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Fundamental and  
Advanced Technologies

Fundamental Technology

Advanced Technology

Fuji Electric focuses on developing competitive com-
ponents, systems that utilize these components, and 
solutions to create new customer value and solve social 
problems, while at the same time engaging in research 
and development of fundamental and advanced technol-
ogies for these products.  From a medium- to long-term 
perspective, we have been strengthening our technolo-
gies especially in eight fundamental technologies, in-
cluding insulation, EMC, materials and simulation, as 
well as advanced technologies, including power electron-
ics, power devices, and analytics and AI.

We are also working on the research and develop-
ment of gallium nitride (GaN) based vertical MOSFETs 
as next-generation power devices.  In FY2019, we suc-
cessful demonstrated the transistor operation of high 
blocking voltage and low on-resistance on the world’s 
first vertical GaN-MOSFET transistor that we made 
using an ion implantation process.  In addition, we are 
using first-principles calculations to analyze impurities 
in the gate dielectric of  GaN-MOSFETs to further im-
prove their performance.

For future power electronics equipment, we are also 
conducting research on ultra-high power density power 
units for motor drive by combining advanced tech-
nologies, such as insulation, bonding, thermal cooling, 
power electronics, SiC power devices and packaging.  To 
date, we have achieved a power density that is 20 times 
higher than that of inverters that use conventional tech-
nology.  We will continue to advance our research and 
apply the technology we have cultivated through it in 
the development of power electronics equipment.

Furthermore, we are enhancing our insulation eval-
uation technology to further improve the safety of power 
equipment and power electronics equipment.  As a part 
of this effort, we have developed an insulation evalu-
ation technology that can simulate an environment 
that combines electrical, mechanical and environmental 
loads.  We are currently using this technology to verify 
the insulation of equipment under harsher-than-usual 
combined environmental stresses.  

We have developed a new type of air-cooled con-
denser capable of significantly improving heat exchange 

performance by utilizing a specially designed high-
efficiency fin and irregular-pitch for the fin-tube group 
arrangement.  It contributes to reducing the size of the 
equipment for geothermal binary power plants and in-
creasing net power output.  The condenser is set to un-
dergo field testing.

We have utilized laser-induced breakdown spectros-
copy to develop a technology for performing in-line, au-
tomatic measurement of material components to prevent 
outflow of defective members and lot rejection on pro-
duction lines for rubber and metal materials.  We will 
conduct verification tests to examine the application to 
products for factory automation.  

We have developed an edge-controller-based model 
predictive control technology and model automatic ad-
justment technology that can be installed in a program-
mable controller to facilitate the stable operation of 
chemical plants.  The model automatic adjustment tech-
nology makes it possible to achieve stable control even 
when the plant ages.

We have developed a technology for visualizing the 
diagnosis reason of AI for image recognition. The tech-
nology can be applied to the appearance inspection sys-
tems of industrial products.  Unlike the past, the tech-
nology enables the diagnosis reason of AI to be clarified 
and makes it possible for inspectors to judge the validity 
of the decisions.  We intend to verify the effectiveness of 
this technology by using it on the inspection lines in our 
own factories.

We have created a simulation technology that uses 
a combination of the Lagrangian multiphase flow model 
and liquid film model to numerically estimate liquid 
film formation due to droplets hitting a wall and re-
scattering of droplets from liquid films.  We will use this 
technology to further improve the performance of steam 
turbines and marine scrubbers.

Fuji Electric will thoroughly be strengthening its 
fundamental technologies through the use of digital 
technology, while at the same time continue to take on 
the challenge of new advanced technologies with the 
aim of creating a responsible and sustainable society.
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Fig.1  Combined environment simulated insulation evaluation system and experiment example

1  Electrical Insulation Evaluation Technology That Simulates Combined Environmental Stress
Power electronics equipment is becoming used in harsh 

environments, such as on the sea and the high altitudes due 
to the expanding of its applications.  The challenge is that 
conventional insulation tests do not fully simulate the com-
bined environment stress that occurs on the sea or in the high 
altitudes.  Against this backdrop, Fuji Electric developed a 
new insulation reliability evaluation technology that simu-
lates combined environmental stress by combining electrical 
loads, mechanical loads, and environmental loads including 
air pressure and contamination.  It is becoming clear that the 
breakdown voltage drops to approximately 25% in the harsh-
est environments compared with typical environments.

