EZ2 149.25 3.233x10° 0.309x10%

EZ3 153.27 2.011x10° 0.497x10%

EzZ4 159.15 1.292x10° 0.773x10%

IVV. Conclusions
The electrochemical deposition technique has been used
to growth and characterized ZrTe and Er-ZrTe thin film
for photovoltaics application. The X-ray diffractometer
pattern of ZrTe and Er-ZrTe thin film showed prominent
crystalline peaks that are in agreement with the JCPDS
card number 046-1088 and 041-1445 for ZrTe and Er-
ZrTe thin film with a cubic phase indexed at (111), (200),
(201), and (210) orientations. The surface morphology
of ETO which represent ZrTe thin films shows the
particles are agglomerated which resulted from the
formationnn of large grains due to effect of carbon
electrode used in the process of deposition while doping
ZrTe thin films improve the surface morphologies of the
deposited samples at 50°C and 70°C doping with Erbium
the grains size reduced at 60°C. its was also observed in
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