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A Sharp Focus on Perovskite Solar Cells at
Sungkyun International Solar Forum (SISF)

was held at 600th Anniversary Hall, Sungkyunkwan

University, Seoul, Korea, from May 25 to May 27 in
2016. Since the first SISF in 2011, next-generation photovoltaic
technologies have been discussed, including dye-sensitized and
organic solar cells. The focus of the SISF in 2016 shifted from
dye-sensitized and organic photovoltaics to perovskite solar
cells. Eminent scientists (2 plenary speakers and 25 invited
speakers) working for researchers at the cutting edge of
perovskite solar cells were invited to discuss state-of-the art
technologies and some critical issues to be addressed as well
(Figure 1).

The record-breaking high efficiency of perovskite solar cells
was still one of the hottest issues in SISF 2016. Recent reports
have demonstrated that the compositional optimization of
perovskites can improve the power conversion efficiency
(PCE). Initially, partial substitution of iodide by bromide was
actively investigated, in which improvement of open-circuit
voltage was achieved. More recent reports started to focus on
the A site of ABX; perovskite, where A = CH;NH;, HC(NH,),,
or Cs, B = Pb or Sn, and X = I or Br. The plenary speaker,
Micheal Griztel (Ecole Polytechnique Federale de Lausanne
(EPFL), Switzerland) presented a triple-cation-based perov-
skite system. A certified PCE of 21.0% was obtained by
incorporating methylammonium (MA), formamidinium (FA),
and Cs cations, while a laboratory PCE of 21.9% was
demonstrated by using Rbl. Anders Hagfeldt from EPFL
presented the incorporation of Cs cations to enhance both the
reproducibility and stability of the device and grain size as well.
Sang Il Seok (Ulsan National Institute of Science and
Technology (UNIST), Korea), who recently got a certified
record PCE of 22.1% that was confirmed by the National
Renewable Energy Laboratory (NREL) (Figure 2A)," empha-
sized the importance of the fabrication process for formation of
a highly uniform perovskite layer using solvent engineering and
exchange reactions. Shuzi Hayase (Kyushu Institute of
Technology, Japan) and Hiroshi Segawa (The University of
Tokyo, Japan) presented the importance of the interface
between perovskite and TiO,, where surface traps can be
passivated by PbCl,. In addition to processing, the precursor is
equally important. Atsushi Wakamiya (Kyoto University,
Japan) developed a ready-to-use precursor chemical system
based on MAPbI;-DMF crystals and demonstrated a PCE as
high as over 19%.

Thermal, photo-, and moisture stability are now the most
critical issues for commercialization of perovskite solar cells,
which was addressed by several invited speakers at SISF 2016.
Yi-Bing Cheng (Monash University, Australia) discussed
thermal degradation of perovskite solar cells. He showed that
the encapsulated perovskite film itself is stable at 85 °C for
1000 h under UV-free light. However, the encapsulated device
exposed at 85 °C with a relative humidity (RH) of 85% rapidly
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degraded, which was ascribed to ingression of water (Figure
2B).” Seigo Ito (University of Hyogo, Japan) showed that
utilization of a porous carbon electrode can significantly
enhance the stability of perovskite solar cells, which was
attributed to the strong chemical interaction between carbon
materials and perovskite. Also, an interesting talk was delivered
by Mansoo Choi (Seoul National University, Korea) as plenary
speaker, where he presented evidence that irreversible
degradation of perovskite solar cells resulted from trapped
charges at the interfaces between the perovskite and selective
contacts. Other critical issues such as toxicity, recycling, and
large-area technologies, which is important from the
commercialization point of view, were addressed by several
invited speakers. Tsutomu Miyasaka (Toin University of
Yokohama, Japan) discussed toxicity and environmental issues
of Pb in perovskite solar cells. He argued that ~0.32 g/m” of Pb
in a perovskite solar cell is much smaller than that used for
soldering in commercial Si solar cells (43 g/m?*). Alex K.-Y. Jen
demonstrated partial substitution of Pb to Sn, while Prof. Sang
Il Seok presented Pb-free FASnl;-based perovskite solar cells
with a PCE of 4.8%. The Pb-free perovskite solar cell seems to
still be a challenging issue. Hyun Suk Jung (Sungkyunkwan
University, Korea) discussed recycling of TiO,-coated trans-
parent conducting oxide substrates by the aid of a polar aprotic
solvent. The dead cells can be reused by immersing them in
dimethylformamide solvent by which the reused substrate
showed the same photovoltaic performance. Hyun Suk Jung
and Arie Zaban (Bar Ilan University, Israel) demonstrated
electrospray coating technology and MAI vapor treatment,
respectively, for large-area devices. Selection of an appropriate
metal oxide layer is important in terms of stability, as
mentioned by the Yang Yang (UCLA, USA) group.

