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Perovskite solar cells (PSCs) represent one of the most models of the
organic-inorganic solar cells which have achieved a great success in the
last years. However, there are some of challenges facing this success such
the barrier between the layers' interfaces and the presence of grains that
impedes the passage of the charge carriers. Consequently, the aim of this
work is to synthesize and characterize passivated peroviskte layers using
different passivation techniques for producing treated perovskite solar
cells. These treated layers were characterized by scanning electron
microscope (SEM), UV-visible spectroscopy, photoluminescence, X-ray
diffraction (XRD), Fourier transform infrared (FTIR) and current density-
voltage measurements:” The optimal performance of the fabricated and
passivated PSCs with a structure of FTO/blocking layer/mesoporous layer
/TiClymethylamonium (MA)PbI; .Cl./chlorobenzene/C had short circuit
current density (Jsc), open circuit voltage (Voc), fill factor (FF) and
efficiency of 20 mA/em’, 0.56 V, 0.29 and 6.5 %, respectively.

1/ Introduction:

The organic—inorganic lead halide perovskite solar cells (PSCs) are the
most promising third generation solar cells. The power conversion efficiency
(PCE) has exceeded 25% [1].The optical and electrical advantages of the
perovskite material such as low-cost, convenient fabrication techniques, largely
tunable band gap (e.g., CH;NH;3;PbX; has a band gap from 1.5 eV to 2.3 eV) [2]
and great light absorption coefficient (higher than 10* cm™) [3, 4]. However, there
are several challenges facing the progress of this type of solar cells such as the
weak contact between the interfacial layers, high series resistance between layers,
large numbers of grain boundaries in the active layer and probable degradation of
the organic layer.
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The passivation process refers to a material becoming passive or less
corroded by the environment. Passivation involves the application of the outer
layer of a shielding material as a microcoating and created by chemical reaction
with the base material [5]. In the PSCs, the passivation taints to either chemical
passivation, which reduces the defects trap states in order to optimize the charge
transfer between various interfaces [6-10], or physical passivation, which isolates
certain layers from the environment to avoid the degradation process. The self,
surface and interface chemical passivation are commonly used and efficient
strategies to reduce defects and improve the photovoltaic performance of PSCs
[11-13].

The self-passivation was carried out by doping MAPbI; with-Cl and-it was
found that 10% PbCIl,-MAPbI;_Cl, film has a broadened bandgap which enables
the sensibility to ultraviolet light to reduce defect density [14]. In addition, by
applying the self-passivation method the efficiency of solar cell was increased
from 1.63% (without passivation) to 4.09%. The surface passivation technique
on the active layer with a non-polar solvent was intended to reduce charge
recombination and improve charge transport through the layer. This had led to
smoother surface perovskite films with “large grains. Moreover, the
chlorobenzene washing process had produced compact, larger grain size, uniform
and densely-packed crystalline surface topography [15-17].

In order to ensure crystallization of the perovskite layer, using
chlorobenzene (CB) as an antisolvent solution, had resulted in planar perovskite
films with highly homogenous and pinhole-free, and the efficiency had increased
to be 4.45%. The interface passivation method between the electron transport
layer (ETL) and active’layer was targeted to achieve the efficient electron-
selective contacts. PSCs. consist of several layers between which the charges
travel among themselves, and when each layer is connected the other; it resembles
a series resistance increasing the charge recombination. To overcome on this
resistance, anew ETL, which had made from TiCl, was deposited on mesoporous
TiO, that had.been fabricated by dipping method [18]. When performing different
measurements, the cell with a new layer of TiCl, treatment had a homogenous
porosity surface suitable for perovskite infiltration, the recombination is reduced
and the efficiency is increased to be 6.5% at the final of passivation series.

