J Mater Sci: Mater Electron (2022) 3

t‘)

Check for
updates

Synthesis and optoelectronic characterization
of coronene/CdO self-powered photodiode

Fatih Unal’* @, Mustafa Sukru Kurt?, Sitki Aktas®, and Mehmet Kabaer*

" Central Research Laboratory, Application and Research Center, Giresun University, Giresun, Turkey
2Department of Fundamental Science, Science Faculty, Erzurum Technical University, Erzurum, Turkey
?Department of Mechanical Engineering, Faculty of Engineering, Giresun University, Giresun, Turkey
“Department of Physics, Faculty of Science and Art, Giresun University, Giresun, Turkey

Received: 19 July 2022
Accepted: 28 September 2022
Published online:

9 October 2022

© The Author(s), under
exclusive licence to Springer
Science+Business Media, LLC,

part of Springer Nature 2022

ABSTRACT

In this study, it is aimed to present the coronene/CdO hybrid heterojunction,
which has not been grown epitaxially on each other before, as an alternative to
optoelectronic application areas. Firstly, CdO thin film was grown on a con-
ductive layer (ITO) using the electrochemical deposition method. Then, cor-
onene organic semiconductor was grown on CdO thin film using thermal
evaporation method and coronene/CdO hybrid heterojunction was produced.
The optical analysis of the fabricated heterojunction was examined in the
wavelength range of 300-850 nm, and optical parameters were determined. It
was observed that the the absorption coefficient (o) value of the heterojunction
was in the order of ~10° m™' and the Eg value (2.01 eV) was in the visible
region. The diode parameters of the coronene/CdO hybrid heterojunction
which showed negative differential resistance (NDR) effect behavior were
determined, and it was observed that the ideality factor value was 7.58, the
series resistance value was ~10° Q, the shunt resistance value was ~10° Q, the
barrier height value was ~0.3 eV, and the reverse saturation current value was
~107® A. The photodetector and photovoltaic characterization of the coronene/
CdO hybrid heterojunction at different light intensity values was investigated
under £ 0.1 V and with zero bias. It is observed that it exhibited self-powered
diode behavior under zero bias and the heterojunction was light-sensitive. The
determined maximum photocurrent (Iph), responsivity (R), sensitivity and
specific detectivity (D) values were found to be 2.03 x 107 A, 1.53 x 107
AW, 744 x 108 Sm.W!and 994 x 10° Jones, respectively. In addition, the
Isc and Voc values increased with the increase in the light intensity and the
maximum FF% value was 31.14%.
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1 Introduction

The needs of continuously developing optoelectronic
technology have attracted considerable interest from
the academy and industry to develop more efficient
and alternative transparent metal oxide semicon-
ductor materials. For this purpose, researchers have
been engineering various materials and designs in
order to exceed the limits of metal-semiconductor
contacts that are used in many applications in the
electronics industry such as solar cells, light-emitting
diodes, photodetectors, phototransistors, liquid
crystal display, gas sensors and photocatalytic. [1-8]

Among these metal oxide semiconductors, cad-
mium oxide (CdO) is an II-VI group n-type semi-
conductor with direct band gap ranges from 2.2 to
2.6 eV [9]. CdO is promising thanks to its electrical,
optical and magnetic properties as well as good
chemical stability. Also features such as low cost and
ease of fabrication, large carrier concentration, high
mobility and potentially large optical response range
make the potential for extensive usage and investi-
gation. As is known, CdO thin films are produced
with different techniques such as sol-gel spin coating
[10], magnetron sputtering [11], thermal evaporation
[12], hydrothermal [13, 14] and electrodeposition [15]
techniques. The electrochemical deposition technique
came up with appealing features such as being cap-
able of growing high-purity and homogenous films
on desired surfaces with ease, simple and very cheap
way that makes it an important method compared
with others.

