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● Background
√ Power electronics and its  new era 
√ Chronology of  our power device techs  
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Power electronics application goes into new era
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Heavy impact on 
Power Electronics
applications

➢ Generation:  Renewable energy generators are increasing
➢ Transmission & Distribution: AC&DC systems are expanding
➢ Carbon neutrality goals are demanding expansion and evolution of  power electronics applications

xEV (Drive train)
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DIPIPMTM

Modules realizing single-control power supply and photo-coupler-less 

system for household appliances and low-capacity inverters

IPM
Modules with built-in control and protection circuits 

for AC servo robots and PV power generation

IGBT and SiC Modules
Modules for general-purpose inverters used in various applications

HVIGBT and SiC Modules
High voltage, large capacity and high reliability are realized for traction 

and power transmission application

High Power Devices
Wide lineup including thyristor and stack from general purpose to high 

speed switching purpose

HVIC
HVIC, which can directly control gate drive by signal from microcontroller

Transistor Array
Directly operation by output of 3V microcontroller, contribute to downsize 

or lighten each application machines

Power Modules for Vehicles
Modules realizing high performance and reliability for propulsion inverters in HEVs/EVs

Mitsubishi Power Devices
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Historical Highlights of Mitsubishi Power Devices

Diodes

Thyristors

RC thyristors (2,5kV) with

world's highest 

withstand voltage

TRIACs (300A) with 

world's largest 

capacity

GTO thyristors (4,5kV/3,0kA) 

with world's largest capacity

Installed HVIPMs

(3,3kV/1,2kA) in Shinkansen

SiC MOSFET

modules

World first installed HVIGBTs 

(4,5kV/900A) in HVDC with MMC

1950s 1960s 1970s 1980s 1990s 2000s 2010s 2020s  2030s

Expand IGBTs, IPMs

(600V up to 6,5kV)

Expand SiC modules 

(600V up to 3,3kV)

Light Triggered Thyristors

(8,0kV/3,5kA) in 

DC power transmission

GCTs (6,0kV/6,0kA) with 

world's largest capacity

HV*** : High Voltage *** (≥ 1,7kV)

TRIAC : Triode for Alternating Current

GTO : Gate Turn-Off thyristor

GCT : Gate Commutated Thyristor

IPM : Intelligent Power Module

IGBT : Insulated Gate Bipolar Transistor

SiC : Silicon Carbide

MOSFET : Metal-Oxide-Semiconductor Field-Effect Transistor

MMC : Modular Multi-level Converter

SLC: Solid Cover Technology

JFETｓ

Thyristors & Bipolar Transistors

IGBTs and IPMs

SiC SBD and MOSFET

Hybrid EV IPMs

DIPIPMs

(Transfer molded modules)

CSTBTTM IGBT

3.3kV Full SiC modules

installed in trains

Hybrid EV T-PMs

12’ IGBT and ８’ SiC

Wafer enhancement 

to meet booming demand

Trench SiC 

MOSFET

Integrated pin-fin 

module for xEV

7th gen. SLC modules

for industries

IGBT modules

Industry IPMs

Transistor

Power modules

(Insulated module)
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History of Silicon Carbide R&D

Development of these modules and applications has been partially supported by Japan’s Ministry of Economy, Trade and Industry(METI) and New Energy and Industrial Technology development Organization(NEDO).

Inverter for Railway
2013/Dec.

SiC device

development

SiC

Power modules

Application

Power loss
50%reduction

3.7KW 

Inverter

Top level

2006/Jan.

11KW 

Inverter

Top level

2009/Feb.

20KW 

Inverter

Top level

2009/Nov.

1.7kV/1.2kA
Hybrid SiC
2010/Jan.

Start sample
2012/Sep. Start MP

2013/May

Air conditioner
2010/Oct.

PV Power 
conditioner
2011/Jan.

APS for 
Railway
2013/Mar.

CNC
Drive unit
2012/Dec. PV

2015/Jan.

