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Electronic Devices

Semiconductors

Disk Media

Semiconductors
The demand for energy continues to grow due to 

worldwide population growth and economic growth.  
There are increasing expectations that power electron-
ics technology will be able to efficiently use electric en-
ergy and contribute to energy savings and energy cre-
ation in order to mitigate global warming by suppress-
ing CO2 emissions while also helping to create respon-
sible and sustainable societies.  In recent years, there 
has been greater demand for power semiconductors 
since they are key devices of power conversion elements 
in various fields including not only industrial equip-
ment and home appliances, but also automobiles, pho-
tovoltaic power generation and wind generation.  Fuji 
Electric launched an insulated gate bipolar transistor 
(IGBT) as typical power semiconductors in 1988.  Since 
then, we have created products that meet the market 
needs of greater efficiency, miniaturization, reliability 
along with many innovating technologies.

Our recently released 7th-generation “X Series” 
IGBT modules make use of 7th-generation chip and 
packaging technologies and come in a wide variety of 
capacities ranging from 650 to 1,700 V.  Compared with 
previous products, the X Series secures better reliabil-
ity, produces less loss and achieves miniaturization.  
Furthermore, we are currently expanding our line-up 
of X Series IPMs, which integrate a drive IC and pro-
tective functions, to be used for air conditioners, indus-
trial inverters and servos.  Moreover, we have recently 
developed reverse-conducting IGBTs (RC-IGBT), which 
integrate IGBT and FWD chips.  They are expected to 
increase their density.  Fuji Electric has developed an 
RC-IGBT module for industrial applications that com-
bines RC-IGBT technology with X Series technology us-
ing 7th-generation chip and packaging technologies to 
achieve high efficiency, high reliability and further min-
iaturization.  In addition, we have been continuing to 
develop products that use silicon carbide (SiC) as a next-
generation semiconductor material that is increasingly 
expected to replace silicon (Si).  We have developed a 
hybrid module that combines Si based IGBTs with low-
loss SiC-SBDs instead of conventionally used Si based 

FWDs.  Furthermore, in order to achieve even greater 
efficiency, miniaturization and reliability, we have de-
veloped an SiC trench MOSFET chip to create All-SiC 
modules with voltage ratings of 1,200 to 3,300 V. 

In the field of electrical equipment, we have devel-
oped a new one-chip linear control intelligent power 
switch (IPS) equipped with a high-precision current 
detecting amplifier.  We miniaturized the chip by com-
bining the existing product with a new circuit.  In addi-
tion, we have developed a 6.5th-generation supercharg-
ing pressure sensor characterized by improved pressure 
output voltage accuracy at high temperatures and a 
smaller package size.  As there are increasing demands 
for saving fuel and responding to tightened exhaust gas 
regulations, it is used to measure supercharging pres-
sure in high-temperature environments, such as those 
in downsized turbocharged vehicles, contributing to 
the improvement of environmental performance.  We 
are expanding the line-up of compact and lightweight 
modules of automotive IGBTs used for driving motors 
of HEVs and EVs.  These modules use the RC-IGBT 
described above and Fuji Electric’s proprietary sealed 
aluminum cooling system.  We have also developed 
MOSFET and diode modules that contribute to reduc-
ing the size and weight of DC/ DC converters.

In the field of discrete products, we have released 
a line-up of new 650-V “XS Series” discrete IGBTs 
to meet the demand for efficient and downsized com-
ponents of UPSs and PCSs.  These products reduce 
on-voltage and switching loss and are suitable for 
high-speed switching.  Moreover, in addition to 650 V, 
we are currently developing products with a voltage 
rating of 1,200 V.  In the field of IC products, we have 
launched critical conduction mode PFC control ICs 
and LLC current resonance control ICs in response to 
market demand to improve efficiency of power circuits 
during light loads and achieve low standby power and 
reduced system costs.  Currently, we are developing 
the new “FA1B00N Series” critical conduction mode 
PFC control ICs and “FAFA6C00N Series” LLC current 
resonance control ICs, which help reduce the number 
of required parts by integrating control features that 
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suppress output voltage ripple and improve efficiency 
during light loads.  We plan to continue to develop  
environmentally-friendly power semiconductor products 
that contribute to the creation of responsible and sus-
tainable societies.

