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Power Semiconductors
To conserve the global environment and stably sup-

ply energy, power electronics technologies that support 
energy creation, or the spread of renewable energy, 
and energy saving, or efficient energy use, are raising 
great expectations from society.  In this situation, Fuji 
Electric is developing power semiconductor products 
featuring high energy conversion efficiency, low noise 
and environmental friendliness.  They are being used 
to products in the field of the environment and energy, 
industrial machinery, automobiles and home appli-
ances and making contributions to society.

Insulated gate bipolar transistors (IGBTs), which 
are widely in use for power semiconductors, were de-
veloped in the 1980s and the current mainstream is 
the 6th generation.  Fuji Electric has established tech-
nologies to further reduce power dissipation, heat dis-
sipation and thermal resistance and developed the 7th- 
generation IGBTs.  We have also worked on develop-
ing silicon carbide (SiC), which has recently been at-
tracting attention as a new material, and developed 
a hybrid product combining Si-IGBT with SiC-SBD 
and the 1st-generation all-SiC module employing SiC-
MOSFET.

In the field of the environment and energy, we have 
further expanded the product line-up of IGBT modules 
for 3-level conversion circuits for power conditioning 
sub-systems (PCSs) of photovoltaic power system.  We 
have mass-produced a module product with an AT-NPC 
circuit configuration.  It applies our proprietary 1,200-V  
rated voltage RB-IGBT for the neutral point switch, al-
lowing systems to use higher voltages.  In addition, we 
have added to the line-up an NPC 3-level module com-
patible with 1,500-V DC systems.

In the field of industrial machinery, we have de-
veloped IPM products suited for supporting multiple 
axes of servo amplifiers.  Optimizing the thermal de-
sign makes it possible to reduce the IPM dimensions, 
contributing to the miniaturization of multi-axis servo 
amplifiers.

For home appliances and small industrial motor 
drives, we have commercialized the 2nd-generation 

small IPMs that meet the requirements for miniatur-
ization and energy saving of systems.  By applying the 
7th-generation IGBT technology, we have achieved a 
reduction in power dissipation of over 20% from the 
1st-generation products in the rated and maximum 
load region.

In the field of automobiles, we have added to the 
6th-generation pressure sensor line-up a relative pres-
sure sensor for fuel gas.  Pressures in the range of -80 
to +5 kPa can be measured with accuracy of ±1.5% F.S. 
or less (25 °C).  This helps to reduce emissions of haz-
ardous fuel gas by monitoring the internal pressure of 
fuel supply systems.  Furthermore, in the field of in-
vehicle IGBTs used for motor driving of electric and 
hybrid vehicles, Fuji Electric is establishing a line-up 
of products that use its proprietary direct liquid cool-
ing structure and reverse-conducting IGBT (RC-IGBT) 
chip.

In the field of power supply systems, we have com-
mercialized the 2nd-generation low power dissipation 
SJ-MOSFET “Super J MOS S2 Series.”  They achieve 
high-efficiency power conversion for various applica-
tions including those in the field of communication and 
energy.  With the 2nd-generation products, the on-state 
resistance normalized by unit area has been further 
reduced and the trade-off between the switching loss 
and voltage surge at turn-off has been improved.  In 
this way, we have improved the power conversion effi-
ciency and ease of use at the same time.  We have also 
commercialized the high-voltage input PWM control IC 
“FA8A80 Series.”  They can withstand surges from a 
power supply line, and they integrate the low standby 
power function and are suited for home appliances to 
be used in developing countries with unstable power 
supply conditions.

In the future, we intend to continue developing eco-
logical power semiconductor products so as to realize a 
safe, secure and sustainable society.

Photoconductors
Photoconductors used for electrographic devices 

such as printers and photocopiers are required to offer 
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higher speed and durability for the purpose of reducing 
printing costs.

In FY2015, we made use of the development of new 
additives to develop and mass-produce a high-speed or-
ganic photoconductor.  It eliminates any degradation in 
image quality caused by optical fatigue.  We also com-
pleted making the basic design of the next-generation 
high-durability organic photoconductors.  We will fur-
ther help to save energy, reduce cost and improve work 
efficiency in the office through the provision of photo-
conductors that meet customer needs including mass 
production of these high-durability photoconductors.