Solar power, Home appliance In factory

Railway EV

In Building

Power 

transmission Wind power

50A/600V
For PV

DIPIPMTM

1994~2004
Development

2005~2009
Practical test in research

2010~2014
System development & Field test

2015~2018
SiC users increase

2019~
Expand new application

Power loss
70%reduction

Power loss
90%reduction

Improve productivity and 

performance of SiC device. 

1st gen. planar gate 2nd gen. 
Planar gate

Trench
gate

Medical

Test equipment 
for automotive

UPS

xEV

1.2kV
Full SiC

High speed 
charger

Renewable



7
© Mitsubishi Electric Corporation

M-00091

● Advanced device technologies 
√ Si l icon -based 
√ SiC-based
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● Advanced device technologies 
√ Si l icon -based 
√ SiC-based
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0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

3rd Gen.
IGBT

5th Gen.
IGBT

6th Gen.
IGBT

7th Gen.
IGBT

Trench IGBT

Finer pitch

4th Gen.
IGBT

Ultra thin process

5th-7th Gen.
200mm

4th Gen.
150mm

Next Gen.
300mm

3rd Gen.
IGBT

5th Gen.
IGBT

6th Gen.
IGBT

7th Gen.
IGBT

4th Gen.
IGBT

☛ RC-IGBT

Chip size evolution (600V/10A)

CSTBTTM

Roadmap of Silicon IGBT technology

Meeting increasing demand
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4th gen
Trench IGBT
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CSTBTTM

LPT

6th gen
CSTBTTM

LPT

7th gen
CSTBTTM
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IGBT

Diode

2nd gen

n- layer 

n

p

p+

n-
n

p

n

n- layer 

n

p

p+

n-

n
p

n

IGBT Diode

IGBT+Diode

In 1 chip

’20

1st gen

RC-IGBT

RFC

CSTBTTM

LPT

1200V級 IGBT

PT: Punch Through

LPT: Lite Punch Through

RFC: Relax Field of Cathode 

8th gen

3rd gen

8th gen

’25

Ultra-Thin & Optimized Buffer 

Roadmap of Silicon Device technology

Time scale: Chip development-based

n- layer 

n

p

Next gen

Fine structure having 
novel features
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RC-IGBT, a two-way device integrating IGBT and Diode functions 

New RC-IGBT device cross-section

32.8mm

24mm

38mm

18.8mm

30% shrink

Thickness:3.5mm Thickness:3.6mm

◆ RC-IGBT’s downsizing merit for home appliance module

◆ Smaller chip size

◆ High current density

◆ Lower temp swing

Better P/C performance

30% smaller module

LPT type

N buffer

Main Electrode

Embedded diode Embedded IGBT0.0

0.1

0.2

0.3

0.4

1.2 1.4 1.6 1.8

( 
I F

=
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5
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 ,
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C
C
=

3
0

0
V

 ,
 T

j=
3

9
8

K
 )

( IF=15A , Tj=398K ) VF [V]

Err [mJ]

52%

New RC-IGBT

conventional RC-IGBT

T. Yoshida et al., ISPSD2016, Prague, 2016, pp. 159-162.

Heat dissipation path Reducing connection

1point

通電損失

ス
イ
ッ
チ
ン
グ
損
失

■各社IGBT性能比較(＠車載用)

三菱現行
(7世代)

B社
現行

B社
次世代

A社
次世代

高性能

通電損失

ス
イ
ッ
チ
ン
グ
損
失

1200V IGBT

■各社RC-IGBT性能比較(＠車載用)

高性能

1200V RC-IGBT
C社
現行

三菱現行
(2世代)

competitors

Mitsubishi 

VCEsat

High 
performance

E
o
ff

◼ Automotive RC-IGBT benchmark

Conventional

IGBT + Diode

IGBT Diode

RC-IGBT
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Further Improvement of IGBT performance (1/2)

Trade-off among IGBT performance indicators

SOA 

VCE(sat) Eoff, on

Mitsubishi Technology for better trade-off

① CSTBTTM structure & thinner wafer 
for better Vce(sat)

② IPM: Intelligent Power Module
with short-circuit detection ease the SOA criteria, 

enabling the use of low Vce(sat) IGBT

③ Trench IGBT with active and dummy gate
for trade-off control

Ron, DC loss Switching energy, 

AC loss 

Toughness 
SOA: Safe Operating Area

①CSTBT

②IPM

③Active & 

Dummy gate 

structure

Carrier lifetime control

Switching 

Losses

n

p

n-

p
n

E EEG G G

Gate

CGC

CGE

Emitter

Collector

Emitter

Collector

A     D A     D A      D

Active trench (A) Dummy trench (D)

Ex.)

