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ABSTRACT— One of the main challenges for
perovskite solar cell (PSCs) structures is their
high sensitivity to humidity and ambient
temperature, which significantly lowers the
lifespan of these devices. Low stability of this
devices is considered one of the principal
limitations to make them commercialized. To
increase the stability of the solar cell is to
encapsulate the solar cell. The encapsulation is to
cover the device with a non-reactive material,
which prevents the penetration of ambient
moisture and increases the thermal stability of
the cell. If the uncoated device is exposed to
continuous incident light for several hours, its
structure is damaged while encapsulated device
has a longer duration time. Several methods have
been proposed for encapsulating a perovskite
solar cell. The principal strategy of these
methods involves deposition of a thin layer of
polycarbonate polymer on the perovskite solar
cell structure, resulting in layers of the desired
structure. After fabrication and encapsulation
process, the order of the various layers are FTO
/ bl-TiO2 / mp-TiO; / Perovskite (CH3NH3PbI:)
/ Spiro-OMETAD / Au / Polycarbonate Polymer.
To increase the effective stability, the glass
coating is placed on the polycarbonate polymer.
After acquiring sufficient adhesion between the
glass coating and the polymer layer on the
structure of PSCs, UV epoxy is used to seal the
whole structure. Having performed the
encapsulation, the samples were exposed every
day to 85% constant humidity and 85°C
temperature for 10 hours and it was observed
that the cell efficiency, under the mentioned
conditions and after successive measurements,
maintained to a high extent.
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I.INTRODUCTION

Nowadays, because of the importance of new
sources of energy, production of the materials
which are able to generate electrical energy has
come into focus. Sunlight is one of the natural
resources that can be converted to electrical
energy using photovoltaic cells. While
inorganic lead halides have been studied since
the nineteenth century [1]-[8]. Therefore, in
order to provide the best performance of the
mentioned devices, their lifespan should be
increased with enclosing technology. The
encapsulation process in OLED by SiO/Si3N4
thin film addressing extends its lifespan from
2594 hours to 5694 hours [9]. [10]-[13] Adding
rubidium and using deposited perovskite can
increase moisture stability [14], [15] middle
layers (interface) or protective layers are shown
to reduce the penetration of moisture into the
structure [16]-[19]. Bosch et al. demonstrated
the first stability test that passed moisture and
heat according to IEC61215: 2016 using ITO as
a protective cap, and glass/ethylene vinyl
acetate/butyl rubber as a package, although
most of the stability tests performed at 1000
hours [20], [21], under uncontrolled conditions
or non-standard conditions, these methods
make it difficult to compare the stability of
different structures. CIGS (Copper Indium
Gallium Selenide) solar cells and organic light
emitting diodes are also degraded when
exposed to air and moisture in the environment
[22], [23]. However, many common
encapsulators such as ethylene vinyl
acetatetbutyl sealants for edges are used in
commercial thin films of photovoltaic modules
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such as CIGS. In addition to the low cost of
encapsulants, PSCs also require a low-
temperature encapsulation process whose
processing temperature for all structures in
which organic materials such as MA / FA are
used must be below 200°C [24]. Therefore, a
method is proposed to enclose the third
generation perovskite solar cell and increase its
lifespan.

II. EXPERIMENTAL PROCEDURE

A. Cell Fabrication and Enclosing
Technology

The Perovskite solar cell has attracted the
attention of many researchers due to its rapid
development, high efficiency, and relatively
easy and cost-effective fabrication. The method
of making a perovskite solar cell is very
diverse, but among them one can consider a
single method of construction. Accordingly, the
fabrication of structure of Fig. 1 is described.

———— Au

+ Spiro-OMETAD
—— " CHaNHzPbh:
—— mp-Ti02
> bLTHO2

+ FTO

Schematic illustration of structure of
FTO/bl-TiO2/mp-TiO»/

Fig. 1.
perovskite solar cell:
Perovskite (CH3sNH3Pbl3)/ Spiro-OMETAD /Au.

