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Perovskite solar cells (PSCs) have been considered as a promising photovoltaic technology due to their attractive power

conversion efficiency (PCE) exceeding 20% and easy of their processability at low temperature. However, there were a few

www.rsc.org/

reports on low temperature processed ITO-free PSCs. In this work, highly transparent and conductive poly(3,4-

ethylenedioxythiophene):polystyrene sulfonate (HC-PEDOT:PSS, PH1000) was employed as electrode as an alternative
material of ITO. PSCs built on three different electrodes (PH1000-5%, PH1000-10% and PH1000-H) with or without hole
transport layer (HTL) were fabricated. The factors that influence the performance of PSCs such as conductivity,

morphology, work function and wettability of the electrode, morphology of perovskite films and different electrode

treatments were investigated. A comparison of different electrodes as well as their corresponding impact on the device

performance were also presented. The optimized average PCE of 7.95% with the highest PCE up to 9.65% for PSCs built on
PH1000-10% electrode without HTL was achieved. When a layer of PEDOT:PSS was spin coated on PH1000-H to prevent
perovskite from decomposing, the optimized PCE of 6.98% with the highest up to 9.31% was achieved. Our results indicate

that PH-1000 is a promising material to replace both ITO electrode and HTL, providing a much simpler architecture for

flexible PSC applications.

1. Introduction

PSCs have been considered as a promising photovoltaic
technology due to their superb power conversion efficiency
(PCE) exceeding 20%. In addition to their high efficiency, PSCs
have also shown great promise in low cost manufacture=.
However, most of the PSCs are built on transparent conductive
oxides’® (TCOs) electrode, which is an expensive component in
PSCs. The most common TCOs to date are tin doped indium
oxide** (ITO) and fluorine-doped tin oxide® (FTO), which have
several drawbacks such as high energy cost of processing and
inherent brittleness. Indium diffusion into the active layers is
also one of the problem when ITO contacts with PEDOT:PSS
because ITO has a relatively high solubility in acidic solution=.
Also these materials are not abundant in nature. Therefore, it’s
necessary to develop low cost transparent electrode materials
to replace TCOs for highly efficient PSCs®=,

Many transparent electrode materials® ** can be viable
substitute for TCOs that have already been widely applied in
organic solar cells (OSCs). But not all these transparent
electrodes are suitable for PSCs and few reports concern this
issue» =, In addition, there are only some reports on the
application of transparent electrode in PSCs=. Cao et al~ first
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demonstrated PSCs using silver nanowires as the front
electrode in PSCs. Silver nanowires»* have advantages of low
sheet resistance (15-25 Q sq'l), high transparency (80-90%)
and mechanical flexibility. However, silver can react with
halogen in perovskite, leading to a quick break down of
conductive network. To solve this problem, a thick layer of ZnO
and TiO, was deposited as a barrier layer, which however
resulted in poor charge transport property and performance.
Jun et al* deposited an ultra-thin silver membrane on PSCs
that fabricated on Ti substrate (the structure of solar cells is Ti
substrate/dense TiO, layer /mesoporousTiO,/CH;NH;Pbls/
2,2’,7,7'-tetrakis-(N,N-di-p-methoxy-phenylamine)-9,9’bi-
fluorene(spiro-OMeTAD)/Ultra- thin metal film. The PSCs
showed a PCE of about 6% which was limited by the
transmittance of silver membrane. Watson et al* reported
flexible PSCs built on Ti substrate with a PCE up to 10.3% by
using Ni nanomesh embedded PET as transparent electrode.
However, most of the TCO-free solar cells reported now
consist a layer of compact TiO, which needs high temperature
processing”*7.»,  These studies suggest that metal nanowire
electrodes are not suitable in this type of PSCs.

Recently, Kelly et al* reported PSCs with average PCEs of
41+2% built on highly conductive poly(3,4-ethylenedioxythio-
phene):polystyrene sulfonate (HC-PEDOT:PSS). HC-PEDOT:PSS
exhibits many advantages, such as low cost, compatible with
roll-to-roll»* processing, and low sheet resistance. Dianetti et
al* also reported PSCs built on HC-PEDOT:PSS with a PCE of
4.9%. But the factors to achieve high efficiency was not
studied in details. On the other hand, hole transport layer
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(HTL) also bears a large portion of production cost of the PCSs
which is undesirable for further commercialization. Though
there are some reports on HTL-free PSCs showing impressive
PCE exceeding 10%*», few of them are based on TCO-free
PCSs.