The objective of the presence work is to investigate the effect of different
passivation techniques on the structural properties and performance of the
fabricated PSCs. The hole free conventional mesoporous PSC is fabricated as a
reference cell by an infiltration perovskite layer onto the carbon electrode. The
PSCs are compared with and without passivation methods. The treated and
passivated interfacial layers were characterized using scanning electron
microscope (SEM), UV-visible spectroscopy, photoluminescence, X-ray
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diffraction (XRD), and Fourier transform infrared (FTIR) and current density-
voltage measurements.
2. Materials and Methods:

2.1. Materials:

Acetone (Sigma-Aldrich, 99%), chlorobenzene (Fisher Scientific, 98%),
diethyl ether (Fisher Scientific, UK, 99%), dimethyl sulfoxide (DMSO) (Across,
New Jersey, USA, 99.8%) have been purchased. Ethyl cellulose “EC” (HMW)
(Sigma Aldrich, 48.0-49.5% (w/w) ethoxyl basis), ethyl cellulose “EC” (LMW)
(Sigma Aldrich, 48.0-49.5% (w/w) ethoxyl basis), ethanolamine (Fluka, 99.5 %)
have been purchased too. Fluorine doped Tin Oxide “FTO” glass ‘substrate
(Sigma-Aldrich, 13€/sq.), graphite powder (Fisher Scientific, UK, Purpose
Grade), hydroiodic acid, 57wt% (Across, New Jersey, USA) and isopropanol
(Sigma-Aldrich, 99%) have been purchased. Lead (II) chloride’(Fisher Scientific,
99%), lead (II) iodide (Fisher Scientific, 99%), methylamine (CH;NH,), extra
pure and 40 wt% solution in water (Across, New Jersey, USA) has been bought.
Titanium isopropoxide (Sigma Aldrich, 97%), titanium tetrachloride “TiCl4”
(Sigma Aldrich, 99%), alpha-terpineol 97%/were.as purchased from Across
Organics. Acetyl acetone, 98% was obtained from Alpha Chemika and carbon
black was received from carbon black Company (Alexandria, Egypt).

2.2. Preparation of TiO, blocking layer and TiO,paste

Ti isopropoxide (0.6 ml) and acetylactone (0.4 mL) were mixed and stirred
for 30 min at room temperature and then this mixture was added to 9 mL absolute
ethanol and stirred for 30 min at room temperature. An amount of 58.6 g (0.2
moles) of Ti isopropoxide-was dissolved at once to 12 g (0.2 moles) of acetic acid
and stirred at room temperature for 15 minute. Then, the precursor solution was
poured into 290 mL water quickly while stirring at speed of 700 rpm. After 1 hr
of stirring, 4 mL.of nitric acid was added to the mixture and then heated 80°C in
40 minute andpeptized for 75 min with adding the water to this solution until the
final volume becomes370 mL. The mixture solution was then kept in autoclave at
250°C for 12 hours: After this step, 2.4 mL of 65% nitric acid was added and the
dispersed solution was sonicated [19-22]. The mixture was then concentrated by
using rotary evaporator and to get the concentrated mixture from this solution, the
organic’and other solvents were removed by centrifuge and this step was repeated
three times, then we dividing this mixture in many tubes and washing with
ethanol many times a white precipitate containing 40wt.% TiO, in ethanol was
obtained. Finally, TiO, was dried in a vacuum oven for 6 hours at 80°C and then
TiO, was grinded using a mortar to produce a fine white powder.

There were two kinds of Ethyl Cellulose (EC) powders used in this study to
prepare TiO, paste from EC (5-15 mPa.s) and EC (30-50 mPa.s). 45 g of the EC
(5-15 mPa.s) and 35 g of the EC (30-50 mPa.s) Ethyl Cellulose powder were
dissolved in ethanol to have 10wt.% solution. 16 g of the prepared TiO, and 64.9
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g of alpha-terpineol were added to the ethanolic EC solution and diluted with 80
mL of ethanol to obtain a total volume of 280 mL. The mixture was then
sonicated and stirred. Water and ethanol were removed from TiO, and e EC
solution by rotary evaporator from initial temperature of 40°C to a final
temperature at 50°C. The final paste was made with a hand mill. The final paste
containing 18wt.% TiO,, 9wt.% EC and 73wt.% terpineol was used for both
characterizations and devices fabrication.0.04 mL of 99% TiCl, solution was
prepared by slowly droppingTiCl, over 50 g DI in ice and then diluted with 250
mL DI water in a 300 mL at room temperature.

