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Abstract

In this study, Bismuth (Bi) doped ZnSe thin films were deposited on conducting glass substrates by electrochemical deposition technique and the
influence of precursor temperature (room, 50, 55, 60 °C) on their optical and structural properties were systematically studied using the combined
effect of X-Ray Diffraction (XRD), Scanning Electron Microscope (SEM) and UV-VIS spectrophotometer. The XRD patterns show a face-centred
cubic structure indexed with peaks at (220), (221) and (300). The grain size was in the range of 3.24056 to 4.60481 nm with a lattice constant of
7.189A. The material deposited at room, 50°C, 55°C, and 60°C reveals agglomeration of particle on the surface of the substrate indicating uniform
deposition. The optical spectra show that at different temperature (say room, 50°C, 55°C and 60°C), the absorbance and reflectance of BiZnSe
thin films decreases with increase in wavelength of the incident radiation while the transmittance shows direct proportionality with the increase in
wavelength. The bandgap demonstrated an increase in the range 1.75-2.25 eV with increase in temperature.
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1. Introduction

Among the various II-VI semiconductors, Zinc selenide dis-
plays unique optical properties that makes it found application
in light-emitting diodes [1,2], magneto-optical devices [3], ul-
traviolet lasers [4,5], gas sensors [6,7], solar cells [8,9], photo-
catalysis to mention but a few. The band gap tunability of ZnSe
makes its optical properties outstanding and it can be used as
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transparent conductive oxide thin films. Many methods, both
chemical and physical, including sputtering [10], thermal evap-
oration [11], electro-deposition [12, 20, 21], spray pyrolysis
[13] and chemical vapour deposition [14] have been used to
produce doped and undoped semiconductor thin films. So far,
some of the methods have drawbacks such as toxic reducing
agents, and organic solvents, or may require special conditions
such as high temperature or low pressure, and sometimes can
require costly and time consuming procedure.

Among them, the electrochemical deposition of thin films is
a viable alternative to vacuum-based deposition process. Its
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Schematic diagram of electrochemical deposition

major advantages are that processing can take place at room
temperatures and pressures and thin film properties can be con-
trolled [4,10].

Generally speaking, adding an appropriate amount of dopant
can change the physical properties of a semiconductor film.
The effects of sulfur (S), iron (Fe), chromium (Cr) [15], cop-
per (Cu) [16], Ag [17], Mn [18], etc. have been systematically
studied. The semi-metal element bismuth (Bi) is used as a suit-
able doping material for electronic applications because of its
high anisotropic electrical properties and high electron mobil-
ity [10,19], which is rarely reported in published works. Bi-
doped ZnSe thin film has a transparent nature, and its band gap
nature results to potential support for heterojunction layers in
solar cells. This work aims to use X-ray diffraction (XRD),
scanning electron microscopy (SEM), Energy Dispersive Spec-
troscopy (EDS), ultraviolet-visible absorption spectroscopy and
four point probe to explore the structural, optical and electrical
properties of the as-deposited thin film.

2. Experimental Details

2.1. Material and Methods

The chemicals used in this work were analytical grade and
purchased from Sigma-Aldrich. They include: zinc tetraoxo-
sulphate (VI) heptahydrate (ZnSQO4.7H,0), Bismuth nitrate pen-
tahydrate (Bi(NO,)3.5H,0), selenium metal powder (Se), and
hydrogen chloride (HCI). In this work, electrochemical depo-
sition technique (ECD) is used, which involves the deposition
of any substance on electrodes due to electrolysis. The electro-
chemical bath system consists of cation source (ie Bi(NO,)3.5H,0,
7ZnS0,.7H,0 for Bi**, Zn?*), anion source (i.e. selenium metal
powder Se?") and deionized water, all in a 100 ml beaker. The
reaction bath was stirred using a magnetic stirrer, and a pow-
der supplied was used to supply an electric field (DC voltage),
a conductive glass (FTO) with electrical resistance of 16.6 Q
for the cathode, and a carbon electrode for the anode. Finally,
the uniform deposition of the thin film was achieved through
electrochemical deposition technique.
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2.2. Substrate Cleaning Procedure

The substrates were conducting glass materials. Acetone
was used to cleaned the substrates. It was therefore rinsed with
distilled water and ultrasonicated for 30 minutes in acetone so-
lution. Final rinsing was done in distilled water and the sub-
strates were dried using an oven.

2.3. Growth of ZnSe and Bi/ZnSe Films

The growth of ZnSe and Bi/ZnSe thin film materials was
carried out using an aqueous solution of 0.1 mol of ZnSO,4.7H,0
as the cationic precursor while the anionic precursor was 0.1
mol solution of selenium metal powder dissolved in 5 ml of hy-
drochloric acid (HCI) to ensure uniform deposition. The elec-
trochemical bath system was composed of sequential variations
of the zinc selenide molar concentrations. The varied precur-
sor temperature of the solution are presented in Table 1. The
deposited films were afterward annealed at 300 °C.