The interface of two different materials known as
heterojunction always plays an important role in
optoelectronic applications. Therefore, a coronene
layer was coated on the CdO thin film. Coronene is a
molecule formed by the combination of six benzene
rings arranged in a loop. It shows two different
crystal structures depending on the temperature and
pressure [16]. Coronene is a yellow-colored molecule
with the formula C,4H;,. The molar mass of coronene
is 300.36 gr/mol, its density is 1371 gr/cm3, melting
point is 437.3 °C, the boiling point is 525°°C, vapor
pressure is 2.17 x 107" mmHg, and decomposition
temperature is 500 °C 3Gpa [17, 18].

Coronene is a n-linked semi-condensed PAH with
a high degree of D6h symmetry [16, 19]. Only a few
articles reported heterojunction structures with cor-
onene. El-Nahass et al. [19] investigated photovoltaic
behavior and electrical characterization of coronene/
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p-Si heterojunction fabricated under temperatures
varied from 292 to 373 K. Erdal [20] studied the
characterization of Al/CRNNW/n-Si device with a
coronene nanowire (CRNNW) interlayer by I-V
measurements for photodiode applications under
dark and various illumination intensities. Xiao et al.
[21] obtained a strong photocurrent response pro-
duced by the thin film of coronene nanowires on the
rGO/Si02/5i electrode. Additionally, they fabricated
a heterojunction LED device with the structure of
quartz/ITO/p-coronene  nanowires/n-SiC/  Ti
(10 nm)/Au (120 nm) and found that diodes using
organic nanowires as the p-type hole injection layer
show better electroluminescence emission perfor-
mance than those with only inorganic thin-film
structures. Additionally, F. Unal[22] investigated
optoelectronic properties of coronene deposited on
electrochemically grew InSe, CulnSe (CIS) and
CulnGaSe (CIGS) inorganic semiconductor thin films
and received promising results at optoelectronic
application area. However, the effects of coronene
organic layer deposited on transparent metal oxide
on optoelectronic devices are limited in the literature.
Hence, It was aimed to investigate several optical and
electrical parameters of coronene/CdO heterojunc-
tion as an alternative to optoelectronic circuit
elements.

2 Materials and methods

Inorganic and organic layers of heterojunction were
grown on indium tin oxide (ITO) surface by electro-
chemical deposition and thermal evaporation tech-
niques as schematically illustrated in Fig. 1. Firstly,
the ITO/glass substrate with dimensions of 2 to 1 cm
was cleaned using acetone, methanol and propanol in
an ultrasonic bath for 10 min, respectively. Substrates
were finally dried by blow-drying with nitrogen gas.

Inorganic CdO thin-film structure was electro-
chemically deposited on the ITO/glass substrate by
applying —0.7 V during 3600 s at 70 °C (based on our
internal study) using the Metrohm Autolab
PGSTAT128N system. Deposition parameters were
determined based on our internal studies. The elec-
trolyte solution contains 5 mM Cd(NO,);.4H,O
(30 ml) and 250 mM LiCl (10 ml). Three-electrode
configuration was designed using the ITO as the
working electrode, the Pt plate as the counter elec-
trode and the Ag/AgCl reference electrode.
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Fig. 1 Schematic representation of a growing process of Ag/coronene/CdO/Ag heterojunction

Coronene organic molecule was grown on an
electrochemically deposited CdO surface by a ther-
mal evaporation method using the Vaksis (PVD-
MT/2M2T) system. The process was carried out at
room temperature under high-vacuum conditions
(~ 107° Torr). Additionally, Ag contacts were
deposited on CdO and coronene surfaces by the
thermal evaporation method and are illustrated in
Fig. 1 Ag/coronene/CdO/Ag hybrid heterojunction
was fabricated.

The structural pattern of the CdO structure was
determined using an X-ray diffractometer (XRD)
(GNR Burope 600 XRD) using Cu-Ko (15418740 A)
radiation from 20° to 70°. Surface morphology and
film thicknesses of CdO and coronene thin films were
investigated by Scanning electron microscopy (SEM).
The elemental composition of the electrochemically
deposited film was examined by energy-dispersive
X-ray spectrometry (EDX). Also, optical and electrical
characterization of the hybrid heterojunction was
performed using the Hach DR600 model UV-Vis
spectrometry and I-V characterization system
(FYTRONIX Solar Simulator LSS 900 Characterisation
System), respectively.