2.3. Synthesis of MAI, MAPbI; and MAPDI;_,Cl,

Both of 20 mL of methylamine and 30 mL of HI were mixed and stirred for
two hours at 0°C. Red color precipitates were recovered by solvent evaporation
using rotary evaporator at 60 °C. This precipitate was rinsed with diethyl ether
until the red color of the precipitate changed from red to“yellow to colorless and
then recrystallized in ethanol. The white crystalline powder of Methyleamonium
Todide (MAI) was dried in a vacuum oven at 60 °C for 24 hours [23-27]. MAPbI;
perovskite precursor solution was prepared in a nitrogen filled glovebox by
dissolving 461 mg of Pbl,, 159 mg of MAIL, 0.5-mL of DMSO and 0.5 mL of
Daymethyle formamide (DMF) under stirring overnight. MAPbI; (Cl, perovskite
precursor solution was prepared by dissolving461 mg of Pbl,, 159 mg of MAI, 35
mg of PbCl, (10wt%), 0.5 mL of DMSO and 0.5 mL of DMF under stirring
overnight. The prepared MAPbI;_Cl, perovskite solution was filtered by using a
syringe filter prior to be used for the deposition of films.

2.4. Characterization techniques

The optical properties of the prepared perovskite and different layers were
obtained by UV-visible spectroscopy (spectrophotometer, Thermo Scientific 600,
USA). X-ray.diffraction of GO was obtained using (X-ray 7000 Shimadzu,
Japan).. Photoluminescence spectra were recorded for the perovskite layer
deposited on a glass and on the prepared HTLs at an excitation wavelength of 420
nm using (spectrophotometry Perkin Elmer L55, USA).The surface of different
films was investigated using scanning electron microscopy (SEM "JEOL JSM-
6360 LA", Japan) to study the morphology and the homogeneity of the surface.
The structural identifications were confirmed by the FTIR spectroscopy using
Fourier transform infrared spectrophotometer (Spectrum BX 11- LX 18-5255
Perkin Elmer). The spectra were recorded in the wavenumber range of 400-4000
cm™. To obtain the FTIR spectra the powder from each layer was grinded with
KBr powder. The J-V curves of the fabricated solar cells were measured using
Metrohm Auto lab potentio state attached with calibrated halogen lamp with an
intensity power of 80mW/cm”.
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2.5. PSCs fabrication

The cleaning steps were carefully carried out these steps included
sonication of the substrates in various solvents starting from acetone for 5 to 10
minutes, then Isopropanole (IPA) for 10 minutes and acetone again for 10
minutes. The FTO substrates were immediately rinsed by flow of nitrogen to dry
and avoid adhesion of impurities on the wet surfaces.

The cell without passivation consists of FTO/BL-TiO,/MP-
TiO,/MAPDIL;/CCE heterostrucutre as indicated in Fig.1. On top of the cleaned
substrates the TiO, compact layer was deposited at 2000 rpm spincoating speed
for 30 second and anealed at 450 °C for 30 minutes. Afterthat, the TiO,
mesoporous layer was deposited on the top of the blocking layer at 4000.rpm for
30 s and anealed again at 450 °C for 30 min.After cooling to room temperature a
mesoscopic CCE was deposited by doctor blade method and anealed at 450 °C
for 30 min [28-29]. Finally a 30 ul of MAPbI; precurcer was deposited and
infiltrated through the mesoscopic carbon layer at 2000/ rpm for 30 s and followed
by drying at 100 °C for 30 min on a hot plate.

