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Abstract

In this article, titanium doped zinc selenide (Ti-ZnSe) thin
films have been successfully fabricated onto fluorine doped
tin oxide substrate using an electrodeposition method. Zinc
acetate, selenium oxide and titanium oxide were used as
sources of Zn, Se and Ti ions respectively. The films were
characterized for their optical properties using UV-Vis
spectrometry technique. The results showed that the
absorbance increase as Ti doping concentration increased
while transmittance decreased at the affected wavelength
ranges. Peak absorbance values in the range of 0.5-0.7
occurred at (250 nm and 350 nm), 0.3 — 0.4 at (600 — 700
nm) and 0.4 — 0.5 at (800 — 900 nm) for the films fabricated
with higher concentration of Ti ion source. The films
exhibited high refractive index value and increase as Ti

Keywords: Window-layer, Bandgap, Solar-cell, Zinc-selenide

concentrations increased with peak values of 2.25 — 3.75
occurring at 250 nm, 4.00 at 350 nm, 2.50 — 2.75 at (600 —
700 nm) and 3.00 — 3.25 (800 — 900 nm) wavelengths. The
extinction coefficient of the films is generally low but
increase as concentration of Ti increased. The bandgap
energies of the deposited thin films are in the order of 3.0
eV, 3.10 eV, 2.70 eV and 2.70 eV for the films deposited
with 4ml, éml, 8ml and 10ml Ti ions respectively. These
bandgaps and other properties of the films are in the range
suitable for many device fabrications such solar cell buffer
layers and high temperature devices and the trend of the
bandgaps are good mainly for photovoltaic cells fabrication
for conversion of solar energy to electricity.

Introduction

Meeting the theoretical solar cell efficiency of any solar cell device through experimental procedure has remained one of the
major puzzles to overcome for high performance and swift conversion of solar energy to electricity. The theoretical solar cell
efficiency limits have been proposed based on various models, M. Reaching these theoretical limits through experiments has
become a great issue because it has been found that achieving high percentage efficiency for high performance centers on
number of factors. These factors among other things include; temperature, amount of sun light received, the material the cell is
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made and the nature of inverter used, >4l Each of these
factors has been noted to play a very crucial role in effort to
improve the overall cell efficiency of solar system. The
amount of electromagnetic radiation or sun light that the
active layer of solar cell received is subject to the material
that constitute the interfacing layer; also known as window
layer of the solar cell. The window layer of a solar cell
system is most often transparent to broad wavelength of
light and conductive in nature. Hence, window layer is
known to facilitate the entering of electromagnetic radiation
of suitable wavelength range to the active layer of solar cell
and at the same time aid the flow of electron as a conductive
material. This scenario has been identified as one of the core
factors/phenomena that can led to solar cell efficiency
improvement if the materials that have the requisite
properties are properly harnessed and fabricated. Materials
such as cadmium sulfide (CdS), zinc oxide (ZnO), zinc
sulfide (ZnO), zinc selenide (ZnSe) etc., have been
identified to possessed the characteristic features to be
applied as window layer for solar cell device fabrications.
These materials have the requisite properties such as high
transmittance in the visible region and wide bandgap energy
values for this purpose, > €. The most commonly used
window layer material is CdS. However, reported has shown
that these CdS is highly toxic and thus not environment
friendly, 7],