@ Springer

3 Results and discussion
3.1 Structural analysis

XRD pattern of the electrochemically deposited CdO
thin film is shown in Fig. 2. CdO adapted to the cubic
phase in the CdO/ITO/glass thin film with the
parameters (entry # 96-900-6684) Fm-3 m (225) and
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4O (111)

5000

4000

3000

intensity (a.u.)

2000

26 (degree)

Fig. 2 XRD pattern of CdO thin film grown on ITO/glass
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a =4.61900 A. It was observed that the CdO phase
has grown on (111), (202) and (311) planes with 26
values of 33.58, 56.29 and 67.16, respectively. Addi-
tionally, metallic Cd peaks were obtained from XRD
peaks at 26 values of 34.66, 46.92 and 62.24 degrees.
The reason for the metallic Cd peaks observed in the
XRD spectrum can be explained is due to the non-
annealing of the thin film [23].

SEM images of electrochemically deposited CdO
surface at 2000 and 10,000 magnifications are illus-
trated in Fig. 3a and b, respectively. It is obvious that
CdO particles with various dimensions from 500 nm
to 2.0 mp were formed at irregular-shaped mor-
phology essentially with a small amount of agglom-
eration. Besides, almost all of the ITO surface was
homogeneously covered by CdO particles and a
generally rough surface was formed. Figure 3c and d
shows the top view of the coronene which was
deposited on the CdO surface at 2 and 10 K magni-
fications, respectively. It can be said that the thickness
and the length of coronene wire varied from 150 to
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300 nm and 2.0 to 5.0 pm, respectively. Also, the
density of coronene wires deposited on the CdO
surface was homogenously distributed. Additionally,
cross-sectional SEM images of CdO and coronene
thin-film layer are demonstrated in Fig. 4. The aver-
age thicknesses of CdO and coronene films (mea-
sured at five random regions) were determined as
1.32 and 1.41 pum, respectively. A high-magnification
image of coronene wires at various dimensions (see
Fig. 3d) revealed that the coronene wires heavily
horizontally grew on the CdO surface. Although the
lengths of the coronene wires vary between 2.0 and
5.0 pm, the reason for the cross-sectional thickness of
1.47 mp can be shown as the intense horizontal
growth of the wires.

The purity and the presence of elements of elec-
trochemically grown CdO film were examined with
the EDX spectrum demonstrated in Fig. 5. Figure 5
reveals that CdO film has a Cd/O weight ratio of
60.3/39.7. Additionally, no other elements were
observed from the EDX spectrum and the results

SI)O(')urr'1

Fig. 3 a and b SEM images of CdO thin-film structure at 2000 and 5000 magnifications. ¢ and d SEM image of coronene organic

structure at 2000 and 5000 magnifications
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Fig. 4 Cross-sectional SEM image of CdO and coronene thin
films deposited by electrochemical and thermal evaporation
methods

confirm that electrochemically deposited CdO film
had high purity.

3.2 Optical analysis

In optoelectronic applications, the optical character-
istics of thin films formed as heterojunctions on one
another are critical [24-26]. To establish their appro-
priateness for optoelectronic applications, the optical
characteristics of the fabricated coronene/CdO/

TR B TROL T o S TR S [P o o O T

Fig. 5 EDX spectrum of electrochemically grown CdO film
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ITO/glass heterojunction worth to be investigating.
Optical parameters such as the absorption coefficient
(o), optical transmittance (%T), reflectance (%R), for-
bidden energy bandgap (Eg), optical conductivity (o),
refractive index (n), extinction coefficient (k), real (g,)
and imaginary dielectric constants (g;), and dielectric
loss (gi/€;) of first-time fabricated glass/ITO/cor-
onene/CdO hybrid heterojunctions were investi-
gated in detail between the 300 and 850 nm
wavelength range.
o is calculated using the following formula,

2303 -A
o =—""

t (1)

where A and f represent to absorbance and thickness
of the film, respectively. The bandgap of the forbid-
den energy is calculated using optical absorption
spectrometry. The relationship between the absorp-
tion coefficient and the energy bandgap (E,) is given
as follows [27].

