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ARTICLE INFO ABSTRACT

In this paper, the performance of photodetectors based on CH3NH3PbBr; organic-inorganic hybrid was
evaluated, given their wide applications in different industries. This structure an appropriate for the active
layer of photodetector device. Impressive results are concluded by changing the halogen atom and the
energy gap of the hybrid structures. The obtained results reveal that the investigation of the appropriate
organic cation and suitable halogen atom, as well as the concentration of the hybrids in the photodetectors,
are necessary to find a suitable condition for an effective photodetectors. Exciting results are achieved by
considering the Current-voltage (I-V) curves of darkness and light. The I-V curve with 1.8 wt. %
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Ke ds: : o . :
eywords concentration of CH3;NH;PbBr; organic-inorganic hybrid shows the Isc of 1 pA and response of
0.027 nA/W. The device with 1.2 wt. % concentration showed Isc of 0.25 pA and response of 0.006 pA/W.
Photodetector ) Perovskites are optically configurable so that they acquire proper band gaps with high slope absorption
gé’rtgjlici;omc Device edge and considerable efficiencies in collecting the charges produced by the light.
Response
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1. INTRODUCTION

Photodetectors are among the most interesting optical
communication components that play a significant role in
many fields such as spectroscopy and ultraviolet
detection, to name a few [1]. These components convert
optical signals into electrical signals. A photodetector
consists of an optically active region connected to two
metal electrodes. In order for the active region to absorb
more radiant light, the thickness of this area should be

low. When light with adequate energy shines on the
surface of the intended semiconductor which acts as an
active layer, the electron pairs-generated holes are
collected and generate an electric current [2].

The function of photodetectors depends on several
important factors, one of which is the current response
rate obtained through Equation (1).

I
Ri — out/Pin (1)
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The response of a photodetector determines how much
light current is produced due to light radiation with a
certain wavelength [3]. In other words, responsiveness
could be defined as the ratio of the output electrical signal
(output current or loy) to the radiant optical power (Pin).

Another important factor for photodetectors is the
external quantum efficiency. The ratio of the electron
pairs- generated holes by the photodetector to the number
of photons irradiated on the photosensitive region is
called quantum efficiency [4].

Dark current is an important parameter in the study of
photodetectors. It is a small current that occurs without
radiation falling on the photodetector in it. Most
photodetectors need a secondary power source in order to
detect light better that in turn incurs high costs. To solve
this problem, a new kind of photodetectors which
function without a secondary source of power was
employed [5].

Although the concept of photovoltaic has been of
interest to the researchers in recent years, it still has an
inherent potential for constructing new detectors. These
types of detectors are one of the most common electronic
tools in optoelectronics due to the high speed of
responsiveness [6]. Since one of the connections contains
reverse bias, these tools have lower dark current than
other photodetectors [7].

Figure 1 shows a schematic of photodetectors based on
organic-inorganic perovskite which consists of two
electrodes, a substrate, and a light-sensitive layer. This
configuration is formed by layering perovskite with the
thickness of 200 nanometers on the indium tin oxide
substrate and also a conjunction of aluminum metal on
the organic-inorganic perovskite.

Al metal
Perovskite

GLASS

ttt

Figure 1. Schematic of photodetectors [8]

A great deal of efforts have been made in conducting
ultraviolet detection with semiconductors that contain big
energy gaps until now [9]. In recent years, two-
dimensional substances have been widely utilized among
which, graphene and black phosphorus are two of the best
examples [10]. One-dimensional substances, such as
carbon nanotubes, and one-dimensional metals have been
widely used in recent years for conducting
photodetectors owing to their mechanical and
optoelectronic properties [11]. These substances include

features like a weak interlayer covalent bond, high
mechanical resistance, high luminescence, strong
quantum confinement, and adjustable band gap [12].
Commonly used electrodes in making photodetectors are
gold (Au), silver (Ag), and indium tin oxide [13]. In
practical applications, heat, light radiation, and humidity
are the main factors that have a destructive effect on the
performance of photodetectors. In order to prevent these
uncalled-for effects, the encapsulation method in the
photovoltaic industry is commonly used [14]. Modern
photodetectors are mainly based on semiconductor
materials with an adequate band gap that converts
photons with different energies into electrical signals for
the procession, reconstruction, and storage of images
[13].

