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Organometallic halide perovskite based solar cells are considered as the foundation of future photovol-
taic technology. In these types of solar cells, it has been emphasized that the bulk heterojunction active
layer architecture may show superior performance than the bilayer active layer architecture due to the in-
crease in the interfacial area by intermixing both donor and acceptor phases in the bulk heterojunction.
Organometallic halide perovskite with suitable acceptor in bulk heterojunction architecture can be a prom-
ising active layer in perovskite solar cells. Conventionally, the perovskite and acceptor are mixed together
in a single solvent before thin film formation. Though this offers a one-step synthesis way, limited solubili-
ty of perovskite and acceptor in single solvent puts major constraint on the formation of bulk heterojunc-
tion through one-step solution processable method. This paper describes a new way of one-step synthesis of
bulk heterojunction using surfactant free microemulsion in slot die method, which removes the constraint
of limited solubility of the two phases in a single solvent. Emulsion of DMSO (solvent for CHsNHsPblIs) and
cyclohexane (solvent for PCBM) stabilized with acetone was used for making perovskite:fullerene bulk het-
erojunction. Solvent evaporation dynamics has been simulated to get deeper understanding of emulsion so-
lidification leading to bulk heterojunction formation. Structural and optical studies support the formation
of bulk heterojunction for efficient charge separation at donor:acceptor interfaces. A perovskite solar cell
employing this bulk heterojunction has also been reported.
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1. INTRODUCTION

Organometallic halide perovskite based solar cells
are the foundation of future photovoltaic technology
due to their attractive features like tunable structural,
compositional and optical properties. Additionally,
cheaper and solution processable perovskite material
reduces production cost and offers the flexibility in se-
lection of proper fabrication technique. Hence, it is a
promising competitor to the commercially available
silicon solar cells. From 2009 to 2018, the recorded,
NREL certified, perovskite solar cell efficiency drasti-
cally improved from 4 % to 25.2 %.

Spin coating technique has been utilized very often
for the fabrication of Bilayer Heterojunction (BiHJ) and
Bulk Heterojunction (BHdJ) active layer architecture
perovskite solar cells with one-step, two-step or three-
step spin coating approaches. However, large material
wastage and small deposition area limit the applicabil-
ity of the spin coating method at an industrial scale.
Other solution deposition techniques are already being
explored for the perovskite solar cell fabrication, in-
cluding doctor blade coating, ultrasonic spray tech-
nique, brush painting, inkjet printing, screen printing,
and slot die coating. Among the deposition techniques
mentioned above, slot die coating is one of the most
suitable techniques for material efficient, large-scale
device fabrication. Recently Jueng-Eun Kim et al. illus-
trated the one-step fabrication of a planar perovskite
solar cell using N2 gas blowing and heating assisted
slot die technique and reported power conversion effi-
ciency (PCE) of around 12.7 % after inclusion of Bifluo-
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OMeTAD HTL layer [1].