2.4. Characterization and Measurement

The grown films were characterized for their morphologi-
cal, structural, elemental, optical and electrical properties us-
ing Zeiss scanning electron microscope (SEM), Bruker D8 Ad-
vance X-ray diffractometer with Cu-K,, line (A =1.5405 A) in
20 range from 10 ° - 90 °, energy dispersive X-ray spectro-
scope (EDX), Uv-1800 visible spectrophotometer and a four-
point probe device respectively.

3. Results and Discussion

3.1. XRD analysis

The XRD pattern of BiZnSe thin films deposited on FTO
substrates at different temperatures is as shown in Figure 2.
From the Figure, the diffraction peaks were at (220), (221),
(300) which correspond to the following angles (26.00%), (31.987),
(32.01°) respectively. From the pattern, BiZnSe was confirmed
to be a face-centred cubic structure which agrees with the JCPDS
card no. 01-088-2400. The un-indexed peaks could have possi-
bly resulted from the FTO substrates used for deposition. The
lattice constant a = 7.1890 A was obtained using equation (1).
From the pattern the higher peaks could be due to the fact that
the thickness of the film increases with an increase in dopant
concentration, thus creating larger surface areas for photovoltaic
devices and solar cell activities. The average crystallite size of
the film is determined using equation (1), and the value of the
Scherrer constant K is estimated to be 0.94 of the crystallite size
using equation (2). Table 2 shows the calculated crystallite or
grain size and dislocation density of the films deposited at dif-
ferent temperature room, 50°C, 55°C and 60°C which agrees to
similar studies by other researchers [20-23].

nAa
d= 1
2sin@ M

kA
D= 2
Bcos6 2
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Table 1: Varied molar concentration of growth materials
Temperature (degree) Bi(NO,);.5H,O (ml) ZnSO,.7H,0 (ml) Se(ml) Temperature (degree) Time (s) Voltage (V)
ZnSe 10 20 20 00 5 10
Bi/ZnSe 50 10 20 20 50 5 10
Bi/ZnSe 55 10 20 20 55 5 10
Bi/ZnSe 60 10 20 20 60 5 10
Table 2: Structural parameters of BiZnSe thin film
Sample 20 d (spac- Lattice ® (hkl) Grain Dislocation
(degree) ing) constant FWHM Size(D) density,o
A (A) nm lines/m>
ZnSeroom  27.07 3.52076  7.1890 0.32717 220 4.54275  0.04845
38.98 2.87509 0.32717 221 4.60447 0.04716
51.01 2.87246 0.32717 300 4.60481 0.04716
Bi/ZnSe 27.07 3.52076  7.1890 0.40959 220 3.62863  0.07594
50°C
38.98 2.87509 0.40959 221 3.67793  0.07392
51.01 2.87246 0.40959 300 3.67820  0.07391
Bi/ZnSe 27.07 3.52076  7.1890 0.45864 220 3.24056  0.09522
55°C
38.98 2.87509 0.45864 221 3.28459  0.09269
51.01 2.87246 0.45864 300 3.28483  0.09267
Bi/ZnSe 27.07 3.52076  7.1890 0.36444 220 4.07818  0.06012
60°C
38.98 2.87509 0.36444 221 4.13358  0.05852
51.01 2.87246 0.36444 300 4.13389  0.05851
crystallites. It is evidenced that the crystallites get bigger as
1000 ) T = the deposition temperature reduces which agrees with similar
2500 9 = o BilZnSe 60°C studies [20-23].
gmu ] JCPDS: 01-088-2400 3.3. Elemental Composition Analysis Using Energy Dispersive
E‘zzzz 1 BilZnse 55°C | X.-l.fa.y (EDX) for l?iZnSe' . '
E .l ] Utilizing Energy Dispersive X-ray technique, the formation
8 f BilZnSe 50°C of ZnSe and BiZnSe are evident in Figure 4a&b and the other
1000 -

500 4 1
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Figure 2: XRD pattern of BiZnSe

3.2. Surface Morphology Analysis Using Scanning Electron Mi-
croscopy (SEM) of BiZnSe

Figure 3 shows the micrograph of ZnSe and BiZnSe. The
materials were deposited at room, 50°C, 55°C, and 60°C. The

morphologies of the samples at different temperatures are smooth

with bigger grains with decrease in temperature. When the de-
position temperature increased to 60°C the surface of the as de-
posited film resulted to formation of islands with reduced grains
due to smaller crystallites formed. The large grains formed with
reduced precursor temperature was due to agglomeration of the
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elements which include Si, Ca, and O resulted from the elemen-
tal composition of the (FTO) substrate used for the deposition
of the films.

3.4. Optical Analysis

The optical absorbance-wavelength spectra of BiZnSe thin
films is shown in Figure 5a. The films grown at different tem-
peratures (say, room, 50°C, 55°C and 60°C) reveals that, the
absorbance has an inverse relationship with its corresponding
wavelength (in another word, as the wavelength of the inci-
dent radiation increases the absorbance of BiZnSe thin films
decreases). The material grown at 50°C, 55°C and 60°C ex-
hibited the same trend and reveals the highest behavior and the
material grown at room reveals lowest which shows that ZnSe
and BiZnSe will be a good material that will absorb energy from
the Sun and can serve as a good device for photovoltaic appli-
cations [24-26].

