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Electronic Devices

Semiconductors

Disk Media

Semiconductors
The demand for energy continues to increase due to 

worldwide population growth and economic growth.  To 
mitigate global warming through CO2 emissions, there 
have been increasing expectations for power electron-
ics technology capable of contributing to energy savings 
and energy creation through efficient use of electric 
energy.  In recent years, demand for power semiconduc-
tors as key devices of power conversion systems has 
increased in a wide range of fields, including not only 
industrial equipment and home appliances, but also 
automobiles, solar power generation and wind power 
generation.  Fuji Electric has commercialized insulated 
gate bipolar transistors (IGBTs) as typical devices used 
in power semiconductors and has innovated numerous 
types of technologies to achieve products that meet the 
needs for higher efficiency, miniaturization and higher 
reliability.

The latest 7th-generation “X Series” IGBT mod-
ules makes use of 7th-generation chip technology and 
packaging technology in an extensive line-up of prod-
ucts that have a rated blocking voltage from 650 to 
1,700 V.  We also developed the X Series intelligent 
power modules (IPMs) that come with built-in drive 
IC and protective functions for air conditioners, indus-
trial inverters and servo drives.  In addition to 7th- 
generation chip and packaging technologies, the prod-
uct’s control circuit technology has helped it achieve 
lower loss, smaller size and higher reliability than pre-
vious products.  Moreover, in addition to conventional 
IPM functionality, it comes newly equipped with the 
world’s first predictive maintenance function that out-
puts an alarm signal before sudden stoppages of power 
conversion system due to abnormalities.

Our reverse-conducting IGBTs (RC-IGBTs) inte-
grate an IGBT chip and a free wheeling diode (FWD) 
chip, allowing them to achieve even higher density.  
Fuji Electric has developed RC-IGBT modules for in-
dustrial use by combining RC-IGBT technology with 
X Series technology that uses 7th-generation chip and 
packaging technologies. We miniaturized this mod-
ules by reducing the temperature rise associated with 

higher density.
We are also developing products that use silicon 

carbide (SiC), which has been attracting attention in 
recent years as a next-generation semiconductor mate-
rial that will replace silicon (Si).  We have developed a 
high-speed hybrid module that combines a low-loss SiC 
Schottky barrier diode (SiC-SBD), instead of conven-
tional Si-FWD, with a Si-IGBT, which has high-speed 
switching characteristics.  In addition, we have devel-
oped SiC trench metal-oxide-semiconductor field-effect 
transistor (MOSFET) chips and have created a line-
up of 1,200- to 3,300-V All-SiC modules.  These many 
technological innovations will help achieve efficient, 
compact and reliable power conversion systems.

In the field of automotive, we have developed 7th-
generation high-pressure sensors that improve high-
temperature pressure output accuracy and utilize a 
compact stainless steel diaphragm package.  They 
ensure operation at 150 °C, high accuracy and a wide 
pressure range, contributing to fuel efficiency, safety, 
and environmental performance regarding the tighten-
ing of emissions regulations.  

In the field of discrete products, we have created 
the new “XS Series” of 1,200-V, 40-A discret  IGBTs to 
meet the demand for efficient and small devices used in 
PCSs and UPSs.  These products have lower on-voltage 
and switching loss and are suitable for high-speed 
switching.  In addition, we have developed 1,200-V, 
75-A products and the TO-247-4 package series with 
sub-emitter terminals added.

As for ICs, in order to meet market demand for 
smaller power circuits, improved efficiency at light 
loads, and lower system costs, we have developed the 
“FA6C00N Series” LLC current resonant control ICs 
and “FA1B00N Series” critical conduction mode PFC 
control ICs. The FA1B00N Series comes with a built-
in control circuit that suppresses output voltage ripple, 
allowing the use of small capacity smoothing capaci-
tors, as well as improves efficiency at light loads. Using 
these ICs can reduce the number of components of a 
power circuit.
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Disk Media
The full-fledged adoption of big data analytics has 

contributed to data being generated worldwide at a 
rapid annual growth rate of about 30%, and this is 
creating demand for extra-large capacity data storage.  
Nearline HDDs are being used as primary storage for 
hyper data centers. This is helping to support the de-

mand for data storage, but there is still need for higher 
capacities.  Fuji Electric has begun full-scale mass 
production of 3.5-inch magnetic recording media for 
nearline HDDs.  We plan to continue to develop mag-
netic layer and reliability technologies to provide the 
market with high-capacity magnetic recording media, 
contributing to the development of the IT society.