Disk Media
There has continued to be strong demand for mag-

netic recording media for hard disk drives (HDDs) for 
use in cloud servers, and a capacity increase and cost 
reduction have been becoming more and more impor-
tant.

In FY2015, Fuji Electric established the basic layer 
configuration of media suited for shingled magnetic re-
cording, which allows a capacity increase.  In FY2016, 
we plan to start mass producing 2.5-inch media with a 
recording capacity of 1 TB/disk.  We intend to continue 
developing high-capacity recording media and provid-
ing high-reliability storage, which is at the core of IT 
infrastructure.

(a) All-SiC module (b) IP65-rated inverter

Fig.2  All-SiC module and IP65-rated inverter

2  Small-Capacity All-SiC Module
To bring about a low-carbon society, Fuji Electric com-

mercialized in 2014 a power conditioning sub-system (PCS) 
for photovoltaic power generation equipped with all-SiC mod-
ules with a 1,200-V/100-A rating.  In view of uses in vari-
ous applications, we have recently developed a small-capac-
ity all-SiC module with a rating of up to 50 A.  The package 
structure has been optimized according to the rated capac-
ity to reduce the footprint size by 30% from that of the 100- 
A rated product.  A 44% reduction in power dissipation has 
also been realized as compared with the conventional Si prod-
uct.  The features of this package include high-temperature 
operation guarantee, high reliability and low thermal resist-
ance.  By utilizing them, the module has been employed in an 
enclosed space with a self-cooling structure.  It has helped de-
velop a high-performance compact IP65-rated inverter with 
improved environmental endurance to achieve dustproof and 
waterproof properties.

Fig.1  1,700-V withstand voltage SiC hybrid module

1  1,700-V Withstand Voltage SiC Hybrid Module
Recently, silicon carbide (SiC) devices characterized by 

high thermal resistance and high breakdown electric field tol-
erance have been raising expectations for a dramatic reduc-
tion in power dissipation, which is difficult to realize with Si 
devices.  Up to now, Fuji Electric has commercialized SiC hy-
brid modules, which combine the SiC-Schottky barrier diode 
(SiC-SBD) chips and silicon insulated gate bipolar transistor 
(Si-IGBT) chips.  We have recently developed a new 1,700-V 
withstand voltage SiC hybrid module intended for the main 
power supply of electric railways.  This product is available 
in two series including a low VCE (sat) model that focuses on 
steady-state loss and low turn-off surge voltage in addition 
to a standard model featuring low power dissipation.  The 
standard model has achieved a 32% reduction in the loss gen-
erated in inverter operation (carrier frequency 3 kHz) as com-
pared with a conventional Si module.

Power Semiconductors

Reference:  FUJI ELECTRIC REVIEW 2015, vol.61, no.4, p.228
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Fig.3  Road map for small design rule on SiC-MOSFET

3  6-Inch SiC-MOSFET
Fuji Electric has used a 6-inch silicon carbide (SiC) sub-

strate to develop an SiC metal-oxide-semiconductor field-ef-
fect transistor (SiC-MOSFET) with a planar gate structure 
having the on-state resistance in operation further reduced.  
To improve the characteristics, the cell pitch size and chan-
nel length have been reduced by approximately 30% from a 
conventional device.  In this way, we have offered a line-up 
of planar SiC-MOSFETs with ratings of 600 V, 1,200 V and 
1,700 V.

In FY2016, we plan to commercialize an all-SiC module 
equipped with an SiC-MOSFET and SiC-Schottky barrier  
diode (SiC-SBD) and a discrete SiC-MOSFET.  To further 
lower on-state resistance, we are working on even smaller de-
sign rules with a planar gate structure and technology de-
velopment for an SiC-MOSFET with a trench gate structure.

Power Semiconductors

Fig.4  High-power 3-level module common to T-type and I-type

4  Expansion of the High-Power 3-Level IGBT Module Line-Up
Fuji Electric is committed to developing high-power 

3-level IGBT modules used in the renewable energy field in-
cluding wind and photovoltaic power generation, and has 
been highly rated by the market.

