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The year 2015 was filled with indications of volatil-
ity and change, including collapsing prices in crude oil, 
signs of structural change in the Chinese economy and 
increase in demand for energy in India. 

Energy saving and natural resource saving technol-
ogies have been advancing in the United States, Japan 
and the European Union, and this has brought about 
reduction in energy consumption.  On the other hand, 
it is mostly recognized that energy consumption is in-
creasing in India, Southeast Asia and China.  Against 
this backdrop, it is expected that there will be greater 
demand for electric power infrastructure, power elec-
tronics equipment and power semiconductors that can 
contribute to energy savings. 

Extensive efforts are taking place with regard to  
the IoT and M2M technologies in various sectors such 
as the energy, health care, transportation and indus-
trial sectors. 

Fuji Electric has been working to meet the needs of 
the market and its customers by developing a diverse 
line-up of products in the fields of electric power gen-
eration systems, social infrastructure, industrial infra-
structure, power electronics equipment, electronic de-
vices and food distribution.  Furthermore, we have been 
working to promote the development of fundamental 
and advanced technologies for supporting these fields 
so as to provide our customers with products that are 
higher quality, safer and more secure. 

In particular, we have established a simulation 
technology based on the phase field model utilizing 
thermodynamics in order to develop a highly precise 
technology for predicting changes in the aged metal 
structures of power generation turbines.  The use of 
this technology makes it possible to predict the long-
term degradation of high-temperature materials.  In 
addition, we have also developed a technology for im-
proving wear resistance by means of ultra-deep laser 
hardening of turbine blades. 

We have been able to reduce pressure loss by a new 
shape optimization technology based on the adjoint 
method for optimizing the shape of fluidic devices such 
as cooling water flow paths and steam turbine exhaust 

chambers. 
In order to respond to electricity system reforms, 

we have developed automation technologies for power 
generation and interconnected line planning that has 3 
features: minimizing power source procurement costs, 
meeting various power source restrictions such as suc-
cessive starting /stopping restrictions, and meeting ca-
pacity restrictions on interconnected lines.  We have 
also been working to develop a technology for support-
ing electricity market trading in order to improve op-
erational efficiency and profitability for the electricity 
business.  Furthermore, in order to facilitate the design 
of substation systems, we have developed a technology 
for analyzing the optimum capacity of a STATCOM and 
harmonics filter even when system impedance fluctu-
ates irregularly. 

In order to safely and efficiently operate factories 
and plants, we developed a system for detecting at 
early stages signs of abnormalities at plants based on a 
predictive model we constructed utilizing past data on 
plant operations.  In addition, we also developed a tech-
nology applicable to batch processes (which account for 
approximately half of all production processes) for pre-
venting the production of defective products via the use 
of early abnormality diagnosis. 

In recent years, there has been much expectation 
regarding the IoT and M2M, and as such, we have de-
veloped a multi-OS applicable technology for operating 
different operating systems, including real-time OS and 
general-purpose OS such as Linux, in parallel with a 
single CPU, making it now possible to quickly and eas-
ily achieve multi-functionality in embedded devices.  
Moreover, in embedded devices where network connec-
tion has become commonplace, we have been developing 
an obfuscation technology to support long-term storage 
of encryption key, while also successfully reducing the 
amount of required ROM by more than 70% and hard-
ening the system against conventional types of attacks.  
In the field of sensors, we have developed a multi- 
element gas detection technology utilizing ultra-low 
power MEMS gas sensors based on MEMS methane 
sensors, and we have confirmed that highly sensitive 
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and selective detection is possible for LP gas (mainly 
consisting of isobutane and propane) and hydrogen. 

As a way of responding to the compactness and 
increased density of power electronics equipment, we 
have established a simulation technology capable of 
highly precise prediction of temperatures utilizing de-
tailed modeling of heat transfer paths.  Furthermore, 
by incorporating our uniquely developed high-precision 
device models and technologies for analyzing the para-
sitic inductance of wiring structures, we have devel-
oped a technology capable of implementing switching 
tests on circuit simulations, and this has made it possi-
ble to improve the design accuracy of circuits while also 
reducing the number of trial productions. 

In the field of electronic devices, we have been 
participating in the Cross-ministerial Strategic 
Innovation Promotion Program (SIP) implemented by 
the National Institute of Advanced Industrial Science 
and Technology (AIST), and have developed a 20-kV 

class ultra-high withstand voltage SiC-PiN diode.  In 
addition, we have been working on improving the ori-
entation of a magnetic film of ordered FePt alloy as a 
means of facilitating the development of a heat-assisted 
magnetic recording method, which is considered to be a 
strong candidate as a next-generation recording method 
for hard disk media.  The characteristics of these ele-
ments are influenced by minute defects in semiconduc-
tors and the atomic arrangement at device interfaces.  
For this reason, we have utilized various cutting-edge 
analysis technologies and the first-principles calcula-
tion in our analysis projects. 

