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2021 Japan Prize Laureates Announced

Prof. Martin Andrew Green

Professor, University of New South Wales (UNSW Sydney)
Australia

Fields Eligible for the Award:

Resources, Energy, Environment, Social Infrastructure

Development of High-Efficiency
Silicon Photovoltaic Devices
Prof. Martin Green has pioneered the development of high-efficiency
silicon photovoltaic devices and contributed significantly to the
realization of solar power that is now cheaper than fossil fuel power.
Especially, he made great achievements in increasing power conversion
efficiency dramatically from around 17% to 25% by innovating advanced
technologies and integrating them into practical devices that now make
the transition to a low-carbon society realistic.
He has also trained the researchers and entrepreneurs who have played
key roles in industrial development and in reducing the price of silicon
photovoltaic devices.

The creation of the Japan Prize was motivated by the Japanese
government’ s desire to “contribute to the development of science and
technology worldwide by establishing a prestigious international award” .
Supported by numerous private donations, the Japan Prize was established in
1983 with a cabinet endorsement.
This award honors scientists and researchers worldwide who are
recognized for having contributed signifi cantly to the peace and prosperity
of humankind through their original and outstanding achievements that have
greatly advanced the progress of science and technology.

Prof. Bert Vogelstein

Professor, Johns Hopkins University School
of Medicine
USA

Dr. Robert A. Weinberg

Member, Whitehead Institute for Biomedical Research
Professor, Massachusetts Institute of Technology (MIT)
USA

Fields Eligible for the Award:

Medical Science, Medicinal Science

For their pioneering work in conceptualizing a model of
multi-step carcinogenesis and its application and
impact on improving cancer diagnosis and therapeutics
In spite of improved survival rates, the grim fate of most diagnosed
patients is to succumb to the disease or one of its associated
comorbidities. Improved survival rates over the last several decades are,
in part, the result of discovery of novel anti-cancer agents. The medical
advancements underpinning discovery of novel therapeutics and
improvements in access to care, and early detection were predicated on
innumerable basic and clinical research findings that have elucidated the
inner workings of cancer development and survival mechanisms.
Understood as a general principle, cancer arises through the
accumulation of genetic and epigenetic mutations and alterations that
are favorable to the survival and expansion of the tumor cells. This
concept has been termed “multi-step carcinogenesis model” and has
served as a reliable and accepted foundation for subsequent oncological
research. Many of the seminal studies underpinning the multi-step
carcinogenesis model were the research discoveries made by Drs.
Robert Weinberg and Bert Vogelstein.

The eligible fields of this award cover all fields of science and technology.
Every year, two fields for the award presentation are chosen by considering
the developments in science and technology.
As a general rule, one award is given for each field and each laureate
receives a certificate of merit, a prize medal and a cash prize.
The Presentation Ceremony is held annually in the presence of Their
Majesties the Emperor and Empress of Japan and is also attended by the
Speaker of the House of Representatives, the President of House of
Councilors, the Chief Justice of the Supreme Court, and various ministers as
well as eminent figures from various circles.

“Resources, Energy, Environment, Social Infrastructure” Field
Achievement : developing high-efficiency silicon photovoltaic
devices
Achievement : developing high-efficiency silicon photovoltaic
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Noor Abu Dhabi PV Power Plant, a gigawatt-level solar power plant in Abu Dhabi. This power plant
is installed with the p-n junction crystalline silicon PERC cells invented by Prof. Green. PERC devices
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are considered environmentally friendly because they can generate between 10 and 30 times the
amount of energy required to produce the devices, depending on location and technologies used.
Source : Google Earth
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Dr. Weinberg helped launch this new era of human cancer genes. In elegant
and original research, he introduced extracted and fragmented DNA from
cancer cells and then introduced the fragmented DNA into cancerous cells and
found an appearance of cancer cell clones (Fig. 1). When he then analyzed the
cancer cell-derived genes in these cells, he discovered a mutated form of the
RAS gene. Normal RAS gene product is important for the promotion of cell
growth and it is transiently activated by cell growth signals and then converted
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Noor Abu Dhabi PV Power Plant, a gigawatt-level solar power plant in Abu Dhabi. This power plant
is installed with the p-n junction crystalline silicon PERC cells invented by Prof. Green. PERC devices
are considered environmentally friendly because they can generate between 10 and 30 times the
amount of energy required to produce the devices, depending on location and technologies used.
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Up until 2000, improvements in conversion eﬃciency were a major factor in the reduced cost of solar
photovoltaic devices, but in the 2000s, the increased size of power plants also began to contribute to
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environmental protection but is too expensive, has completely changed, as
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The first efficient p-n-junction crystalline silicon solar cell was demonstrated by Daryl. M. Chapin, Calvin S. Fuller, and Gerald L. Pearson at Bell
Labs in 1954. From 1972 to 1974, Joseph Lindmayer, James F. Allison,
Joseph G. Haynos and colleagues at COMSAT Laboratories improved
power conversion efficiency to nearly 17%. However, there were no further
improvements in power conversion efficiency for nearly a decade.
In 1975, Prof. Green then provided fresh insight into the processes determining the recombination of electrons and holes excited by sunlight and suggested
much higher conversion efficiency of 25% was experimentally feasible. In
1983, he and his team realized a record efficiency of 18%. This was the first
in a series of 18 certified efficiency records by his team, achieving 24.7%
efficiency in 1999 (reaching his target of 25.0% by recalibration in 2008).
The PERC cell that he invented included measures for not only reducing
recombination along the top region of the cell (the “emitter”) but also
along the rear of the cell as well. This PERC structure now dominates the
photovoltaic device market.
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majority of those are p-n junction solar cells, which have p-type silicon
is placed adjacent to n-type silicon. When struck by photons from the
sun, the energy causes the release of a negatively-charged electron and
a positively-charged “hole,” whereby the electron moves into the n-type
silicon and the hole moves into the p-type silicon. That charge then flows
out the electrodes (or contacts) as electrical power.
A high power conversion efficiency can be obtained if every electron-hole
pair that is generated can be extracted as power, but in practice, energy is lost
when the electrons and holes recombine. (see below figure.)
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Source : Google Earth
Noor Abu Dhabi PV Power Plant, a gigawatt-level solar power plant in Abu Dhabi. This power plant
is installed with the p-n junction crystalline silicon PERC cells invented by Prof. Green. PERC devices
are considered environmentally friendly because they can generate between 10 and 30 times the
amount of energy required to produce the devices, depending on location and technologies used.
(Source: Google Maps）
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Up until 2000, improvements in conversion eﬃciency were a major factor in the reduced cost of solar
photovoltaic devices, but in the 2000s, the increased size of power plants also began to contribute to
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Up until 2000, improvements in conversion eﬃciency were a major factor in the reduced cost of solar
photovoltaic devices, but in the 2000s, the increased size of power plants also began to contribute to
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Noor Abu Dhabi PV Power Plant, a gigawatt-level solar power plant in Abu Dhabi. This power plant
is installed with the p-n junction crystalline silicon PERC cells invented by Prof. Green. PERC devices
considered environmentally friendly because they can generate between 10 and 30 times the
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