The BHJ active layer architecture may show supe-
rior performance than the BiHdJ architecture due to the
increase in the interfacial area by intermixing both
donor and acceptor phases. However, rather than depo-
sition technique, there is a challenging difficulty in the
preparation of a single-blend solution of donor and ac-
ceptor due to solubility limits of these components in a
single solvent. The first report on BHJ by Chang Liu et
al. [2] illustrated fabrication of CH3NH3PbX3:PCs1BM
BHJ perovskite solar cells by using the two-step solu-
tion-processed spin coating method. The obtained re-
sults validate the improved features of BHJ over BiHdJ.
Recently, Cong Liu et al. achieved 16.6 % PCE and
80 % fill factor for perovskite:F4ATCNQ BHdJ based solar
cell device by applying the additive engineering strate-
gy [3]. The inclusion of p-type Cu(Tu)I as the trap state
passivation of perovskite in constructing the perov-
skite:Cu(Tu)l BHJ inverted device architecture showed
very promising PCE of 19.9 % [4]. Chien-Hung Chiang
et al. [5] have obtained the PCE of 12.1 % by mixing
0.1 wt. % PCBM (limited due to solubility limit) with
Pbl: in DMF solvent and MAI in isopropyl alcohol. The
BHJ was deposited by using a two-step spin coating
method. In the same report, they illustrated the neces-
sity of extra PCBM layer over spin coated BHJ active
layer for efficient charge transport and improved the
PCE up to 16 %. In overall, preparing a single blend
solution of the donor and acceptor is the challenge in
fabrication of BHJ using a one-step method. Our group
has proposed a solution to such a problem in the case of
the formation on BHJ of a donor polymer (P3KHT) sol-
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uble in water and an acceptor (PCBM) soluble in organ-
ic solvent, by using the concept of emulsion and demon-
strated the formation of BHJ [6]. Here, based on a simi-
lar concept, we used a novel Surfactant-Free Micro-
Emulsion (SFME) made of cyclohexane, acetone, and
DMSO referred hereafter as CAD SFME for the fabri-
cation of CHsNH3PbIs-PCBM BHJ solar cell using slot
die technique. DMSO is a good solvent for CHsNH3zPbI3
and cyclohexane is a good solvent for PCBM. Moreover,
both solvents are immiscible. An emulsion of DMSO
and cyclohexane can be formed my mixing them with a
specific amount of the third component acetone. This
scheme avoids intimate pre-mixing of CHsNH3PbIs and
PCBM and can lead to pure perovskite and PCBM
phase formation during solidification. In this work, we
also simulated the evaporation of the component sol-
vents of the SFME to predict the behavior of the emul-
sion during solidification of the microemulsion result-
ing in the formation of BHdJ. This work successfully
demonstrates and opens a new way of formation of
CH3NH3PbIs-PCBM BHJ using SFME in one-step dep-
osition of an active layer using slot die method.

2. EXPERIMENTAL

The slot die setup used in this work is shown in
Fig. 1. It includes a slot die nozzle made up of stainless
steel with meniscus guide of a width of 10 mm. The gap
between two dies was maintained by PTFE tape of
about 125 um thickness.

Air shroud was attached on the rear side of the noz-
zle 2.5 cm above the substrate surface. During deposi-
tion, airflow rate was maintained at 5 I/min using a
precise gas flow controller. Solution was fed to the slot
die head with 5 ml/h flow rate by using a syringe pump.
Lip was maintained at 100 um height from the sub-
strate on a hot plate.

Fig. 1 - Experimental setup of slot die technique used in this
work

2.1 Synthesis of Methylamine Iodide (CH3NHzsI)
MAI Powder

20 ml of hydroiodic acid (HI) (strong acid) was tak-
en in an ice bath. 18.78 ml of equimolar methylamine
(CH3NHz) (weak base) was then added dropwise in HI
by using syringe pump at 120 ml/h solution flow rate
with continuous stirring. The whole reaction was car-
ried out in dark conditions. After two hours of continu-
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ous stirring, the solution was kept in the vacuum oven
at 100 °C for removing the solvent and to obtain a
white powder of CH3NHsI.

2.2 Preparation of CAD SFME

First, Pblz powder was dissolved in CAD micro-
emulsion by using ultrasonic bath sonication at 45 °C.
To adjust the MAI:Pbl: ratio to 1:1, equimolar powder
of CH3NH3sI was then added with continuous sonication
to obtain low 0.125 M and high 0.2 M solution concen-
trations. High solution concentration value was deter-
mined by the solubility limit of solutes, especially Pblz,
in the microemulsion. After 15 min sonication, we add-
ed accepter PCBM with 0.5 wt. % and 1.0 wt. % in the
two microemulsions with ultrasonication for making
emulsion with two different acceptor concentrations.

2.3 Device Fabrication

The device architecture and energy level diagram
for the fabricated perovskite BHJ solar cell are shown
in Fig.2a and Fig. 2b, respectively. FTO substrates
were cleaned using soap solution, double distilled wa-
ter, acetone and isopropyl alcohol with 5 min bath soni-
cation successively. The cleaned FTO substrates were
dried at 100 °C for 60 min. After drying, 50 nm thick,
transparent and compact TiOz (c-TiO:2) layer was de-
posited using the 1.5 ml solution of titanium (IV) iso-
propoxide in 10 ml ethanol and 0.1 ml hydrochloric acid
using spin coating method at 4000 rpm for 45 s. The
films were dried at 125 °C for 15 min and then an-
nealed at 500 °C for 30 min [7].

