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JFY ～2015 2020 2025 2030

Chip 
generation

Wafer size

Next Gen. Planar
・High withstand voltage
・High reliability
・High frequency

1st Planar

3rd Planar/
SBD embedded

1st Trench

Gen.1 Gen.2 

Gen.4 
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2nd Planar

SBD

Gen.3

BPW(Bottom P-well)

w/ Side Pillars

JFET

Under development

Next Gen. Trench
・Low On resistance
・Compact
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✓ Advantage

        Lower Rds(on)

        Higher cell density

Lower channel resistance
Higher channel density

Smaller cell pitch
Higher current density

× Challenge

        Gate oxide reliability

        Electric field management

        Parasitic capacitance

Higher electric field @corner
Higher stress @bottom
Vth instability

Field crowding @corner

Trench SiC MOSFET

Mitsubishi Trench SiC MOSFET (4th Gen.)

High Efficiency

High Performance

High Reliability

Achieved!

1) Trench Bottom P-Well

Reduction of Eox

Increasing RJFET (grounded p-well)

2) n-JFET Doping

Reduction of RJFET

3) p-Sidewall Pillar

Grounding BPW 

→ stabilizing the potential

✓
×

✓

✓
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VGS= +20V/-10V, VDS=0V, T= 175℃,

f= 100kHz, duty= 50%

Vth stability under AC stress

static characteristic 

High Efficiency

High Performance

High Reliability
MITSUBISHI

competitor

MITSUBISHI

competitor

1x1012 cyc

1x1012 cyc
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Stacking fault 

expansion…

✓ SiC-MOSFET has body diode, which causes bipolar degradation due to its conduction.

Serious reliability issue of SiC-MOSFETs.

Dead time

Forward current Reverse current
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Expected field-failure rate of MOSFET utilizing body diodes
(Assuming no screening)
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unipolar
current

unipolar
current

body diode

bipolar
current

dead time
synchronous

rectification

Stacking faults 

expanded from BPD

reliability problem
diode

• Larger bipolar current

• Higher voltage

• Longer operation time

Higher failure rate
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[Conventional SiC module] 

  External SBD* chips are connected in anti-parallel to the SiC-MOSFET chips to avoid bipolar degradation. 

  But…

✓ Cannot completely suppress bipolar conduction Special screening tests are necessary.

✓ The larger the withstand voltage, the larger the SBD chip size

drift 
resistance

Need to be lower 
than
built-in potential

Too large 

SBD chip…
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Increased manufacturing cost.

Limited current density.

SiC-MOSFET SiC-SBD

* Schottky Barrier Diode
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Reducing the pitch to the unit cell sizeRepetition pitch is shortened

The beginning of 
bipolar conduction

Largely divided, 

equivalent to the external SBD chip

U N I F U L L C E L L D E S I G N3
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[New module]

  Bipolar degradation is prevented by embedding SBD into MOFET chip.

✓ Can completely suppress bipolar conduction in SOA*. Special screening tests are unnecessary.

✓ The external SBD chips are unnecessary.            

SBD-Embedded 

SiC-MOSFET

Embedded SBD

drift resistance
is shared

【Processes of inactivating the body diode】

* Safe operating area

Reduced manufacturing cost.

Increased current density.
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SBD embedded MOSFETMOSFET + SBD

MOSFET

SBD emb.

MOSFET
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Design concept Bipolar Degradation

1000A/cm2, 10ms 100A/cm2 x 1 week
@150℃
deadtime 1μs

MOSFET

SBD emb.

MOSFET

✓ Bipolar degradation of SBD embedded MOSFET is negligible

-54%

(chip area)

✓ Chip area reduced by half or less
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Chip characteristics Power modules

Type FMF800DC-66BEW

Voltage rating 3.3kV

Current rating 800A

Isolation voltage 6.0kVrms 

Connection 2in1 

Dimensions (W×D×H) 100×140×40mm

Sample shipments May 31 2023

Reverse characteristics (3rd quadrant)

Reverse recovery

✓ Lower Vf

✓ smaller recovery current 
                    (thanks to unipolar operation) 

Si IGBT + Si FWDi SiC MOS + SiC SBD SBD embedded MOS

-81%

-90%

Unipolar device (MOSFET) , 
  Uni-chip (SBD embedded), 
  and Full-SiC module

VDD=1800V, IO=400Arms fc=1kHz, m=1, cos φ=+0.85

Unifull

High Efficiency

High Performance

High Reliability
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C O N C L U S I O N

Reliability of SiC devices and converters is most important 

point for user acceptance

Quality of our power modules is always our highest priority

Our customers‘ decades of field experience with their SiC 

power converters is the best proof

16
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Visit our Booth and Choose from Various SiC Devices!
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