Asian Journal of Physical and Chemical Sciences

5(4): 1-7, 2018; Article no.AJOPACS.40383
ISSN: 2456-7779

Electrical Properties of Electrodeposited Lead
Selenide (PbSe) Thin Films

K. I. Udofia' and Ikhioya I. Lucky®

1Department of Physics and Industrial Physics, Nnamdi Azikiwe University, Awka, Anambra State,
Nigeria.

2Department of Physics and Astronomy, Faculty of Physical Sciences, University of Nigeria, Nsukka,
Nigeria.

Authors’ contributions

This work was carried out in collaboration between authors KIU and IIL. Author KIU designed the
study, performed the statistical analysis, wrote the protocol and first draft of the manuscript. Authors
KIU and IIL managed the analyses of the study. Author IIL managed the literature searches. Both
authors read and approved the final manuscript.

Article Information

DOI: 10.9734/AJOPACS/2018/40383

Editor(s):

(1) Natt Makul, Assistant Professor, Department of Building Technology, Faculty of Industrial Technology, Phranakhon
Rajabhat University, Thailand.

(2) Shridhar. N. Mathad, Professor, Department of Engineering Physics, K.L.E Society's KLE Institute of Technology, India.
Reviewers:

(1) Lyly Nyl Ismail, Universiti Teknologi MARA Cawangan Pulau Pinang, Malaysia.

(2) Mehmet Cavas, Firat University, Elazig, Turkey.

(3) Larbah Youssef, Nuclear Research Center of Algiers, Algeria.

(4) Hilda Esparza Ponce, CIMAV, México.

Complete Peer review History: http://www.sciencedomain.org/review-history/24045

Received 24" January 2018
Accepted 4™ April 2018
Published 7" April 2018

Original Research Article

ABSTRACT

PbSe thin films were electrodeposited onto ITO substrate with variation of deposition voltage (1-5V).
The deposited thin films were characterized using the four point probe technique to determine their
electrical E)roperties. The sheet resistivity of the thin films was found to vary from 1.50 x10* (Qm) to
5.23 x 10*(Qm) and conductivity vary from 1.91 x 10° (Qm)'1 to 7.40x10'5(Qm)'1, which is within the
electrical conductivity range for semiconductor. It was observed that as the refractive index of the
incident radiation increases the photon energy increases as well. It was noticed that sample N with
168nm thickness recorded the highest value of refractive index which increases from 2.424-2.643
and sample O with 164 nm thickness revealed the highest peak in all the samples deposited. It
shows that as the optical conductivity of the incident radiation increases the photon energy
increases. It was observed that sample follows the same thread and sample O with 164nm
thickness revealed the highest peak in all the samples deposited.
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1. INTRODUCTION

Lead Selenide (PbSe) thin films is a
semiconducting material and has been deposited
using different technique for solar cell technology
and others applications like infrared detectors,
photographic plates, photodetectors,
photoresistors and photoemitters in the infrared
(IR). Lead Selenide (PbSe) thin films have
received much research attention owing to their
promising materials for application as selective
and photovoltaic absorbers, light emitting diodes
and lasers [1,2]. Since the electrical
characteristics of semiconductor thin films play a
crucial role in the practical application in
microelectronics industry, hence they is a need
to study the effects of deposition parameters on
the electrical properties of PbSe thin films. The
sheet resistivity of thin film which is the surface
inherent resistance to the flow of electric current
is directly utilized in determining the surface
impurity content and hence doping level and
electron mobility [3]. This also affects its
component’s capacitance, series resistance and
threshold voltage. Lead selenide thin film has
been found to have sheet resistivity of about 0.4
x 10% (Qm) to 2.4 x 10° (Qm) [4] and the electrical
conductivity value vary from an average of 0.78 x
10" - 0.71 x 10(Qm)™" [5]. Different technique
for preparing PbSe thin films both physical and
chemical deposition techniques have been used
to deposit lead selenide thin films, including
electrodeposition [6,7-8], chemical bath
deposition [9], electrochemical atomic layer
epitaxy [10], photochemical [11], molecular beam
epitaxy [12] and pulsed laser deposition method
[13]. Electrodeposition is used to prepare PbSe
thin  film. Among the various methods
electrodeposition technique provides a simple
root of synthesizing thin films because of its
simplicity, low-cost experimental setup from an
economical point of view. In addition, this
technique could be used for the production of
large-area thin film deposition without any high
vacuum system. CVD techniques, without
exceptional, require high vacuum and or
temperature because it is necessary to produce
gaseous precursor molecules or atoms. Besides
the high energy needed for the film processing,
emission of gaseous waste materials is another
serious problem with these technique [7-8]. In
this study, the four point probe technique was
used for the electrical characterization of the
electrodeposited PbSe thin films in other to
determine their electrical properties.

