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ABSTRACT
Increased demand for clean energy sources, solar cell technology is expanding rapidly. One of the most critical
challenges in constructing perovskite solar cells is the lack of an effective hole transport layer with stability and
reasonable price. Inorganic p-type semiconductors such as nickel oxide are very cost-effective compared to organic
ones. Features such as wide energy gap, high conductivity, stability and resistance to moisture, and solution-based
manufacturing process, make the nanostructured inorganic hole transport layer a viable alternative to organic materials.
The purpose of this project was to evaluate the characteristics and mechanism of nickel oxide as a hole transport
material and fullerene as an interlayer in the structure of inverted nanostructured perovskite solar cells. These solar cells
obtained a fill factor of about 71%, a current density of 21.5 mA/cm?, an open-circuit voltage of 1000 mV, and an

efficiency of 15.2%.

Keywords: Perovskite Solar Cells, Hole Transport Material, Nickle Oxide, Fullerene.

1. INTRODUCTION

Organic-inorganic halide perovskite solar cells
have gained increasing attention owing to their
high power conversion efficiencies and
fabrication in solution at low temperatures.
Moreover, the low-temperature processing makes
them promising for future industrialization [1-3].
This configuration is characterized by the high
cost of the Hole Transport Materials (HTMs) and
a slight hysteresis, which has to be avoided using
special treatment or interlayers [4].

Among the inorganic HTMs, the low-
temperature NiOyx is the most common perovskite
solar cell (PSC). The remarkable properties of NiOx,
such as intrinsic p-type doping nature, high optical
transmittance, deep-lying valence band (VB) (5.4
eV), and low cost, make NiOx a preferential
candidate for HTM in PSCs. NiOx has been
prepared by several methods such as spray pyrolysis
and solution process or pulsed laser deposition.
Despite the merits of NiOx as HTM, its low intrinsic
electrical conductivity and high amounts of defects
while synthetizing at low temperatures resulting in

*: Zahra.rezaim.88@gmail.com

an increased charge recombination and reduced hole
extraction, have barricaded further improvement of
NiOx based on PSCs. To overcome this drawback,
keeping the temperature low and addition of
interlayers to control the interface could be effective.
In this work, fullerene was used as an interlayer. A
comparative analysis of the structural and optical
properties of the perovskite material deposited on
the inorganic HTM was also carried out.

2. MATERIALS AND METHODS

2.1 Materials

Ni (NO3)»6H.O0 (99.9%) and CoCl,:6H,O
(99.0%) from Sigma Aldrich, Lead iodide (Pbl,, >
98%, from TCI), and methylammonium iodide
(MAL, 98%, from Greatcellsolar) were purchased.

2.2 Synthesis of NiOy

Ni (NO3)2:6H>O (0.25 mol) was dissolved in 50
mL of deionized deoxygenated H,O to obtain a
dark green solution. After being magnetic stirred
for 1 h, NaOH solution (10 M) was added gently
to the initial solution to adjust pH=10. During this
operation, the initial green color of the solution
turned to opaque pale green as a result of
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nanoparticles formation. Keeping stirred for
another 1 h, the pale green colloidal precipitate
was collected by an ultrasonic centrifugation at
6,500 rpm for 15 min and washed twice with
deionized water. The product was dried at 80°C
overnight. The obtained green solid was grinded
in mortar and calcined at 270°C for 2 h to obtain a
black powder. Before use, nanoparticles were
dispersed in deionized water using probe
ultrasonic for 2 min with amplitude 52% and
cycle 1 (20 mgmL™). Finally, the solution
containing nanoparticles was filtered through a
PVDF filter (0.40 pm) [5].