In this work, we demonstrated TCO-free PSCs with a PCE
up to 9.65% based on high conductive HC-PEDOT:PSS* *
transparent electrode fabricated at low temperature (lower
than 140°C) in an inverted device geometry. Because HC-
PEDOT:PSS has the function to transport hole charge carriers,
our designed TCO-free PSCs feature high performance with no
HTL which simplified the process of PSCs. Our results indicate
that HC-PEDOT:PSS is a promising material to replace both ITO
and HTL, providing a much simpler architecture for flexible PSC
applications.

2. Experimental
2.1. Materials and methods

HC-PEDOT:PSS (Clevios PH1000) and PEDOT:PSS (Clevios P
VP.AlI4083) were purchased from Haraeus Corporation. HC-
PEDOT:PSS was used to prepare the transparent electrode instead
of ITO while PEDOT:PSS was used as the hole transport material,
which are denoted as PH1000 and PEDOT:PSS, respectively. PbCl,,
CH3NHgsl, (6,6)-phenyl-C61-butyric acid methyl ester (PCg;BM),
and the OTHER MATERIALS WERE BOUGHT FROM SIGMA-ALDRICH.

ZnO nanoparticles (NPs) were synthesized by a sol-gel process
using zinc acetate and tetramethylammonium hydroxide (TMAH)
reported by elsewhere®.

The atomic forcemicroscope (AFM) images were obtained using
a Veeco Multimode AFM (Veecollla) with the tapping mode. UV-vis
absorption spectra and transmittance spectra were taken on a
Shimadzu UV-2450 spectrometer. The SEM images and energy
dispersive X-ray spectroscopy (EDX) were taken on a S$-4800
(Hitachi) field-emission scanning electron microscope (FESEM).

The current density—voltage (J/-V) curves of PSCs were
measured with a Keithley 2400 measurement source units. The
photocurrent was measured under a calibrated solar simulator
(Abet 300 W) at 100 mW cm'z, and the light intensity was calibrated
with a standard silicon photovoltaic reference cell. External
quantum efficiency (EQE) spectra were measured witha Stanford
lock-in amplifier 8300 unit. Water contact angle was measured by
an Optical contact angle measuring instrument (KRUSS DSA100).
Ultraviolet photoelectron spectroscopy (UPS) was conducted on an
ESCALAB Ultra X-ray photoelectron spectroscopy (VA ESCALAB
MARK 1) equipped with a monochromatized Al Ko X-ray source.

2.2. Solar cell fabrication

Glass was cleaned sequentially by deionized water,
detergent, acetone, isopropanol and ethanol ultrasonic bath
for 20 min followed by ultraviolet UV-Ozone treatment for 20
min.

2.2.1. ITO-free perovskite solar cells without HTL based on the
transparent polymer electrodes

Three transparent conductive electrodes (PH1000-5%,
PH1000-10%, and PH1000-H) were made from PH1000 on
glass substrates. The electrodes PH1000-5% and PH1000-10%
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were obtained from spin-coating the PH1000 solutions
containing 5 vol% and 10 vol% DMSO on glass, respectively, at
3000 rpm for 40 s and dried at 140°C for 15 min. The PH1000
solutions were filtered through a 0.45 um filter prior to being
spin-coating on glass. The electrode PH1000-H was prepared
as described below: PH1000 aqueous was first spin-coated
onto the glass substrate at 3000 rpm for 40 s and dried in oven
at 140°C for 15 min. DMSO solution of p-toluenesulfonic acid
was then spin-coated on the formed PH1000 film at 3000 rpm
for 40 s and dried at 140°C for 15 min again, followed by
washingwith IPA three times to remove the residue acid and
dried at 140°C.The fabricated three PH1000 electrodes on
glass substrates were transferred into glovebox. Perovskite
(0.8 M PbCl, and 2.4M CH5NHj;l dissolved in DMF solution) was
spin-coated on the electrode at 2000 rpm for 40s. After
heating at 90°C for 2 hours, an electron transport layer of
PCs:BM (20 mg/ml, chlorobenzene solution) was spin-coated
on the perovskite layer at 1500 rpm for 60s followed by spin-
coating ZnO NPs solution at 4000 rpm for 35s. Finally, the
substrates were transferred into a vacuum chamber to deposit
100 nm thick aluminum by thermal evaporation at a base
pressure of 2x10°  mbar. The completed devices
(glass/PH1000/Perovskite/PCg;BM/ZnO/Al) were stored in N,-
purged glove box. The active device area was 4.2 mm?.
2.2.2. ITO-free perovskite solar cells with HTL based on the
transparent polymer electrodes