In the last few decades, organic substances have been
used in many optoelectronic tools such as photodetectors
owing to their cheapness and easy processability.
However, in order to conduct organic-based
optoelectronic tools, some other obstacles such as low
mobility of charge carriers and chemical interactions
should be taken into consideration. One of the suggested
solutions to this problem is to use organic-inorganic
hybrid materials which enjoy the benefits of both organic
and inorganic compartments while overcoming either
one’s limitations. In recent years, there has been a
significant interest surge in studies on conducting
organic-inorganic hybrid perovskite structures in the
solar cells field. In addition to this filed, more research
projects focused on the photodetectors based on organic-
inorganic hybrids during the past two years due to the
extraordinary optoelectronic features of these structures.
Owing to such an exclusive function, optoelectronic tools
based on these materials, such as photodetectors and
optical transistors, have been developed and reviewed in
recent years [15].

Three-dimensional organic-inorganic halogen hybrids
are another common structure of hybrids. These hybrids
contain the general formula AMXs, where A is a
monovalent cation and commonly Li, Na, K, Rb, Cs or
an organic amine cation of proper size, and M the
bivalent metals of the periodic table such as (Cu?*, Ni?*,
Co?*, Fe?*, Mn?*, Pd?*, Cd?*, Ge?*, Sn?*, Eu?*, and Pb?*),
and X a halogen element [16].

2. MATERIALS AND METHODS

2.1. Synthesis of Perovskite Structures

Synthesis of hybrid structures is the most primary and
essential requirement in their examination, and they are
usually synthesized through simple chemical methods.
Organic-inorganic  hybrid  structures is generally
synthesized in two steps namely the synthesis of amino
salt and preparation of perovskite solution.

Lead dibromide salt (PbBr2, sigma aldrich) with high
purity as the mineral part and methylamine (CH3NH,
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40 % solution in water, Merck) as the supplier of the
organic part are used for the synthesis of CH3sNH3PbBr3
organic-inorganic hybrid, as used in this research. In the
first step, an amine salt is extracted by the reaction of
stoichiometric amount of CH3;NH, with hydrobromic
acid (HBr, 47 %, Merck). Given that this reaction is
highly exothermic, this step is done by placing a two-
necked flask in a mixture of water and ice in order to
reduce the reaction temperature. The synthesis equation
of amino salt can be written as follows:

CH;NH, + HBr — CH5NH,Br @)

Then, solid PbBr; is added to the produced solution,
whose reaction equation is given below:

CH;NH;Br + PbBr, » CH;NH,PbBrs, 3)

It is worth noting that organic-inorganic hybrid
structures are transformed into an orange powder after 24
hours at the room temperature and one week at 50 °C. All
materials were used without further purification.

2.2. Design of Photodetector

In this research, photodetectors were constructed using
an organic-inorganic hybrid CHsNH3sPbBrz substance
with the weight percentages of 1.2 and 1.8 percent in
dimethyl sulfoxide (DMSO, > 99.9 % Merck) solvent as
the active region. Indium tin oxide and silver were used
as anode and cathode, respectively. Indium tin oxide
substrates with the thickness of one mm and dimensions
of 2x2 cm? were purchased. These substrates were
ultrasonicated with ethyl alcohol and distilled water for
10 minutes and then dried in an oven at 70 °C for 15
minutes before use. The solution was prepared from
solving synthesized organic-inorganic hybrid substances
with the concentrations of 1.2 and 1.8 % by weight in
DMSO solvent and then layered on the indium tin oxide
substrates. Next, it was placed into the oven at a
temperature of 65 °C for 24 hours. Subsequently, silver
was used to make the wire connections from cathode and
anode and finally, characterize the current-voltage (I-V)
of the built photodetector.

In order to characterize the synthesized hybrids and
review the features of the crystal structure and determine
their lattice parameters, X-Ray Diffraction (XRD)
(Cu Ko X-ray radiation source-ltal structures model
MPD 3000) with 26 in the temperature range of 2°-50°
was used. Furthermore, to evaluate the optical behavior
of organic-inorganic hybrids, different approaches and
equipment were used, among the most significant of
which are Ultraviolet-Visible (UV-Vis) optical
absorption and Diffusion Reflectance Spectroscopy
(DRS) which were recorded via a Sinco S4100
spectrophotometer in the range of 200 to 800 nm at room

temperature. The photovoltaic parameters were obtained
through measuring the |-V curves (sharif solar PGS10)
under irradiation of AML1.5. A Mercury lamp (Philips
36W) was also used as an excitation source.