Ca rb'on-CE

= —MP-TiO—
" BL-TiOz
Glass / FTO

Fig. (1): Schematic diagram of the fabricated PSCs based on the mesoporous configuration
of FTO/BL-TiO,/MP-TiO,/Active layer/CCE.

The” PSCs with a self passivation(FTO/BL-TiO,/MP-TiO)/MAPDI;.
«{Cl/CCE) structure was fabricated. The third type of cell was based on (FTO/BL-
TiO,/mP-TiO,/MAPbI;Cl,/CB/CCE) to study the effect of surface passivation.
To have higher performance with adding CB as the antisolvent solution very
quickly during spincoating process on the last active layer [30].The fourth
fabricated PSC has the three types of passivation and involvesFTO/BL/TiO,/MP-
TiO,/TiCl/MAPDI; ClL/CB/CCE structure to study the effect of interface
passivation. In this cell the dense and mesoporous TiO, was deposited as
previously mentionedand when the substrate with the TiO, films was treated in
0.04 M TiCl, solution at 70°Cfor 10 min, followed
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Fig. (2): (a) XRD pattern for TiO, nanoparticles films prepared on' glass/FTO substrate
and (b) TEM micrographs of the pattern of TiO, nanoparticles.

by rinsing with DI-water and ethanol and dried at 100°C for 10 min. Then, the
TiO, film was annealed again at 500 °C for 30 min.before the deposition of the
perovskite layer [31, 32].CCE paste was synthesized by mixing 2 g of carbon
black powder with 6 g of graphite powders in 30:mL a-terpineol solution, and
then 1 g of ZrO, powder and 1 g of EC were diluted with 37.5 mL of ethanol to
obtain homogenous solution and followed by stirring for 2 hours.

3. Results and Discussion

3.1. Structure and morphology of TiO,nanoparticles

At the first, the TiO, nanoparticles were characterized by using XRD
pattern as displayed in Fig. (2.a). The diffraction peaks are used at (2@ = 25.3°,
37.9°, 48.1°, 54.8°, and 55.1°) corresponding to (1 0 1), (0 0 4), (2 0 0), (1 0 5),
and
(2 1 1) planes of anatase, respectively [33, 34].There were no other detectable
peaks”corresponding to the rutile crystal structure. This confirms that the TiO,
nanoparticles are’in the pure anatase crystal structure. In Fig. (2.b) the TEM
micrograph” shows that the average size of the nanoparticles is less than 30 nm
and that the nanoparticles appeared to be relatively homogeneous and uniform in
size albeit fairly agglomerated.

3.2. Optical property of passivated perovskite films

To understand the optical absorbance of MAPbI; film and the effect of Cl
element on the absorbance of MAPbI;Cl, film, UV-Vis absorption is measured
in the 300-850 nm. The absorption edge for MAPbI;(Cl, film at approximately
750 nm is observed and a slight green shift compared with 748 nm for MAPbI;
film as shown in Fig. 3.a. The high absorbance of the perovskite film in the UV-
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visible range showed that the film was excellent capability of wide spectrum
response. To explore the change in the optical band gap, the energy band (E,) was
calculated according to Tauc’s plot. The Tauc’s plot shows that the E, of MAPDI;
film is approximately 1.45 eV compared with MAPDI; (Cl; that showing 1.49 eV
as depicted in inset of Fig. (3a) [14].

The antisolvent treatment can be control the morphology of the PSC
filmsand influence on structural and optical properties for MAPbI;Cl, PSC
films. To understand the role of CB as an antisolvent onto the deposited MAPbI;.
«Clx film by comparing the absorption spectra of MAPbI;,Cl; and the new
composite MAPbI;_,Cl; PSC films with non-polar solvent treatment as shown in
Fig. 3.b. A slight red shift to 758 nm of MAPbI;_,Cl,+CB film is observed.