Followed by c-TiOz layer, a mesoporous TiOz2 (m-TiOs)
layer was deposited by using spin coating. Commercial-
ly available TiO2 powder (Degussa P25), comprising
~20nm sized TiO2 nanoparticles, was preheated at
120 °C for 60 min to remove impure hydroxide phase. A
paste was then prepared by dispersing 1.1 g of pre-
heated TiO2 powder in 8.5 ml ethanol and 1.5 ml acetyl
acetone, using probe sonication at 220 Watt for 30 min.
Acetyl-acetone acts as a dispersion-stabilizing agent.
The temperature of the paste was controlled by prepar-
ing an ice bath during probe sonication to prevent pre-
heating and evaporation of the solvent. This paste was
then spin coated over c-TiOz2 coated FTO substrate at
4000 rpm for 45 s, and then dried at 125 °C for 10 min.
Thickness of the layer was ~ 800 nm. After drying, the
sample was sintered by transferring into muffle fur-
nace at 500 °C temperature for 30 min.

Devices were fabricated in an open environment at
laboratory conditions (room temperature 28 °C and rel-
ative humidity ~ 20 %) by using emulsions with perov-
skite concentration of 0.2 M with 1.0 wt. °% PCBM.
FTO/c-TiO2/m-TiOz deposited substrates were kept on a
hot substrate holder. The CAD microemulsion was fed
to the slot die nozzle using a syringe pump at 5 ml/h
solution flow rate. The slot die head was moved over the
substrate using programmable X-Y plotter with a speed
of 1 mm/s. A dry air was showered over the deposited
area with 5 l/min flow rate controlled by using precise
gas flow controller. After deposition of BHdJ active lay-
ers, the samples were transferred to a vacuum oven at
100 °C for 10 min post deposition thermal annealing.

06014-2



A NEW APPROACH FOR ONE-STEP SYNTHESIS OF ...

P3HT Au CH,NH,Pbl,: PC,,BM

Bulk-Heterojunction

\
\ \ FT
Glass @

B R e P e s

-1

e ashesssseRed '
[y T M CHLNIL PO, :
% i Bulkheterojunction |
A i '
- -3 —
o ! ! !
: - 3 132
- -4 [-\ A g~ TN J{l—:«( &
E ) :-3.9:’?'0 < :
E
S .s] 45
d
4
>

-64

-74

-8

Fig. 2 - (a) Schematic diagram of the device fabricated in this
study. Device architecture: FTO/c-TiO2/m-TiO2/CHsNH3sPbls
PCBM/P3HT/Au; (b) energy level diagram for the device

A thin P3HT hole transport layer was then spin
coated over CHsNH3Pbl3:PCBM BHJ active layer using
5 mg/ml solution of P3HT in o-dichlorobenzene at
4000 rpm for 60 s. The samples were annealed at 100 °C
for 5 min. After annealing, all samples were shifted into
the thermal evaporation system to deposit 70 nm thick
gold (Au) electrodes at 10~ 6 mbar pressure.

3. RESULTS AND DISCUSSION

We found that with 0.25 M concentration of MAI
and Pblz, both solutes completely dissolved in the CAD
microemulsion by prolonged sonication. Further in-
crease in the concentration, however, resulted in the
formation of residues of Pblz at the bottom of the CAD
microemulsion containing beaker even after one hour of
sonication at 50 °C. Based on this observation, 0.2 M
was taken as the higher and 0.125 M as the lower con-
centration for the study. Substrate temperature and
solution concentration are some of the important pa-
rameters governing the film formation process by slot
die method. In the case of solution based thin film dep-
osition techniques, it is essential to optimize the sub-
strate temperature for developing a good quality film
[8]. Importance of substrate temperature optimization
in slot die method has been outlined by Tianshi Qin et
al. [9] reporting their work on HTL deposited using slot
die technique. Giovanni Cotella et al. [10] also high-
lighted the role of substrate temperature in perovskite
crystal growth through controlling the solvent evapora-
tion rate. The effect of substrate temperature on sub-
strate coverage and crystallinity of perovskite thin
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films by slot die method has also been reported by
Kyeongil Hwang et al. [11]. On this background, sub-
strate temperature for these two solution concentra-
tions was optimized to get uniform, pinhole free and
compact perovskite films on FTO/c-TiO2/m-TiOz2 sub-
strate. In this work, the films were formed at substrate
temperature ranging from 70 °C to 90 °C with post
deposition annealing at 100 °C for 15 min. Control on
solvent evaporation rate is essential to get pinhole free
perovskite film with good crystallinity.