The perovskite solar cells with HTL were prepared with the
same procedures as that for PSCs without HTL described
above, with the exception that HTL of PEDOT:PSS was inserted
between electrode PH1000 and perovskite. The PEDOT:PSS
layer was spin-coated on electrodes at 3000 rpm followed by
drying at 140°C for 15 min. To improve the wettability
between electrode PH1000-H and PEDOT:PSS, 10 vol% IPA was
added into PEDOT:PSS before spin-coating*=.

3. Results and discussion
3.1. Properties of transparent electrode PH1000

Transmittance and sheet resistance of electrodes (PH1000-
5%, PH1000-10% and PH1000-H) at varies thickness are
presented in Figure 1a. The thickness of the film was
controlled by spinning speed. The transmittance and sheet
resistance decreases as the thickness increases. For example,
the transmittance increases from 85.3% to 88.5% when
thickness decreases from 148 nm to 52 nm. The variation of
optical transmittance of different PH1000 films is within 0.5%
with the same thickness which can be regarded as
measurement error. The sheet resistance of PH1000 films
reduced by three orders after treated by different methods
due to the phase separation between PEDOT and PSS and
conformational change of PEDOT*. For example, when the film
thickness is 68 nm, the sheet resistance of PH1000-10% is
lower than PH1000-5% due to the higher concentration of
DMSO can remove insulated PSS more effectively34' 0 1ws
worth noting that the sheet resistance of PH1000-H does not
change much with different thicknesses, almost the same

This journal is © The Royal Society of Chemistry 20xx
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around 143 Q. This is attributed to the better ability to remove

insulated PSS of p-toluenesulfonic acid than pure DMSO>* %°,
Typical transmittance spectra of ITO and PH1000-10%

electrodes are presented in Figure 1b. PH1000-10% film

shows high transparency in the overall UV-visible range and

even higher than ITO in the range from 300 nm to 570 nm,

thus it’s promising to replace ITO.

3.2.ITO and HTL free PSCs

Figure 2a shows the schematic architecture of PSCs built on
ITO and PH1000 electrodes with or without HTL. The two
typical cross-sectional SEM images of the completed devices
are shown in Figures 2b and 2c. The thicknesses of perovskite
layer in both devices are nearly the same, around 330 nm. The
J-V and EQE curves of the PSCs are presented in Figure 3 and
the photovoltaic parameters are summarized in Table 1.

As shown in Table 1, PSC based on ITO without HTL is
shorted due to the large pinholes in the perovskite layer which
will show later. The devices based on PH1000-5% and PH1000-
10% without HTL however show much better performance
than that built on bare ITO. The device based on PH1000-5%
has a Ve of 0.87 V, a Jsc of 15.65 mA/cmZ, a FF of 51.52%, and
a PCE of 7.05%. The device based on PH1000-10% has nearly
the same V¢ but higher Jsc and FF than the one based on
PH1000-5%. This was mainly due to the higher conductivity of
PH1000-10% which leads to lower series resistance (see Figure
1). The highest average PCE of 7.95% is obtained for the
devices based on PH1000-10%. PH1000-H electrode has a
smaller sheet resistance than PH1000-5% and PH1000-10%
electrodes. However, it has a much poor efficiency of 1.22%.
The Jsc calculated by integrating of the EQE spectra with the
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Figure 1. a) Transmittance spectra and sheet resistance of ITO and PH1000-10% (68
nm) films. b) Transmittance at 500 nm and sheet resistance of PH1000-5%, PH1000-
10%, and PH1000-H films as a function of film thickness controlled by spin speed (spin

This journal is © The Royal Society of Chemistry 20xx

speed of 1000, 2000, 3000, and 4000 rpm correspond to thickness of 148, 78, 68, and
52 nm).