• Full Active for IPM

• ½ Active, ½ Dummy for 

industry applicationImprovement of Eon and controllability/optimizing 

options for turn-on dV/dt and dI/dt

④ Novel Trench-gate concept 

(Ongoing R&D effort)
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7thGen.
④ New Trench-gate structural concept 

under R&D investigation 

Vce Ic
𝒅𝒗

𝒅𝒕

𝒅𝒊

𝒅𝒕

Time

Vce Ic

Time

Vce Ic

Time

StandardHigh dV/dt option High di/dt option

T
h

in
n

e
r 

w
a
fe

r

Optimized 

N buffer for 

thin wafer

(Under development)

Lower Loss + Controllable SW Speed 

EG

G

G

E

G

E

G

E
EG

Gate

CGC

CGE

Emitter

Collector

Active 
trench (A)

Dummy 
trench (D)

RG

Ongoing R&D effort to optimize performance by a novel split-gate structure.

Improved

Improved

Further possibility of IGBT performance improvement (2/2)
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● Advanced device technologies 
√ Si l icon -based 
√ SiC-based
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~2010 ~2015 ~2020 ~2025

Start of product 
development

First product

2nd generation planar MOS
(600~3.3kV)

1st generation 
planar MOS

SBD-embedded MOS
(3.3kV≦)

Trench MOS
(~1200V)

MOS SBD

• Low Conduction / Switching Loss by unique structure

• High Reliability and Long-term stability

Status Quo and Roadmap of SiC-MOSFET tech

Source

Gate

n-drift

4H-SiC n-substrate

JFET

Drain

SiO2

n source

p-well

p contact

Low on-resistance and Low switching loss

(1) Adoption of JFET doping technology (2) Shallow p-well doping

(3)   Thin wafer process (4) Faster switching by optimizing Ciss/Crss

Cell structure

Features

W
a
fe

r 4” wafer 6” wafer
Adopt a unique wafer sizing & processing 

scheme for high volume  production
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Trench SiC MOSFET for Low on resistance 

①
Tilted ion 

implantation  

through 

trench②BPW

③JFET Doping

Schematic structure of Mitsubishi’s new trench SiC-MOSFET 

✔Original trench MOSFET structure, with ① tilted ion implantation technology, 

Requires no special process equipment, leading to superior productivity

✔②Grounded p+ BPW reduces gate oxide electric field for good reliability

✔③n+ JFET Doping at current path for low on resistance, 50% better than planar MOSFET

Y.Fukui et al., ICSCRM2019, Kyoto, 2019, Mo-1A-02. R.Tanaka et al., ICSCRM2019, Kyoto, 2019, Mo-1A-03.
Ron,sp Comparison

New trench
Optimized

Planar

RT
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Ron vs. Vth of SiC-MOSFET

√ World-class low on-resistance trench-gate

SiC-MOSFETs have been realized. 

√ On-resistance is remarkably reduced 

especially in higher Vth range. 