The solvent evaporation rate of the deposited ink
can be controlled either by heating the substrates or by
introducing an airflow over the surface during the coat-
ing procedure. Giovanni Cotella et al. [10] used the
substrate heated from 65 °C to 90 °C to promote rapid
drying dynamics similar to the spinning process and
generate a thermal gradient which promotes the crys-
tal growth horizontally instead of vertically. However,
they observed that higher temperatures gave poor sur-
face coverage while the intermediate temperatures led
to an increased surface coverage. Similar observations
are recorded in this work.

The optical microscope images captured in transmis-
sion mode are shown in Fig. 3. Row [A]: CH3NH3PbIs
(0.125 M) and row [B]: CHsNHsPbIs (0.2 M).

50pm

S0pm 5 50pm

Fig. 3 — Optical microscope images (transmission mode) of
CH3NH;3PbI; thin films deposited on glass/FTO/c-TiO2/m-TiO2
substrate at a substrate temperature of a) 70 °C, b) 80 °C,
¢) 85°C, and d) 90 °C; row [A]: CHsNHsPbl; (0.125 M) and
row [B]: CHsNHsPbI3 (0.2 M)

It was observed that the surface coverage improved
as we increased the substrate temperature from 70 °C
to 85 °C. However, with further increase in temperature
to 90 °C, good surface coverage could not be achieved.
Similar trend with respect to surface coverage is ob-
served for both solution concentrations. Further, with
an increase in the substrate temperature up to 85 °C
the presence of pinholes was also observed to be de-
creased, which increased with an increase in the sub-
strate temperature to 90 °C. Thus, a very specific sub-
strate temperature is needed to control the solidification
of perovskite thin films with good surface coverage and
pinhole free morphology. Based on these observations,
we choose 85 °C as the optimum value of the substrate
temperature for deposition of CH3NH3sPbls thin films
using CAD microemulsion. The average thickness of the
film with solution concentration of 0.125 M was found to
be ~ 180 nm and that of prepared with a solution con-
centration of 0.2 M was about ~ 400 nm.

We then studied the formation of perovskite:PCBM
BHJ using perovskite and PCBM dissolved in CAD mi-
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croemulsion. For this, 0.1 wt. % and 0.2 wt. % of PCBM
was dissolved in each microemulsion with 0.125 M and
0.2 M perovskite concentrations. The films were depos-
ited on FTO/c-TiO2/m-TiOz substrate at a substrate
temperature of 85 °C. The film formation process as
decided by state of microemulsion during solidification
is governed by evaporation dynamics of different sol-
vents in the microemulsion. To understand this, we
simulated the evaporation of the three solvents in the
microemulsion system. The simulation was simplified
with assumption that the evaporation rates of the solu-
tions are equal to the evaporation rates of respective
solvents in the microemulsion. We determined the
evaporation rate of the pooling solvents at different
temperatures by using the United States Air Force
Method (USAFM) described by Robert D. Morrison [12].

The equation used for calculating the evaporation
flux (E;) is as below:

E = (4.161.10—5).u0-75TFM(:—5) g/(cm2-s), (a)
H

where u is the wind speed (m/s), TF is the liquid tem-
perature-correction factor, M is the pooled liquid molec-
ular weight (g/mol), Ps is the pooled liquid vapor pres-
sure at ambient temperature (mm Hg), and Py is the
vapor pressure of hydrazine at ambient temperature
(mm Hg), Tp is the pooled liquid surface temperature
C). If Tp=0°C or less, Tr=1.0, otherwise
Tr=1.0+0.0043TF2. The hydrazine vapor pressure (Pr)
at absolute ambient temperature (74 in K) is given as

P = 760-exp[65.3319 — ((3222) _ (8.22InT) +

Ty

+ (6.1557-10-3)T4]. ()

During deposition, the substrate to slot die tip dis-
tance was fixed at 100 pm. Hence, it was assumed that
the thickness (7%) of the developed liquid film is
~ 100 um. The total exposed area of the emulsion was
assumed to be constant till complete solidification, be-
cause solidification of the liquid film starts from bottom
to the top surface. We calculated the volume of differ-
ent solvents evaporated as a function of time using the
following relation:

AV = (E/lg)-AAt. Q)

The exposed area of the three solvents as a function of
time was also determined based on their relative volumes.