2. EXPERIMENTAL DETAILS

The Aqueous electrolytic baths for the
electrodeposition of PbSe thin films were
composed of 0.09M of SeO,, 0.07M of Pb(NO;),
as sources of selemiun and lead ions
respectively, with addition of 0.14M of K,SO, as
a supporting electrolyte. The solution was
acidified with 0.1M of H,SO,, which adjust the pH
value to 1.8 +- 0.1. In each of the reaction baths
prepared, an ITO substrate and carbon electrode
was connected to the DC power supply source
and thirteen slides were deposited under
variation of deposition voltage (1-5V), from
sample N-R we regulated the voltage from (1V-
3V) and for others samples the voltage was
regulated from (4V-5V) at constant time (60S)

and pH (1.8).
The deposited PbSe thin films were
characterized for electrical properties using

the four point probe method. The four equally
space probes were brought in contact with
the deposited thin film of PbSe N to Z. The
probe arrays were placed in the center of the
thin films deposited. Two of the probes were
used current source and the other two
probes were used to measure the voltage
across the deposited thin film. The error noted
in the experimental measurement was +0.1 —
0.01.

The sheet resistance (R;), sheet resistivity (p)

and electrical conductivity (o) of the deposited

thin films were calculated using the following

equations:

T 14
T

Rs=- — x
S= in2

=453xV/I
p = Rs x thickness (t)

o=1/p

The 4-point probe setup consists of four equally
spaced tungsten metal tips with finite radius.
Each tip is supported by springs on the other end
to minimize sample damage during probing. The
four metal tips are part of an auto-mechanical
stage which travels up and down during
measurements. A high impedance current source
is used to supply current through the outer two
probes; a voltmeter measures the voltage across
the inner two probes to determine the sample
resistivity.
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Fig. 1. Schematic of 4-point probe configuration

3. RESULTS AND DISCUSSION

The analysis carried out on electrical
characterization PbSe thin films of various
samples shown in Table 1. The plot of sheet
resistivity as a function of thickness in Fig. 1 and
the plot of conductivity as a function of thickness
in Fig. 2 which revealed that sample PbSe S, T,
U, V and W shows an increases in sheet
resistivity from 2.51 X 10° (Qm) to 2.22 X
10°%(Qm) as the films thickness increases from
182nm to 217nm while the conductivity
decreases. This is as a result of the increase in
value of the deposition voltage. This result
compare well with the result reported by [14-15].
Sample PbSe X, Y and Z Shows an increase in
sheet resistivity as the thickness increases,
which is as a result of the value of deposition pH.

Generally, It is observed that the sheet resistivity
varies from 1.50 x10* (Qm) to 5.23 x 10*(Qm)
while the electrical conductivity varies from 1.91
x 10®° (Qm)" to 7.40x10°(Qm)™ which is within
the electrical conductivity range of 10°® (Qm)'1 to
10* (Qm)'1 for semiconductor [16].

