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Background

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

Target Applications for SIC-MOSFETs
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The trend toward fast switching

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

Planar

Trench Gate structure
structure

Switching speed

Process evolution

Issue due to fast switching

Vs High

Vbs High

Vs Low

Switching waveforms
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Vs High

Vs High

VGs Low

Vgs overshoot causes parasitic turn-on, and the

efficiency deteriorates from shoot-through current!

< Parasitic turn-on phenomenon >

20
No countermeasure
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o 10 threshold voltage
Fast switching {\\ Vee (th
. 5 as (th)
Slow switching 2 R
©
© 5

Vs overshoot occurs between gate and source

dvps (parasitic turn-on).

Vs overshoot=Ibc"Re= Cep*Rc* 1t Shoot through current >

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

VGS (th) < VGS overshoot
The threshold voltage is exceeded

less efficiency
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Conventional circuit

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.
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g (2) and (3) are difficult to solve. Q

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

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

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

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

vcC1
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Gate Driver Circuit 3. Low cost
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Turn-on operation

(1) Switching side, Q4 turns-on

VCC 1

High-voltage

Switching side

Signal

ouT1

ouT2

GND

Equivalent circuit when SiC-MOSFET turns-on
® Switching side

)

VGS overshoot

Dead tlme/

o ——
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Dead time

Switching side

lc_a13 I\

I Commutation side I

When the Gate Driver goes HIGH, R1 and D1 are used to charge C2 and prevent Q3 from turning ON
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Turn-on operation

(2) Commutation side, Miller clamp operation

vCcC 2

T
]

Roff D13
ouT2

Signal

j ) Turn-ON

»

T}

i

o

® Commutation side

00

} Low side

lc_a13

: (2)

Deadtlme/ Dead time
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VGS overshoot
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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 Vige rises between the base and emitter of Q13, enabling Q13 to turn on and clamp the positive surge at

the gate of Q14.
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Turn-off operation
(3) Switching side, Q4 turns-off N _(_3) _
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® 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.
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Simulation

The operation of the new Miller clamp circuit was verified by simulation
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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
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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!
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Summary

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

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

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