2.3 Fabrication of solar cells

Substrates (Tin doped indium oxide-ITO) were
etched with zinc powder and HCI 6 M. After the
cleaning process, the HTMs were obtained by
spin-coating of the corresponding NiOy aqueous
solution (20 mg.mL ") with a speed of 3,000 rpm
for 40 s and heated at 130°C for 10 min. The
perovskite film (MAPDbI;) was deposited over
HTM layer by one-step spin coating at 2,000 rpm
for 10 s, followed by 6,000 rpm for 28 s with an
acceleration of 3,000 with the precursor composed
of Pbl, and MAI (1.3 M for each) in 1 mL
DMSO. Ethyl acetate was dropped onto the
perovskite film at the last 15" second during the
spin coating. As soon as the spin coating was
finished, the sample was moved to a hotplate and
annealed for 10 min at a temperature of 130°C.
Afterward, PCBM (20 mg.mL' in CB) was spin-
coated at 1,000 rpm for 30 s and dried at 60°C for
10 min. At this stage, the layers were transferred
by the anti-chamber to the vacuum chamber in
order to protect the PCBM surface, which was
very unstable against environmental conditions. A
50-mm-thick polymer fullerene intermediate layer
was deposited on PCBM by deposition method
under the vacuum of 107 Torr. Finally, Ag
electrodes with a thickness of 100 nm were
thermally evaporated at a deposition rate of about
0.5 nm.s! in a vacuum chamber through a
shadow mask [6].

2.4 Characterization of solar cells
The morphologies of the samples were

characterized using scanning electron microscopy
(FEG-SEM JEOL 3100F) and transmission
electron microscopy (TEM, JEOL 2100) analyses.
The current—voltage (J/V) curves were measured
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nop'artile.,
b) SEM image of the NiOx film deposited on the
ITO substrate.

using a Keithley 2612 source meter under AM 1.5 G
(100 mWem™) provided by a solar simulator model
69920 Newport. The steady-state absorption spectra
of the perovskite films were achieved by a UV/Vis
absorption spectrophotometer (Varian, Cary 300),
and the steady state and the time-resolved
photoluminescence (PL) decay were collected by a
Horiba Fluorolog.

3. RESULTS AND DISCUSSION

TEM image of the NiOy nanoparticles is shown in
Figure 1. (a) The size distribution of the particles
had a relatively broad range (10-33 nm) centered
at 17 nm. Figure 1. (b) shows the SEM image of
the NiOy film deposited on the ITO substrate. This
film revealed a high transmission (> 87%) in the
visible region (400-800 nm). NiOx nanoparticles
were deposited as thin film in order to work as
HTM with the consequence of higher carrier
mobility.

The pristine champion NiOy-based inverted
PSC showed a fill factor (FF) of 70%, a short-
circuit current density (Js) of 19.5 mA.cm™, a Vo
0of 0.96 V, and a final photoconversion efficiency
(PCE) of 13.2%. Ji, FF, and V. increased by the
insertion of the fullerene intermediate layer,
compared to that of pristine NiOx. A champion
photoconversion efficiency of 15.2% and the FF
value of 71% were achieved compared to 70% for
the pristine NiOy device. Thus, it is clear that a
proper cobalt doping effectively improves the
quality of the perovskite materials and enhances
the Jsc and the general device performance. The
behavior of the photoluminescence with NiOx
HTM was analyzed. Comparing the PL of
MAPDI; films deposited on glass with the PL of
MAPDI, a significant PL quenching was observed
by deposition of NiOx films. This fact indicated an
increase in the non-radiative recombination at the
interface. This point was partially confirmed by
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the decrease of the PL lifetime measured by time
resolved PL. The perovskite layer without any
HTM showed the average lifetime (tave) of photo-
generated excitons of 32 ns, while the perovskite
layer on pristine NiOx exhibited Tav. of 20 ns.

4. CONCLUSIONS

In summary, the suitability of NiOx nanoparticles
as HTMs was investigated. Fullerene interlayer
encouraged the surface recombination. The final
performance of the devices prepared with
fullerene as interlayer presented a perovskite
active layer with big grain size. The highest
crystallinity produced a positive balance. The
devices with the highest performance were
obtained with champion PCE of 15.2% higher
than previous results reported for the NiOx HTM
synthetized at low temperature.
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