The high resistivity value make this thin film
useful in solar cells application to improve the
conversion efficiency as this could reduce the
inevitable defects in solar cells fabrication during
the actual production process [17]. As a result,
PbSe thin films values of 2.51 x10° (Qm) and
2.38 x 10°(Qm) resistivity is quit suitable for a
buffer layer in Solar cell and PV panel.

The optical analysis of PbSe thin films in Fig. 4-5
revealed the plot of refractive index as a

Table 1. Electrical properties of PbSe thin films

Samples Thickness (t) (nm) Sheet resistivity (wm) Conductivity (wm)”
PbSe N 168 5.23 X 10* 1.91X10°
PbSe O 164 2.94 X 10 3.40X 10°
PbSe P 158 2.22 X10° 450 X10°
PbSe Q 148 1.56 X 10* 6.41 X 10°
PbSe R 138 1.41 X 10° 7.09 X 10°
PbSe S 178 1.35 X 10° 7.40 X 10°
PbSe T 182 2.87 x10° 3.48x10°
PbSe U 190 2.51 X 10? 3.98X10°
PbSe V 206 217 X 10° 4.61X10°
PbSe W 217 2.22 X 10° 451X10°
PbSe X 158 2.38 X 10° 420X 10°
PbSe Y 156 1.64 X 10 6.09 X 107
PbSe Z 150 1.50 X 10* 6.67 X 10°
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Fig. 2. Variation of sheet resistivity with thickness for PbSe thin films
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Fig. 3. Variation of conductivity with thickness for PbSe thin films

function of photon energy and wavelength
respectively. From Fig. 4, it was observed that as
the refractive index of the incident radiation
increases the photon energy increases as well. It
was noticed that sample N with 168nm thickness
recorded the highest value of refractive index
which increases from 2.424-2.643 and sample O
with 164nm thickness revealed the highest peak
in all the samples deposited which show that the
material deposited is good for solar cell
fabrications. The plot of refractive index versus
wavelength as shown in Fig. 5 revealed that as
the wavelength of the incident radiation
increases the refractive index increases. It was

noticed that all the deposited samples reflect
much from 400 nm-880 nm in both infrared and
ultraviolet region of the deposited material [17].

From Fig. 6-7 revealed the plot of optical
conductivity as a function of photon energy and
wavelength. From Fig. 6, it shows that as the
optical conductivity of the incident radiation
increases the photon energy increases. It was
observed that sample follows the same thread
and sample O with 164nm thickness revealed the
highest peak in all the samples deposited which
show that the material deposited is good for solar
cell fabrications. The plot of optical conductivity
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versus wavelength as shown in Fig. 7 revealed was noticed that all the deposited samples reflect
that as the wavelength of the incident radiation  much in both infrared and ultraviolet region of the
increases the optical conductivity increases. It deposited material [17].
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Fig. 4. The plot of refractive index as a function of photon energy
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Fig. 5. The plot of refractive index as a function of wavelength
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Fig. 6. The Plot of optical conductivity as a function of photon energy
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Fig. 7. The Plot of optical conductivity as a function of wavelength

4. CONCLUSIONS

PbSe thin films were electrodeposited onto ITO
substrate with variation of deposition voltage (7-
5V). The deposited thin films were characterized
using the four point probe technique to determine
their electrical properties. The sheet resistivity of
the thin films was found to vary from 1.50 x10*
(Qm) to 5.23 x 10%(Qm) and conductivity vary
from 1.91 x 10° (Qm)™" to 7.40x10°(Qm)™", which
is within the electrical conductivity range for
semiconductor. it was observed that as the
refractive index of the incident radiation
increases the photon energy increases as well. It
was noticed that sample N with 168 nm thickness
recorded the highest value of refractive index
which increases from 2.424-2.643 and sample O
with 164 nm thickness revealed the highest peak
in all the samples deposited. It shows that as the
optical conductivity of the incident radiation
increases the photon energy increases. It was
observed that sample follows the same thread
and sample O with 164 nm thickness revealed
the highest peak in all the samples deposited.
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