Fig. 4a shows variation in the volume of the three
solvents as a function of time. The inset shows an ex-
panded view of the initial time scale. Due to different
evaporation rates, the proportion of cyclohexane and
DMSO in the solidifying microemulsion goes on chang-
ing as a function of time. Accordingly, the quantity of
acetone required to sustain microemulsion state also
varies as a function of time. Fig. 4b shows variation of
the quantity of acetone as a function of time during so-
lidification and the amount of acetone required to sus-
tain microemulsion state for that dynamic microemul-
sion composition. The results indicate that the evapora-
tion dynamics of different solvents in microemulsion
makes acetone insufficient to sustain the microemulsion
state during very initial stage of solidification and the
microemulsion becomes unstable. So, one may expect the
formation of totally separated phase layers of perovskite
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and PCBM after complete solidification of the solution.

However, observation of the HR-SEM images elimi-
nates this possibility. The HR-SEM images of the sub-
strate FTO/compact-TiO2/mesoporous-TiOz2 as well as
different layers on the substrate viz. perovskite, perov-
skite + 0.5 wt. % PCBM and perovskite + 1 wt. % PCBM
for two different precursor concentrations for perov-
skite formation are shown in Fig. 5. The perovskite
thin film formed with 0.2 M concentration shows a
compact film with good substrate coverage compared to
that formed with 0.125 M concentration. With 0.125 M
concentration of perovskite, BHJ film formed with
0.5 wt. % of PCBM shows marginal presence of PCBM
on the surface in the form of spherical structures.

Increase in wt. % of PCBM to 1 wt. % shows not
many changes in the surface features of the film with
0.125 M precursor concentration. However, interesting
features can be observed on the surface of BHJ films
with 0.5 wt. % and 1 wt. % of PCBM in perovskite with
0.2 M solution concentration. From Fig. 4b, it can be
seen that both cyclohexane (solvent for PCBM) and ace-
tone (stabilizing agent for emulsion) are completely
evaporated within first 500 ms. Thus, solidification of
PCBM occurs within a few hundred milliseconds. How-
ever, it takes around 9.5 s for DMSO to evaporate com-
pletely and form solid perovskite phase. It seems that
although the emulsion is de-stabilized during the initial
stage of solvent evaporation, the total uniting of ‘cyclo-
hexane + PCBM' droplets is hindered by the presence of
a perovskite solution, with high resistance in a high
concentration perovskite compared to a low concentra-
tion perovskite. This results in the formation of chan-
nels of PCBM phase embedded in perovskite medium,
as seen in Fig. 5. UV-Visible optical absorption spectra
in Fig. 6 are also in agreement with the results obtained
from the optical microscopic and HR-SEM results.

Pristine perovskite films formed with 0.125 M solu-
tion show less absorption values compared to those
formed with 0.2 M solution. Strong absorption at
550 nm in films with 0.2 M precursor signifies better
formation of perovskite crystals compared to that with
0.125 M solution. High precursor solution concentra-
tion is essential for better crystallization and conse-
quently better light harvesting [13]. With addition of
PCBM, in general, absorbance values and its range
enhance. Similar results were obtained for both solu-
tion concentrations and PCBM wt. % but the values of
the optical absorbance are different due to differences
in film thicknesses.

Reduction in PCBM absorption below 400 nm is ob-
served with 0.5 wt. % PCBM in a perovskite film with
high concentration. A similar reduction of PCBM ab-
sorption has been noted for annealed blends of poly(3-
hexylthiophene) (P3HT) with PCBM [14]. The effect is
possibly related to enhanced long-range ordering in the
neat PCBM regions [15]. Rise in PCBM absorption be-
low 400 nm in films with 1 wt. % PCBM in 0.2 M per-
ovskite suggests that PCBM uniting leading to a long-
range ordering after breaking emulsion stability is
hindered by an increase in PCBM loading in high con-
centration perovskite solution. In low concentration
(0.125 M) perovskite solution, long-range ordering is
not reflected in absorption spectra possibly due to less
PCBM loading in the perovskite solution. X-ray diffrac-
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tion patterns obtained for these films support these
observations. The XRD patterns for these films along
with the compact TiOz layer deposited using spin coat-
ing and mesoporous TiOz layer are shown in Fig. 7.
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tively low effective mass of electron ~ 1 mo and high
refractive index than ITO [16]. The m-TiO2 scaffold
layer enhances the charge collection via improved sur-
face area as compared to only c-TiOz window layer.
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Fig. 4 - (a) Volume of component solvents of microemulsion
as a function of time at 85°C substrate temperature;
(b) variation in amount of volume of acetone (in %) present in
solidifying microemulsion as decided by simulation (circles),
and that required to keep microemulsion stabilized as decided
by experiments (squares) as a function of time