1

2

3

4

5

0 2 4 6

R
o

n
,s

p
@

1
5
0

o
C

 (
m

Ω
c
m

2
)

Vth@150oC (V)

Planar MOS

-37%

New trench MOS

1200V

√ Gate oxide lifetime more than 10７ year

(@ 5MV/cm, 150℃) 

√ Stability confirmed by 1000hrs HTGB  

(@ VG +20V and -20V (DC)

Gate oxide lifetime of SiC-MOSFET
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n-

Gate

p
n+

Gate

n+

p
n+

SBD-embedded SiC-MOSFETConventional SiC-MOSFET

n-

GateGate

n+

p
n+ n+

Cross sectional view of MOS cell

Schottky contact

ohmic contactohmic contact

✔ Suppressing bipolar current flowing in 

reverse direction, hence free from 

bipolar-current-induced degradation

✔ No anti-parallel SBD required, 

reducing total chip area and cost

SBD embedded SiC-MOSFET

Equivalent circuit diagram

SBD embedded SiC-MOSFET

Reverse recovery waveforms
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SiC-MOSFET 
(very low Irr/Qrr)

Reverse IDS-VDS
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VDS (V)

I D
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2
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Conventional MOSFET
(BD conduction)

25℃

3.3kV class

SBD-embedded SiC-MOSFET vs. Conventional SiC-MOSFET
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● Advanced module products 
√ DIP IPMs for consumer and home appliances

√ J - ser ies  for automotive 

√ High  power  for industry 

√ Cutt ing -edge packag ing  techs  for various apps
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● Advanced module products 
√ DIP IPMs for consumer and home appliances

√ J - ser ies  for automotive 

√ High  power  for industry 

√ Cutt ing -edge packag ing  techs  for various apps
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Mitsubishi DIPIPMTM family

Large 
DIPIPMTM

SLIMDIPTM

Mini 
DIPIPMTM

DIPIPM+TM

SOPIPMTM

Super mini 
DIPIPMTM

Large
DIPIPM+TM

Many thanks for your support as always!

Over 1 Billion production in total !

de facto standard packages

for white goods market

Inverter capacity

Small package

Integration

0.2kW                       0.5kW         0.75kW  1.5kW                 2.2kW 2.8kW       3.7kW     5.5kW

15.2x27.4mm

18.8x32.8mm
24x38mm

34x85mm

43x114.5mm

31x79mm
31x52.5mm

◆ Low loss CSTBT IGBT and RC-IGBT

◆ Highly integrated device with Gate driver,  

protection, bootstrap diodes, and temp. monitor

◆Wide range of line ups
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Ver.6 & Ver.7

Ver.6

Ver.7

1 10 20 30 505

SOPIPMTM

SLIMDIPTM

Super mini DIPIPMTM

DIPIPM+TM

Large DIPIPMTM

Mini DIPIPMTM

15 35 75

Rated voltage 600V 

Rated voltage 1200V 

Rated current 

[A]

Ver.7Mini DIPIPMTM

Large DIPIPMTM
Ver.6

DIPIPM+TM

100

Under development

Large

DIPIPM+TM

CIB or CI

6 in 1

Silicon IGBT DIPIPMTM family Line up
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Part No. Application Rating Suitable fc

SLIMDIP-S Fridge, Fan 5A/600V High

SLIMDIP-M Fan, W/M 10A/600V High

SLIMDIP-L A/C 15A/600V Low

SLIMDIP-W W/M, A/C 15A/600V High

SLIMDIP-X A/C 20A/600V Medium

SLIMDIP-Z A/C 30A/600V Medium

Line up

18.8 x 32.8 mm

W/M: Washing machine, A/C: Air conditioner

Evaluation Board

is available

SLIMDIPTM series

Features

• 30% smaller package DIPIPMTM by integrating RC-IGBT

• Easy PCB layout by additional GND terminal for bootstrap circuit

• Expanding operable case-temp range Tcase =115℃

Reasonable DIPIPMTM for low-cost inverter

New
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Full SiC Super mini DIPIPMTM and its merits

For not only feasibility study but also commercial use!

Concerns of SiC discrete

Higher destruction risk
by smaller SOA

Safe operation 
by integrated protection function

Higher noise                          
by faster switching

Low noise with adjusted 
characteristics

Mitsubishi SiC DIPIPMTM, DIPPFC

Long design time
Short term evaluation
by compatible package

Part No. Application Ratings

PSF15S92F6-A6
A/C, small INV

15A/600V

PSF25S92F6-A6 25A/600V
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Total Loss

■Conditions: Vcc=300V, VD=18V(SiC) /15V(Si), fc=5kHz, Io=1Arms, 

PF=0.95, M=0.8, Sinusoidal, Tj=125°C

Approx.