3. RESULTS AND DISCUSION

Figure 2 shows the XRD pattern of the synthesized
hybrid structures. The data analysis shows that the peaks
observed at the angles of 14.77°, 20.97°, 29.95°, 42.9°,
and 45.74° correspond to the Miller plates with Miller
indexes of (100), (110), (200), (210), (220), and (300)
related to the cubic structure of CHsNHsPbBr; with the
lattice constant of 5.657 angstroms.
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Figure 2. X-ray diffraction pattern of CHsNH3sPbBrs3

Figure 3 shows the absorption spectrum of the
synthesized structure. This spectrum was obtained at the
room temperature. As observed, this structure is
characterized by high absorption rate at the wavelength
of 522 nanometers.

522
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Figure 3. Uv-visible absorbtion spectra of CHsNHsPbBrs3

In order to determine the energy gap of the synthesized
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hybrid structure, reflection diffusion spectroscopy was
employed. Diffusion reflection spectroscopy shows the
transfer of electrons from the valence band to the
conduction band as a result of absorbing the energy of the
descended photon, thus reducing the intensity of the light
in the said wavelength. Accordingly, the relative
percentage of the transmitted to the reflected light
decreases. Figure 4 presents the diffuse reflection
spectrum of CHs3NHsPbBrs perovskite structure
according to which, at the wavelength of 580 nanometers,
there is a sharp decrease in the intensity of the reflected
light.
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Figure 4. The diffuse reflection spectrum of CH3NHsPbBrs
perovskite structure

Moreover, in order to determine the energy gap
through the theory of Mott and Davis [16], the curve of
changes (ahv)? in the photon energy (hv) is drawn in
Figure 5. By drawing a tangent line to the graph in the
linear region, the energy gap for the synthesized hybrid
structure is determined. As demonstrated in Figure 5, the
energy gap in the CHsNH3PbBrs hybrid structure is 2.30
electron volts.
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Figure 5. Curve of (ahv)? as function of photon energy (hv) for
the CH3NHsPbBr3

Figure 6 shows the |-V diagram of the photodetector
based on CHsNHsPbBrs; organic-inorganic hybrid
material made with 1.8 wt. % in dimethylsulfoxide
solvent under both darkness and illumination. As
observed in the diagram under illumination, the short-
circuit current (Isc) for this photodetector is equal to
1 WA, and the response rate of the current for this
photodetector is equal to 0.027 uWA/W (Equation (1)). The
graph under darkness also starts from zero and increases
exponentially, considering that there is no light or
radiation.
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Figure 6. The current-voltage curve of photodetector based on
an organic-inorganic hybrid material CHsNHsPbBrs with
1.8 wt. % in dimethyl sulfoxide under both darkness and light

Figure 7 depicts the 1-V curve of the photodetector
made based on CH3NHsPbBr; organic-inorganic hybrid
material with 1.2 wt. % in DMSO solvent.
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Figure 7. The current-voltage curve of photodetector based on
an organic-inorganic hybrid material CHsNHzPbBrs with
1.2 wt. % in dimethyl sulfoxide under both darkness and light
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According to the I-V curves, the Isc in this detector was
calculated to be 0.25 YA, and the current response for this
detector was calculated to be 0.006 pA/W, which is less
than 1.8 wt. %. It can be concluded that the higher the
short circuit current, the greater the surface area under the
I-V diagram and the higher the response rate.

4. CONCLUSION

The current study used CHsNHsPbBrs organic-
inorganic hybrid materials to design photodetectors in
small dimensions. The current response rate was
calculated for the photodetector based on CH3sNH3PbBr3
hybrid material with 1.8 wt. % in DMSO solvent equal to
0.027 pA/W, which showed the highest response among
other photodetectors made in this research. The results
revealed that with an increase in the concentration of
perovskite material, the response rate for photodetectors
would increase. Application of organic-inorganic hybrids
led to the development of new generation photodetectors
mainly due to the optically tunable nature of these
materials. As a result, an adequate band gap was
obtained, hence significant efficiency in collecting the
load produced by light.
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