AM 1.5G solar flux is 16.63 mA/cm2 for PSCs built on PH1000-
10% which is corresponding to the Jsc calculated from -V
curve. The higher EQE of devices built on PH1000-10% and
PH1000-H/ PEDOT:PSS-IPA in the range from 430 nm to 580
nm can be attributed to the higher transmittance of PH1000
films.

It’s well known that the morphology of the perovskite films
significantly affects the performance of PSCs* . Figure 4a, b, c,
d shows the SEM images of perovskite films grown on ITO and
PH1000-5%, PH1000-10% and PH1000-H electrodes without
HTL respectively. We find that there are many large pinholes of
perovskite film grown directly on ITO which lead to shorting of
PSCs as indicated in Table 1. When PH1000-5% or PH1000-10%
was used to replace ITO electrode, the surface coverage of
perovskite was improved due to the similar surface property of
PH1000 and PEDOT:PSS. It suggests PH1000-5% and PH1000-
10% can be used to replace ITO to prepare device without HTL.
However, there are some white regions in perovskite grown on
PH1000-H (Figure 4d) . The white region B was characterized
by EDX (see Table 2) which suggested it is Pbl, The EDX in
Table 2 shows significant increase of Pb and | compared to the
ones in region A. Because EDX only determines the
composition qualitatively, there
measured atom ratio and the theoretical atom ratio. N atom is
believed to be contributed by CH3;NH;Pbl; and the increase of
Pb atom ratio in region B compared to region A is believed to
be resulted from the decomposition of CH3NH3PbI343‘ “ ot
suggests the decomposition of perovskite can be accelerated
by acidic substrate. So the device built on PH1000-H shows
poor performance with a V¢ of 0.44 V, a Jsc of 9.99 mA/cm?, a
FF of 26.94%, and a PCE of 1.22%.

Figure 5 shows AFM images of PH1000-5%, PH1000-10% and
PH1000-H conductive films. Figure 5b, 5d, 5f show their phase
images. The conductive network can be seen clearly. The roughness
of PH1000-5% calculated from Figure 5a is 0.89 nm. When the
concentration of DMSO increases to 10% in PH1000 solution, the
roughness of the formed film increases to 1.76 nm

is a difference between

J. Name., 2013, 00, 1-3 | 3
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Figure 2. Cross-sectional SEM images showing the complete cell architecture. a)

Schematic architecture of PSCs. The colored layer from bottom to up is b) glass, ITO,
PEDOT:PSS, CH3NH3Pbl3xCly, PCs1BM, ZnO NPs, Al, c) glass, PH1000-10%, CH3NHsPbls.
xCly, PCs1BM, ZnO NPs, Al respectively. Both the bars are 200 nm.
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Figure 3. a) J-V curves of the devices based on different electrodes. The structure of
device is electrode/CH3NH3Pbls xCly/PCs1BM/ZnO NPs/Al. b) EQE characteristics of three
type devices studied on this work. The integral current of the device based on
ITO/PEDOT:PSS, PH1000-10%, PH1000-H/PEDOT:PSS-IPA is Js;=16.01 mA/cmZ,
Jsc=16.67 mA/cm?, Js5=16.63 mA/cm? respectively.

(Figure 5c), almost twice of PH1000-5%. The roughness of PH1000-
H film (Figure 5e) is 1.12 nm which is smoother than PH1000-10%
but rougher than PH1000-5%. A rougher surface may be
beneficial for hole exaction and lead to higher efficiency of
4596 The better device performance for PH1000-10%
electrode based solar cell can be partly resulted from its
rougher surface® %°,

solar cells

Journal Name

Figure 6 shows the UPS of different films. It suggests that the
ITO shows a work function of 4.5 eV while PH1000-5% shows a
work function of 4.8 eV. When the concentration of DMSO
increases to 10%, the work function of PH1000-10% decreases
to 4.4 eV. The work function of PH1000-H further decreases to
4.2 eV due to higher ratio of PEDOT. However, the devices
built on PH1000-5% and PH1000-10% show the same open-
circuit voltage and the device built on PH1000-H shows a much
lower Voc of 0.44 eV which might be resulted from the poor
surface coverage of perovskite. This suggests the surface
coverage of perovskite has more significant effect on Voc47.