The high-power 3-level IGBT module integrates a 3-level 
power conversion circuit in one package.  1,700-V/450-A and 
600-A ratings were expanded as new line-up.  It achieves im-
proved power conversion efficiency and miniaturization of 
equipment and also makes it easier to increase the capacity 
of equipment by making parallel connections.  Furthermore, 
in preparation for photovoltaic power generation output with 
higher voltage levels, we will commercialize an I-type module 
with a rating of 1,200 V/600 A capable of using at 1,500 V DC.  
The main features are as follows:
(1) T-type:  Employing RB-IGBT to improve efficiency
(2) I-type:  Equipped with terminals compatible with T-type 

to ensure easy replacement

Fig.5  “P626 package”

5  “V Series” of IPM High Heat Dissipation “P626 Package”
Recently, servo amplifiers have been required to be com-

pact, support multiple axes and offer higher performance via 
increased carrier frequency.  For that reason, IPMs for them 
have faced big challenges: compactness, chip temperature re-
duction, and power cycle lifetime.

New “P626 package,” is a high heat dissipation type that 
uses an aluminum-nitride-insulating substrate featuring 
high thermal conductivity to expand the “V Series” IPM line-
up.  Chip temperature rise has been decreased by achieving 
a 30% reduction in the thermal resistance, and a significant 
improvement in the power cycle lifetime has also been real-
ized.  The main features are as follows:
(1) Rated voltage/current:  600 V/75 A (6 in1)
(2) Dimensions:  W87 ×  D50 ×  H12 (mm)
(3) Thermal resistance Rth(j-c)max:  0.43°C/W (IGBT),

0.65°C/W (FWD)
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(a) 7th-generation IGBT 
     (X Series, 2015)

(b) 6th-generation IGBT 
     (V Series, 2007)
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Fig.7  7th-generation IGBT chip cross sectional structure

7  7th-Generation IGBT Chip Reference:  FUJI ELECTRIC REVIEW 2015, vol.61, no.4, p.237

The scale of the market for insulated gate bipolar transis-
tor (IGBT) modules is expected to continue expanding in the 
future.  In the field of the environment and energy in partic-
ular, there is increasing demand for reduced power dissipa-
tion of power converters.  To meet this demand, Fuji Electric 
has developed the 7th-generation IGBT and freewheeling di-
ode (FWD) chips.

The IGBT chip has a surface structure based on smaller 
design rules and the drift layer has been made thinner.  This 
significantly improves the characteristics including a reduc-
tion of the on-state voltage by 25% (0.5 V) and the turn-off 
loss by 10% from the 6th-generation IGBT.  For the FWD 
chip, the silicon has been made thinner and the carrier dis-
tribution optimized by a new lifetime control method.  As a 
result, reduced power dissipation and soft recovery have been 
achieved at the same time, and a reverse recovery loss has 
been reduced by 30% with the same surge voltage.
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Fig.8  Trade-off relationships between turn-off loss and on-state voltage

8  700-V RB-IGBT for Large Capacity Power Supply
To improve the efficiency of power converters, an advanced 

T-type neutral-point-clamped (AT-NPC) power conversion cir-
cuit that uses reverse-blocking insulated gate bipolar transis-
tors (RB-IGBTs), which have both forward- and reverse-bi-
ased breakdown voltages, as the neutral point clamped switch 
is attracting attention.  By using RB-IGBTs, conduction loss 
as well as the number of devices can be reduced.

For areas where the input voltage is high and equipment 
with a larger capacity, Fuji Electric has commercialized a 
700-V RB-IGBT based on a 600-V RB-IGBT.  Application of 
700-V RB-IGBTs allows for high-speed switching to increase 
capacity and improves the efficiency of the equipment owing 
to the improvement of the trade-off relationships between the 
switching loss and on-state voltage of a device.  The leak-
age current in the reverse direction is also reduced to ap-
proximately 1/10 that of a 600-V IGBT, which contributes to 
greater reliability and a higher degree of freedom in equip-
ment design.

Fig.6  2nd-generation small IPM

6  2nd-Generation Small IPM Reference:  FUJI ELECTRIC REVIEW 2015, vol.61, no.4, p.242

Fuji Electric has developed 2nd-generation small IPMs 
that integrate into a single package the power devices and 
control IC needed in inverter system construction.  They are 
intended for the markets for home appliances such as air con-
ditioners and washing machines and for industrial motor 
drives, in which there is a high demand for energy saving.  
The 2nd-generation small IPMs have achieved a reduction in 
power dissipation by using the 7th-generation IGBT technol-
ogy as the basis.  As the effect of its application, it achieves 
lower power dissipation than conventional products in the en-
tire load range during operation of an air conditioner, and 
especially in the intermediate load range that has a major 
impact on the energy saving performance, it lowers power 
dissipation by 10%.  The guaranteed operation temperature 
range has been expanded from 125°C to 150°C.  This has in-
creased the allowable output current by approximately 25%, 
achieving energy saving, increased output current and im-
proved degree of freedom in system design.