Fig.1  “Dual XT” 1,200 V / 1,000 A

1  “Dual XT” RC-IGBT Module for High Power Industrial Applications
In response to market demands for higher capacity and 

improved reliability of IGBT modules, Fuji Electric devel-
oped and started mass producing the “Dual XT” (1,200 V / 
1,000 A).  This module is a part of our line-up of 1,200-V 7th-
generation “X Series” reverse-conducting IGBT (RC-IGBT) 
modules for industrial use that utilize RC-IGBTs featuring 
IGBT and FWD functionality on a single chip.

The maximum rated current of “Dual XT” has been ex-
tend to 1,000 A from conventional 6th-generation “V series” 
600 A by utilizing the new developed technology.  In addition, 
it significantly reduces the increase in junction temperature 
during overload, motor lock and low-frequency operation.  
This contributes to a further increase in the power output 
and lifespan of power conversion systems.

Semiconductors

Fig.2  3.3-kV SiC hybrid module

2  3.3-kV SiC Hybrid Modules
In recent years, power conversion equipments have been 

widely used in a variety of fields.  As a result, there has been 
demand for more compact equipments that deliver higher 
outputs.  To meet these market requirements, Fuji Electric 
developed a 3.3-kV SiC hybrid module that uses a 7th- 
generation “X Series” Si-IGBT chip and a 1st-generation SiC-
SBD chip.  The collector-emitter saturation voltage VCE (sat) of 
the X Series IGBT is improved by approximately 1.2 V com-
pared with existing IGBTs to significantly reduce steady-
state loss.  In addition, switching losses are  significantly re-
duced through the use of SiC-SBDs.  These improvements 
allow equipment to increase output and operate with high 
switching frequency.  High switching frequency operation en-
ables the reactors and capacitors in a filter circuit to be mini-
aturized, facilitating equipment size reduction.
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Fig.3  “FA1B00 Series”

3  “FA1B00 Series” 4th-Generation Critical Conduction Mode Power Factor Correction Control ICs
Switching power supplies with output capacities greater 

than 75 W need to use a power factor correction (PFC) cir-
cuit to meet harmonic current regulations. They are also 
required by the market to reduce standby power and to be 
compact.  To meet these demands, Fuji Electric has devel-
oped the “FA1B00 Series” 4th-generation critical conduc-
tion mode PFC control ICs. These ICs have a new trapezoi-
dal wave control system for input current.  The input current 
ripple is smaller than that of a conventional sine wave, al-
lowing the output capacitor capacity of a PFC circuit to be re-
duced while satisfying harmonic current regulations.  This 
makes it possible to replace conventional electrolytic capaci-
tors with small-volume ceramic capacitors, contributing the 
miniaturization of power supply units.  Similar to previous 
products, they are also have bottom skip and burst control 
functions that improve efficiency at light loads, resulting in 
low standby power.

Semiconductors
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Fig.4  7th-generation automotive high-pressure sensor

4  7th-Generation Automotive High-Pressure Sensor Reference: FUJI ELECTRIC REVIEW 2019, vol. 65, no. 4, p. 249