3.3. ITO-free PSCs with HTL

The devices built on ITO and PH1000 electrodes with HTL
were fabricated. Their J-V curves and EQE spectra are presented
in Figure 3 and the photovoltaic parameters are summarized in
Table 1. Compared with the device built on ITO without HTL, the
device built on ITO with PEDOT:PSS as HTL shows much better
performance, with a Ve of 0.91V, a Jsc of 19.52 mA/cmZ, a FF of
62.45% and a PCE of 11.09%. Similarly as shown above, device
built on PH1000-H shows much worse efficiency of 1.22% due to
the decomposition of perovskite. Coating a layer of PEDOT:PSS
on PH1000-H recovers the efficiency to 4.78% with a Vo of 0.86
V. The higher series resistance of devices based on PH1000-H
with HTL than device based on PH1000-5% and PH1000-10% is
caused by the less conductive PEDOT:PSS which leads to lower
efficiency of devices. After being treated by p-toluenesulfonic
acid, part of hydrophilic PSS in PH1000 film was removed,
leaving conductive hydrophobic PEDOT>* %, Figure 7a shows the
contact angle of PEDOT:PSS droplet on PH1000-H film.
Hydrophobic surface of PH1000-H lead to a relatively large
contact angle of 55.4°. Here 10% IPA was added into PEDOT:PSS
aqueous to reduce the surface energy (Figure 7b) and the
contact angle was reduced dramatically from 55.4° to 23.3°. So a
thicker layer of PEDOT:PSS HTL can be obtained at the same spin
coating rate (112 nm and 83 nm for PEDOT:PSS with or without
IPA respectively which is measured by AFM).

Figure 4e, f, g shows the SEM images of perovskite grown
on ITO/PEDOT:PSS, PH1000-H/PEDOT:PSS and PH1000-
H/PEDOT:PSS -IPA respectively. Compared with the perovskite
films grown on ITO and PH1000-H electrode, the surface
coverage of the perovskite films is dramatically improved
when growing on PEDOT:PSS HTL which coated on electrode.

Table 1. Photovoltaic performance based on different electrodes. The structure of solar cell is electrode/with or without HTL/CH3NHsPbls.

xClx/PCs1BM/ZnO NPs/Al

HTL VodV)

Electrode

Jse(mA/cm?2)

FF(%) PCE(%) Rs(QY)

ITO 0

4| J. Name., 2012, 00, 1-3
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PH1000-H 0.44+0.10 9.99+1.44 26.94+2.47 1.22+0.27(2.27) -
PH1000-5% 0.87+0.01 15.65+0.58 51.52+3.58 7.05+0.60(8.18) 2.0
PH1000-10% 0.88+0.03 16.88+1.09 53.44+3.28 7.95+0.57(9.65) 19
ITO PEDOT:PSS 0.91+0.01° 19.52+0.85 62.45+0.80 11.09+0.67(12.03¢) 13
PH1000-H PEDOT:PSS 0.86+0.04 12.12+1.51 46.37+6.03 4.78+0.65(6.11) 3.2
PH1001-H PEDOT:PSS-IPA 0.89+0.02 14.83+0.67 52.58+4.25 6.98+0.66(9.31) 23

ashort circuit standard deviation <highest efficiency

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5
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Perovskite grown on ITO and PH1000 electrode without HTL

Perovskite grown on ITO and PH1000 electrode with HTL

Figure 4. SEM images of perovskite CH3NH;Pbls,Cl, films on a) ITO, b) PH1000-5%, c)
PH1000-10% , d) PH1000-H, e) ITO/PEDOT:PSS, f) PH1000-H/PEDOT:PSS. g) PH1000-
H/PEDOT:PSS-IPA. The bar of a, b, ¢, d, e, f, g is 5 um and the bar of image inside d is
500 nm.

grown on PH1000-H/PEDOT:PSS shows relatively more pin holes
caused by the acidic PH1000-H. To protect perovskite from
decomposing, a thicker and more uniform barrier layer of
PEDOT:PSS is needed. 10% IPA was added into PEDOT:PSS to reduce
surface energy and increase film thickness (from 83 nm and 112
nm). The surface coverage of perovskite grown on PH1000-
H/PEDOT:PSS-IPA is higher than that grown on PH1000-

H/PEDOT:PSS and is similar with that grown on ITO/PEDOT:PSS.

The device built on PH1000-H/PEDOT:PSS-IPA shows better
performance than device based on PH1000-H/PEDOT:PSS with
an average PCE of 6.98%.