First, some transparent FTO conductor must be
peeled off the glass to prevent short circuit. For
this purpose, consider an area of the surface to
be peeled off and cover the rest of the surface
in a way that the clear conductive oxide does
not corrode the rest. For this purpose, zinc
powder and two molar hydrochloric acid
solution are used. After the peeling, it is time to
wash the legs. This step is very important
because the layers must be accumulated on a
substrate free of any organic matter. The
substrates should be washed with soap and
water solution, then rinsed in deionized water,
acetone, ethanol and isopropanol for 15 min in
an ultrasonic bath. A UV-Ozone device is used
to correct the surface. Then, to prevent the
electrons recombination, the electron blocking
layer (bl-TiO2) must be coated. Before applying
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the coating, part of the FTO must be covered to
make the connection and place it in the circuit.
Pour 5 cc of dry ethanol into two clean glass
containers, add some titanium isopropoxide
solution (TTIP) to one of the glasses, and 2 M
hydrochloric acid solution to the other, and stir
on a magnetic stirrer for 5 min. Then the
solution containing TTIP and Ethanol is added
dropwise to a container containing two molar
acid and it should be stirred for 5 min to get a
fresh, clear, colorless and sediment-free
solution. This solution is layered on the
substrate using a spin coating machine [25].
After coating, the samples are usually dried at
120°C and annealed in an oven at 500°C for 30
min. For titanium oxide coating, a suspension
of titanium oxide and ethanol paste in
appropriate proportions must first be prepared
and then allowed to obtain a fresh, white
solution using a magnetic stirrer. The
suspension is then deposited on the electron
barrier layer by spin coating deposition, then
the sample must be dried again at 120°C. After
that, to make porosity in the structure and
correct it, it should be baked in a 500 degree
oven in air for one hour. Sintering conditions of
the glass frits plays an important role in the
porosity of the glass frit before and after the
bonding step. As mentioned before, glass frits
are commonly available in the form of printable
pastes. These pastes contain solvents and
organic binders, which should be removed
during the sintering process. Improper sintering
condition results in the presence of pores in the
sealing line. To prepare the perovskite layer,
first pour 115 mg of Pbl; into a container with
a very accurate scale, then add 158 pl of DMF
solvent and 18 pl of DMSO solvent and place it
on a 70°C heater for one hour while stirring.
After the solution has reached room
temperature, add 80 mg of MAI powder and stir
for one extra hour until the final perovskite
solution would be ready. Add 30 pl of it on the
sample with a micropipette and allow it to
penetrate for a few seconds. Then turn on the
spin coating device, which is pre-set so that first
spins for 10 seconds at a speed of 1000 rpm,
then for 20 seconds at a speed of 4000 rpm.
While spinning, puff the amount of 200 pl of
chlorobenzene on the samples. Samples are
then quickly placed on a 100°C heater for 15
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min to be backed in air, so that the solvents
evaporate and what remains is perovskite. Two
solutions must be prepared for the coating of the
cavity transfer material using spiro-OMETAD
in this structure. First, spiro-OMETAD powder,
chlorobenzene and tetra-butyl peridin solvent
are combined, then acetonitrile, which was
added dropwise to Li-TFSI salt, is added to the
solution containing spiro-OMETAD and the
final solution is placed on a magnetic stirrer for
30 min at 60°C. It is then coated on the
perovskite layer by rotating the deposition
method. To prepare the cathode, gold can be
used due to its suitable work function with a
purity of 99.99%. The thermal evaporation
method in vacuum is used for its layering. For
this purpose, the samples are placed on a
template and closed on a disk. Finally, in
complete vacuum conditions, by applying
current to a plant containing Au, the Au can be
evaporated and the Au electrode applied to the
layer of the cavity transfer layer with the
desired thickness.

SEM MAG: 3.00 kx

| petse | semnvisokv [ 1oum
Date{m/diy): 03/14/21 B 10.00

Fig. 2. Cross-sectional SEM images of perovskite
solar cell.
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Performance in nanospace

Enclosure technology is an important part of
third generation solar cell technology.
Therefore, due to the importance of the lifespan
of solar cells, enclosure technology has a
special place that can be performed in different
ways. Enclosures must have a high dielectric
refraction that is consistent with the refractive
index of the other layers and has a large volume
of resistance. Also, these materials should be
inexpensive, have dimensional stability, and
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easy to be coated. Therefore, after making PSCs
and characterizing the current-voltage and
calculating its efficiency, it is coated with
different organic and inorganic materials to
determine the best material with the mentioned
properties. Figure 2 shows the cross-sectional
of the cell. In this figure, separate layers, are
quite distinct.

The UV-vis absorption spectrum of the
polycarbonate is shown in Fig. 3. In the
wavelength  range of 400-700 nm,
polycarbonate is nearly transparent. In the
range of 400-550 nm, the absorption of this
material is about 0.5 and from 550-800 nm is
almost zero.
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Fig. 3. UV-vis absorption spectrum of the
polycarbonate.

