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Background
SiC-MOSFETs have been widely used in high-voltage and fast switching applications. Superior 
switching characteristics and power conversion efficiency have been repeatedly demonstrated.

ü VGS overshoot :
Fast switching > Slow switching

ü dV/dt : Fast switching > Slow switching

The trend toward fast switching

Target Applications for SiC-MOSFETs

PV Inverter xEV Application

Charging Station Power Supply

Example requirements

n SiC-MOSFET
n 1200V withstand
n ID : 50A or more

Issue due to fast switching

Switching waveforms

Fast switching

Slow 
switching
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The Applications become higher power
Trench gate structure is the mainstream for fast switching

Trench Gate structure
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VGS overshoot causes parasitic turn-on, and the
efficiency deteriorates from shoot-through current!

< Parasitic turn-on phenomenon >

With SiC MOSFETs it is important to prevent parasitic turn-on!

Shoot through current à less efficiency

VGS overshoot occurs between gate and source

threshold voltage
VGS (th)

No countermeasure
Built in Miller Clamp

VGS (th) < VGS overshoot
The threshold voltage is exceeded 
(parasitic turn-on).
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Conventional circuit

A Miller clamp circuit is needed that could be operated externally
without changing the gate driver.

(1) Built in Miller Clamp (2) Add a capacitor 
between gate and source (3) negative bias voltage (4) No countermeasure

Circuits

Issues
1. Complex logic circuit.

2. Not always available Higher switching loss Difficult to use with trench 
gate structure

Need to replace the gate 
driver

Conventional techniques against parasitic turn-on involve the addition of external components 
and a negative bias voltage. However, these measures have been difficult to solve the issues.

(2) and (3) are difficult to solve.
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Analysis / Approach

1. Multiple additional power supplies are required for the comparator and Logic.
2. The comparator may malfunction due to ringing of the Gate signal.

Traditional external Miller clamp circuits are not always practical due to the issues

Issues of the circuit
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Solution
A new external Miller clamp was devised which overcomes the problems of conventional circuits

Time chartBenefits of the new clamp

1. Easy to design
2. Low noise
3. Low costGate Driver Circuit

Additional components
for the new Miller clamp=

Switching side

Commutation side
Commutation side

Switching side
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Turn-on operation

l Switching side
When the Gate Driver goes HIGH, R1 and D1 are used to charge C2 and prevent Q3 from turning ON 

Equivalent circuit when SiC-MOSFET turns-on

Switching side

Commutation side

Switching side

(1)

VGS

VC2

(1) Switching side, Q4 turns-on
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Turn-on operation
(2) Commutation side, Miller clamp operation

l Commutation side
When the switching side SiC-MOSFET turns ON, a positive gate surge is observed in Q14 on the commutation 
side. Since C12 is not charged at this time, a charging current flows through R13 to charge C12, and a negative 
voltage VBE rises between the base and emitter of Q13, enabling Q13 to turn on and clamp the positive surge at 
the gate of Q14. 

Switching side

Commutation side

(2)
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Turn-off operation

l Switching side
When the SiC-MOSFET turns OFF, R2 and the Gate Driver provide a path to discharge C2 later than the 
gate of the SiC-MOSFET, to keep Q3 in its OFF state.

(3) Switching side, Q4 turns-off

Switching side

Commutation side

(3)

VGS

VC2

Equivalent circuit when the SiC-MOSFET Turns-off
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Simulation
The operation of the new Miller clamp circuit was verified by simulation

Simulation circuit Simulation result

Newly Miller clamp

No Miller clamp
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Evaluation results
Measured the switching waveforms with new Miller clamp circuit and without Miller clamp

VGS overshoot was improved and switching loss was also reduced

Switching side gate voltage
Commutation side gate voltage

Switching loss comparison

Switching loss : 

18.5％ down
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Evaluation results
Efficiency measurements with the new Miller clamp showed a significant improvement in efficiency 
compared to without the Miller clamp.  Now we can fully exploit the performance of SiC-MOSFETs!

New Miller clamp
Without Miller clamp
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Summary

ØSiC-MOSFETs have been widely considered for use in high-voltage 
and fast switching applications.

ØAs the applications become higher power, it is important to take 
measures to prevent increased losses due to parasitic turn-on.

ØIn the new Miller clamp circuit, it was possible to reduce the
switching loss by 18.5%.
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