Disk Media
As IoT and M2M are progressing, the amount of 

data produced worldwide continues to grow rapidly by 
about 30% per year.  This has made huge data storage 

demand.  In this respect, it is expected that nearline 
HDDs will be largely responsible for handling this 
demand at data centers.  Fuji Electric has been mass 
producing in full-scale 3.5-inch magnetic recording me-
dia for nearline HDDs.  In order to meet strong market 
demand, we plan to continue developing and supplying 
high-capacity, high-reliability magnetic recording me-
dia so that we can contribute to developing an advanced 
information society.

Fig.1  “XS Series”

1  “XS Series” Discrete IGBTs Reference:  FUJI ELECTRIC REVIEW 2018, vol. 64, no.4, p. 211

In recent years, there has been a strong demand for 
highly efficient and compact UPSs and PCSs.  We have devel-
oped the “XS Series” 650-V discrete IGBTs as devices capa-
ble of achieving a higher efficiency and smaller size for UPSs 
and PCSs.  Compared with the conventional “High-Speed W 
Series,” they reduce on-voltage and switching loss, while also 
improving trade-off characteristics.  The main features are 
as follows:
(1) Low on-voltage (Tvj = 25 °C, 0.45 V lower than previous 

products)
(2) Low switching loss (Tvj = 25 °C, 10% lower than previous 

products)
(3) Rated voltage/current:  650 V /  30 A, 40 A, 50 A, and 75 A
(4) Shape (package):  TO-247, TO-247-4

Semiconductors
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Fig.2  Performance improvement by using high-mobility charge transport material and high-toughness resin

2  Improved Photoresponsivity and Durability of Positive Charging Organic Photoconductors
Electrophotographic printers and copy machines are be-

coming faster and more durable.  The photoconductors in-
corporated into these machines are the main components 
responsible for image quality, and thus require high pho-
toresponsivity and high durability.  However, in general, it 
is difficult to achieve both high-speed printing and long-term 
service life when the ratio of charge transport materials is in-
creased to achieve high photoresponsivity.  This is because 
durability will degrade due to the relative drop in resin ratio.

Focused on the mobility of charge transport materi-
als used in positive charge organic photoconductors and the 
toughness of resin, Fuji Electric has develop a new high-
mobility charge transport material that demonstrates high 
transport performance and a high toughness resin with low 
wear characteristics.  We used these materials together to 
optimize the ratios.  As a result, we simultaneously improved 
the photoresponsivity of the photoconductors by 30% and 
their durability by 60%.
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Fig.3  Cross-sectional structure of SiC trench gate MOSFET

3  2nd-Generation SiC Trench Gate MOSFETs
Fuji Electric has developed 2nd-generation SiC trench 

gate MOSFETs with lower operating on-resistance than 
1st-generation products.  These 1,200-V SiC trench gate 
MOSFETs have a cell pitch that is two-thirds the size of 1st-
generation products, as well as an SiC substrate thickness 
that is a quarter the size.  These developments have reduced 
specific on-resistance by about 23%.  Furthermore, by using 
our proprietary technology in SiC substrates and their man-
ufacturing processes, we prevent increase of on-resistance 
caused by degradation of the SiC-MOSFET body diode.

In FY2019, we plan to develop 650-V and 1,700-V 2nd-
generation SiC trench gate MOSFETs.

Semiconductors

(a) 6.5th-generation (b) 6th-generation

Fig.4  Boost pressure sensors

4  6.5th-Generation Boost Pressure Sensors
In recent years, there has been a demand for high- 

precision engine control to clean emissions and improve fuel 
economy to reduce the environmental load of automobiles.  
The mounting environment for the pressure sensors required 
in engine control is becoming particularly harsh.