75％
reduction

Low Noise due to low recovery loss

Super Mini DIPIPM Ver.6

Full SiC DIPIPM

Benefits of Full SiC Super mini DIPIPMTM

Loss Reduction with Noise Reduction enables High efficiency system
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● Advanced module products 
√ DIP IPMs for consumer and home appliances

√ J - ser ies  for automotive 

√ High  power  for industry 

√ Cutt ing -edge packag ing  techs  for various apps
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* An xEV drivetrain may include more than one power device.

World-Wide xEVs using Mitsubishi Electric Power Devices

xEVs

(Million Units)

(Cumulative)

More than 26 Million 

xEVs on the road.

➢ Since 1997, Mitsubishi Electric has pioneered the mass production of power 
modules for hybrid and electric vehicles.

➢ High-Quality track-record with more than 26 Million xEVs on the road 
worldwide utilizing Mitsubishi Electric’s power devices for Drivetrain.

Our strength

◼ Miniaturization

◼ Low loss

◼ High reliability

1997: MP of the world’s first IPM for automotive

2015: MP of a power module integrated with a cooling fin

2016: Developed a power module implementing SiC

2020: MP of SiC for automotive

History of Automotive power devices



28
© Mitsubishi Electric Corporation

M-00091

Mitsubishi Competitor A Competitor C

Series J1A Module 1 Module 2

Size
(including
main terminal)

120 × 115.7mm
S=13,844mm2

(-29% !!)

216 × 100mm
S=21,600mm2

(+11%)

154.5 × 126.5mm
S=19,544mm2

(REF)

162 × 116mm
S=18,792mm2

(-4%)

Weight
340g

(-53% !!)
1,340g

(+86%)
720g

(REF)
560g

(-22%)

Inverter advantage using J1A

◼ Comparison
Inverter/E-Axle using J1A can be miniaturized and has many advantages.

◼ Inverter advantage using J1A
J1A (cross-section) 

➢ Low thermal resistance
➢ Compact and Light weight  
➢ High corrosion resistance without Ni plating
➢ High thermal cycle reliability by solderless connection of substrate

Signal 
terminal Al-wire

Power chip solder
Al-pattern

Main terminal

Case

Insulation
substrate

Cu-frame(DLB)

Al-base fin

Resin
J1A (internal)

Features of Integrated fin 

Cu-frame
(DLB)

IGBT chip

Stable operation 

for single chip drive

◆ System cost reduction 

◆ Expansion of internal space

◆ Vehicle design flexibility

◆ High efficiency

◆ Ensuring collision safety

◆ Saving resources
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Evolution of Mitsubishi automotive power module

２００１ ２００９ ２０１５

O
u
tp

u
t 

 /
 F
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n
c
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 /
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e
rf

o
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a
n
c
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IPM
Integrated PCB/
Wire bonding/
Case type

Ｊseries (T-PM)
DLB/
Transfer mold type

T-PM
Wire bonding/
Transfer mold type

J1 series
DLB/Integrated fin type

２０２０～１９９７

5th gen. IGBT

6th gen. IGBT

4th gen. IGBT

ChipW/B DLB

J1 series structure

Wire bonding and DLB

Al Wire
Cu frame

DLB realizes high reliability by large
bonding area of a chip and frame

Integration of a cooling fin and module 
realizes low thermal resistance

Compact

High reliability

Light wight

Low loss

7th gen. IGBT

J series T-PM structure

Cu-frame
(DLB)

Isolation 
sheet

Mold resinCu-Heat 
spreader

chip solder

High power 

density

Main Terminal
Chip Solder

Wire

Signal terminal

Isolation layer Al Cooling fin Pattern

Next gen cutting-edge 
technologies for drivetrain
ÝTransfer-molded power core 

as building block 
ÝAdvanced RC-IGBT & 

SiC-MOSFET chip sets

under development
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● Advanced module products 
√ DIP IPMs for consumer and home appliances