Fig. 5 —- FE-SEM images of thin films (a) and (e) m-TiO: de-
posited over FTO/c-TiO: substrate; (b) CHsNHsPbls film with
0.125 M solution concentration; (c) CHsNHsPbls (0.125 M):
PCBM (0.5 wt. %); (d) CHsNHsPbIs (0.125 M):PCBM (1.0 wt. %);
(f) CHsNHsPbls with  0.2M  solution  concentration;
(2) CHsNHsPbIs (0.2 M):PCBM (0.5 wt. %) and (h) CHsNHsPbls
(0.2 M): PCBM (1.0 wt. %)

The diffraction peak at 25.34° is associated with
(101) plane. Anatase TiO2 is known to be a suitable
phase for the TCO applications in various optoelectron-
ic devices because of the wide bandgap (3.2 eV), rela-
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Fig. 6 — (a) Absorption spectra of CHsNHsPbls and CHsNH3Pbls:
PCBM thin films deposited at 85 °C for 0.125 M perovskite
solution concentration; (b) absorption spectra of CHsNH3Pbls
and CH3NH3sPbls: PCBM thin films deposited at 85 °C for
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Fig. 7- XRD patterns of (a) c-TiOs, (b) m-TiOs, (c) CHsNH3Pbls,
(d) CHsNH3sPbIs:PCBM (0.5 wt. %), () CHsNHsPbIs:PCBM (1.0 wt. %)
thin films deposited at 85 °C for 0.125 M solution concentration.
XRD patterns of (f) CHsNHsPbls, (g2 CHsNH3PbIs:PCBM (0.5 wt. %)
and (h) CHsNH3PbIs:PCBM (1.0 wt. %) thin films deposited at
85 °C for 0.2 M solution concentration

Strong characteristic (110), (220) and (222) diffrac-
tion peaks of tetragonal perovskite phase at 14.11°,
28.51° and at 31.75° [17] are observed in XRD pattern
of the films formed with higher concentration and not
in films formed with lower concentration, probably due
to insufficient perovskite deposition. One interesting
feature is the change in preferred orientation of perov-
skite from (110) to (024) with addition of PCBM. For-
mation of tetragonal perovskite phase with preferred
(024) orientation in thin films formed by spin-coating
method has been reported by Binglong Lei et al. [17].

The films were excited with 740 nm for recording
the steady-state PL spectra. It was observed that the
PL emission from perovskite films deposited with high-
er concentration was much larger than the emission
from films deposited at lower concentration. In case of
perovskite thin films deposited with lower solution con-
centration (0.125 M), the pristine perovskite film
showed suppressed luminescence compared to perov-
skite:PCBM thin films. A report by Ka Kan Wong et al.
concluded that as TiO2 does not form an ideal interface
with MAPDbIs, this may lead to non-radiative recombi-
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nation at the TiO2-MAPbDI3 interface [18]. Very thin
deposition of perovskite phase, due to low solution con-
centration, results in less crystallinity and dominant
interface effect compared to the bulk and this may be
the cause of suppressed radiative luminescence in this
perovskite film. Interestingly, when a small fraction
(0.5 wt. %) of PCBM was added to perovskite, the PL
emission increased. This observation can be attributed
to increased crystallinity of perovskite in the presence
of PCBM, leading to a decrease in non-radiative recom-
bination centers. XRD patterns for these films support
this view. XRD shows an increase in diffraction peak
intensities for perovskite material in BHJ film as com-
pared to pristine perovskite materials indicating an
enhancement in crystallinity. When PCBM loading was
increased to 1 wt. %, PL quenching effect due to charge
separation at donor-acceptor interface was observed.