To enclose the cell, the cell electrodes are first
contacted with copper conductive adhesive
tape, and the polycarbonate (PC) polymer, as
the encapsulating material of PSCs that has all
the necessary properties, is combined with
dichloromethane solvent and is placed on a
magnetic stirrer for 1 hour to create a uniform
solution. Then, with a brush, a uniform level of
this solution is placed on the cell, and the slide
is placed on the cell and pressed to achieve the
sufficient adhesion and strength after 20 min.
To seal the desired structure, the surrounding
area is covered with UV epoxy and exposed to
UV light for 4 min to get completely dried.
Subsequently, at different time intervals, the
samples are exposed to 85% humidity and 85°C
to measure their efficiency every day. To create
the mentioned conditions, the glove box has
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been used in such a way that after switching on
the glove box, the heater fan is turned on and
the moisture production cable is connected,
then the humidity and temperature display is
turned on and the perovskite solar cell is turned
on. Place the reference and encapsulated cell in
the glove box, record the time at which the
temperature is 85°C and the humidity is 85%
RH, and the surface of the specimens is checked
hourly to see whether the perovskite structure
remains intact or destroyed. By measuring the
I-V of the structure and after reaching an
approximate efficiency of 20% of the initial
efficiency, the measurement process is
completed. In this study, measurements were
performed after applying moisture and heat in
three consecutive directions. According to
IEC61215, the cells were exposed to the desired
conditions for 4 hours a day. In Fig. 4, an image
of the cell before and after enclosure is shown.

Fig. 4. (a) Perovskite solar cell before encapsulation,
(b) solar cell enclosed with PC polymer and glass
coating that continues to show stability under certain
weather conditions and over time.

In the schematic of the structure of PSCs, a thin
layer of encapsulating polymer is completely
coated on the structure, which is the first stage
of encapsulation, and after the coating is jelly-
coated, a glass slide is placed on the structure in
the second stage and after fully attachment to
the surface, in the last stage, UV glue is injected
around the structure, with a syringe, to seal and
the final capsulation, which is shown in Fig. 5
in the following steps.

Figure 6 also shows the current-voltage
diagram of the cell, representing that PSCs have
displayed good stability after encapsulation and
a relatively long time. However, the efficiency
of the unenclosed cell reaches zero after a short
period of time, up to one hour, due to the
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mentioned conditions, and this is a good
indication of the usefulness of the enclosing
process.

I ﬂ) Glass cover

Au (Cathode)

ETL/PVSHTL

FTO (Anode)

Glass substrate

Fig. 5. (a) Schematic view of the structure of a
perovskite  solar  cell  encapsulated  with
polycarbonate and glass polymer and sealed with UV
adhesive, (b) capsule-free reference structure, (¢) cell
encapsulated with clear polycarbonate polymer
without glass coating, and (d) final capsule structure
with polymer, glass coating, and sealing with
adhesive, which after exposure to moisture and heat,
keeps a percentage of its stability.

In order to investigate the alterations in current
and voltage, as well as the amount of changes
in FF and the efficiency of PSCs before and
after the capsule, I-V diagrams were drawn for
each cell and at each stage after applying the
necessary conditions in that stage. First, after
making the cell and performing I-V analysis, its
diagram was drawn as a reference sample
(before the capsule), then the second sample
was encapsulated with polycarbonate polymer
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and the current-voltage diagram was examined
again. The third sample was exposed to 85%
RH and 85°C for one day, and the next sample
was exposed to the above conditions for two
days, and the third sample spent three days in
the same condition. The parameters of each
condition are given separately in Table 1.

.6

Before encapsulation

04 —— 85% RH.85 "C(3d)
s After encapsulation
02 e 850, RH.85 °C( 1)

=§5% RH.85 "C(2d)

L0 1 i i
0.0 0.2 0.4 .6 0.8

Voltage(V)
Fig. 6. Density diagram of current-voltage perovskite
solar cell before capsule, after capsule, after applying
85% humidity and 85°C temperature on the first,
second, and third day.

Table 1 Parameters of PSCs, before and after
encapsulation and after application of humidity and
heat.

Before q After .| First | Second | Third
encapsulati | encapsulati
day day day
on on
Jsc

