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Design Considerations on the Gate Driving
Circuit of Quasi-Resonant Controller for 1700V
SiC MOSFET

Introduction

With the Increasing demand for SiC (Silicon Carbide) MOSFETSs, High Voltage Super Junction MOSFETs and IGBTs are giving way to SiC
MOSFETs in a variety of applications where faster switching speeds and higher breakdown voltages are required, and additionally, the size of
the system matters accordingly. However, designing the gate driving circuit for a SiC MOSFET should be approached in a way that differs from
the conventional Silicon Power Device, because the operating range of the gate source voltage is different from Si MOSFETs and IGBTs. In this
Application Note, we will discover SiC MOSFET switching characteristics, how to optimize them with the Quasi Resonant controller in the line-

up of Rohm Power Management IC ACDCs, and finally attempt to design a circuit with a calculation example.

Lo . temperatures. Unlike Silicon devices, whose Rason is
Characteristics of SiC MOSFETs

higher and shows sudden jumps as the drain source

voltage (for IGBT, Collector-Emitter voltage) increases,
SiC MOSFETSs have lower Rason than Silicon MOSFETS.

SiC MOSFETSs are made with dielectric breakdown field
strength, much higher than Silicon MOSFETSs. In some

the Rason of SiC devices performs better in Vd-Id

characteristics, as shown in Fig1. This phenomenon is

intensified as the operating temperature rises. The
high-voltage devices it is possible to place a thinner

] ] ] slope of Vd/Id corresponds to Rason; at 150°C the slope
drift layer that determines Rdson, SO that Rason is lower
in SiC MOSFETSs in comparison to Silicon MOSFETs, if

the chip size is the same. The SiC MOSFET has further

is not as steep as it is at 25°C. The change of Radson by
temperature increase in SiC MOSFETs is less

significant than in Silicon devices. In the case of IGBTSs,
advantages when used as an IGBT replacement: The
) ) experience has shown that the efficiency in the lower
IGBT has a good cost performance with higher ] o
] Vd and Id area is not good, as seen in Fig 1, so IGBTs
breakdown voltage and lower resistance, but the ) ) - ]
] are more suitable for high power applications. SiC
parameters of both Eon an Eoff have to be taken into o
MOSFETs, on the other hand, have a good efficiency
account when designing a driver to reduce switching . ) o
o o in a wide power range of applications.
loss, and lower switching speed limits the IGBT to

usage in high switching applications only. In contrast,
the SiC MOSFET is also a majority carrier device and
Eon, Eoff are no longer an issue, such that it can cover
most of the playfield where IGBT has been playing so
far. SiC MOSFET can operate with less loss at higher
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Vd-Id characteristics, 25C

Vd-Id characteristics, 150C

ROHM
SiC MOSFET

1200
15

1200V

Vds (V) Vds (V)

Fig.1: Vd-Id Characteristics at 25degC (left) vs
150degC (Right)

Design Considerations on the Gate
Driving Circuit of SiC MOSFET

As mentioned previously, the SiC MOSFET has a
thinner drift layer, meaning a lower Radson, Whereas it
has a higher channel resistance. Therefore, there is an
obvious necessity to bring Vgs (gate source voltage)
above a certain level in order to drive the device;
preferably for SiC MOSETs as high as 18V is
reasonable, as the slope of Rason per Vgs at 18V to 20V
becomes less variable and remains at the minimum
value, regardless of the operating temperature as seen
in Fig 2. This is one of the aspects where IGBTs differ
from Si MOSFETSs, where Vgs = 10V to 15V is applied,
and it is an important point when optimizing a gate
driver with SiC MOSFETs.

On-Resistance vs Vgs
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Fig. 2: Rdson — Vgs Characteristics SCT2080KE