Our 6.5th-generation boost pressure sensors measure the 
boost pressure of turbochargers and superchargers.  They are 
characterized by its resistance to corrosive measuring me-
dia and electrical charging resistance as well as its guaran-
teed operation at 150 °C to withstand harsh mounting envi-
ronments.
(1) Product dimensions (resin component): W7.5 × D5.6 × 

H10.0 (mm)
(2) Operating temperature range: - 40°C to +150 °C
(3) Operating pressure (boost pressure) /  output voltage: 10 

to 400 kPa /  0.5 to 4.5 V
(4) Corrosion resistance: Compliant with JASO M611-92/ B

V F = 6.7 V@100 A/cm2, RT
R on·Adiff  = 30 mΩ· cm2@100 A/cm2
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Fig.5  SiC-IGBT performance characteristics

5  SiC-IGBT Development in the Strategic Innovation Promotion Program
Fuji Electric has participated in the national project 

Strategic Innovation Promotion Program (SIP) since 2014.  
During this time, we have partnered with the National 
Institute of Advanced Industrial Science and Technology and 
other participating companies in the joint development of 20-
kV SiC-IGBTs.  IGBTs utilizing SiC, which is wide-band gap 
semiconductor, are bipolar devices.  They enable a lower on-
resistance in ultra-high breakdown voltage region than cur-
rently available MOSFETs.  SiC-IGBTs with withstand volt-
ages exceeding 13 kV are expected to allow high-voltage 
power conversion systems and distribution systems to reduce 
the number of components, achieve miniaturization, and im-
prove efficiency.  One of our achievements during FY2018 was 
the development of SiC-IGBTs with the world’s highest level 
of performance distinguished by a withstand voltage of 24 kV 
and characteristic differential on-resistance of 30 mΩ/cm2.  
We conducted a 10-kV switching test and achieved our goal of 
a total loss of 50% or less that of a Si device.
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(a) High-voltage side (b) Low-voltage side

Fig.6  Modules for DC/DC Converter of xEVs 

6  Modules for DC/DC Converter of xEVs
In recent years, as the usage of electric components is 

growing to improve safety, convenience and amenity, there 
has been increasing demand for miniaturization of power 
conversion circuits.  In this respect, Fuji Electric has released 
modules for DC/ DC converter of  electrified vehicles (xEVs).  
In addition to modularizing the circuits that have been con-
ventionally created with discrete parts, we applied the tech-
nology we have cultivated in small capacity modules for in-
dustrial applications to develop the modules. The modules  
contribute to significant miniaturization of DC/ DC convert-
ers, allowing for a 40% reduction in volume compared with 
previous ones.  The main features are as follows:
(1) High-voltage side:  600 V / 15 A (with built-in Super J 

MOS)
(2) Low-voltage side:  120 V / 120 A, 150 A (with built-in SBD)
(3) Circuit configuration:  Phase shifted full-bridge converter
(4) Rated output:  Approx.  1.9 kW (low-voltage side 120 A), 

approx. 2.3 kW (low-voltage side 150 A)

Semiconductors
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Fig.7  TEM image of magnetic recording medium 

1  Magnetic Recording Media for HDD Designed for Data Centers
The worldwide data storage capacity demand is increas-

ing continuously and it is expected that HDD will continue to 
support of major portion of that capacity.  Therefore, contin-
ual areal density increasing is desired.

  Fuji Electric is currently mass-producing 3.5-inch, 1.33-
TB/platter media for HDD designed for data centers.  On 
the basis of this technology, write-ability was improved with 
multi-magnetic layer structure optimization.  And also, the 
inter-granular coupling was reduced with finer magnetic 
grain and its isolation, and it worked on noise performance 
improvement.  With utilizing these new technologies, we 
started 1.75-TB/platter media mass production.  In FY2019, 
we will contribute to the advancement of information- 
oriented society through continuous improvements of areal 
density.

Disk Media



＊  All brand names and product names in this journal might be trademarks 
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