Another issue attracting common interest was the underlying
dynamic process in halide perovskite light absorbers. There
have been a lot of reports trying to elucidate the role of organic
cations, halide anions, and structural defects in perovskite solar
cells, where their dynamic process has considerable effect on
device performance.” > Filippo De Angelis (CNR-ISTM, Italy)
presented the role of organic cation dynamics and ion/defect
migration under solar cell operation using ab initio molecular
dynamics simulations coupled with first-principles electronic
structure calculations. He demonstrated that dynamic fluctua-
tion of organic cations may occur locally in space and time,
which was attributed to the origin of the Rashba effect
responsible for the reduced charge carrier recombination in
perovskite materials. Anderw M. Rappe (University of
Pennsylvania, USA) pointed out the Rashba spin—orbit
enhanced carrier lifetime in MAPDbI;. On the other hand,
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Figure 1. Photograph of invited speakers (overseas: 24; domestic: 3) and participants (more than 220) at the fifth Sungkyun International

Solar Forum 2016 (SISF 2016).
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Figure 2. (A) NREL best research cell efficiency chart. (B) Stability testing of sealed perovskite solar cells sealed under three different
environmental conditions. Reproduced with permission from ref 2; Copyright 2015, Royal Society of Chemistry. (C) Schematic illustration of
the ionic transport mechanisms involving conventional vacancy hopping between neighboring positions. Reproduced with permission from
ref 3; Copyright 2015, Nature Publishing Group. (D) Theoretical model of perovskite epitaxial growth on colloidal quantum dots and
photoluminescence quantum yield of colloidal quantum dots in different matrixes. Reproduced with permission from ref 11; Copyright 2015,

Nature Publishing Group.

David Cahen (Weizmann Institute, Israel) showed that such an
organic cation may not be essential for an efficient perovskite
solar cell by suggesting similar photovoltaic performance of
perovskite solar cells based on MAPbBr; and CsPbBr;. The ion
migration issue in perovskites was more intensively discussed
by Aron Walsh (University of Bath, UK.) and Jinsong Huang
(University of Nebraska Lincoln, USA). Aron Walsh suggested
a lowest activation energy (0.58 eV) for I” movement from
first-principles calculation, which was in agreement with the
results obtained by Filippo De Angelis. The mechanism for ion
migration is shown in Figure 2C? Jinsong Huang presented
experimental evidence of moving the MA cation, which renders
reversible conversion between Pbl, and MAPbI;. Juan Bisquert
(Universitat Jaume I, Spain) introduced dynamics effects
closely related to the migration and redistribution of ions in
perovskites, leading to capacitive current, modification of the
contact barrier, and reaction with selective contact. Ultrafast
charge carrier dynamics, which are essential for understanding
of charge-transfer behavior, were dealt with by Prashant V.
Kamat (University of Notre Dame, USA) and Jao van de
Lagemaat (NREL, USA). Both of them discussed the
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mechanism of charge carrier recombination under different
excitation intensity, where Jao van de Lagemaat mentioned
additionally the possibility of using a hot carrier based upon its
extremely slow cooling time in perovskite materials.

Apart from photovoltaics, on the basis of their unprece-
dented excellent optoelectronic properties, perovskite materials
have shown great potential to be used in a variety of
optoelectronics including photodetectors (visible or X-ray),
light-emitting diodes (LEDs), and lasing.""" Among them,
LED devices incorporating perovskite materials were dealt with
by Subodh Mhaisalkar (Nanyang Technological University,
Singapore) and Edward H. Sargent (University of Toronto,
Canada) at the fifth SISF in 2016. Subodh Mhaisalkar discussed
the synthesis of perovskite nanoparticles and showed that 3D
and 2D perovskite core—shell nanoparticles greatly enhanced
the photoluminescence quantum yield (PLQY) up to 92% with
improved stability (>2 months). Edward H. Sargent achieved
an external quantum efficiency (EQE) of ~10% from an
electroluminescence device by controlling the dimensionality of
the perovskite layer. He also proposed that incorporation of
colloidal quantum dots in a perovskite matrix can enhance the
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PLQY by more than 2 orders of magnitude (see Figure 2D).
Regarding the intrinsic optoelectronic property of halide
perovskites, MAPbI; was proposed to be the charge-transfer
complex between MAX and PbX,, instead of a semiconductor,
by Chun-Sing Lee (City University of Hong Kong, Hong
Kong). However, this was hotly debated.

Organic—inorganic halide perovskites definitely shed light on
next-generation photovoltaics and attract considerable interest
due to their superb optoelectronic properties. Although sharp
growth in photovoltaic performance of perovskite solar cells
was achieved in a very short time,"* there are still many
questions in terms of the operation mechanism for better
understanding and stability and the underlying lead toxicity. We
have discussed in depth and addressed in part answers to the
questions from the fifth SISF. Nevertheless, further studies are
inevitably required to provide robust solutions for commercially
viable, long-term stable, nontoxic, and high-efliciency perov-
skite solar cells, which will be hopefully discussed at the next
SISFE.
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