The high absorbance of the perovskite film in the UV-visible range enables
the film with the excellent capability of wide spectrum response. To explore the
change in the optical band gap, we calculate the energy band (E,) according to the
reflection and transmission through the Tauc’s plets. In inset of Fig. 3.b the Tauc
plot shows that the Eg of MAPbI;_,Cl, film is‘approximately 1.49 eV compared
with the passivated MAPDI;Cl, with CB and showing 1.54 eV. The results
demonstrate the enhancement of photoelectric performance of the passivated
MAPDI;Cl, with CB film in the ultraviolet spectrum because the adding of CB
inMAPbI;_,Cl, makes the cell surface more homogenous and pin hole free and
enhance the absorbed incident light.
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Fig. 3: a) Optical absorption spectra for the MAPbI; and MAPbI; ,Cl, thin
film, a) inset (ahv)®vs. hv curves for MAPbl; and MAPbI;,Cl, thin films, b)
Optical absorption spectra for the MAPbI; Cl; and MAPbI; (CL,+CB thin film, b)
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inset (ahu)zvs. hu curves for MAPbI;,Cl, and MAPbI;Cl, . CB thin films, c)
PL spectra of the MAPDbI; and MAPbI;Cl, thin films and d) PL spectra of
MAPDI;_Cl, without CB treatment and MAPbI;_Cl, treated with CB thin films

Since the gap energy of the passivated MAPbI;_,Cl, with CB film is greater,
this means that the probability of charge recombination is less. It is concluded
that the active layer of MAPbI;Cl, passivated with CB overcomes the problem
of charge recombination. The results demonstrate the enhancement of
photoelectric performance of the MAPbI;Cl; film in the ultraviolet spectrum
because the doping of Cl in MAPbI; reduces the lattice symmetry and thus
increases the material band gap. Since the gap energy of MAPDIL;.Clifilm is
greater, the probability of charge recombination is less.

The variations of Photoluminance (PL) intensity with wavelength for
MAPDbI; and MAPDI; Cl, are presented in Fig. 3c. The PL spectra show a slight
green-shift with chloride incorporation, which is consistent with previous report.
Compared to the MAPDI;, the green-shift in the mixed perovskite of MAPbI;_Cl,
may be related to incorporation of chloride into the MAPbI; crystal lattice, which
reduces the lattice symmetry and thus increases the material band gap [27]. The
excitation intensity controls the density of photeexcited electrons and holes,
which governs the behavior of these carriers. Each electron-hole recombination
mechanism has a distinct functional dependence on carrier density. The MAPDI;
layer shows lower PL peak intensity, indicating the lower excitation and higher
recombination rate. It confirms that the mixing by CI produces more excitation
and reduces the charge recombination at the interfaces [35]. When the MAPDI;.
«Cl, thin layer was treated by CB, the PL spectrum is shown in Fig. 3. d. The
MAPDI;_Cl, film without CB treatment has a lower PL peak intensity, indicating
the lower excitation and higher recombination rate than those appearing when the
MAPDI;_Cl, thin layer was treated by CB.The PSCs films have totally different
surface morphologies with“and without the non-polar solvent treatment in the
previous studies [36-38]. The PSC film without the CB washing had very poor
surface coverage; which can cause decrease in the absorption property compared
with fully-covered film.

To improve the properties of final cell, another layer the electron transport
layer (MP-TiO,) is inserted. In order to make sure that the charge does not
overlap again throughout the cell, the charge transfer layer must be treated
because of its large gaps, and this treatment is made by depositing a very small
thickness layer of the diluted TiCly solution.To gain insight into the influence of
TiCl, treatment on the optical properties of TiO,, we performed a transmittance
measurement. The quality of perovskite films directly affects the device
performance of PSCs;therefore, to investigate the effect of post-treatment of TiO,
on the deposition of the perovskite film, we deposited perovskite thin films on top
of the Ti0, films with TiCl, treatment. UV-V light transmission was measured in
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the 300-900 nm range by a UV-visible spectrophotometer. As depicted in Fig.(4)
after treated with TiCly, the transmittances of TiO, substrates were slightly lower
than the control sample.