This technology is suitable for verifying the insulation 
properties of equipment under combined environmental 
stress and selecting insulation distances and insulation ma-
terials not susceptible to damage from surroundings. It thus 
contributes to delivering safe power electronics equipment.

Fundamental Technology
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Fig.2  Insulating spacers made of a permittivity functionally graded material (ε-FGM)

2  Electric Field Relaxation and High Insulation Technology Using a Permittivity Functionally Graded Material
Fuji Electric has been participating in a NEDO project 

since 2017 and developed a highly functional insulating ma-
terial to develop compact and reliable high-voltage power 
equipment, which is pivotal in providing a stable supply of 
electricity.

While working on the project, we developed a technol-
ogy for a permittivity functionally graded material (ε -FGM) 
that allows insulating materials to be any desired value 
in relative permittivity ε r to optimally control the electric 
field strength.  We developed a prototype insulating spacer 
(equivalent to 245 kV) for gas-insulated switchgear (GIS) 
that is 30% smaller than conventional ones by applying the  
ε -FGM.  We performed a lightning impulse withstand volt-
age test to confirm that it satisfied the IEC’s standard value 
of 1,050 kV.  This demonstrated that miniaturization could 
be achieved.

We plan to verify the long-term reliability of the insulat-
ing material and application in insulated bus bars to facili-
tate practical use.
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Fig.3  Observation of arc stretching using Lorentz force

3  DC Switching Technology for Low Voltage Circuits
Increased grid-load capacity and feed capacity is creating 

growing demand for a DC switch that can cut off higher cur-
rent and voltage than those of previous products.

To cut off the DC current, the arc voltage in the arc- 
extinguishing chamber needs to be increased above the 
power supply voltage.  By combining actual observations of 
arc with the magnetic field design (analysis) for applying a 
desired magnetic field distribution to the arc, Fuji Electric 
developed a technology to calculate the arc length required 
for cut-off and the magnetic flux density required to extend 
the arc using the Lorentz force.  We are using this technol-
ogy to optimize the magnetic field distribution in an arc- 
extinguishing chamber and the chamber size in the develop-
ment of DC switches capable of handling higher current and 
voltage than previous products.
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Fig.4  An example of IoT systems that use container management technology

4  Container Management Technology for Remotely Controlling Software
Microservices technology divides software into small 

units called containers and combines them to facilitate sys-
tem construction and modification.  This technology has been 
attracting attention but faces the challenge of increased la-
bor hours required to select and implement the needed items 
from a large number of containers.  As a countermeasure, 
Fuji Electric developed a container control technology that 
uses a management server to remotely monitor software in 
edge controllers and in on-premises servers used in factory 
IoT systems to automate multiple control tasks.  System ad-
ministrators can monitor the status of distributed containers 
from the list in a single screen, and automate operations such 
as stopping and updating software.  This enables them to re-
duce their labor hours to only 4% that of previous approaches, 
allowing them to respond more quickly to customer requests.

Fundamental Technology
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5  Multivariable Control Scheme for Anti-Sway Control in Overhead Crane Systems
Multivariable control deals with more than one control 

input and output at the same time.  This project proposes a 
robust and multivariable control against disturbances and 
model variation, and the method is applied to three dimen-
sional overhead crane systems.

The features of the proposed method are as follows:
(1) Fast carrying

The method controls the three dimensions at the same 
time, so that it can shorten the shipping time to one third 
compared to the conventional method (where one dimension 
is controlled at a time).
(2) Robust against disturbance

The method decreases the sway width on average by 
46.4% in disturbance response.
(3) Tuning-less

The proposed method achieves better control perform-
ance when up to 50% model variations such as the weight of 
the payload and rope length are applied.
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Fig.6  Molecular modeling and analysis of Ga impurities in an insulating film

6  Analysis of the Effect of Impurities on the GaN-MOSFET Gate Dielectric Using First-Principles Calculations
One of the major causes of degraded device performance 

is trace impurities.  In order to elucidate the impact of these 
impurities, Fuji Electric has developed an impurity analysis 
technique that uses first-principles calculations.  Applying 
this technique, we analyzed Ga impurities associated with 
GaN substrates that are existed in the gate dielectric of  
GaN-MOSFETs to verify the impact on the threshold volt-
age.  We used calculations to evaluate the previously hard-to- 
analyze Ga stable position in the gate dielectric and its charge 
state.  We found that Ga is stable in the interstitial position 
and is positively charged.  This suggests that Ga in the dielec-
tric lowers the threshold voltage, confirming our experimen-
tal results.  We plan to reduce Ga impurities and apply the 
technique to search for uncharged states to improve the per-
formance of GaN-MOSFETs.  Furthermore, this technique is 
promising to be horizontally applied to other materials such 
as metals and resins.
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Fig.7  Structure and electrical characteristics of vertical GaN-MOSFETs

