Next-Generation Power Electronics

Power Electronics Devices Everywhere, for an Energy-Efficient
Society and more Affluent Lifestyles

X

Power electronics address power issues in the super smart
society of the future

Anyone could wish a future society that balances the environment with lifestyle conveniences. And power electronics is a
key technology to realize such the future. Already, improvements in power electronics development have resulted in energy
savings for everything from home appliances to trains. The global market of power electronics is poised for significant
future growth, and Japan has the opportunity to develop world-leading next-generation power electronics technologies that
will provide both competitive industry advantage and an energy-efficient society enjoying more affluent lifestyles.
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Electric Corporation Central Research Laboratory. He was promoted to
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Research and Development Topics

I. Create a center for common basic technology development related to SiC
To promote the development of basic technologies underlying SiC (silicon carbide) power electronics devices, we will set up a R&D
center that brings together the public, private and academic sectors to design the next generation of SiC wafers, devices and modules.
These advancements will produce more compact, more reliable technologies capable of handling higher voltages with minimal losses.
The new center will also provide researcher training programs.

II. Create a center for common basic technology development related to GaN
To bolster basic technologies for gallium nitride (GaN) power electronics, the program will construct a research center as a home for a
network of industry-academy-government experts. The center will focus on developing reliable production systems for next-generation
GaN wafers for power devices with minimal defect rates as well as vertical GaN power devices.

III. Conduct basic research and development for next-generation power module application
To promote the use of next-generation power
modules and broaden the scope of potential
applications, the program will develop
implementation technologies for more efficient
high-performance power converter systems and
more efficient motor drive systems that offer high
power density. In addition, the program will use i and systems
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Exit Strategies

8 Consider and formulate strategy

Consider and formulate a strategy for activities toward creating an ideal society, as well as for finding new applications and
implementation of power electronics technologies geared towards the world of 2030. Create new industries and markets based on power
electronics, and pursue intellectual property and standardization strategies. Utilize NEDO studies to pursue new market opportunities
by envisaging the future world of 2030, designing the applications needed to achieve this vision. Work backwards (backcasting) from
performance specifications in applications to produce a roadmap for a seamlessly integrated technology hierarchy that encompasses all
stages from input materials through final products.

8 Prove required performance levels through prototyping

Prove performance, quality, and manufacturability using prototypes to demonstrate successful development of technologies that meet
performance and specification requirements identified via backcasting from the applications. Promote the development of product
commercialization in industry.

M Engage in activities to promote adoption of results

Conduct standardization and other activities to promote the adoption of program results. Research the best standardized test methods
for assessing the performance of component parts to promote standardization. Promote research of a performance certification system
for each component and material. Set up a research consortium to develop related technologies and promote the wider adoption of
research outcomes.

Implementatlon Structure Cabinet Office PD (Tatsuo Oomori)
Establish a Promoting Committee consisting of (Professor Hori, University of Tokyo) (open to public)

representatives of government ministries and experts
guided by the Program Director (PD) and the Information Sharing and Tie-Ups
Cabinet Office. Utilize the resources of NEDO and
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Progress to Date

Prototypes already completed for some technologies

Several SiC (silicon carbide) power electronics device designs are A power module with embedded passive elements

already at the product development stage. However, there is still

room for further improvement in SiC performance characteristics.
Based on optimized device designs, we have built prototypes for two-in-one module
next-generation compact high-speed SiC modules that are three oo Current and voltage
times smaller than conventional modules. We accomplished this by In B} waveform stabilized
embedding next-generation SiC devices designed for high voltages and ’0“(—__)-‘ through design
high-speed operations, together with passive elements optimized to M optimization

the performance characteristics of SiC materials. We are on track to ¥
complete testing technology for a 6.6 kV interconnected transformerless
power converter that is four times smaller than a standard factory
power converter. The GaN (gallium nitride) development program is
ahead of schedule, with successes in wafer quality as well as exciting without

new developments in power device basic technology. passive elements
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Program Director Tatsuo Oomori Interview

Developing technologies for
new materials beyond silicon

Power electronics represents a key technology for electronic device energy savings in everything from home
appliances to trains. SIP has had a number of successes in the development of technologies for new materials
beyond Si (silicon), to strengthen this area where Japanese research has already been well advanced.