Steady-state PL spectra of pristine perovskite thin
film deposited with 0.2 M solution and perovskite:
PCBM BHJ thin films with different PCBM concentra-
tions are shown in Fig. 8b. For perovskite:PCBM BHJ
thin films with 0.5 wt. % of PCBM concentration, large
PL quenching was observed without any peak shifting.
Significant PL quenching indicates efficient charge
separation at the donor:acceptor interface. Further
increase in acceptor concentration to 1.0 wt. % showed
almost similar PL quenching.

1.2x10°
- CHyNHPbly

10’ (b)
@ CHyNH,Pbly:0.5 wt PCBM
6x10 i o4 CHyNH;PBIy1.0 ks POBM

(a) - CHyNHyPBly

- CHyNHyPBLY0.5 wek POBM

1.0x10 A CHyNHPBly:1.0 Wi PCBM
.
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ax10’ .
6.0x10' 4 .
04w e
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4.0x10 = . teo 240
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Fig. 8 — Steady-state PL spectra of (a) CHsNHsPbls and
CHsNH;sPbIzPCBM (0.5 wt. %), CHsNHsPbIs:PCBM (1.0 wt. %)
thin films deposited at 85 °C with 0.125 M perovskite solution
concentration; (b) CHsNH3PbIs and CHsNHsPbIs:PCBM (0.5 wt. %),
CHsNH;PbIz:PCBM (1.0 wt. %) thin films deposited at 85 °C
with 0.2 M perovskite solution concentration, respectively

Based on this study, for the comparison, we fabri-
cated 2 x 2 mm? sized perovskite solar cell devices, with
the pristine perovskite and perovskite:fullerene BHJ
based active layer. Additionally, we recorded the device
performance with and without P3HT HTL layer also. A
similar study with multiple repetitions of device fabri-
cation showed that comparatively, FTO/c-TiO2/m-TiOs/
CHsNH3PbIs:PCBM/P3HT/Au device architecture gives
better PV performance.

The concentration of perovskite solution was 0.2 M
and 1 wt. % of PCBM was used in the emulsion. Dark
and illuminated JJ-V characteristics of the better per-
forming device are shown in Fig. 9.

The device performance (PCE = 0.4 %) is limited by
low Vie (0.35 V) as well as low values of FF (49 %) and
current density (1.91 mA/cm2). Presence of shortening
paths, recombination centers at the interfaces and non-
optimized active-layer and HTL thickness can be the
reasons behind poor performance of the device. It has

JJ. NANO- ELECTRON. PHYS. 12, 06014 (2020)

been reported by Wenmei Ming et al. [19] that due to
low formation energies and low diffusion barriers for
Au*l, Au can diffuse into MAPbI3 from their respective
electrodes even at room temperature.
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Fig. 9 - J-V characteristics of CHsNH3PbIs:PCBM BHJ perov-
skite solar cell device fabricated using CAD solution deposited
by slot die coating with PSHT HTL layer

In our case, Au diffusion into the active layer may
be the reason for low I and low shunt resistance
(820 Q) of the device. In addition, Au diffusion under
illumination is the second problem with Au contact.

Stefania Cacovich et al. [20] suggested that it is
necessary to reduce this diffusion by employing alter-
native HTMs, replacing gold or working on interlayers.
The illuminated J-V curve crosses the dark J-V curve
in the first quadrant. This indicates reduction in collec-
tion of photogenerated current with an increase in for-
ward bias. This can be due to the recombination at the
interfaces. In this work, the moto behind device fabri-
cation was just to prove the concept of BHJ active-layer
fabrication by a novel route using microemulsion. More
systematic work on the device fabrication can improve
the device performance.

4. CONCLUSIONS

In conclusions, this article opens a new approach for
one-step synthesis of perovskite:fullerene BHJ using
surfactant free microemulsion in slot die method. BHJ
of CHsNH3PbI3:PCBM was successfully prepared using
surfactant-free microemulsion of DMSO (solvent for
CH3NH3Pbls) and cyclohexane (solvent for PCBM)
formed with acetone as the stabilizing agent. Although
the simulation results indicate destabilization of micro-
emulsion during initial steps of solidification, SEM im-
ages showed the formation of interpenetrating morphol-
ogy of the two phases. Steady-state PL spectroscopy
results confirmed efficient charge separation at the do-
nor:acceptor interfaces. A working perovskite solar cell
with BHJ prepared by this method as an active layer
indicates potential to explore this route more deeply.
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