— (MP)TiO2
(MP)TiO2 + TiCla

% Transmittance

400 500 600 700 800 900
Wavelength (nm)

Fig. (4):'UV~Vis absorption curves of the M-TiO, and M-TiO, + TiCly thin film.

3.3. Structural, crystalline and morphological properties of passivated
perovskite films.
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To gain insight into the effects of the PbCl, additive on the crystal structure
of the perovskite material, XRD data collected for the diffraction patterns of the
films are represented in Fig. 5 (a, b). From the data of Fig. (5.b), it is noted that
no peak from PbCl, is observed in the XRD patterns indicating that the added
PbCl, is completely consumed in the reaction with MAI to either form Pbl, or
MAPDLCI;. The existence of Pbl, in 10%PbCl,-MAPbDI;_Cl, film is attributed to
the reaction of MAI with PbCl, rather than Pbl,.As a result, there is insufficient
MALI to react with Pbl,, leading to the residues of Pbl, in perovskite film [14]. Yu
et al. [39] reported that the several reaction processes are invelved«in the
formation of a film by these mixed solutions, and Cl elements slow down the
formation of MAPDI;_(Cl, crystal. Meanwhile, the excess of Pbl, in the perovskite
film at grain boundaries is beneficial because it forms an energy barrier that
hinders leakage of both electrons and the holes from. active layer for
recombination [40].
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Figure (5) XRD patterns of a)MAPbI 3 and b) MAPbI 3-x CI x thin film.

By comparing the XRD patterns, it is found that the presence of peaks at
14.2° (110), 28.5° (220), 31.9° (310), 40.55° (224) and 43.25° (330) indicates the
successful formation of MAPDI;[41]. The results show that the (110) and (220)
peaks are very strong compared to the other peaks, demonstrating better
crystallization of perovskite film in these directions which is preferred for
photovoltaic performance [42].
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As shown in Fig. (5a and 5b) these peaks are shifted to 14.25° (110), 28.5°
(220), 31.95° (310), 40.74° (224) and 52.45° (226) for the MAPDI;_,Cl, [43]. This
shift is slightly larger due to the inclusion of Cl ion into the crystal lattice of
MAPDI;. The appearance of series of new diffraction peaks are in good agreement
with literature on the tetragonal phase of the perovskite [44]. Furthermore, the
figure shows that same Pbl, in the MAPbI; (Cl precursor appears at 12.9° (003)
and 38.9° (009) and this unreacted Pbl, passivates grain boundaries which
generally worked as recombination centers.
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Figure (6)FTIR spectra of the MAPbI 3 and MAPbI 3-x Cl x thin film.

The chemical structures of CH3;NH;Pbl; and CH;NH;Pbl; xCly thin layer
were characterized by using FTIR and the spectra are shown in Fig.6. The spectra
show that the characteristic peaks are slightly different from the other two types
of perovskite materials. The wide band around 3450 cm™ in the two structures is
due to the hydroxyl radical O-H stretching (due to the decomposition process of
perovskites), the peaks of 2935 cm” of CH;NH;Pbl; and 3005 cm™ of
CH;NH;Pbl; xClyis of the C-H stretch, the peaks appeared at 1643 cm™ for
MAPbI; xClx was shifted to 1650 cm’ for MAPDI; as it is expected that the C=0
bond strength in the Pbl,-MAI-DMF and PbCl,-MAI-DMF complex should be
decreased due to the interaction with the Lewis acids MA*, Pb*" and PbCI*. The
peaks appeared at 1577 cm™ to 1590 cm™ of N-H bend, the peaks 1413 cm™, 1465
cm” of C=C stretch, the peaks 1016 cm™ and 1020 cm™ of C-O stretch are
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observed for MAPbI;.The peak at 945 cm’ is shifted to 950 cm™ of =C-H bending
and are assigned to the stretching mode of NH’"/CH; ions rocking in
CH;NH;3Pbl; xClx and CH3;NH;3Pbl;. For MAPDI; xClxthe peak at 711 cm’ of C-
Cl stretch wasrecorded. The differences in the assigned vibrational modes result
from PbCl, and Pbl,.