√ J - ser ies  for automotive 

√ High  power  for industry 

√ Cutt ing -edge packag ing  techs  for various apps
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2015 2020 2025

Gen

7 th gen IGBT

1st SiC

2nd SiC

Next gen IGBT and SiC

Lineup expansion

1.7kV, 2.0kV, etc

Product family
expansion

Lineup 
expansion

LV100

NX

std 4in1 module

• To meet the various requirements from industry including renewables and emerging applications, our 
product covers from legacy modules to new dual modules using both Si and SiC advanced chip techs. 

Product family

Development roadmap for industrial applications
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Key benefits

➢ Industrial LV100 is the next generation standard package for high power industrial applications

Extendable

Scalable and Flexible
Hundreds kW ~ Multi MW

High Power, Compact, Reliable

➢ High output power with compact package

➢ Reliable SLC packaging technology

➢ Low power loss by latest 7th gen chip

100 mm

140 mm

➢ Symmetric package design for paralleling

➢ 2-level and multi-level configurable

➢ Up to 2.0kV, 1200A with one common package 

➢ High power SiC suitable in future

➢ Wide LV100 family (Traction type up to 4.5kV)

New 
2.0kV

Current flow at 

N switching

Current flow 

at P switching

Main electrode

In
te

rn
a
l 
d

e
s
ig

n

Industrial LV100 series
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High Voltage Power Module Progress

4.51 A/cm2

H-series (1200A)

R-series (1500A)

5.64 A/cm2

6.77 A/cm2

X-series (1800A)

The higher current density has been realized by 

chip improvement and package improvement
IGBT  LV100 (600A)

3.3kV SiC LV100 (750A)

10.71 A/cm2

8.57 A/cm2

Module size : Not to scale

IGBT chip improvement

Package

Improvement

(Dual transistor)

SiC Introduction

R-Series X-Series



34
© Mitsubishi Electric Corporation

M-00091

● Advanced module products 
√ DIP IPMs for consumer and home appliances

√ J - ser ies  for automotive 

√ High  power  for industry 

√ Cutt ing -edge packag ing  techs  for various apps
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Cutting-edge Packaging Techs 

Al wire

Al metallization

Chip

Enhanced 

Al alloy wire

Enhanced

metallization

Cu wire

Cu metallization

Cu terminal

Solder

Power board

Solder

Chip Chip Chip Chip

Current tech Performance enhanced 
current tech

Cutting-edge new tech 1: 
Enhanced reliability

Cutting-edge new tech 2: 
Enhanced power density

Cutting-edge new tech 3: 
Low Ls and enhanced power 
density at high frequency

ḱDLBṕDirect Lead Bonding Ṗtechnology : over 14 years MP in automobile
ḱDPBṕDirect Powerboard Bonding Ṗ: under investigation

DLB DPB◆ Internal wiring/connects

Scaled BN
ṕnormal Ṗ

Amount of Filler (arbitrary)

1 1.2T
h
e
rm

a
l 
c
o
n
d
u
c
ti
v
it
y

（
a
rb

it
ra

ry
）

1

2 Scaled BN 

Agglutinated BN

Agglutinated BN
Agglutinated BN

（Orientation control）

Orientation control of filler 
(BN filler) improves thermal 
conductivity of insulating 
sheet

Thermal conductivity
Filler contact area density   
Heat dissipation direction 

◆ Insulation/Heat dissipation

Cu

AlN

Silver
Cu

Chip

chip

chip chip

pressure

heat up

Sintered Ag

<
1

0
0
μ

m

<
5

0
μ

m

Print
nano-Ag paste

Case of Ag sintering
(in mass-production)

◆ Die bonding

Sintering (press, pressure-less）for
High temperature/High power density

Bonding part operation temp, Tvjop > 200℃ 
Thermal conductivity > 250W/m・K 
Heat-Cycling endurance: Extremely high

New Resin-based Thermal Sheet