a(hv) = (hv — E;)" (2)

where hv is photon energy and n is "2 for direct
allowed transitions. E; is calculated by extrapolating
the straight-line section of the plot to the energy axis

using plots of ((ochv)%) versus hv. The value of Eg is
then determined by the intercept.
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Figure 6a shows the graph of absorbance coeffi-
cients as a function of wavelength for heterojunction.
The coronene/CdO/ITO/glass heterojunction exhi-
bits strong absorption across the spectrum, as shown
in Fig. 6a, with the highest peak at 305 nm having a
value of 1.15 x 10° m~'. The graph of hv versus
(¢hv)* is shown in Fig.6b. A band gap of
2.33 £ 0.15 eV was observed for the heterojunction,
which is lower than the band gap values of the cor-
onene thin film grown on InSe CIS (2.69 eV), CIGS
(2.87 eV) and InSe (3.09 eV)[22]. The fact that the
calculated Eg value is lower than the values in the
literature is related to the crystallization of the cor-
onene grown on different substrates.

The equation for the relationship between absor-
bance (A) and transmittance (T) is:

A=—logT (3)
The transmittance T of the film is expressed as

below formiila when the multiple reflections are
neglected [28]:

T = (1 — R)%exp(—A) (4)

where R is the reflectance and could be calculated
from T and A parameters using Eq. 4 and can be
rearranged as follow:

Figure 7a shows plots of transmittance (T%) (black
line) and reflectance (R%) (blue line) as a function of
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wavelength (L) for the coronene/CdO/ITO/glass
heterojunction. ~ The  coronene/CdO/ITO/glass
heterojunction has a transmittance of 9.98% at maxi-
mum wavelength and drops to almost half of its
value in the absorption region with a value of 5.11%.
The decrease of T% values toward the absorption
region indicates that the heterojunction has an
absorbent nature. Additionally, the heterojunction
exhibits the highest reflectance with a value of 9.02%
about 305 nm wavelength (absorption region), then
gradually decreases to 8.54% for the highest wave-
length (see Fig. 7a).

The following formula is used to calculate the
relationship between the absorption coefficient (o)

and the extinction coefficient (k):
Ao

k—ﬂ (6)

The refractive index (n) is then calculated as fol-
lows [28]:

Lo LtR_[4R
T1-RVI-R

k2 (7)

Figure 7b shows the plots of extinction coefficient
(k) (black line) and refractive index (1) (blue line)
values as a function of wavelength (A) for the cor-
onene/CdO/ITO/glass heterojunction. Figure 7b
shows that the maximum k value is observed around
1.46 eV (~850 nm) photon energy with a value of
0.06, and then rapidly decreases to the lowest value
of around =0.026 for 4.15 eV (~300 nm) photon
energy. The n values of heterojunction are highest

Fig. 6 a Absorption 1.20x10° 2.5x10"
coefficients (o) of coronene/ b
CdO/ITO/glass as a function
of wavelength and b plot of 1 2.0x10"
(othv)? versus photon energy
— ‘TE 13 |
 1.05x10%4 g 1010
< 2
s 5
$ 1.0x10™
5.0x10"1
9.00x10°-
T T r 0.0 —
400 600 800 1000 15 2.0 2.5 3.0 3.5 4.0 4.5
A(nm) hu(eV)
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Fig. 7 a Transmittance (T%) and reflectance (R%), b extinction
coefficient (k) and refractive index (n), ¢ imaginary (g;) and real
dielectric (e,) constants and d optical conductivity (o) and