The shifts in the vibrations and the change in the functional groups peaks
broadening observed in the spectra are attributed to the formation of the two
different perovskites. High transmittance at a frequency means there are few
bonds to absorb that "color" or light in the sample, low transmittance means there
is a high population of bonds which have vibrational energies cortesponding to
the incident light [45-47].
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Fig. (7): SEM images of (a) MAPbI;3(b) MAPbI;Cl, and (¢) MAPbI;Cl, +CB
thin film.

The morphological changes in the MAPbI;, MAPbI;_Cl, and MAPbI;_Cl,
with CB treatment perovskite films by using SEM were inspected as shown in
Fig. (7 a, b, ¢), respectively, and The statistical histogram of grain size of
perovskite thin films is demonstrated. It is noticed that the large variations in
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crystallite size with islands of sub-micron size can be seen clearly all over the
surface. The presence of the random structures, grain boundaries and pinholes on
the surface increases the possibility of current leakage.

The surface of MAPbDI; is uniform but there are pinholes, a lot of grain
boundaries and the average of grain size is nearly 391.8 nm as shown in Fig. (7.a),
but in Fig. (7.b) the new composited MAPbI; Cl, PSC films produces less grain
boundaries and the average of grain size is 537.4nm, The Cl-doped perovskite
films show improved crystalline structure and morphology anddecrease the grain
boundaries. Comparing MAPDI;Cl, with the non-polar solvent treatment, the
PSC film without any treatment process showed bad surface coverage, but-for the
cases of the CB treatment Fig. 7.b shows good coverage and no pinholes. On the
other hand, relatively irregular distribution in grain sizes was modulated to be
regularly distributed crystallites, and much planar surface and larger grain sizes
were observed that in average grain size 609.5 nm indicating the best crystalline
quality for device performance. Larger grains reduce the recombination

probability of electron-hole pairs at the grain boundaries and defect points,
leading to the improvement in transporting rate of photo generated carrier and
high-performance device [27, 48, and 49].To make sure that the charge does not
recombine again throughout the cell, and to obtain.the greatest cell performance
we will go to the interface passivation method that depends on the electron
transport layer (MP-TiO,) to improve its surface properties, SEM images of the
pristine and treated (MP-Ti0,) showed that a very thin layer of compact titanium
covered the surface of TiO, nanoparticles and improved its morphology and
decreased the pin holes as shown in Fig. (8a and8b) and that agree with literature
[50].

-ﬂ/‘*

1

Fig. (8): SEM images of (a)MP-TiO,, (b)MP-TiO, + TiCl, thin film.
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3.4. Effect of the passivation methods on the performance of PSCs