Researching on the alternative materials that are eco-
friendlier and have the requisite properties to be used as
window layer have been of great interest for high power
conversion efficiency (PCE) & 9. Zinc selenide (ZnSe) is
one of the stable and eco-friendly materials that has been
identified to possess suitable properties for solar cell
window layer applications. It is one of the I1I-VI
chalcogenide semiconductors that has demonstrated many
promises for vast applications regarding its identified
properties such as; low electrical resistivity, small lattice
mismatch, high percentage transmittance and wide bandgap
energy values, 1%12, These attributes have been known to be
the pre-determine factors required of solar cell devices for
high efficiency attainment. This is because wide bandgap
window layer materials permit transmission of maximum
incident light (photons) to the active layer for high
performance growth. ZnSe has also find good applications
in other optoelectronic devices such as laser diodes,
photodetectors and light emitting diodes (LEDs) etc., 113 141,
The alteration of the properties of ZnSe has been of
significant in the effort to utilize the material to improving
the efficiency of solar cells as window layer and other
identified applications. The alterations of the basic
properties have been known to be achieved through different
processes such as doping or alloying with different
materials/elements, deposition temperature, method of
material ~ fabrications and other  conditions, [,
Doing/alloying strategy has been applied to doped quite
several structures of ZnSe in order to optimize their
properties for the different potential applications using
different elements/materials of suitable form/structures 61,
In this respect, the properties of electro synthesized thin
films of cobalt doped ZnSe fabricated under different
deposition period has been reported by 7). The authors
inferred that the obtained bandgap energy and improvement
in the electrical conductivity position the films suitable for
absorber layer of solar cells. The effect of pH variation on
the optical and electrical properties of cobalt doped ZnSe
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has also be reported by 18l It was observed that both the
bandgap energy and electrical conductivity of the deposited
films were influenced as result of pH variation. The authors
concluded that based on the obtained results, the Co-doped
ZnSe demonstrate great potential for photovoltaic cell
applications. Optical Properties of Co-doped ZnSe Thin
Films Synthesized by Pulsed Laser Deposition has equally
been reported by [°1. The various optical properties such as
bandgap, transmittance and refractive of the films were
found to be altered and the results were attributed Co
incorporation and quantum confinement effect do exhibit by
ZnSe material. The Ab-initio density functional theory
calculations utilizing local spin density approximation
(LSDA) and generalized gradient approximation plus
Hubbard parameter (GGA+U) as exchange-correlation
potential has been employed to study the mechanical and
magneto-electronic behavior of half-metallic
ferromagnetism in Ti-doped ZnSe alloyed as reported by 2%,
Their calculation reveals based on the electronic band
structure and DOS that the materials have half-metallic
behavious which is a great technological attribute for
spintronic applications. On the other hand, the structural and
optical properties of polyvinyl pyrrolidone-doped with zinc
selenide obtained through casting approach has been
reported by . The authors discovered that there were
decrease in the energy bandgap from 4 to 3.1 eV for indirect
allowed transition and decrease from 3.94 to 2.9 eV for
indirect forbidden transition. They inferred that based on the
obtained results, the PVP-ZnSe nanocomposite exhibited
exceptional optical properties suitable for photodetector
applications, mainly as UV detectors.

In this research, electrodeposition will be adopted to
fabricate thin films of Ti-doped ZnSe and study their optical
properties for solar cell window and other optoelectronic
applications.

Materials and Method

The thin films of Ti-doped ZnSe were fabricated onto
Fluorine-doped tin oxide (FTO) conductive glass substrate
by employing an electrodeposition method. The conductive
glass substrates were ultrasonically cleaned using acetone
for about 20 minutes and rinsed with distilled water for
another 20 minutes and kept to dry at room temperature. The
materials used for the fabrication of the Ti-ZnSe thin films
were zinc acetate, selenium dioxide (SeQOy), rutile (titanium
dioxide) and hydrofluoric acid (HF). The basic apparatus
used were; magnetic stirrer and DC supply unit supply
(model Long Wei: PS-305D). Zinc acetate dihydrate served
as zinc source, selenium dioxide as selenium source,
fluorine-doped tin oxide (FTO) conductive glass substrate: -
used as working electrode while silver/silver chloride
(Ag/AgCI) was used as reference electrode, platinum rod
used as the counter electrode, 50 ml glass beaker served as
reaction bath, distilled water served the purpose of reaction
medium for the precursors, DC supply unit is the
electrodeposition device while magnetic stirrer was used for
the sole purpose of proper dissolution of the solute in the
solution.