around 4.1 eV (x303 nm) photon energy with a
value of 1.377, then gradually decrease to around the
value of 1.354 for the lowest photon energy 1.47 eV
(~845 nm). ¢, = n>—k?, ¢ = 2nk, &/¢, and o = anc/
4n are the real and imaginary components of the
dielectric constant, dielectric loss and optical con-
ductivity, respectively. Figure 7c shows the plots of
imaginary (g;) (black line) and real dielectric (g,) (blue
line) constants as a function of wavelength (1) for the
coronene/CdO/ITO/glass  heterojunction. =~ The
imaginary dielectric constant reaches its highest
value of 0.163 around 305 nm wavelength and then
drops to 0.073 almost following the linear trend as
wavelength approaches the absorption region. In
contrast to the imaginary dielectric constant, the real
dielectric constant steadily drops as the wavelength
increases, from a maximum of 1.895 at 305 nm
wavelength to 1.830 at the highest measured wave-
length value again following a linear trend in the
opposite direction with the imaginary dielectric
constant. Figure 7d shows the relationship between
optical conductivity and dielectric loss for the cor-
onene/CdO/ITO/glass heterojunction as a function
of wavelength (). The optical conductivity of
heterojunction decreases steadily from 3.71 x 10'* at
the 305 nm wavelength to the value of 2.83 x 10" for
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the highest wavelength. On the other hand, the
dielectric loss of heterojunction increases sharply
from the absorption region with the value of 0.039 to
0.089 for the highest wavelength.

3.3 Electrical analysis

The I-V characteristics of Ag/coronene/CdO/Ag
hybrid heterojunction were investigated within
the + 3 V potential range in the dark environment.
The conventional I-V graph of Ag/coronene/CdO/
Ag hybrid heterojunction is given in Fig. 8a. As
shown in Fig. 8a, the heterojunction showed typical
rectifying characteristics and the current increased
easily under forward bias, while the current was cut
off under reverse bias due to the barrier height and
the expansion of the depletion region between the
CdO and coronene layers. The rectification ratio RR
(RR = Lforward/ Ireverse)[29] of Ag/CdO/coronene/Ag
hybrid heterojunction was found to be ~0.7 x 10* at
3 V potential. Compared to the literature, this ratio
was found to be higher than coronene/p-Si-based
heterojunctions, n-VO2/n-MoSe2 heterojunction
diode and p-5Si/Fe(I)-polymeric complex/Au diode
in a dark environment [30-32]. In Fig.8b, a,
semilogarithmic I-V graph of Ag/coronene/CdO/
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Ag hybrid heterojunction is given. It is seen that for
both reverse and forward bias current values have an
asymmetry and under the reverse bias, a non-satu-
rated state exists. On the contrary, the current did not
remain constant as expected and raised with the
increase in the reverse bias voltage. This can be
explained by interface states and barrier height
reducing image forces [33-35]. Since, image charges
form on the metal electrode of the metal-semicon-
ductor junction as the carriers approach the metal-
semiconductor interface. The potential of these char-
ges lowers the effective barrier height. It increases the
current while decreasing the barrier height [36].
Under the forward bias, the current increased in the
potential range of 0-0.4 V, and the current decreased
significantly at 0.5V while the current decreased
against the increasing voltage. This phenomenon is
referred to as negative differential resistance (NDR)
[37]. As the external electric field strength acting on
the structure increases, which depends on the
applied potential difference, the band overlaps
between CdO and coronene layers are partially dis-
appeared or decreased. In other words, there has
been a decrease in the number of electrons con-
tributing to the current quantum mechanically, which
has led to a decrease in the current against increasing

voltage [38]. This state is the working principle of
tunnel diodes [39] and gun diodes [40]. The NDR
effect was reported by Rehman et al. [41] in BaTiO3/
CeO2 heterostructure also Li et al. [42] observed in
dipyrimidinyl-diphenyl molecular junctions, and
while it is seen in inorganic/inorganic, organic/or-
ganic heterojunctions in the literature, this behavior
was seen for the first time in coronene/CdO-based
heterojunctions. As the values go higher than 0.5V,
the series resistance starts to show its effect. In order
to understand the dominant current transmission
mechanism of Ag/coronene/CdO/Ag hybrid
heterojunction better, a double logarithmic I-V graph
under forward bias is given in Fig. 8c. There are
different transmission mechanisms, namely I, NDR,
II, IIl and IV regions, and in these regions with dif-
ferent slopes, ohmic, space-charge-limited current
(SCLQ), trap filling limit (TFL) and trap-free SCLC
transmission mechanisms are available, respectively
[43-45]. The current in these regions depends on the
potential with the relation I~ V™ [34] and m denotes
the slope. The m values of Ag/coronene/CdO/Ag
hybrid heterojunction in regions I, II, III and IV are
0.20, 4.09, 1.12 and 3.28, respectively. The low-voltage
region, namely region I (-2.30 < InV < —0.91), has
ohmic behavior, and since the injected -effective
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carrier density is lower than the background thermal
carrier density, an ohmic mechanism is controlled
where current increases smoothly with voltage [46]
and this state is related to the distribution of traps.
The dominant mechanism in region II
(—0.69 < InV < —0.35) is SCLC. The voltage becomes
more significant than in the previous region, and the
density of injected free carriers is considerably higher
than that of thermally generated carriers [47], which
leads to a sharp increase in current. The dominant
mechanism in region III (—-0.22 < InV < 0.74) is TFL.
Here, deep trap levels are filled with injected elec-
trons [48]. The region IV (0.78 <InV < 1.09) is the
high-voltage region and although voltage values are
higher in these region, the slope is lower than the
slope of the region II. The dominant transmission
mechanism in the high-voltage region is trap-free
SCLC. Here the traps are filled with injected electrons
and current transmission is described by the trap-free
Mott-Gurney law [48, 49].

