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Optical Properties of CuS/Porous
Silicon Heterojunction

In the present work, monocrystalline porous silicon was fabricated using the photo-
electrochemical etching technique and then copper sulfide (CuS) nanoparticles were
deposited on a porous silicon substrate at 250°C using spray pyrolysis method at different
concentrations of CuS (0.1, 0.3 and 0.5M). The physical properties of CuS/PSi/c-Si

heterojunction were studied. The results of photoluminescence (PL) exhibited that the peak
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position of PL spectra was shifted to the longer wavelength or lower energy when the

Physics concentration of CuS was increased. On the other side, the energy gap of CuS decreased

Electronic, Optical
Q4 and Magnetic
Materials
est quarti

SIR2022
0.19

powered by scimagojr com

with increasing concentration. The values of energy gap are 2.7, 2.59, and 2.55 eV at 0.1,
0.3 and 0.5M, respectively. The properties of the CuS/PSi/n-Si structure were enhanced.
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1. Introduction

In recent years, many of papers have focused on
nanostructured semiconductors, which have their
unique structural properties. Copper sulfide (CuS) is
a p-type semiconductor with direct energy gap of 1.6-
2.7eV [1-4]. The composition of CuxS exists many
stable phases. The composite Cu.,S, the copper-rich,
the diorlite, dignite, and anilite, ending with the
covellite (CuS) phase, which is rich in sulfur [5-7].
Copper sulfide thin films were deposited using many
methods such as chemical bath deposition, sol-gel,
chemical vapor deposition (CVD), chemical spray,
and spin coating [8,9]. The thermochemical spray
pyrolysis method is considered the most common
among the chemical methods for preparing thin films.
These methods are summarized by spraying a
solution of the material from which the film is to be
prepared onto hot bases at a specific temperature that
depends on the type of material used, as a
thermochemical reaction occurs between the atoms of
the material and the hot base, and as a result of this
reaction a thin membrane is formed [10,11]. Porous
silicon (PSi) is a material with strong emissivity,
showing effective illumination over a wide spectral
range [12,13]. Many research works have focused on
porous silicon and is based on optoelectronic
techniques such as light-emitting diodes, wave
vectors, and photovoltaic diodes [14,15]. The mixture
between CusS thin film and PSi layer can provide an
excellent homogenous of lattice constant [16-18].

The goal of this paper is to study the
photoluminescence (PL) and UV-visible
spectrophotometric properties of CuS/PSi hybrid
junction. The influence of CuS deposited on the
porous silicon substrate properties plays an important
role to uniform porous surface.
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2. Experimental Work

Figure (1a) exhibits a schematic diagram of the
anodization etching method. In this work, there are
two orientations; (100) and (111); of n-type silicon
wafers are used with resistivity of 0.01-0.02 Q.cm
and the thickness of the silicon wafer is 505+12um.
The Si wafers were cleaned before the etching to
remove any contamination on the surface.

Halogenlamp —> i Alomizer

Teflon Cll——> Spray\ Substae
Rl T Hotplato~ Temperature
Gold electrode > controller

®©

Rubber O —ring\:  J

Silicon wafer 3 i : % !’

-t— 1

Stainless steel
electrode L

Fig. (1) (a) Diagram of adonization process, (b) diagram of
chemical spray

The hydrofluoric acid (16 wt.%) contraction has
been diluted by using an absolute ethanoic solution
(99%) (CoHsOH) to minimize the hydrogen bubbles
during the etching. Fixed current density was
maintained at 15 mA/cm? and etching time of 5, 10
and 15 min were used. Additionally, a tungsten lamp
of 100 mW/cm? intensity was carried out. The set-up
consists of two electrodes, the first part is gold and is
connected to the acid solution (HF), the second part
is a stainless-steel put under the Si substrate. After
that, CuS/PSi heterojunction was achieved by using
spray pyrolysis process. We used aqueous solution of
copper chloride and sodium sulfide (Na,S) at various
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concentrations. We mixed first in distilled water
(H20) and then sprayed on the substrate in order to
obtain ions of copper and sulfide. The CuS
nanoparticles were deposited on PSi substrate at
250°C using spray pyrolysis method at different
concentrations of CusS (0.1, 0.3 and 0.5M). The spray
rate was used at 25 mL/min. The distance between the
nozzle and the sample were fixed about 30 cm and a
k-type thermocouple was used as shown Fig. (1b) and
table (1).

Table (1) Values of Concentration and weight used of
preparation of Cus thin films

Concentration 01M | 0.3M | 0.5M
Weight(gm) CuCl, | 0.270 | 0.780 | 1.32
Weight(gm) Na.S | 0.129 | 0.452 | 0.77

3. Results and Discussion

The PL spectra shown in figures (2) and (3) are
for CuS/Psi heterojunctions prepared at etching time
of 15 min with fixed current density (15 mA/cm?),
concentration of HF (18%) and concentration of CuS
(0.1M and 0.5M) with orientation (100) and (111).
Obviously, the strong emission peaks of CuS/PSi at
orientation (100) were observed at 577.5 nm, 535.3
nm and 546.4 nm (green region) corresponding to
energies of 2.19 eV, 2.31 eV and 2.27 eV of pure PSi
and concentration 0.1 and 0.5M respectively (Fig. 2).
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Fig. (2) PL spectra of CuS/PSi nanostructures fabricated at
concentrations of (a) 0.1M, (b) 0.3M, (c) 0.5M of orientation
(100)

In the same way, the PL emission peaks at
orientation (111) were illustrated at 566.5 nm, 577.2
nm and 605.6 nm (green region) corresponding to
energies of 2.15 eV, 2.14 eV and 2.04 eV of pure PSi
and concentration 0.1 and 0.5M, respectively (Fig. 3)
because of the carriers restricted (electron-hole)
recombining in the PSi surface, and this is further
supported by measurements of the particle sizes'
statistical distribution [19-21]. The peak position was
shifted to the long wavelength or lower energy with
increasing concentration of CuS due to the density of
state of PL and the absorbance of the carriers due to
quantum confinement effects [22,23]. It can be seen
the change in the peaks intensity due to the increasing
of the number of smaller nanocrystallite sizes
contributes to the PL since it generates more holes for
further reactions as in tables (2) and (3). The silicon
atoms near the crystallite's surface modify their bonds
and dimension to adapt variations in the immediate
environment, forming the recombination centers. The
possibility of electron and hole recombination is a
less dimension structure as the energy gap decreased
with increasing concentration due to the confinement
of PSi practical in a smaller dimension [24,25].