Fuji Electric has developed a 7th-generation high- 
pressure sensor for automotive applications that supports 
harsh automobile environments.  It is used to measure the oil 
pressure of an automatic transmission.  The sensor operates 
with high accuracy even in environments with a maximum 
operating temperature of 150°C and measuring pressure of 
6 MPa.  In order to improve its high temperature characteris-
tics, we developed a new chip with a dual gate MOS transistor 
distinguished by its reduced leakage current to be mounted 
in the sensor.  Furthermore, it makes use of a package with a 
double diaphragm structure featuring an additional stainless 
steel diaphragm to improve measurement accuracy and relia-
bility at high pressures.  Its resistance to noisy environments 
(transient voltage surges) also meets international stand-
ards*.  We plan to actively promote the adoption of this sensor 
in the global market.
* ISO 7637 (2011) Pulse1, 2, 3a, 3b LEVEL-III
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Fig.5  Improvement in the characteristics of 2nd-generation SiC-SBDs (vs. previous products at 650 V)

5  2nd-Generation SiC-SBD Technology
Fuji Electric is developing a 2nd-generation SiC Schottky 

barrier diode (SBD) chip with low on-voltage characteristics 
and high surge current capability. By significantly reducing 
the thickness of the device compared with 1st-generation SiC-
SBDs and optimizing the surface structure of the device us-
ing a proprietary process technology, the 650-V device is de-
creased in on-voltage by 15% and increased in surge current 
capability to 175%.

We plan to continue to develop mass-producible discrete 
products that incorporate 650-V and 1,200-V 2nd-generation 
SiC-SBD chips.
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Fig.7  Positive charge organic photoconductor

7  Surface Potential Stability Improvement for Positive Charge Organic Photoconductors
Photoconductors are the primary component responsible 

for the image quality of electrophotographic equipment, such 
as electrophotographic printers and copiers.  Manufacturers 
of electrophotographic equipment are shifting the focus of 
their development efforts from low-cost monochrome ma-
chines to high-value-added color ones.  In order to better sta-
bilize the color balance in color machines, there is growing 
demand to improve the stability of various surface potentials 
such as exposure potential and halftone potential. 

In order to prevent degradation of surface potential sta-
bility, Fuji Electric was particularly challenged on how to 
deal with degradation caused by oxidation of functional mate-
rials, as well as fatigue of functional materials caused by con-
tinuous printing.  These challenges were simultaneously ad-
dressed by developing new charge transport materials with 
high mobility and low potential fluctuation due to ozone and 
NOX exposure.  As a result, the fluctuation of the exposure po-
tential is reduced by 80 % compared with previous products.

Fig.8  Magnetic recording media

1  Magnetic Recording Media for Nearline HDDs
The demand for data storage continues to grow with the 

rise of technologies that leverage big data, such as IoT and 
AI.  HDDs are expected to continue to occupy most of the re-
cording capacity in data centers.  Nearline HDDs for data 
centers are required to have the world’s highest level of re-
cording density and reliability.  Therefore, Fuji Electric has 
enhanced write-ability by optimizing the multi-layered mag-
netic layer structure and improved recording density by re-
ducing the magnetic particle exchange interaction and nar-
rowing the distance between the head and the magnetic layer.  
Furthermore, we improved corrosion resistance and durabil-
ity by reducing the surface roughness and increasing the sur-
face hardness of the media.  By using these technologies, we 
got customer qualification for 1.78 TB platter media for near-
line HDDs.  We plan to continue to develop technologies that 
achieve higher recording densities and help facilitate the de-
velopment of a super-information-oriented society.

Disk Media
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Fig.6  Automotive direct water cooling module

6  4th-Generation Direct Water Cooling Package Technology for xEVs
In the automobile industry, the development and spread 

has been accelerating for electric vehicles (xEVs), such as 
hybrid electric vehicles (HEVs) and electric vehicles (EVs), 
which run on electric motors.  This has led to the need for 
power modules with high power density (small, and lighter 
weight, high output) to improve fuel efficiency.

Fuji Electric’s 4th-generation aluminum direct water  
cooling package is improved in exothermicity by using a 
three-dimensional shape for the cooling fins to create highly 
heat-conductive flow channels.  In addition, Fuji Electric has 
developed a wiring technique that utilizes a lead frame in-
stead of the conventional aluminum-wire based main circuit 
wiring on the semiconductor device.  As a result, power den-
sity per volume is improved by 36% compared with the 3rd-
generation products, achieving a higher output and smaller 
size for automotive modules.

Semiconductors



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