Series resistance (R;) and shunt resistance (Ry},) are
very important parameters in heterojunctions that
show diode characteristics. In order to determine
these parameters, the junction resistance can be
determined from the graph of Rj (Rj = dV/dI) drawn
against the applied potential based on Ohm'’s law. R;
value that remains almost constant in the high-re-
verse-bias-voltage region gives us the value of Ry,
while the value of Rj that remains almost constant in
the high-voltage region of forward bias gives us the
value of R [50]. In Fig. 8d, the graph of the joint
resistance R; of Ag/coronene/CdO/Ag hybrid
heterojunction against potential is given. While the
Rqn value of Ag/CdO/coronane/Ag hybrid hetero-
junction was 5.3 x 10° Q, the R, value was deter-
mined as 2.6 x 10° Q. Diode parameters of
Ag/coronene/CdO/Ag hybrid heterojunction such
as ideality factor (n), barrier height ((J,), series resis-
tance (Ry) and reverse saturation current (Iy) can be
determined based on current-voltage characteriza-
tion by using different methods [29, 33, 51-53]. The
diode parameters calculated using the conventional
method [54] and the Cheung-Cheung functions [55]
are given in Table 1. The calculated n values are far
from the ideal diode with a value of 1. The formation
of unwanted oxide layers during the experiment, the
effect of series resistance, impurities and inhomoge-
neous distribution of the charges in the layers can
cause this state [34, 56]. There are differences in the
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values calculated by different methods. The reason
for this is that while calculations were made by
considering the low-voltage region in the conven-
tional method, calculations were made over the low-
and medium-voltage region in the Cheung-Cheung
method.

3.3.1 Photodetector and photovoltaic analysis

In Fig. 9, the I-V characteristics of Ag/coronene/
CdO/Ag hybrid heterojunction at room temperature
under dark and light intensity of 20, 40, 60, 80, 100
mW.cm 2 are given. Figure 9 shows that the
Ag/coronene/CdO/Ag hybrid heterojunction is
light-sensitive, and the conductivity increases with
the effect of light under reverse and forward bias.
Photons with higher energies than the forbidden
energy band gap lead to the formation of new elec-
tron-hole pairs at the depletion region boundaries
between the CdO and coronene layers. Stress for-
mation under light causes an internal electric field at
the grain boundaries. This internal electric field for-
ces electrons and holes to separate from each other.
Free electrons contribute to the current, causing an
increase in electrical conductivity. In addition, it was
observed that the Ag/coronene/CdO/Ag hybrid
heterojunction under zero potential behaved as a self-
powered photodiode. Self-powered photodiodes are
optoelectronic materials that can work by themselves
without external power and have attracted a lot of
attention recently [57, 58]. In the self-powered region
of Fig. 9, it converted the light falling on the hetero-
junction into an electrical signal without the need for
external voltage. In addition, this signal became
stronger with increasing light intensity.
Photodetectors are devices that convert light
energy into electrical energy. The operation of the
device basically includes three processes: generation
of photogenerated carriers by incident light, transport
of photogenerated carriers with any impingement by
the current-gain mechanism (if any) and extraction of
end electrode to provide the charge carrier output
signal [59]. Photodetector parameters of Ag/cor-
onene/CdO/Ag hybrid heterojunction were calcu-
lated with: photocurrent I, (Ipn = lin-Tgar),
responsivity (R = Iph.Pincfl.Afl), which is the ratio of
produced photocurrent to incoming optical power,
sensitivity S = RT.V™' and specific detectivity char-
acterizing how well a weak signal can be detected
compared to detector noise D” = R.[A.(2qI4am) '1'/?



