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Outline of the work:

Dr. Tsutomu Miyasaka has made a significant contribution to the field of solar energy by
discovering organo-lead halide compounds as absorbers for perovskite solar cells, which exhibit
energy conversion efficiencies comparable to those of the most efficient crystalline silicon solar
cells. His research focuses on the development of new perovskite materials to enhance efficiency
and device stability. Unlike commonly known metal oxides, the perovskite crystals utilized in so-
lar cells are metal halides with an ABX3 composition, typically comprising an organic-inorganic
composite compound CH3NH3PbX3 (where Pb denotes lead). These ionic crystals can easily
form semiconductor films when the source liquid solution is coated on an electrode substrate and
dried.

In 2009, Dr. Miyasaka published the inaugural report on photoelectric conversion using
metal halide perovskites in Journal of American Chemical Society, marking a pivotal moment in
the field. Subsequent research, including a 2012 paper in Science, demonstrated that a solidified
layered structure of perovskite photovoltaic cells could achieve conversion efficiencies exceeding
10%. This groundbreaking work spurred global research efforts, leading to rapid improvements
in efficiency. In recognition of his influential contributions, Clarivate Analytics (formerly Thom-
son Reuters) honored Miyasaka with the Citation Laureates award in 2017 for his highly cited
papers, and in 2022, he received the Rank Prize in the UK.

Halide perovskites are distinguished by their exceptional optical properties and a physical
characteristic known as “defect tolerance,” which substantially mitigates defect-assisted charge
recombination. This property ensures a high output voltage for power generation, thereby en-
abling high conversion efficiency. Dr. Miyasaka has demonstrated that perovskite crystal thin
films possess efficient light-emitting properties, a phenomenon derived from this unique phys-
ical characteristic (Chemistry Letters, Chemical Society of Japan, 2012). By early 2018, the
conversion efficiency of perovskite-based solar cells had surpassed those of compound semicon-
ductor solar cells, such as Cu-In-Ga-Se (CIGS) and CdTe, achieving efficiencies over 26.0% and
matching the market-leading crystalline silicon cells.

Dr. Miyasaka’s key research achievements include:
I. During the solution-coating process to form a photovoltaic layer of perovskite polycrys-
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talline thin film, he explored crystallization conditions to enhance crystal quality. This led to a
film-forming method in an ambient humid atmosphere, increasing conversion efficiency to over
20% (Paper. No. 15).

II. He developed a defect passivation technology that protects carrier transfers against inter-
facial defects by forming a self-assembled organic molecule layer at the interface. This approach
achieved nearly 23% efficiency and a voltage output approaching the theoretical limit (Paper. No.
3).

III. The focus on efficiency enhancement extended to all-inorganic perovskite compositions
with high thermal stability. A cell using CsPbI2Br as perovskite, modified at the interface to
minimize energy loss, achieved a high voltage of over 1.4 V. This cell demonstrated an efficiency
exceeding 34% under low-intensity indoor lighting (Paper. No. 8).

IV. In collaboration with JAXA, Dr. Miyasaka has initiated research on the space applica-
tions of perovskite solar cells, revealing their high durability against high-energy radiation (elec-
tron and proton beams) in the space environment (Paper. No. 16). This finding has prompted
numerous research institutes worldwide to validate its reproducibility.

In 2012, following the achievement of perovskite solar cells surpassing 10% efficiency,
Peccell Technologies, Inc., a university venture company founded by Dr. Miyasaka in 2004,
filed for 12 patents, setting a precedent in the field. Most of these patents have been granted.

Halide perovskite crystals offer several industrial advantages over silicon and other semi-
conductor materials used in solar cells, not only in terms of high conversion efficiency but also in
various other aspects. These advantages have attracted numerous companies, both in Japan and
internationally, towards the commercialization of perovskite-based technologies:

(1) The solution coating (printing) method used for film formation is a low-cost and high-
speed process. The synthetic raw materials, including lead and iodine, are inexpensive and can be
sourced domestically. The cost of perovskite semiconductor film is approximately 200 JPY/m2,
which is about 1/20 that of silicon.

(2) Since the process does not require high temperatures (below 120℃), perovskite photo-
voltaic films can be deposited on plastic substrates, facilitating the creation of lightweight and
flexible devices.

(3) With a high optical absorption coefficient (105/cm), the absorber functions effectively
with thicknesses less than 1 µm, significantly thinner than crystalline silicon absorbers, enabling
the production of thin and highly flexible devices.

(4) The bandgap energy of perovskites is tunable by altering the halogen composition, allow-
ing for the adjustment of edge wavelengths. This property is crucial for developing multi-junction
tandem cells that require wavelength optimization.

(5) The optical transparency of perovskite films enables the creation of semi-transparent
solar cells, paving the way for bifacial power generation devices that absorb light from both
sides.

(6) The defect tolerance of perovskite semiconductors ensures high conversion efficiency
even under weak light conditions. This capability allows for power generation not only outdoors
on sunny days but also on cloudy or rainy days, and even under indoor lighting.
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Dr. Miyasaka has shown that a key factor in enhancing the efficiency of solar cells is the
solution-based crystallization process, which improves the quality of perovskite polycrystalline
films. Optimizing particle size and achieving a dense, flat crystalline film with minimal phys-
ical defects can significantly reduce structural defects and increase efficiency. Japan’s indus-
trial sector possesses strong technological capabilities in this chemical process. Therefore, Dr.
Miyasaka’s pioneering work in the field of perovskite solar cells is expected to significantly con-
tribute to the realization of a carbon-neutral society and is deserving of the Japan Academy Prize.
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