Although comparable PCEs are achieved in Figure (9), the reproducibility
of the MAPDbI; devices is poorer than that of the Cl-doped MAPDI; (Cl, devices.
To explore the benefits of the PbCl, additive to the perovskite precursor on the
performance of solar cells, solar cells based on different structures from Pbl and
the other cell 10% PbCl, contents are fabricated and the parameters of Js., V., FF
and PCE are summarized in Table (1). PSCs based on FTO/BL/MP-TiO-
»/MAPDIL;/C compared with FTO/BL-TiO,/MP-TiO,/MAPbI;_Cl,/CCE (surface
passivation) indicate that both cells have a single absorber layer’of MAPDI; or
MAPbDI; Cl,. However, FTO/BL-TiO,/MP-TiO,/MAPbI;Cl,/CCE exhibits an
improvement in the power conversion efficiency PCE by 40%_and raises the J,
by 90 % as compared to FTO/BL/MP-TiO,/MAPDI;/C, due to the substitution of
Pbl, by PbCl, in the precursor solution of MAPbI;.The substitution improves
theJ,. due to the high charge carrier transport properties of MAPbI; Cl, as
indicated by PL. Where the higher mobility and more efficient transportation
ability in the PSCs are responsible for the higherJg of PSCs [51, 52]. These
observations imply that a better contact and charge transfer through cells with
self-passivation method. The voids at the grain boundary increase the
recombination process in the solar cell due to poor contact between the light
absorbing particles. To overcome these defects, we add a new passivation
material into the cell, which is an antisolvent solution from cholorobenzen.

Comparing FTO/BL/MP-TiO/MAPDI;/C with FTO/BL-TiOy/MP-TiO,/
MAPDI;Cl,/CCE, it is observed that the performance of FTO/BL-TiO,/MP-
TiO,/MAPDI;.Cl/CB/CCE (surface passivation) is better than that of FTO/BL-
TiO/MP-TiO,/MAPDI; CL/CCE due to the improvement of the surface wetting
properties of perovskite film-after adding CB treatment the enhancement in the
optical and merphological properties as proved by the absorption and SEM
images in Figure (3)-and (7). The typical MAPDI;Cl, with the antisolvent
treatment cell has PCEs of 4.46% and higher in Jsc, Voc and FF.

Table. (1): Jsc, Voc, FF, and PCE of the cells without and with different

passivation.
PSCs Jsc Voc FF PCE
(mA/cm?2) V) %
FTO/BL/MP-TiO2/MAPDbI3/C 16.8 0.227 0.215 1.64
FTO/BL-TiO2/MP-Ti0O2/MAPbI3-xClx/CCE 18.52 0.434 0.255 4.1
FTO/BL-TiO2/Mp-TiO2/MAPDI3- 19.66 0.436 | 0.26 4.46
xClx/CB/CCE
FTO/BL-TiO2/MP-Ti02/TiCl14/MAPbDI3- 20 0.56 0.29 6.5
xClx/CB/CCE
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Fig. (9): J-V curves of the fabricated cells without out passivation media and the other with
self, surface and interface passivation.

It is noted that FF of the PSCs has a low value (0.25-0.26) due to the high
series resistance (Rs) between he perovskite/TiO, and perovskite/carbon
interfaces. The reduction-in. Voe' of FTO/BL/MP-Ti0,/MAPbI;/C and FTO/BL-
TiO,/MP-TiO,/MAPDI;Cl/CCE might be attributed to a reduction in the shunt
resistance of the solar cell-[56]. Moreover, there is another additional fabricated
architecture consisted of FTO/BL-TiO,/MP-TiO,/TiCly/MAPbI;Cl,/CCE. By
comparing its<-performance with cell-3 (surface passivation), it is exhibited the
highest. values in-J.; V.., FF and the PCE as compared to the other cells.
TheFTO/BL-TiO,/MP-TiO,/MAPbI;_Cl,/CB/CCE cell has the highest J,. of 20
mA/em?, FE of 029, and V. of 0.56 V and PCE of 6.5%.

4. Conclusion

This work indicated that different passivation techniques affected and
improved the performance of the fabricated PSCs. The MAPDI; (Cl, film without
CB treatment had a lower PL peak intensity, indicating the lower excitation and
higher recombination rate than the MAPbI; ,Cl thin layer treated by CB.It was
found that the maximum performance is of the fabricated and passivated PSCs
with a structure of (FTO/BL/MP-TiO, /TiCl/MAPbI; Cl/CB/CCE)where it
hasJy., V., FF and efficiency of 20 mA/cm?, 0.56 V, 0.29 and 6.5 %, respectively.
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