Apart from the fact that SiC MOSFETSs require higher
Vgs voltages for full driving mode, making use of
negative Vgs tends to be interesting for some
applications. This is because SiC MOSFETs have
comparatively lower thresholds of Vgs. The low-side
FET in the bridge model is usually turned ON, forced
by the input capacitance Cg4, and so-called ‘shoot-
through’ occurs due to the lower Vgs, even when its
status is OFF and High Side FET status is ON. Thus,
both high and low sides are ON simultaneously, and
consequently they are damaged by the higher current.
However, system damage can be avoided by driving
negative voltage on the gate driving circuit, and this
improves the turn-OFF behavior as well. That is the
reason why a suitable gate driver IC is required for SiC
MOSFETs. The switching speed of SiC MOSFETs can
be faster or slower by adjusting the external gate
resistors. Lower resistances lead to faster device
switching, however, the internal resistance of SiC
MOSFETs is generally very high due to small chip size
in contrast with silicon device chips. On the other hand,
the gate capacitance (Qg) is lower. As the parameters
Qg, Rg_in and Rg_ex determine the switching speed for
the circuit, they should be understood prior to taking on
the gate driver design with SiC MOSFETSs.

The basic steps to design gate driving circuits with turn-

off Schottky diodes and BD7682FJ-LB are introduced

here:

Vcc
O

8v
Clamper
Di(off) R6(off)

[] Epo
o l—k—W\l— Qgd
Vout e A\ I
e Ralon)
_| Rpo Qgd
n

Fig. 3: Gate Circuit with BD7682FJ-LB
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Define the gate resistor Rgon) & Ig according
to equation(1):

Equation (1)

Vee — Vgsan

Ry, = Rpon + RG(nn) = I

9

— Qgs+ di

tSW

tSW

Reony = (Ve — Vgseny) % m — Rpon

Ig: Gate current to SiC MOSFET (A)

Qgs: Charge of gate and source of SiC MOSFET (nC)
Qgd: Charge of gate and drain of SiC MOSFET (nC)
Rpon: ON resistance of PMOSFET (Q)

Vgs(th): Threshold voltage of SiC MOSFET (V)

tsw: Switching time (nS)

Note: tsw is the time it takes to reach the end of the

plateau voltage and 1~2% of the switching period.

The turn-on speed can be controlled by adjusting Rg(on)
and tsw is induced from the switching frequency of the
gate driving circuit. Selecting a turn-off gate resistor, on
the other hand, should be taken well into account for
Cgd (capacitance of the MOSFET’s gate drain), as the
gate current flows into Cga at the turn-on stage, so it is
fully charged. If the value is set too high for the turn-off
resistor, and the turn-off speed is slow, Vgs begins to
rise to the threshold and the ‘shoot-through’ occurs
across the devices in the bridge model. However, as
already mentioned, in a single-MOSFET model with a
flyback topology, ‘shoot-through’ does not occur, so this
is not applicable to this case. Nonetheless, it is
meaningful to design the turn-off gate resistor with a
Schottky diode to improve the switching-off speed. The
next step in designing a turn-off gate resistor is shown

in equation (2):

Equation (2)

Vgs(th),min = (Rmm + RG(off)) X Ig

dVout
(Ruon + Rotopp)) X Coa—gr—

dvout _ Ig
dt ~ Cgd
dVout
Reorp) = Vs(th) min ~ ngT — Ryuon

Rnon: ON Resistance of NMOSFET (Q)
Vout: Output terminal voltage of BD7682FJ-LB (V)
Cgd: Capacitance of Gate and Drain of SiC MOSFET

If Rgeorr) is set too low, Turn-off voltage overshooting
may occur due to high di/dt on the switching device. A
Schottky diode is reasonable in order to speed up the
turn-off transients; the recommended rated reverse
voltage and forward current are larger than Vgs and 1,

respectively.

In the meantime, since a gate loop exists along the
path where the gate current flows, the loop should be
designed as short as possible to minimize parasitic

inductance effects on the circuit.

Introduction of BD768XFJ-LB

The BD768XFB-LJ series is a group of Quasi-
Resonant (QR) controllers. QR controllers offer a
popular driving method for flyback topologies across
middle to lower power applications. The advantage of
the QR is the soft switching that is enabled by its
internal logic to determine a switch-on point. As input
voltage and load current vary in a system, the switching
frequency varies accordingly, and the controller
catches a point where voltage ringing in the drain

source of the switching device is at its lowest and
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decides to switch on at a desired point. Hence,
switching loss is significantly lower compared with
PWM controllers as shown in Fig 4.

PWM
Switching on

i | A Loss is reduced

77777777 Tar
Switching on

RN O R S

lower Vin

Y,
Close to Zero voltage switching QR performs efficiently than PWM controllers.

