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Abstract

Organic photovoltaic cells (OPVs) have been studied for a long time, and due to their high photovoltaic performance
of around 12%, practical realisations have also been ongoing. In this study, we created typical OPVs and looked at
how annealing the MoOx layer a ected the e ciency of optical-to-electrical conversion. After annealing at 160AC for 5
minutes, the photoconversion e ciency increased from 2.05% to 5.65%, and the external quantum e ciency likewise
increased for all measured wavelengths between 300 and 900 nm. Among photovoltaic metrics, the short circuit current

density increased in particular. During analysis of the impedance test, it was discovered tp@CB8arriermpeda®fcansport pRg€Q,)DFRRBER
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Schottky-like behaviour. Also, using an equivalent circuit with charge
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have been optigygeeracerilydigesigni cantly increase the photovoltaic
performances of organic photovoltaic cells (OPVs) [1-4]. With the help
of the bulk heterojunction structure and the red-shi ed absorption
band of the p-type polymer, photovoltaic performance can exceed 10%.
Moreover, the nanoscale shape of the donor-accepter blend layer plays
a crucial role in determining the likelihood of carrier recombination
when exposed to solar radiation, which is directly related to photovoltaic
e ciency [5-7]. Since most photoexcited excitons are deactivated
without the donor/acceptor interface, e ective exciton dissociation at
the donor-acceptor interface is necessary for photocurrent generation.
Although the optical absorption length is nearly identical to the
organic active layer thickness of 80 to 200 nm, the conventional organic
semiconductors’ exciton di usion length is shorter. Since donor-
acceptor materials have a large contact area, bulk heterojunction
architecture has been employed for a long time to address this issue.
Several researchers have created assessment techniques for carrier
dynamics in OPVs in addition to the manufacture of novel polymers,
molecular stacking in the active layer, and optimised device designs [8-
11]. To comprehend carrier dynamics in the OPVs, researchers have
looked at a number of characterization techniques, such as the carrier
mobility of organic materials [12, 1].  rough the equivalent circuit of
the device, impedance spectroscopy is a crucial technique for discussing
carrier dynamics, including carrier mobility and density.  is method
uses the phase di erence between the input sinusoidal voltage and the
response current to determine the impedance of the device. It is feasible
to isolate and monitor components contributing to the impedance in
the device that have di erent relaxation durations by examining the
test ndings over a broad frequency range (10-3 to 106 Hz). Also,
because it uses a non-destructive measurement technique that can
be used with a variety of electronic devices, it is one of the features
that can measure a real device. In particular, one straightforward
interpretation of impedance measurement holds that each layer’s and
interface’s resistance and capacitance components can be distinguished
from the equivalent circuit [8] [9]. Garcia-Belmonte et al. investigated
the e ect of bias voltage on the depletion layer capacitance and the
minority carrier (electron), and by constructing an equivalent circuit
they assessed electron mobility and lifetime [2]. Due to the creation of

ipRERTieeUNealEEted al. analysed the electron density and lifetime of

ed the prgi\al Ut Afion of applied voltage [1]. Recently, we showed

that employing the annealed- MoOx layer at 160 °C signi cantly
increased the photovoltaic performance of the 1TO/MoOx/organic
active layer/LiF/Al device [2]. e oxygen vacancies in MoOx can be
restored by the annealing process, which results in the e cient carrier
injection at the MoOx/organic interface, according to an analysis of
angle-dependent X-ray photoelectron spectroscopy. Many studies on
the MoOx layer’s surface have been published since it is frequently
utilised as a hole transport layer in the typical OPV device architecture.
However, the precise mechanism of e ective carrier transport at the
MoOx/organic layer contact is unknown, necessitating additional
research. In order to minimise surface imperfections, the MoOx layer
on the bulk heterojunction OPV in this study was annealed at 160 °C
in an inert atmosphere. e equivalent circuit can be used to assess
the resistance and capacitance elements in the organic layer. Also, in
order to comprehend the mechanism underlying better photovoltaic
performance, the relaxation time and electron lifetime of di usion
were assessed.

Experimental
Materials
Poly[4,8-bis(5-(2-ethylhexyl)thiophen-2-yl)benzo[1,2-b;4,5-b’],
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dithiophene-2,6-di-yl-alt-(4-(2-ethylhexyl)-3-fluorothieno[3,4-b]
thiophene-)-2-carboxylate-2-6-diyl)] (PTB7- ) and [6,6]-phenyl-
C71-butyric acid methyl ester (PC71BM, purity: >99.0%) were bought
from Solene BV and 1-Material Inc., respectively. Kojundo Chemical
Laboratory sold MoOx powder, which was acquired.  ese substances
weren't further puri ed before being employed.

Manufacturing of OPV

We created the OPV by following the steps. Using a chemical
etching procedure, an indium tin oxide (ITO) anode with a thickness
of 150 nm was rst etched on a glass substrate. Acetone, isopropyl
alcohol, and pure water were then applied in turn using an ultrasonic
cleaner. e UV ozone cleaner was then used to clean the substrate
for 20 minutes. e ITO layer was then thermally evaporated to create
a MoOx layer that served as a hole transport layer with a controlled
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enhancing OPV productivity and dependability.
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