Table 1 Diode parameters of Ag/coronene/CdO/Ag hybrid heterojunction calculated by different methods
Diode Cheung—Cheung method Conventional method Rj= %

(d(V)/dIn(1)-T) H(I)-I (In(1)-V)

n Rs(Q) ¢p (V)  Rs(Q) n Io(A) ¢p (V)  Rs(Q) Rsh(Q)
Ag/coronene/CdO/Ag 857 17 x 10°  0.37 1.8 x 10° 758  3.06 x 10 0.75 26 x 10> 53 x 10°
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1,5x107 4 20 mW/cm® 1
40 mW/cm?
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-2,0x107 . . . . : .
-0,10 -0,05 0,00 0,05 0,10

V(V)

Fig. 9 -V characteristic of Ag/coronene/CdO/Ag hybrid
heterojunction under different light intensities

[30, 31, 60-62]. Here, I is the current under the light,
Iqark is the current in the dark environment, P, is the
light intensity, A is the active contact area, T is the
thickness of the active layer and V is the applied
voltage.

In Fig. 10a, the graph of I, against different light
intensities is given at —0.1 V, zero bias and 0.1 V
applied potentials of the Ag/coronene/CdO/Ag
hybrid heterojunction. I, values were between the
range of 1.29 x 10® A and 2.03 x 107 A at —0.1V
potential, 2.34 x 10® and 7.9 x 10® A at zero bias
and 5.67 x 07'° A and 6.36 x 10® A at 0.1 V poten-
tial. The highest I, values were observed at —0.1 V
potential under high light intensity. This indicates
that the Ag/coronene/CdO/Ag hybrid heterojunc-
tion at high light intensity exhibits typical photodi-
ode behavior operating in reverse bias. The highest
Ion values in the low-light-intensity region were seen
in zero bias. This means that the self-powered mode
of the Ag/coronene/CdO/Ag hybrid heterojunction
is more dominant at low light intensity. While max-
imum I, values under reverse bias and zero bias
were observed under 80 mW.cm™? light intensity, the

maximum I, value under forward bias was seen at
60 mW.cm” light intensity. These maximum values
are due to the photogenerated carriers reaching their
maximum saturation point. In Fig. 10b, the R graph
of Ag/coronene/CdO/Ag hybrid heterojunction
against different light intensities is given at —0.1 V,
zero bias and 0.1 V applied potentials. R values were
between 1.03 x 102 AW ™" and 3.72 x 107 AW~
under —0.1 V potential, 0.73 x 10> AW ' and
1.52 x 107> AW in zero bias and 0.3 x 10° AW
and 1.35 x 10> AW " at 0.1 V potential. Calculated
R values were found to be higher than phosphorene/
metal heterojunction [63], p-5i/Fe(Il)-polymeric
complex/Au diode [31] values. Under reverse bias,
the R-value reached its maximum value under 80
mW.cm ™ light intensity and then decreased sharply.
The maximum R-value was observed at 60 mW.cm™>
light intensity under forward bias and started to
decrease after this value. This may be due to the
reduction in the light absorption with a radial vari-
ation of light intensity [30]. High R values were
observed under zero bias in the low-light-intensity
region. In Fig. 10c, the S plot of Ag/coronene/CdO/
Ag hybrid heterojunction is given against different
light intensities at —0.1 and 0.1 V applied potentials.
The S values were between 8.56 x 10 S.m.W ™" and
744 x 10° SmW™' under reverse bias and
8.31 x 107" Sm/W and 3.11 x 10® Sm.W~" under
forward bias. In Fig. 10d, D" plot of Ag/coronene/
CdO/Ag hybrid heterojunction against different light
intensities is given at —0.1 V, zero bias and 0.1 V
applied potentials. It has values between 2.83 x 107
Jones and 2.46 x 10° Jones at —0.1 V applied poten-
tial, 4.80 x 10° Jones and 9.94 x 10° Jones in zero bias
and 1.76 x 10° Jones and 6.57 x 107 Jones at 0.1 V
applied potential. It is seen that D" values in zero bias
are quite higher than all light intensity values. This
means that the fabricated Ag/coronene/CdO/Ag
hybrid heterojunction will be better to detect the
incoming signal under zero bias.
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Fig. 10 Photodetector parameters of Ag/coronene/CdO/Ag hybrid heterojunction a Iy, b R, ¢ S and d D at reverse bias, zero bias and