Power Semiconductors
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Fig.9    Conceptual diagram of high thermal resistance and high adhesion of encapsulation resin

9  High-Thermal-Resistance High-Adhesion Encapsulation Resin
Fuji Electric has been developing power devices that use sil-

icon carbide (SiC), which allows operation at high temperatures 
of over 200°C, whereas the conventional Si devices has an op-
erating temperature limitation of 175°C, and spreading their 
applications to the industrial and automotive fields.  With the 
conventional encapsulation resin composition, increasing the 
glass-transition temperature Tg, which is an indicator of ther-
mal resistance, causes pyrolysis to be accelerated and decrease 
of the strength, adhesion and insulation had to be dealt with.  
Accordingly, we have developed high-thermal-resistance high-ad-
hesion encapsulation resin that satisfies the insulation require-
ments of power devices.  We have employed a high-thermal-re-
sistance high-adhesion resin structure that causes less decrease 
in physical properties due to pyrolysis while improving Tg.  In a 
high-temperature storage test (equivalent to an acceleration test 
at 225°C for 6,663 h conforming to UL 1557) for guaranteeing 
high-temperature operation at 200°C, no peeling between the en-
capsulation resin and structural components such as the insulat-
ing substrate and devices or encapsulation resin cracking occur.

Power Semiconductors

Fig.10  High-power in-vehicle standard module

�  High-Power Standard Module for Electric and Hybrid Electric Vehicles
Recently, inverters used for electric vehicles and hybrid 

electric vehicles have been required to offer high power and 
low loss.  Power modules, which are the major parts of invert-
ers, are required to be compact and have high power.  Fuji 
Electric has developed a next generation high-power stand-
ard module for automotive application.  This module has di-
rect liquid cooling system with aluminium.  This cooling 
system, which uses an optimized flow channel design, has 
improved the cooling performance by approximately 40% as 
compared with the conventional cooling system.  A reverse- 
conducting insulated gate bipolar transistor (RC-IGBT), in 
which IGBT and freewheeling diode (FWD) are integrated 
on the same chip, is used as a power device in the module.  
In this way, it achieves the largest capacity of a general- 
purpose 6-in-1 module:  750-V/800-A rating for automotive 
application.
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Fig.11  “FA8A80 Series” line-up

�  High-Voltage Input PWM Control IC “FA8A80 Series”
Recently, electronic devices such as home appliances and 

servers have been increasingly becoming always-on, and the de-
mand for reducing the standby power is ever increasing.  In ad-
dition, in developing countries, which are expected to grow in 
the future, power conditions are often unstable and instanta-
neous power failures occur frequently.  For this reason, a high-
reliability power supply is required that is resistant to any 
overvoltage generated when the power is restored after an in-
stantaneous power failure and that withstands external surges.

Fuji Electric has used as the basis the “FA8A60 Series” 6th-
generation PWM power control IC equipped with many state 
setting functions and various protective functions to develop 
high-reliability “FA8A80 Series,” which has the high-voltage in-
put terminal to be connected to AC featuring guaranteed ESD 
immunity of 2 kV and guaranteed withstand voltage of 650 V.  It 
is compatible with the FA8A60 Series in terms of the terminals, 
functions and characteristics.  This means the design assets of 
the conventional products can be used and the new power sup-
ply design elements can be simplified.
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Fig.13  Relative pressure sensor for automobile fuel tanks

�  Relative Pressure Sensor for Automobile Fuel Tanks Reference:  FUJI ELECTRIC REVIEW 2015, vol.61, no.4, p.267

Recently, automobiles have been required to reduce their 
environmental impact in addition to providing safety and 
comfort.  The relative pressure sensor for automobile fuel 
tanks is intended for controlling emission control units for 
fuel evaporative gas, which is an environmentally hazardous 
substance, and achieves both ensured durability and high-
precision detection by improving resistance to vaporized fuel, 
reinforcing electromagnetic compatibility (EMC) and en-
hancing the protective functions based on the 6th-generation 
compact pressure sensor technology.  The main features are 
as follows:
(1) Pressure / Output voltage range:  +5 to -80 kPa / 0.5 to 