Fig 4. QR Drain Source Voltage Waveform analysis

In the case of a flyback topology, instead of the double
switching devices in series, which are acceptable to
support higher input voltages up to 900VDC, the single
switching device is reasonable here thanks to the
1700V SiC MOSFET. The bridge circuit is not required
in this case, but there still is a need for either a Schottky
diode or a PNP transistor to accelerate the turn-off
speed. Once the IC is started up successfully, VCC
begins to supply voltage to the IC via auxiliary
windingstart). The gate voltage of BD768XFJ-LB is
supplied partially from auxiliary windings (VCC voltage)
and clamped to 18V _typ by an internal 18V clamp (Fig
5. Block Diagram of BD768XFJ-LB). The IC provides
an operation voltage range of 16V to 20V. By clamping
it to 18V internally, no additional clamping circuit for
Over-Voltage Protection (OVP) is needed and VCC
UVLO is achieved by an internal voltage comparator
with reference to 14V. Therefore, BD768XFB-LJ is a
suitable solution to drive SiC MOSFETs whose gate
voltage is designed up to 22V. (Rohm SiC MOSFET
SCT2H12NZ, TO-3PFM)

Fig 5. Block diagram of BD768XFJ-LB

Design Example of Gate Driving
Circuit

SCT2H12NZ (1700V, 1.15Q_typ) and BD7682FJ-LB
are selected for the design. The required Parameters

are as follows.
BD7682FJ-LB (QR Controller, Rohm)

Vout: 18V
Rpon: 15Q
Rnon: 4.6Q2

SCT2H12NZ (1700V, 1.15Q_typ, Rohm)

Vgs(th)_min: 1.6V
Vgs(th): 4.0V
Qgs: 4nC

Qgd: 5nC

Cgd: 6pF

tsw is set to 100ns, since this equals 1% of the switching
frequency of the gate driving circuit, which is set to
100kHz as a rule of thumb.
4nC+5nC

= 200 _ = 90mA
tow 100ns ’
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t

RG = VCC -V h XL— R
om = ( gsem) Qs+ Qga 7"

_18V -V sw = 140.5w
T 90mA - '
dVout Ig 90mA

dt = Cgd  6pF

dVout

Rieofp) = Ves(th) min * [ T — R,on

= 1.6V -+ 90mA —4.6W=13.2W

The Schottky diode is RB160M-60 (60V, 1A). Rated
reverse voltage and forward current of the diode are
reasonable for this circuit. A pulldown resistor 10k is
added across gate and source for the MOSFET. As an
initial gate driver for SCT2H12NZ, the 1700V SiC
MOSFET is designed with BD7682FJ-LB in Fig 6.

Vcce
?
1
18V
Clamper
13.2Q
SBD (BOV. 1A)  Ra(off)
_I Rpo
n
Vout
_I Rpo
n

- SCTZH12NZ

BD7682FB-LJ

Fig 6. Gate Driver for SCT2H12NZ with BD7682FJ-
LB

Finally, if over/undershooting voltage exists, the
waveform should be observed on both turn-on and
turn-off, since the switching behavior may be affected

by the values of the gate resistors.

Conclusion

A gate driving circuit is very demanding and the design
process entails many pre-conditions for drawing the
circuitry. What is the target switching frequency? Is the
switching frequency suitable for the system? What
kinds of switching devices are to be used? Is there
protection such as gate voltage UVLO/OVP and
thermal design? In this article, some fundamental
points essential to the driving circuit and device,
especially SiCs, were discussed. Rohm’s DCDC
converter solution to 1700V SiC MOSFET was
introduced and an example of how to build up the gate
driving circuit with BD768XFJ-LB was shown. For
further information on datasheets as well as evaluation
boards of BD7682FJ-LB and SCH2H12NZ, please visit
ROHM’s homepage.

By Youngku An, Application Engineer; Application
Technical and Solutions Center, Rohm Semiconductor
GmbH.
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Notes

1) The information contained herein is subject to change without notice.

2) Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

3) Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.
Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

4) Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

5) The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

6) The Products specified in this document are not designed to be radiation tolerant.

7) For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

8) Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

9) ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained hergin.

10) ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

11) Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

12) When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Adminisiration Regulations and the Foreign
Exchange and Foreign Trade Act.

13) This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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