In fabricating the thin films of Ti-doped ZnSe onto the FTO
glass substrate, aqueous solutions of different volumes of
1.0 M zinc acetate and equal volume (15 ml) of 0.5 M
selenium oxide were measured in a bath container. 2 grams
of titanium oxide were dissolved in 40 ml of HF upon
vigorous stirring using magnetic stirrer for one hour and
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obtained solution was used as dopant by varying its volume
from 4ml to 10ml. Three-electrodes configuration system
was adopted and the three electrodes were immersed into the
bath containing the electrolytic solution and a voltage of 5
volts was maintained from the DC supply unit for deposition
time of 30 seconds for each bath. The details of the
experimental procedure are summarized in Table 1. The
deposited films on the FTO substrate were removed from
the bath solution and allowed to dry at room temperature for
characterizations.

Table 1: Optimization of Bath Parameter for Ti-ZnSe Thin Films
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Results and Discussion
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Characterizations and Calculations

The optical properties of the deposited thin films of Ti-ZnSe
were investigated using UV-Vis spectrometer machine to
measure the absorbance of the films in the wavelength of
200 nm to 800 nm at scan rate of 20 nm. The absorbance
data were recorded and analyzed while other properties were
calculated based on the absorbance values using the
relations as shown below:

Transmittance: This was calculated using the equation as
provided by [2-24

T=1074 1)

Reflectance: This other property was evaluated using the
formula given by [25 28]

_ exp (4)
R=1- ’ oA @

Refractive index (n): This was calculated using the relation
as given by [?7. 28]

1+R AR
=—3 |[—— 2
n 1-R \J (1-R)2 k (3)

Extinction coefficient (k): This property was also obtained
for the films using the equation given by 2% %

CLA
o (4)

Bandgap energy of the films: This property for the
deposited thin films of Ti-ZnSe was obtained via the relation
provided by (323

(ahv)" = A(hv — Eg) (5)

Where hv is the photon energy, a represents the absorption
coefficient, A is a factor known as the autonomous constant,
Eq is the bandgap energy of the films and r is the transition
factor which has the values of 2 for allowed direct transition
and ¥ for indirect allowed transition.

Fig 1: Plot of Absorbance against wavelength for the synthesized
Ti:ZnSe thin films

Fig 1 represents the graph of measured absorbance of the
deposited thin films of Ti-doped ZnSe as a function of
wavelength to determine the absorption behaviour of the
films at different electromagnetic spectrum for device
applications. From the graph, it can be observed that the
deposited thin films have low absorbance values which tend
to improve by increasing the volume concentration of the Ti
dopant. In the UV-region, the films have peak absorbance
values at 250 nm and 350 nm with the film 10ml Ti:ZnSe
having the highest values. In the VIS and NIR regions, the
peak values occurred at wavelength ranges of 600 — 700 nm
and 800 — 900 nm respectively. The increase in the
absorbance of the films as a result of Ti-doping is significant
for many applications of the material such as buffer layers
for solar cells etc.
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Fig 2: Plot of % Transmittance against wavelength for the
synthesized Ti:ZnSe thin films

The plot of percentage transmittance of the deposited thin
films of Ti:ZnSe against wavelength is presented in Fig 2.
The figure showed that the films as a consequent of low
absorbance demonstrated high values of transmittance but
decreased as volume concentration of Ti dopant increased.
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The high transmittance of the films formed with lower
volume concentration of Ti dopant within the UV, VIS/NIR
regions of electromagnetic spectrum position them for
photo-thermal device applications.
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Fig 3: Plot of % Reflectance against wavelength for the
synthesized Ti:ZnSe thin films

The plot of percentage reflectance of the films of Ti:ZnSe is
presented in Fig 3 as a function of wavelength to determine
the degree of reflection of the films at various wavelength
for device applications. From the graph, it can be observed
that the reflectance of the films is quite low within the
wavelength of interest. However, the percentage reflectance
of the films increased with an increase in the volume
concentration of Ti ion source with the peak values
occurring at about 250 -350 nm in the UV region. In the
VIS-NIR regions, the peak values occurred at the
wavelength range of 600 — 700 nm and 800 — 900 nm which
correspond to the range of low transmittance for the films.
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Fig 4: Plot of Refractive index against wavelength for the
synthesized Ti:ZnSe thin films