4.5 V
(2) Temperature range:  -40°C to +135°C
(3) Pressure error:  ±1.5% F.S. or less (25°C)
(4) Temperature error:  2.0 times (max.)
(5) Applicable fuel:  gasoline, diesel oil, E10, E25, E85, M15, 

M100, biodiesel

(a) Dispersion insufficient (b) Developed product 

Particulate aggregate

Fig.14  Surface condition of particulate-dispersed photoconductor

1  High-Durability Organic Photoconductors
For printers and photocopiers, which are equipped with 

photoconductors, service life extension, speed-up, resource 
saving and compactness are required.  Photoconductors may 
be worn by contact with cleaning mechanisms or peripheral 
materials such as toner, and improvement of durability by in-
creasing the wear resistance of the surface is desired.

Fuji Electric is working to improve durability by devel-
oping functional materials of photoconductors.  For improv-
ing durability of the surface layer of photoconductors, adding 
particulates to the surface layer is effective.  By dispersing 
particulate in the surface layer, interaction between the par-
ticulate surface and photoconductor material improves the 
binding force of the photoconductor material, which improves 
durability of the surface layer.  We are working on the devel-
opment for realizing organic photoconductors with high dura-
bility by making use of the additive particulates and technol-
ogy for dispersion in the surface layer.

Photoconductors

Fig.12  “Super J MOS S2 Series”

�  “Super J MOS S2 Series” Reference:  FUJI ELECTRIC REVIEW 2015, vol.61, no.4, p.276

Fuji Electric has developed the “Super J MOS S2 Series” 
that applies the superjunction technology as a power device 
capable of contributing to improved efficiency and miniaturi-
zation of switching power supply.  This product has achieved 
25% lower on-state resistance per unit area and 30% lower 
charge and discharge energy of parasitic capacitance (out-
put capacitance: Coss)  than conventional products.  The 
surge voltage at turn-off is also lower than that of conven-
tional products, and this series provides ease of use with a 
low power dissipation.  The main specifications of the prod-
uct are as follows:
(1) Withstand voltage:  600 V
(2) On-state resistance:  25 to 380 mΩ
(3) Package:  TO-247, TO-3P, TO-220F, TO-220, TO-252

Power Semiconductors
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2  High-Speed Negatively Charged Organic Photoconductor
With printers and photocopiers used in offices, high-speed 

printing and printing cost reduction are being promoted. 
Photoconductors mounted in them are required to offer high 
durability and high-speed response.  In order to meet the high-
speed response requirement, a high-mobility charge transport 
agent is used in the charge transport layer.  The charge trans-
port agent is, however, vulnerable to optical fatigue, and it 
needs to be imparted with lightfastness by some means.

Fuji Electric is working on developing additives that can 
effectively impart lightfastness to develop a high-speed nega-
tively charged organic photoconductor capable of solving these 
problems.  We have focused on the molecular structure and ab-
sorption spectrum of the electron transport agent.  We have 
selected materials in view of the impact on the maximum 
light-absorbing wavelength and electrical characteristics and 
optimized the additive amount.  In this way, we have success-
fully minimized the adverse effect on the electrical charac-
teristics to develop an improved photoconductor with greater 
lightfastness than conventional products.

Photoconductors

5 nm

Metal magnetic 
particle

Oxide grain 
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Fig.16  Planar TEM image of magnetic recording medium

1  Recording Density Improvement of Shingled Magnetic Recording (SMR)-Based Magnetic Recording Medium
In the HDD market, the shifting of driver application 

from PC to data center had causes the increase of demand for 
high recording capacity.  For that reason, HDDs that employ 
shingled magnetic recording (SMR), a new recording system, 
are being commercialized. 

In Fuji Electric, a recording medium best suited for SMR 
is being developed by optimizing compositions and thin film 
fabrication process of the multi magnetic granular layer.  
This is to reduce the size and homogenize magnetic grains, 
as well as appropriately control the magnetic interaction be-
tween magnetic layers.  As a result, we have achieved a high 
recording density of 1,235 Gbits/in2 by realizing clear mag-
netization reversal while maintaining ease of recording.  We 
have also minimized the erase band width at the same time.  
This technology is planned to be applied to the HDD record-
ing medium for data centers scheduled for commercialization 
in FY2016.

Disk Media
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