The optical transmittance spectra of BiZnSe thin films in
Figure 5b shows that the transmittance of the films grown at
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Figure 4: EDX Spectra of ZnSe and BiZnSe

different temperatures (room, 50°C, 55°C and 60°C) increases = 1240/)h. Here, the maximum absorption wavelength is ob-
with increased in wavelength, which means that, the transmit- tained from the absorption wavelength data. The E, was ob-
tance is directly related with the wavelength of BiZnSe thin tained in the formula describes as Tauc plot [27]. The E, was
films which agrees with similar studies [24-26]. obtained from extrapolation of the linear part (ahv)? versus hv.
Similarly, the optical reflectance spectra of BiZnSe thin films The optical band gap energy of BiZnSe thin films in Figure

in Figure Sc shows an inverse relationship with wavelength which 6 shows an increase in band gap energy with increase in deposi-
means that, at different temperatures (room, 50°C, 55°C and tion temperature. The bandgap demonstrated an increase in the
60°C) as the wavelength of the incident radiation increase the range 1.75-2.25 eV with increase in temperature (room, 50°C,
reflectance of BiZnSe thin films decreases. 55°C and 60°C).

The energy gap (E;) was determined based on the wave- Figure 7a shows the optical refractive index of BiZnSe thin
length of maximum absorption (A) according to the formula E, films grown at different temperature (room, 50°C, 55°C and
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energy

of absorption coefficient square versus photon

60°C). The result shows that, as the photon energy of the mate-
rial increases the refractive index also increases. The increase
in the refractive index as a result of photon energy increase was
due to larger crystallites as observed in the SEM micrograph
while the refractive index increases with increasing photon en-
ergy as aresult of the increase in grain size observed in the SEM
analysis. The refractive index (n) is the range of frequencies in
which films are weakly absorbing.

The optical extinction coefficient which is the measure of
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the fraction of light lost due to scattering and absorption per
unit distance of the penetration medium is as shown in Figure
7b. The increase in the extinction coefficient indicates the scat-
tering loss of light while travelling through the medium with
high absorption. The optical conductivity of BiZnSe thin films
is shown in Figure 7c. The optical conductivity has been found
to increase with increase photon energy. This increase in op-
tical conductivity attributed to increase in density of localized
states in the energy band itself is due to the rise in new defect
states [28].

The real and imaginary dielectric constant of BiZnSe thin
films in figure 8a&b has a direct relationship with the photon
energy. This shows that, as the photon energy of the material
increases, the real and imaginary dielectric constants increases.

3.5. Electrical Properties of BiZnSe

The material deposited at room, 50°C, 55°C and 60°C re-
veals an increase in thickness from 117.19 — 132.21 nm with in-
crease in the resistivity of the deposited material from 5.3210 x
10% — —6.2943 x 103(Q.cm) which result to the decrease in the
conductivity of the deposited material from 1.8793 x 10'! —
1.5887 x 10'!(S/m) (See Figure 9).

The high resistance value allows the film to be used in solar
cell applications to improve conversion efficiency, because it
can reduce the inevitable defects in solar cell manufacturing
during the actual production process. Therefore, BiZnSe thin
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Table 3: Electrical Properties of BiZnSe

Samples Thickness, t(nm) Resistivity, p (2.cm) Conductivity, ¢ (S/m)

ZnSe room 117.19 5.3210x10° 1.8793x10™
Bi/ZnSe 50°C 122.15 6.7231x10° 1.4874x10"
Bi/ZnSe 55°C 128.15 6.9874x10° 1.4311x10"
Bi/ZnSe 60°C 132.21 6.2943x10° 1.5887x10"

film resistivity is very suitable for use as a buffer layer in solar 4. Conclusion

11s, ph Itai 1 h ltai ices. . . .
cells, photovoltaic panels and photovoltaic devices Undoped ZnSe and Bismuth (Bi) doped ZnSe thin films
have been prepared and deposited using electrochemical de-
128
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position technique at room, 50, 55, 60 °C. The XRD patterns
show a face-centred cubic structure indexed with peaks at (220),
(221) and (300). The grain size was in the range of 3.24056 to
4.60481 nm with a lattice constant of 7.189A. The material de-
posited at room, 50°C, 55°C, and 60°C reveals agglomeration
of particle on the surface of the substrate indicating uniform
deposition. The optical spectra show that at different tempera-
ture (say room, 50°C, 55°C and 60°C), the absorbance and re-
flectance of BiZnSe thin films decreases with increase in wave-
length of the incident radiation while the transmittance shows
direct proportionality with the increase in wavelength. The
bandgap demonstrated an increase in the range 1.75-2.25 eV
with increase in temperature.
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