forward bias under different light intensities

Table 2 shows the graph of the change of photo-
voltaic parameters of Ag/coronene/CdO/Ag hybrid
heterojunction according to light intensity. The fill
factor (FF) is calculated from Eq. 8 [64, 65].

-~ Impp x Vmpp
FF% = s x Voo x 100 (8)

Here is Impp maximum power point current,
Vmpp is the maximum power point voltage, I is the
short-circuit current and Voc is open-circuit voltage.
It is seen that both I,. and V.. values increase with
increasing light intensity. It was observed that the
calculated V. values were higher than the V. values
and lower than the I, values of the WO, /Si hetero-
junction [65]. The Ag/coronene/CdO/Ag hybrid
heterojunction we produced showed gain in both
current and the maximum open-circuit voltage which
occurs when no current flows. The maximum FF%

Table 2 Photovoltaic

value was seen at 40 mW.cm ™ where the maximum
Voc was seen. FF values found were higher than
aluminum 8-hydroxyquinoline (Alq3)-based photo-
diode [66]. FF% values are lower than commercial
photovoltaic cells. The inability to determine the
appropriate thickness of the layers forming the joints,
the wide depletion region between the two layers and
the undesirable impurity conditions during produc-
tion caused the FF value to be low [61].

4 Conclusion

For the first time, metal oxide-based CdO and cor-
onene organic semiconductor interface layer were
successfully produced as a heterojunction. According
to the electrical analyses in the dark and at different
light intensities, it was observed that the hybrid

parameters of Ag/coronene/ Light intensity (mW.cm™2)  Isc (A) Impp (A) Voc (V)  Vmpp (V) FF%
CdO/Ag hybrid heterojunction 580 x 10° 0.043 B B
20 8.14 x 10 490 x 10  0.054 0.027 3.01 x 10!
40 1.06 x 107 622 x 10°®  0.058 0.031 3.14 x 10!
60 1.02 x 107 573 x 10°®  0.049 0.026 2.98 x 10!
80 137 x 1077 8.09 x 10 0.057 0.028 2.86 x 10!
100 1.16 x 1077 6.16 x 107 0.057 0.032 2.94 x 10"
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heterojunction showed rectifying properties, and the
NDR effect was observed between 0.4 and 0.5 V.
Besides, it exhibited typical photodiode behavior
under reverse bias and self-powered photodiode
behavior at zero bias. It was observed that Isc value
of fabricated photodiode was raised 2.3 times by the
increase in the light intensity at zero bias. Maximum
Iph (203 x 107 A), R (3.72 x 102> AW™") and S
(744 x 10°® Sm.W™") values were obtained at 80
mW.cm 2 light intensity. The specific detectivity of
the generated heterojunction to incoming signals at
all light intensities was observed to be more effective
at zero potential. In addition, Voc values of the
heterojunction was increased from 0.043 to 0.058 V
with the light intensity. Consequently, it is observed
that the coronene/CdO hybrid heterojunction exhib-
ited exceptional behavior such as NDR and showed
high response to light so it offers an alternative to the
field of optoelectronic application.

Nanostructural photodetectors that can convert
light into electrical signals have great importance for
applications in many fields such as imaging tech-
niques and light wave communication as a new field
in nanotechnology-related research. It is clear that the
this research in this regard would encourage relevant
practical applications.
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