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Abstract

Metal halide ABX3 perovskites are highly attractive as
a light harvesting material in next generation photovolta-
ics. Improved materials and fabrication methods has led
to the development of perovskite solar cells with power
conversion efficiencies (PCE) exceeding 20%. In this
presentation, we introduce our purified perovskite pre-
cursor materials, and show how they lead to increased ef-
ficiency in both lead and tin-based perovskite solar cells.

1. Introduction

Metal halide perovskites have attracted considerable at-
tention for use in next generation photovoltaic applications.
Polycrystalline perovskite layers can be fabricated by solu-
tion methods at low temperature, making the materials ideally
suited for the development of light and flexible solar panels.
The power conversion efficiency of perovskite solar cells has
increased rapidly to more than 20%, and the current record
now stands at 25.2%. Such impressive progress can be at-
tributed to a number of factors, including improvements of
the perovskite fabrication methods, compositional refine-
ments made to the perovskite formula, and increased purity
of the perovskite precursor materials. Our research on perov-
skite solar cells focuses on the development of highly purified
perovskite precursor materials[ 1-4], improved solution fabri-
cation methods for the perovskite layers[5-7], as well as the
design and synthesis of new organic semiconductors for the
charge-collecting layers[8-15]. In this presentation, we will
introduce our results on lead and tin-based perovskite solar
cells.

2. Results and discussion
Purified PbI>

Pbl is a key precursor for perovskite materials. Our first
contribution to this field was the development of purified Pblz
starting material [1]. Up until 2014 - the early days of research
on perovskite solar cells — devices generally suffered from
poor reproducibility owing to the highly variable quality of
the fabricated perovskite layers. We found that, despite a
listed trace metal basis purity of 99.999%, commercially
available Pblx contained about 2000 ppm of water, and further
that this water was the leading cause for the variable quality
of the perovskite (Fig. 1a). Fortunately, Pbl> can be purified
by simple distillation. We showed that purified Pblz is essen-
tial for achieving highly efficient and reproducible perovskite
solar cells (Fig. 1b). Our purified Pbl> was commercialized
by Tokyo Chemical Industry (TCI) and is now widely used
as a standard precursor material all over the world.
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Fig. 1 The effects of purified precursor materials (Pbl2): a) Com-
parison of conventional and purified Pbl> b) Photovoltaic perfor-

mance of perovskite solar cells using purified Pbl,.

Second and third generation precursor materials
MAPbI;DMF and FAPbI;»2DMF

To further improve the fabrication process of perovskite
layer for higher efficiency of perovskite solar cells, we syn-
thesized MAPDI;-DMF [2] and FAPbIz-2DMF complex [3]
as second and third generation purified precursor materials
for perovskite, respectively. The wider process window was
realized by the use of MAPbIs-DMF, which facilitated the
fabrication of large area devices, as demonstrated by our 22.0
cm? module, eight-cell module with >8.6V high output volt-
age (1.08 V/cell, Fig. 2a) [2]. The third-generation material,
FAPbI;-2DMF, is a suitable precursor for FA-rich mixed
composition perovskite. When combined with a SnO: elec-
tron collecting layer, devices with high PCE > 20% could be
fabricated at low temperatures below 150 °C (Fig. 2b) [3].

Perovskite solar modules

Fig. 2 Perovskite solar modules fabricated using second generation
precursor material, MAPbI3-DMF, on glass or film substrate.

Precursor materials for tin-based perovskite solar cells
While the performance of lead-based perovskite solar
cells and modules has reached a very high level, the use of
lead remains a significant impediment to commercialization.
Replacing lead with more environmentally friendly elements,
such as tin or bismuth, is therefore an essential challenge for
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the next phase of perovskite research and development. The
unique challenges for Sn-based perovskites include facile ox-
idation of divalent Sn(II) into Sn(IV) and unusually poor film
morphology. Tin oxidation is the cause of very poor PCE
numbers for tin-based devices, as electrical traps created by
Sn(IV) in the perovskite crystal structure lead to increased
charge carrier recombination. Problems with the film mor-
phology, including imperfect coverage of the perovskite layer
on many oxide and organic surfaces, can be largely viewed as
a problem of crystallization control.

To address these issues, we developed a series of purified
precursor materials, including Snl2(dmf), SnBr2(dmf), and
SnCl(dmf) [4]. The inclusion of bound solvent molecules
help stabilize the materials, leading to improved shelf life. In
addition, a unique fabrication protocol was developed to con-
trol the crystal growth and improve the film morphology in a
two-step process, where Hot Antisolvent Treatment (HAT) is
combined with Solvent Vapor Annealing (SVA) [6]. With this
methods, tin-based perovskite devices with PCE >7% were
obtained as a result of the improved topographical and elec-
trical qualities of the perovskite layer.

To address the significant issue of oxidation of the Sn(II)
species during the preparation stage, we recently developed a
novel scavenger method for removing Sn(IV) from the pre-
cursor solution (Fig. 3) [7]. Using in situ Sn(0) nanoparticle
treatment, Sn(IV)-free Sn-based perovskites could be realized
for the first time. With the aid of this scavenger method, Sn-
based solar cells reaching a PCE of 11.5% (certified 11.2%)
were demonstrated.
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Fig. 3 Schematic illustration for Sn(IV) scavenger method using in
situ Sn(0) nanoparticle treatment.
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