I SiC devices on the path to commercialization

Next-generation power electronics represents a key
technology for the energy-conscious world of the future.
Program Director Tatsuo Oomori reflected on the
achievements over the last two years.

“This was the first real attempt at a genuine collaboration
between government, private enterprise and the academic sector
in Japan. There were some difficulties at the initial stage, not
the least of which was a sort of language barrier between the
universities and the private-sector companies. But once we
started talking properly together, we were able to coordinate
our ideas and begin pulling in the same direction. Asking the
universities to produce concrete results actually made it easier
for them to come up with concepts and drive the R&D work.”

Let’s take a look at some of the achievements in each domain
thus far, early in the third year of the program.

A number of compact high-performance power electronics
products featuring the next-generation SiC (silicon carbide)
materials are already at the product development stage.

Even so, there is still room for further improvement

in SiC performance characteristics. SiC high-speed
modules developed using high-voltage SiC devices also
feature embedded passive elements that allow significant
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miniaturization. The next stage involves planning reliability
testing with a view to commercialization by the year 2020
or so. We have produced a scaled-down prototype of 6.6 kV
interconnected transformerless high-voltage power converter
designed for industrial applications. We plan to use this for
testing and system validation.

Next-generation GaN materials now at the validation
testing stage

GaN (gallium oxide) is an exciting next-generation material
that holds the key to vertical device development. Researchers
are working to enhance quality standards for GaN wafers
as the core technology in power devices. GaN wafer quality
standards are steadily improving with respect to operational
stability and efficiency.

“There are still many technical hurdles to overcome and
it will take several years before large GaN wafers can be
made to the required quality standards. We hope to achieve
commercialization by around 2025, and perhaps even get there
a bit earlier than that,” says Oomori.

We are working on futuristic power devices designed
to operate at very high voltages with minimal losses.
At this stage, we are identifying the main challenges
to commercialization of power electronics featuring

new materials such as Ga,0;
(gallium trioxide) and diamond.

N Meanwhile, research designed to
yield revolutionary performance
improvements, such as new
structures and circuits that constitute
the core future technologies that
go beyond conventional power
electronics. These advancements will
lead to power processing systems
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for power electronics. We expect
commercialization in this field by the
year 2030 or thereabout.
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Energy-saving technology ideas for the super smart
society of the future

At the beginning of the third year of this program, we conducted
areview of program content, systems, etc. Our focus was on
identifying key areas of research deemed feasible within the
remaining three years of the program related to core future
technologies in new circuits and materials. We also identified the
key challenges on the path toward achieving concrete results.
We continue to raise targets to drive development in other
areas as well. In terms of operating structures, we provide
a variety of forums for demonstration, assessment, and
discussion. These include closed workshops within SIP, venues
for discussion among researchers from various fields, and a
consortium-style body that encompasses universities and AIST.
As far as human resources training, we are conducting
practical sessions and university classes in conjunction
with NEDO to provide younger researchers with hands-on

experience in building and operating power electronics devices.

Power electronics is expected to make an important
contribution to the upcoming Society 5.0.

Says Oomori, "We are seeing the advent of a super smart
society built on Big Data. But there is always the issue of power
in operating devices once the information has been processed.
The potential applications of power electronics are not limited
to data centers. Next-generation power processing can be used
to minimize power losses even further.”

While Japan is making steady advancements in energy-saving
home appliances, there is still much room to contribute to
power electronics across the world. By broadening the scope of
applications of low-cost high-performance power electronics
devices, our nation could establish a dominant market position
through SiC devices and modules alone. This market is
potentially worth hundreds of billions of yen. At the same time
we can make a significant contribution to addressing global
energy issues.
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As we head towards the last year of the program, we are conducting validation tests of SiC modules for fully integrated

in-wheel motors used in cars, looking to develop products ultimately. We are making advancements in larger GaN

wafers that offer optimum quality standards, as well as in technologies for new materials, structures, and circuits.

FY

1. Create a center for
common basic
technology development
related to SiC

II. Create a center for
common basic
technology development
related to GaN
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II. Conduct basic research
and development for
next-generation power
module application
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IV. Conduct basic research
and development to
support future power
electronics

Set up a technology
verification
structure,
define key issues
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Develop compact high-performance power
electronics devices to establish a competitive

edge in global markets and contribute to
solutions for energy issues.
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