1  World’s First 1,200-V Vertical GaN-MOSFETs Fabricated Using Ion Implantation Process
Vertical gallium nitride (GaN) metal-oxide-semiconductor 

field-effect transistors (MOSFETs) [see Fig.(a)] are expected 
to be the next generation of power switching devices with 
lower loss than silicon carbide (SiC).  In terms of cost and 
reliability, realization of vertical GaN MOSFETs essentially 
need to control the structure using ion implantation (I / I).

Fuji Electric has achieved MOSFETs with a high block-
ing voltage of 1,200 V by using the sequential implantation 
of magnesium (Mg) and nitrogen (N) to form a p-type region.  
In addition, we have established a technique for controlling 
the resistance of the JFET region using oxygen (O) ion im-
plantation. By using these techniques, we succeeded in fab-
ricating a fine MOSFET structure on a free-standing GaN 
substrate and confirming its transistor operation with high 
blocking voltage and low on-resistance (Specific on-resist-
ance: 1.4 mΩcm2). We intend to improve the characteristics 
and aim for higher currents.

Advanced Technology
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Fig.8   The SEM micrograph of SiC-SJ-MOSFETs and the temper-
ature dependence of the specific on-resistance

2  1.2-kV SiC Superjunction MOSFETs
Fuji Electric has been developing a 1.2-kV trench-gate 

SiC superjunction MOSFETs (SiC-SJ-MOSFETs) on a 
4H-SiC substrate.  We formed an SJ structure by repeating 
multi-stage n-type epitaxial growth and Al ion implantation 
in the drift layer of a conventional trench-gate SiC-MOSFETs 
structure having a cell pitch of 5 μm.  The temperature de-
pendence of the specific on-resistance is smaller than that of 
conventional structures.  At a junction temperature of 175°C, 
the specific on-resistance has been reduced by 35% compared 
with conventional structures.  This reduction in loss contrib-
utes to size and weight reduction of equipment such as invert-
ers and other devices.

This research was carried out as part of a project of the 
joint research body Tsukuba Power Electronics Constellations 
(TPEC).
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Fig.9  37-kW motor drive power unit

3  Ultra-High Power Density Power Unit Equipped with SiC-MOSFETs
Fuji Electric has been conducting research and develop-

ment on ultra-high power density motor-drive inverter power 
units by combining advanced technologies such as insula-
tion, bonding, thermal cooling, power electronics, and SiC-
MOSFET modules.  We achieved a compact size of W99 ×  
D64 × H72 (mm) in 37-kW forced air cooling systems using 
the following results.
(1) Power loss has been reduced by 70% and power density 

increased to 20 times that of conventional IGBT-based in-
verters.

(2) A laminated multilayered printed circuit board has been 
used for the power circuit to reduce wiring inductance, 
control heat generation, and ensure isolating distances 
that comply with safety standards.
We will apply this high power density technology to a 

wide range of fields.
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Fig.10  Turn-off surge voltage suppression and loss reduction

4  Active Gate Drive Technology for SiC-MOSFETs
SiC devices are expected to contribute to the compact-

ness and efficiency of power electronics applications because 
of their high speed and low loss operating performance.

Fuji Electric has been simultaneously developing SiC de-
vices and an active gate drive technology to maximize the 
performance of these devices.  This technology is character-
ized by a unique gate drive system that controls the gate cur-
rent flow period to control drain-source voltage change rate 
and surge voltage.  This enables it to suppress turn-off surge 
voltage and reduce turn-off loss.  As shown in the figure, we 
have confirmed that turn-off loss can be reduced by approx-
imately 35% while maintaining the same level of normal- 
driving surge voltage as before.  This technology will be ap-
plied to our products.
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5  Heat Exchanger Technology with the Evaporative Cooling Method for the Outdoor Unit of Cooling Systems
The revision and enforcement of the “Act on the Rational 

Use of Energy” is requiring supermarkets and convenience 
stores to save more energy than ever before.  Moreover, it is 
also problem that cooling load is increasing due to abnormally 
outdoor air temperature rising in recent years.  To help solve 
these problems, Fuji Electric has been developing a heat ex-
change technology with the evaporative cooling method that 
can be used in combination with outdoor units to assist in 
the cooling of the refrigerant.  The heat exchange technology 
saves energy and increase heat release performance of the 
cooling system simultaneously.