In the future, we will continue utilizing fundamen-
tal technologies in the pursuit of advanced technologies 
leading to innovation of electrical and thermal energy 
technologies and environmental technologies, as well 
as in the development of products that earn the trust of 
our customers through safety and security.
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Fig.1  Example of temperature simulation for a printed circuit board

1  Cooling Design Technology for Power Electronics Equipment
In recent years, power electronics equipment has seen ad-

vances in miniaturization and density, and as a result, sim-
ulations have become increasingly important in the thermal 
design of equipment. 

Fuji Electric has been working to develop a simulation 
technology that corresponds to the design stage.  We have 
established a simulation technology capable of more accu-
rate temperature prediction for detailed design than conven-
tional one by precisely modeling the heat transfer path, such 
as wiring patterns on a printed circuit board, according to 
the heat transfer characteristics derived from the structure 
of mounted components.

As a result, it is now possible to analyze and determine 
the temperature distributions of printed circuit boards and 
parts mounted in equipment, thus improving the precision of 
designs.  Utilizing this technology in equipment design will 
reduce the number of trial productions and shorten the devel-
opment period.

Fundamental Technology
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Fig.2  SiC/SiO2 interface structure derived by analysis

2  Analysis Technology Supporting Development of Next-Generation Power Devices
Fuji Electric has been carrying out research and devel-

opment of next-generation power devices such as SiC metal-
oxide-semiconductor field-effect transistors (SiC-MOSFETs) 
utilizing the silicon carbide (SiC), a wide band-gap semicon-
ductors, in order to meet the increasing need for low loss 
power electronics equipment.  The electrical characteristics of 
SiC-MOSFETs are influenced by the atomic arrangement at 
the interface between SiC and gate oxide (SiC/SiO2 interface).  
We are currently making efforts to analyze this atomic ar-
rangement by utilizing various analysis techniques including 
X-ray photoelectron spectroscopy as well as simulation tech-
niques that adopt first-principles calculations.  By utilizing 
these techniques, we can now estimate differences in termi-
nated structures, due to the varieties of SiC substrates (sur-
face orientation), that occur based on the presence of nitro-
gen  introduced to the SiC/SiO2 interface (see Figure).  In the 
future, we plan to analyze the mechanisms for introducing 
nitrogen atoms, thereby contributing to process development.
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Fig.3  Evolution of precipitates in steels during thermal aging

3  Simulation Technology of Metal Composition for Degradation Assessment Technologies 
Much of the metal used in turbines suffers from deform-

ity in metal structure due to various types of damage such as 
creep, fatigue or embrittlement resulting from long-term use 
at high temperatures.  In order to ensure the safe and stable 
long-term use of products, a technology capable of accurately 
predicting deformity in aged structure is highly needed. 

Fuji Electric has established a simulation technology in 
consideration of the passage of time by utilizing the phase 
field model that applies thermodynamics.  The figure shows 
a simulation of the change in particle size of precipitates in 
steel resulting from heat aging after the passage of 10,000 
hours.  The simulation results matched up very well with the 
actual results.  The use of this technology has made it possi-
ble to predict long-term degradation of high-temperature ma-
terials.  In the future, we plan to make use of this simulation 
technology as our product degradation assessment technol-
ogy while developing simulation technologies for other types 
of degradation such as corrosion.

Curing agentEpoxy resin 
additive

Fig.4  Composition of wire solder containing epoxy flux

4  Wire Solder Containing Epoxy Flux
Fuji Electric has developed cream solder containing 

epoxy flux capable of being used in the soldering of small chip 
components utilized in high-density mounting.  The cream 
solder is characterized by its ability to reinforce minute sol-
der bonds with a thermosetting epoxy flux.  When defects oc-
cur in soldering, repair work using wire solder is essential, 
and it is also necessary to carry out the repair utilizing epoxy 
flux.  However, since heat is applied in the production process 
of wire solder, the epoxy flux ends up being thermally cured.  
As a result, wire solder is separately classified according to 
epoxy resin and curing agents.  We have, therefore, devel-
oped wire solder containing epoxy flux capable of being used 
in soldering by bundling and twisting a wire solder contain-
ing epoxy resin and one containing curing agent.  By adding 
an appropriate activator, the solder exhibits the performance 
equivalent to conventional products.  In the future, we plan to 
use these types of wire solder in products.
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Fig.7  Concept of MSPC technology for batch processes

7  MSPC Technology for Batch Processes
Fuji Electric has developed a technology applicable to batch 

processes, which account for approximately half of all produc-
tion processes, for preventing the production of defective prod-
ucts by early abnormality diagnosis.  Conventional technolo-
gies are unable to prevent the production of defective products 
since they only support abnormality diagnosis after the comple-
tion of batch processing.  In contrast to this, the newly devel-
oped multivariate statistical process control (MSPC) technol-
ogy for batch processes is capable of implementing abnormality 
diagnosis during batch processing.  This is a uniquely devel-
oped technology that does not simply handle measured data 
from batch processes, but rather detects deviation from normal 
models after removing average profiles automatically calcu-
lated from the data.  We have confirmed that the technology is 
capable of detecting symptoms that lead to abnormalities (fail-
ure) based on deviations from normal models by applying it to 
actual measured data of refrigerated open showcases, of which 
the data behaves similarly to that of batch processes.
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Fig.5  Substation system for mitigating harmonics

5  Automated Harmonic Analysis for Substation Facility Design
When plants that generate harmonics (photovoltaic, wind 

power, arc furnaces, railways, etc.) are connected to relatively 
weak power systems, the phenomenon of resonance amplifies 
low-order harmonics, and this sometimes makes it difficult to 
mitigate harmonics within a specified range.  Furthermore, 
since the system impedance of power systems varies depend-
ing on operating conditions, it became necessary to construct 
an optimized substation system capable of mitigating har-
monics under varying states of impedance. 

