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In recent years, there has been increasing expec-
tations that power electronics technology will further 
contribute to efficient energy usage and energy saving, 
and play an important role in achieving a sustainable 
society.  In particular, the demand is growing for power 
semiconductors as key devices of power conversion 
equipment used for various applications, such as the in-
dustrial, automotive, and renewable energy applications.

Fuji Electric has made many technological innova-
tions to reduce the size, lower the power dissipation, 
and improve the reliability of insulated gate bipolar 
transistor (IGBT) modules, contributing to the minia-
turization, cost reduction, and performance of power 
conversion systems by helping them become smaller, 
more efficient and reliable.  Our latest 7th-generation 
“X Series” IGBT modules achieve even lower power dis-
sipation, higher reliability, and higher power density, 
by  innovating in chip and packaging technology.

In addition, we have also developed reverse- 
conducting IGBTs (RC-IGBTs), which combine 7th-
generation IGBT and free-wheeling diode (FWD) func-
tions into a single chip to create a line-up of the X 
Series RC-IGBT module for industrial applications.  
This line-up has even higher power density and higher 
reliability than conventional IGBT modules, which 
combine IGBT and FWD chips.  Moreover, the current 
rating has been increased to 800 A, compared with the 
previous maximum current rating of 600 A.(1)

1. Characteristics of RC-IGBTs

Figure 1 shows the schematic and equivalent cir-
cuit diagrams of the X Series RC-IGBT for industrial 
applications.  In inverters that are used as power con-
version equipment, two types of semiconductor chips, 
IGBT and FWD, are connected in anti parallel (IGBT + 
FWD system).  In contrast, an RC-IGBT integrates the 
IGBT and FWD functions into a single chip.

Since RC-IGBTs incorporate the functions of an 
IGBT and FWD into a single chip, the chip area of 
RC-IGBTs is larger than that of individual IGBTs and 
FWDs at the same rated current.  Therefore, they have 
better heat dissipation and lower thermal resistance 
than conventional chips.  At the same time, the chip 
area of an RC-IGBT is smaller than that of the com-
bined chip area of an IGBT and FWD.  Therefore, an 
RC-IGBT can provide a higher rated current for the 
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same chip area.  By taking advantage of these fea-
tures, we have increased the output of IGBT modules 
while maintaining the same package size.

2. Product Line-Up

Figure 2 shows the line-up, product appearance, 
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Fig.1   Schematic and equivalent circuit diagrams of the  
“X Series” RC-IGBT for industrial applications
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Fig.2  Line-up of the 1,700-V “Dual XT” modules
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and equivalent circuit of the newly added X Series 
1,700-V RC-IGBT “Dual XT” modules for industrial 
applications.  Customers can select the most suitable 
module for their application.

 
3.  Features of the 7th-Generation “X Series” 

1,700-V/800-A RC-IGBT “Dual XT” Modules for 
Industrial Applications

(1) Reduction of ΔTvj chip virtual junction tempera-
ture

Wind power conversion systems, which are consid-
ered to be one of the most important sources of renew-
able energy, widely use IGBT modules with a rated 
voltage of 1,700 V.  Figure 3 shows a schematic dia-
gram of a wind power conversion system.  The rotation 
of the wind turbine causes the generator to produce AC 
power and the generator-side power conversion equip-
ment converts it into DC power.  The DC power is re-
converted to AC power by the power conversion equip-
ment on the grid side.

During this process, the generator-side power con-
version equipment, which converts the rotation of the 
wind turbine into electrical energy, can have a large 
temperature time variation ΔTvj during low-frequency 
operation of 1 to 10 Hz, shortening the lifetime of the 
RC-IGBT module in the power cycle.

Figure 4 shows the calculation result of the chip 
virtual junction temperature change Tvj in one cycle of 
low-frequency operation during regenerative operation.  
In conventional IGBT modules with the IGBT + FWD 
system, the IGBT and FWD chips alternately generate 
heat, and the ΔTvj, in one cycle, was 41°C.  In contrast, 
the X Series RC-IGBT module has reduced the lower 
maximum chip virtual junction temperature Tvjmax 
due to the larger RC-IGBT chip area improving heat 
dissipation.  Moreover, the IGBT and FWD regions in 
an RC-IGBT chip alternately generate heat, increas-
ing the minimum chip virtual junction temperature 
Tvjmin.  As a result, the X Series RC-IGBT module has 
significantly improved ΔTvj to 17°C, which reduces the 
amount of thermal stress variation applied to the alu-
minum wire and solder.
(2) Output current and power cycle life improvement

Figure 5 shows the calculation results of ΔTvj and 
output current Io at low-frequency operation.  The X 
Series RC-IGBT module for industrial applications 
can have the significantly lower ΔTvj than the conven-
tional X Series IGBT module with the IGBT + FWD 
system at the same output current.  This means that 
under the same power conversion conditions, thermal 
stress variation decreases with reductions in the IGBT 
module’s temperature variation.  Moreover, under the 
same power cycle life time conditions that means same 
ΔTvj conditions, the X Series RC-IGBT module can out-
put higher current than the conventional IGBT + FWD 
system, as shown in Fig. 5.  In case of ΔTvj is 41°C, the 
X Series RC-IGBT module for industrial applications 
can expand 1.8 times output current of  power conver-
sion systems compared with using the conventional 
IGBT + FWD modules.
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Fig.3  Schematic diagram of wind power conversion system
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Calculation conditions
VCC = 1,000 V, Io(rms) = 400 A, output frequency fo = 5 Hz, 
carrier frequency fc = 2 kHz, VGE = ±15 V, power factor = −0.9, 
modulation rate = 1.0, ambient temperature = 35°C
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Fig.4  Tvj calculation results during low-frequency operation
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Fig.5  ΔTvj-Io calculation results during low-frequency operation
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