The graph of refractive index of the deposited thin films
against wavelength is shown in Fig 4. The figure revealed
that the films exhibited a quite high values of refractive
index throughout the wavelength of measurement but
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however increased as doping concentration increased. The
film deposited with 10 ml of Ti dopant concentration
depicted the highest values with peak values of 3.75, 4.00 at
wavelengths of 250 nm and 350 nm within the UV region.
Peak refractive index values were also observed at
wavelength order of 650 nm, 800 nm and 850 nm in the
VIS- NIR regions. These increase in the refractive index
values for the films as a result of Ti doping is crucial for
many device applications such as optical fiber and
waveguide devices.
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Fig 5: Plot of Extinction coefficient against wavelength for the
synthesized Ti:ZnSe thin films

The graph of extinction coefficient of the deposited thin
films Ti:ZnSe against wavelength is presented in Fig 5 to
investigate the rate photon of light energy got lost in the
material for any application. The figure indicated that the
extinction coefficient of the synthesized thin films of
Ti:ZnSe generally have low values of extinction coefficient.
However, increase in the volume concentration of titanium
ion dopant tend to increase the extinction coefficient of the
films throughout the UV, VIS and NIR regions of
electromagnetic spectrum. The film doped with 10 ml Ti
doping has the highest value of extinction coefficient with
peak values of 0.05, 0.055, 0.03 and 0.04 that occurred at
wavelengths of 250 nm, 350 nm, 600 — 700 nm and 800 —
900 nm respectively. The low values of extinction
coefficient exhibited by the films are significant for photo-
detector device application.

Fig 6 are plots of (ahv)? as a function of photon energy in
order to determine the direct bandgap energy of the films for
suitable areas of application. From the figure, the bandgap
energies of the films can be estimated to be about 3.0 eV,
3.10 eV, 2.70 eV and 2.70 eV for the films 4ml Ti:ZnSe,
6ml Ti:ZnSe, 8ml Ti:ZnSe and 10ml Ti:ZnSe respectively.
These bandgap energies were estimated by extrapolating the
band edge portion of Tauc relation on the photon energy
axes where (ahv)? equal to zero as depicted in the plots. The
obtained band-gap energy values for the films are in the
range suitable for many device fabrications such solar cell
buffer layers and high temperature devices. The trend of the
band-gap energy of the films showed that Ti doping
decrease the band-gap energy of ZnSe material. This trend is
suitable for device applications such as photovoltaic cells
for conversion solar energy to electricity.
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Fig 6: Plots of Squares of (ahv) against photon energy for the
synthesized Ti:ZnSe thin films

Conclusion

Thin films of Ti-doped ZnSe deposited onto FTO
conductive glass substrates have been analyzed for their
optical properties to determine their suitability for device
applications. The results of the analysis showed that the
films deposited with higher concentration of Ti ions have
higher absorbance values with peak values which occurred
at wavelength ranges of 250-350 nm, 600 — 700 nm and 800
—900 nm in the UV, VIS and NIR regions respectively. The
increase in the absorbance of the films as a result of Ti
doping can be of significant for many applications such as
buffer layers for solar cells. The films subsequently
exhibited high transmittance for those formed with lower
volume concentration of Ti dopant within the UV, VIS/NIR
regions and thus position them for photo-thermal device
applications. The bandgap energies of the films were
extrapolated to be 3.0 eV, 3.10 eV, 2.70 eV and 2.70 eV for
the films deposited with 4ml, 6éml, 8ml and 10ml
respectively. The obtained band-gap energy values are
found to be in the range suitable for many device
fabrications such solar cell buffer layers and high
temperature devices. Moreover, the trend of the band-gap
energy indicated that Ti doping decrease the band-gap
energy of ZnSe films and this trend is suitable for device
applications mainly photovoltaic cells for conversion solar
energy to electricity.
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