Fuji Electric has developed a technology for analyzing op-
timum capacity for STATCOM, as well as a harmonics fil-
ter effective even when there is complex variation in system 
impedance.  The system implements automation of repet-
itive work by utilizing a general purpose analysis software 
in conjunction with a search method for solutions to reduce 
the number of extensive parameter combinations.  We plan 
to continue working to improve the quality of substation sys-
tems while reducing the time required to design them.
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Fig.6  Overview of automatic model generation technology

6  System for Detecting Symptoms of Anomalies Utilizing Automatic Model Generation Technology
In recent years, there has been growing need for oper-

ational support to ensure the safe and efficient operation of 
factories and plants.  To meet this need, we have developed a 
system for detecting at early stages symptoms of anomalies 
at plants.  We have constructed a predictive model that uti-
lizes accumulated past data on plant operations.  The pre-
dictive model enables us to predict plant conditions and de-
tect anomalies at early stages.  The system is capable of both 
predicting the occurrence of anomalies and automatically 
constructing predictive models.  The predictions are highly 
precise since they are based on an ensemble technology that 
comprehensively evaluates the prediction results of multiple 
models.  The results of the developed system have been ver-
ified by referencing actual plant data.  Based on an experi-
ment that used one year data, the system was able to pre-
dict beforehand approximately 90% of certain types of actual 
alarm occurrences.
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Fig.8  Change in cooling water flow path via optimization

8  Technology for Optimizing Flow Paths via Adjoint Method
Fuji Electric has constructed a shape optimization tech-

nology based on the adjoint method as a new method for opti-
mizing the shape of fluidic devices.  An adjoint solution (sen-
sitivity distribution) shows the orientation of shape correction 
for improving objective functions.  An optimized shape is ob-
tained by repeatedly changing the shape based on the adjoint 
solution.  This method derives complex shapes that are un-
imagined by designers, bringing significant improvement.  
Compared to conventional parameter optimization tech-
niques, this method exhibited superior results such as a pres-
sure loss reduction rate of 1.5 times and a calculation time 
of 1/10 in validation models for simple wind tunnels.  It can 
also be applied on a trial basis to the cooling water flow paths 
of motors and the exhaust chambers of steam turbines.  It 
achieved lower pressure loss by 33% in cooling water flow 
paths of motors via experimentation and by 30% in the ex-
haust chambers of steam turbines via analysis than conven-
tional methods.
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Fig.9  Reverse voltage characteristics of 20-kV class SiC-PiN diode

1  20-kV Class Ultra-High Breakdown Voltage SiC-PiN Diode
We have been participating in the Cross-ministerial 

Strategic Innovation Promotion Program (SIP) implemented 
by the National Institute of Advanced Industrial Science and 
Technology (AIST), and have developed a 20-kV class ultra-
high breakdown voltage SiC-PiN diode.  This diode can be 
used in combination with an SiC-IGBT in the field of ultra-
high voltage applications including power transmission and 
distribution equipment.  It has a higher breakdown voltage 
and lower dissipation loss than conventional silicon diodes, 
and it is expected to contribute to energy savings, miniaturi-
zation and weight reduction in equipment.  We optimally de-
signed the multi-step junction termination extension (JTE) 
structure to achieve a high breakdown voltage.  In addition, 
by employing a high-quality epitaxial film with a thickness 
of at least 200 µm, and by suppressing the doping concentra-
tion inside the epitaxial film to an extremely low value of 3 × 
1014 cm−3, the diode is able to achieve the world’s highest class 
breakdown voltage characteristic of 20 kV or higher.
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2  Orientation Control Technology for Heat-Assisted Magnetic Recording Media
Hard disk drives are requiring even larger storage capac-

ity for data centers and personal use.  The heat-assisted mag-
netic recording method is considered to be a strong candidate 
as a next-generation recording method supporting increases 
in capacity.  Magnetic recording media that meet this need 
make use of an ordered FePt alloy magnetic film that has 
a high coercive force.  Compared to conventional CoPt mag-
netic film, ordered FePt alloy magnetic film has a greater ten-
dency to produce orientation defects, and noise during record-
ing and reproduction is a problem. 

Fuji Electric has newly developed an orientation control 
layer for promoting a vertical orientation for the seed layer.  
By introducing this control layer beneath the seed layer, we 
have confirmed that the orientation defects produced by the 
ordered FePt alloy magnetic film have been suppressed from 
a previous level of 30% to a level of 2.4%.  In the future, we 
plan to continue using this technology as we study the practi-
cal application of magnetic recording media.



＊  All brand names and product names in this journal might be trademarks 
or registered trademarks of their respective companies.