@A) 10.68 10.76 10.76 5.11 4.62
Voc (mV) 850 730 730 710 660

FF 40 36 36 26 31
PCE (%) 3.604 2.82 2.82 0.94 0.94

As table above shows, first, before
encapsulating the structure, its current-voltage
parameters were checked, and after
encapsulating the PSCs, the previous steps were
followed. To speed up the process of observing
the effect of capsule coating on the structure,
85% RH and 85 °C conditions were applied to
the structures during consecutive days. The
results show that FF first decreases and after the
second day increases, and this indicates the
positive effect of the capsule layer on the
structure. The efficiency of the structure
gradually decreases, but compared to the
reference cell, i.e. without capsule coating
which was completely destroyed after being
exposed to the mentioned conditions for 30
minutes and its efficiency reached zero, the
performance of the capsule coating is
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remarkable. The performance degradation of
PSCs can occur as a result of thermal
instability, sensitivity of the perovskite material
to ambient air (humidity and oxygen), and
degradation caused by other device components
(e.g., degradation at the TiO2 interface under
light exposure and poor stability of the hole-
transport material). Consequently, the stability
of the perovskite thin films and PSCs has been
extensively studied, including the degradation
of the perovskite material upon exposure to
humidity, illumination, or elevated
temperature. The increase in fill factor is due to
the effects of humidity and temperature. The
effect of humidity and temperature on the
structure of the perovskite solar cell lengthens
the ion migration paths, resulting in an increase
in the fill factor.

Before the encapsulation, the current density is
10.68, and after the encapsulation re-
measurement, it changes to 10.76. This value
changed about 0.01%. So we can say that the
flow after the capsule has also remained stable.
Post-encapsulation stability indicates that the
capsule method has no effect on efficiency and
a suitable method is used for the capsule
structure. One day after encapsulation, the
amount of current remained constant and the
voltage did not change after overnight exposure
of the encapsulated structure to humidity and
temperature of 85° C and 85% RH. This
indicates the proper functioning of the capsule
structure. Because it has a much better
performance compared to the reference
structure without capsules, which is destroyed
in less than 1 hour under the mentioned
conditions. On the second and third day, when
the capsule structure is still under standard
humidity and heat, the current and voltage are
somewhat reduced, indicating a slight
infiltration of moisture into the structure.
However, after several measurements, the
capsule structure, despite a slight reduction in
efficiency and other basic parameters, is still
efficient and has maintained its stability to a
high extent under the capsule cover.

The X-ray diffraction (XRD) pattern of the
encapsulated, unencapsulated and reference
perovskite solar cell are shown in Fig. 7. The
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red diagram is a XRD graph of the reference
cell (unencapsulated) prior to the encapsulation
of the structure to compare the performance of
the polycarbonate capsule coating and the
unencapsulated  structure. One cell is
considered as the reference cell and an
unencapsulated structure is placed at 85% RH,
85°C condition.
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Fig. 7. XRD patterns of the encapsulated,
unencapsulated and reference perovskite solar cell.

Another capsulated perovskite solar cell
structure  which is  encapsulated with
polycarbonate polymer, placed at the similar
condition for the similar period and is compared
with the unencapsulated structure relative to the
reference cell diagram. The blue diagram is an
unencapsulated perovskite solar cell after
treatment with humidity and heat. Having
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compared this graph with the reference cell
graph, the destruction of the structure is obvious
and it can be explained by the fact that
increasing the intensity of Pbl, peak at
260=12.5° and decreasing the intensity of
perovskite peak at 26=14.2° and 28.2° caused
complete destruction of the structure after
treatment with moisture and heat. The green
diagram is a perovskite solar cell after
encapsulation with a thin film of polycarbonate
polymer and treatment of humidity and heat. In
the XRD pattern, peaks at the angles 14.7, 28.5,
and 33.06 correspond respectively to the
diffraction of the plates (110), (200) and (210)
of the MAPDI; perovskite structure, which is
consistent with other reports. The XRD results
clearly indicate that the structure of MAPDI3
was synthesized. The XRD pattern was well
matched with the other published articles [26-
28]. According to the XRD graph of the
reference cell and its comparison with that of
the structure after the capsule and applying a
period of humidity and heat, the lack of the
perovskite destruction at peaks of 14.2 and 28.2
and the lack of growth at peak 12.5 are observed
which the indicator of Pblx is. This structure
represents  more  stability = than  the
unencapsulated structure that is placed in
similar conditions and degrades rapidly. This
indicates the proper performance of the capsule
structure on the perovskite solar cell and the
protection of the perovskite structure by
polycarbonate polymer against humidity and
heat.

III.CONCLUSION

Polymer structures that are resistant to moisture
and heat penetration are appropriate candidates
for encapsulating and expanding the life scale
of solar devices. The capsule layer plays an
important role in maintaining the stability of the
perovskite solar cell, so that the capsule-free
structure is completely destroyed in a short
time, but the encapsulated structure shows the
stability for a long time. After the studies, it was
observed that polycarbonate polymer, due to its
heat- and moisture-resistant polymer structure,
functions as a suitable capsule structure and
protects PSCs. Applying this polymer, in
addition to using a glass cap and sealing the
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structure with glue, makes it possible to protect
the structure to a considerable extent, and by
exposure to the defined conditions, it takes
longer period to reaches to 20% of the initial
efficiency.
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