Table (2) Parameters of concentration, wavelength and
energy gap at orientation (100)

1
1
1
1
I
1
=3 1
T 49.04 i
48.5 - ! b
1
48.0 1
47.5 I. |
47.0 4 1
46.5 - “
46.0 1~ T : T T T T
560 565 570 575 580 585 590 595 600
A (nm)
@
T X T X T T
29.0 4 [ ——0.5 CuS/PSi(100)]
28.5 i
28.0
2751 T
o
o 27.04

26.5 4

26.0

25.5

ISSN (print) 1813-2065, (online) 2309-1673

T
530

T
535

T T
540 545

A (nm)
(b)

T
550

T T
555 560

Concentration | Wavelength
Sample M) (nm) Eq (eV)
(100) PSi - 5775 219
CuS/PSi 0.1 535.3 2.31
CuS/PSi 0.5 546.4 2.27

Table (3) Parameters of concentration, wavelength and

energy gap at orientation (111)

Concentration | Wavelength
sample M) (nm) Eq (eV)
(111) PSi - 566.5 215
CuS/PSi 0.1 577.2 2.14
CuS/PSi 0.5 605.6 2.04
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Fig. (3) PL spectra of CuS/PSi nanostructures fabricated at
concentrations of (a) 0.1M, (b) 0.3M, (c) 0.5M of orientation
(111)

The optical properties of the CuS nanostructures
were characterized at concentrations 0.1, 0.3 and
0.5M using UV-visible spectrophotometer. The
relationship  between absorption spectra and
wavelength are shown in Fig. (4a). The film's optical
absorbance diminishes as wavelength increases. The
findings show that for all samples, the absorbance of
CuS thin films increased as concentration is
increased. This could be because of the breaking of
bonds on the CuS surface leading to a rise in
absorption mechanisms, the trap-related electron-
hole recombination has been observed. Increasing of
concentration allows to formation defects. These
defects are an interested component in optoelectronic
devices and they play a critical role in the optical
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properties or color centers [26]. Figure (4b) illustrates
the reflection spectra of CuS nanostructures at
different concentrations.
reflectance (R) using the following equation:

R=1-(T+A) Q)
where T is the transmittance, and A is the absorbance
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Fig. (4) (@) Absorbance, (b) Reflectance, (c) Refractive index,
(d) Extinction coefficient, (e,f) real and imaginary parts, and

(9) energy gap

It can be seen that reflectance and refractive index
decrease when the wavelength increased in the visible
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region, and increase with increasing concentration
because the incident photons have been absorbed in
the CusS thin films as in Fig. (4c). In addition, the
extinction coefficient (ko), real part (g), and
imaginary part (g) decreased with wavelength.
Moreover, the values at concentration of 0.5M were
larger than those of 0.1M and 0.3M, as shown Fig.
(4d,e,f,g). Furthermore, the curves between (ahv)?
and photon energy for CusS thin films are studied.
This behavior can be justifiable by producing
additional ~ energy  states  with  enhancing
concentration. Additionally, the interface band
transition at localized states in the energy gap was
observed. The majority of flaws are generated using
the positioning vacancies of oxygen and alterations in
crystal structure. We can the estimated the energy gap
(Eg) by Tauc’s formula:
(ahv) = B(hv - Eg) T 2
where r takes value of 1/2 for the direct transition and
2 for the indirect transition, hv is photon energy, B is
constant, and « is the absorption coefficient

The results show that the optical energy gap
decreases with concentration and its values are 2.7eV,
2.59eV, 2.55 eV for concentrations of 0.1M, 0.3M
and 0.5M, respectively. This is in excellent agreement
with the published data for CusS film deposited using
alternative techniques [27-29].
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Fig. (5) Responsivity of CuS deposited on PSi substrates (a)
(111) orientation, and (b) (100) orientation

The photosensitivity measurements of prepared
CuS/PSi heterojunction showed the maximum value
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of the quantum efficiency in visible region was found
to be 500-600nm. Additionally, the photodetector of
CuS/PSi heterojunction samples at direction of (111)
are upper than direction of (100) due to
reconfiguration of structure as shown in figures (6-8).
Furthermore, the fabrication of the CuS/PSi
photodetector are effectively depends on fabrication
requirements [30-32].
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Fig. (6) Detectivity of CuS deposited on PSi (a) (111)
orientation, and (b) (100) orientation
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Fig. (8) Efficiency of CuS deposited on PSi (a) (111) orientation,
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4. Conclusion

In summary, CuS nanostructures were
successfully deposited on porous Si wafer using
chemical spray method. The peak position of
photoluminescence was shifted to the long
wavelength or lower energy when the concentration
of CuS was increased. The energy gap increases with
increasing concentration of CuS. Consequently, the
experimental circumstances can be used to control the
size and shape of the final structures. In brief, the
characteristics of CuS/PSi photodetectors are
effectively dependent on fabrication requirements.
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