This technology features a cooling structure that uses the 
evaporative latent heat of water.  A small amount of water can 
be used to achieve efficient cooling by adding a water reten-
tion layer with special material to the surface of the heat ex-
changer.  For example, it enables a 28-kW class outdoor unit 
to increase the amount of heat release by 3 kW in summer, and 
it obtains energy savings 10% annually.  This means that the 
outdoor units using the technology can provide cooling per-
formance in summer as much as that in spring or autumn.
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6  Edge-Controller-Based Model Predictive Control Capable of Automatic Model Adjustment
Fuji Electric has been developing model predictive con-

trol (MPC) for edge controllers, which can run on the 
“MICREX-SX” programmable logic controllers (PLCs).  
Conventional MPC requires a high-performance PC because 
control is performed while solving optimization problems 
that minimize the error between predicted future control re-
sponses and the control target.

Our recently developed edge-controller-based MPC can be 
installed as a function block in PLCs, which have low calcula-
tion resources, by applying a formula manipulation technol-
ogy to pre-calculate the optimum gain at the control system 
design stage.  In addition, we have developed an automatic 
model adjustment technology that can automatically readjust 
the plant model configured in the PLC according to the meas-
urement data during operation.  This enables the model to re-
spond to time-dependent changes of the plant.  This technol-
ogy will contribute to stable plant operations.
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7  Precise Simulation Model Developed with AI
When developing showcase control software, it has not 

been possible to reproduce all of the different operating and 
failure conditions attributable to seasonal environments.

Fuji Electric has developed a technology to identify the 
parameters of physical simulation models, such as those for 
refrigerators and showcases, using AI technology and field 
data.  This enabled us to create a precise hardware-in-the-
loop simulation (HILS) testing environment.  This has made 
it easy to reproduce various conditions on a computer, result-
ing in significantly faster development times.

We expect that this technology will be used in engineer-
ing tasks, such as determining refrigerant pipe length and 
store layout, as well as in abnormality sign detection and con-
trol optimization.

Advanced Technology
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8  Technology for Visualizing Diagnosis Reason of Image Recognition AI
In recent years, there has been growing need for visual inspec-

tion systems with AI technology, which is more accurate and stable 
than conventional visual inspection systems for industrial products.  
However visual inspection systems that use image recognition AI 
have not been widely used in the shop floor because it has been dif-
ficult to clarify the basis for decision making and confirm the valid-
ity of the results.  To address this issue, Fuji Electric developed the 
technology to visualize the regions on the input image that are “im-
portant” for AI’s decision using the following procedure: 
(1) Calculates the influence on the output results based on the fea-

ture map of the image recognition AI (data array of features ex-
tracted from the images).

(2) Determines the importance to the output results based on the 
calculated influence. 

(3) Feedback the determined importance to the input image and 
highlight the regions important for discrimination using a heat 
map. 
This visualization technology will enable field personnel to de-

termine the validity of the decision results of an image recognition 
AI.  We plan to apply this technology to our inspection lines to im-
prove productivity.
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9  Automatic In-Line Component Measurement Using Laser-Induced Breakdown Spectroscopy
In recent years, there has been a growing demand in 

factory automation for continuous monitoring of production 
materials to prevent the outflow of defective materials and 
lot rejection on production lines.  To meet this demand, Fuji 
Electric has developed a technology for in-line automatic 
measurement of various components in a material using  
laser-induced breakdown spectroscopy (LIBS).  LIBS is a 
technology for measuring the amount of elements contained 
in a material by irradiating the material with a laser and 
measuring the plasma generated from the material using 
spectroscopy.  By applying this technology to production 
lines, we expect that it will improve the efficiency and sophis-
tication of quality assurance.

In the future, we intend to conduct verification tests for 
applying the technology to production lines for rubber, metal, 
and semiconductors.



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