Figure 5a, 5c, 5e shows the morphology images of
ITO/PEDOT:PSS, PH1000-H/PEDOT:PSS and  PH1000-H/
PEDOT:PSS-IPA respectively. Coating a layer of PEDOT:PSS on
PH1000-H reduces the roughness from 1.12 nm to 0.75 nm.
Adding 10% IPA into PEDOT:PSS shows a similar roughness of
0.87 nm and nearly the same with the roughness of PEDOT:PSS
on ITO of 0.66 nm.

6 | J. Name., 2012, 00, 1-3
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From the UPS results shown in Figure 6, we find that, no
matter what the electrode is, the work function recovers to 5.0
eV when coating a layer of PEDOT:PSS. Coating a layer of
PEDOT:PSS on PH1000-H not only protects perovskite from
decomposing, but also reduces the energy barrier between
electrode and perovskite significantly. 10% IPA that added into
PEDOT:PSS can further increase the work function of PH1000-
H/PEDOT:PSS-IPA slightly by about 0.1 eV to 5.1 eV. It's
beneficial for hole extraction and thus a better PSCs
performance. Due to the similar work function when

. - .Ilsnm
0nm

| |160°

0

Figure 5. a, ¢, e, g, i, k are the morphology images of PH1000-5%, PH1000-10%,
PH1000-H, ITO/PEDOT:PSS, PH1000-H/PEDOT:PSS and PH1000-H/PEDOT:PSS-IPA films,

15nm

&

respectively. And b, d, f, h, j, | are the corresponding phase images. The roughness of a,
c, e g i kis0.89,1.76,1.12, 0.66, 0.75 and 0.87 nm, respectively. The size of images is
1.5 umx1.5 pm.

0
PH1000-HPEDOT:PSS-IPA|
== TO/PEDOT:PSS
0.8 |y PH1000-HPEDOT:PSS
== PH1000-5%
| == PH1000-10%
=P PH1000-H

0.64
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Figure 6. UPS of ITO, ITO/PEDOT:PSS, PH1000-H/PEDOT:PSS, PH1000-H/PEDOT:PSS -
IPA, PH1000-5%, PH1000-10%, and PH1000-H films. The work functionis 4.5 eV, 5.0 eV,
5.0eV,5.1eV,4.8eV,4.4eV, 4.2 eV respectively.
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Figure 7. Contact angle of a) 10 pl PEDOT:PSS droplet and b) 10 pl PEDOT:PSS droplet
containing 10% IPA on glass/PH1000-H films. These images were taken by water

contact angle equipment and the angle was calculated automatically.

Table 2. A) the composition in region A in Figure 4d, B) the
composition in region B in Figure 4d, characterized by EDX.

Element Wt% At%
N 5.38% 19.53%
A Pb 27.01% 6.62%
| 53.05% 21.25%
N 2.65% 14.00%
B Pb 37.84% 13.53%
| 51.43% 30.03%

coating a layer of PEDOT:PSS on electrodes and the similar surface
coverage of perovskite film, the devices built on PH1000 electrode
with HTL show similar open-circuit voltage. Device based on
PH1000-H/PEDOT:PSS-IPA shows better performance with a Vyof
0.89 V, a Jsc of 14.83 mA/cmz, a FF of 52.58% and a PCE of 6.98%.
The Js calculated by integrating of the EQE spectra with the AM
1.5G solar flux is 16.63 mA/cm2 and 16.01 mA/cm2 for PSCs built on
PH1000-H/PEDOT:PSS-IPA and ITO/PEDOT:PSS respectively which is
corresponding to the Jsc calculated from /-V curve.

4. Conclusions

In summary, we successfully employ low temperature
processed conductive polymer PH1000 material as an
alternative electrode material of ITO to fabricate HTL-free
PSCs. The optimized average PCE of 7.95% with the highest
PCE up to 9.65% for PSCs built on PH1000-10% electrode
without HTL was achieved. When a layer of PEDOT:PSS was
spin coated on PH1000-H to prevent perovskite from
decomposing, the optimized PCE of 6.98% with the highest up
to 9.31% was achieved. Our results indicate that PH-1000 is a

This journal is © The Royal Society of Chemistry 20xx
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promising material to replace both ITO electrode and HTL,
providing a much simpler architecture for flexible PSC
applications.
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