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Structural Materials for Innovation
Innovative Measurement and Analysis for Structural Materials

In October 2014, our proposal to establish an R&D center of advanced instrumentation was adopted as one of the projects for the Cross-Ministerial Strategic Innovation 
Promotion Program (SIP), “Structural Materials for Innovation,” run by the Council for Science, Technology and Innovation, Cabinet Office, The Government of Japan.

SIP Structural Materials for Innovation
The program, SIP Structural Materials for Innovation, aims at the development and application of advanced 
heat-resistant structural materials for yielding innovation in energy technology, esp. making aircraft 
and power plants highly energy-effective, through enhancing the power of Japanese industry.
□ Polymers and Fiber Reinforced Plastics

□ Heat-resistant Alloys and Intermetallics

□ Ceramics Coating Technology

□ “Materials Integration System”, tools to accelerate R&D process with a 
     technique of computational material science
　　　　　　

TIA-nano contributes with its advanced 
analytical instruments

Four core institutions of TIA-nano, the National Institute of Advanced Industrial Science and Technology (AIST), the National 
Institute for Materials Science (NIMS), the University of Tsukuba and the High Energy Accelerator Research Organization (KEK), will 
establish an R&D center for advanced measurement and analysis utilizing their advanced instruments. The center will develop 
prediction technology for the performance and lifetime of structural materials by obtaining unrevealed information such as 
precursor states to deterioration and chemical-bonding states (electronic states) that determine the bonding strength of the 
constituent elements. We focus on the following four subjects, which are critical for developing innovative structural materials.
● Stress and cracking　● Trace light elements and additive elements　
● Interface between different phases and base material structure　● Lattice defects and nanovoids

Advanced instruments using positrons and 
superconductivity, and establishment of 
representative center

Ion-beam analysis facility and development 
of human resources

Nano-characterization
instruments and 
structural materials 
research

Expansion to the measurement 
and analysis of pre-deterioration 

and electronic states from 
morphology after crack 

generation and development!

 
 

Photon facility and materials structure science

SIP, the Cross-ministerial Strategic Innovation Promotion Program, is a newly-launched 
program by the Council for Science, Technology and Innovation (CSTI) aiming to realize 
Science, Technology and Innovation through promoting R&D overseeing from basic 
research to application and commercialization through cross-ministerial cooperation.

From “Tsukuba” towards Future Industries
Tsukuba Innovation Arena for Nanotechnology

From “Tsukuba” towards Future Industries
Tsukuba Innovation Arena for Nanotechnology

Starting a new project!

Next-generation power electronics
Consistent research and development of next-generation SiC power electronics

In October 2014, the research proposal, which was primarily prepared by the TIA-nano members, was adopted as a “Next-Generation Power Electronics” project 
in the “Cross-Ministerial Strategic Innovation Promotion Program (SIP)” under the Cabinet Office.

Starting a new project!

Social implementation of innovative structural 
materials with nanostructure

Innovative Measurement and Analysis for 
Structural Materials

Advanced analytical instruments of TIA-nano

“An affluent energy-saving society by disseminating 
ubiquitous power electronics equipments”

・Composite material 
・Aluminum
・Titanium
・Steel 
・Nickel-based superalloy, etc.

Structural materials in aircrafts

Power electronics
Power electronics is the technology to intentionally control voltage, 
current, frequency and phase in electric power using 
semiconductor devices, and applicable to the conversion between 
direct current and alternating current.  It is a key technology to 
facilitate high-efficiency conversion of electric energy, and greatly 
contributes to downsizing and energy saving in applicable 
equipments.

Next-generation materials
Wide bandgap semiconductors, such as silicon carbide (SiC) 
and gallium nitride (GaN), are considered to be 
next-generation semiconductor materials that will replace 
silicon (Si), a widely used material for electric power devices 
today.  Owing to their superior material properties, these 
next-generation semiconductor materials are expected to improve 
the performance of electric power devices so that their electric 
power loss is much less than Si power devices.

Consistent research development of 
next-generation SiC power electronics
At TIA-nano, we will carry out the following R&D subjects in the 
research network framework involving 43 research organizations of 
universities, the private sector and public research institutes, with 
AIST, Kyoto University, ISIR of Osaka University and the Central 
Research Institute of Electric Power Industry playing a leading role. 
By making close coordination among different technological 
domains, we promote effective and efficient R&D, and foster 
researchers in the related research fields.
・Technological development of next-generation SiC wafers
・Technological development of next-generation SiC devices
・Technological development of next-generation SiC modules

Overview of R&D on the next-generation power electronics

“R&D on Next-Generation Power Electronics” project

Application of next-generation power module
・Circuits and systems integration technology to make full use of next-generation 
   power modules
・Trial production and operation demonstration of application products

Novel circuit design 
and softwares
・Power 
  processing 
  technology

Fundamentals of 
emerging materials
・Ga2O3 power devices
・Diamond power devices
Novel process and 
characterization 
technology
・High-quality gate 
  insulators
・Ultra-sensitive micro-
  scopic technology

Next-generation SiC modules
・Ultra-compact, high-current density module technology
・Development of materials and electrical components 
  for high temperature, high current density and high 
  voltage applications
・Module design and reliability
・Heat resistant HV module
Next-generation SiC devices
・Ultra-high blocking voltage IGBTs, and PiNs
・Novel structure devices (SJ-MOSFET)
Next-generation SiC wafers
・Low-stress multi-layered thick epitaxial wafers for high 
  blocking voltage devices
・Conductivity control technology

SIP

SiC GaN Future technologies
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Ministry of Economy, Trade and Industry, 2014-2019

Commercialization 
level focused on 
applications and 
power electronics 
equipments

"Consistent research and development of next-
generation SiC power electronics," to be 
conducted at the TIA-nano platform, will cover 
most of this part of the research project.

Circuits and
equipments

Module
 (packaging and

components)

Devices

SIP Next-Generation Power Electronics 
Wafers, epitaxial

films, and materials

Fundamental
technology

SIP, the Cross-ministerial Strategic Innovation Promotion Program, is a newly-launched 
program by the Council for Science, Technology and Innovation (CSTI) aiming to realize 
Science, Technology and Innovation through promoting R&D overseeing from basic 
research to application and commercialization through cross-ministerial cooperation.


