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Gate-Source Voltage Surge Suppression Methods

Power semiconductors such as MOSFETs and IGBTs are used as switching components for various power supply applications and power lines.
SiC MOSFETS, which have been increasingly adopted in recent years, operate at such a high-speed that changes the voltage and current during
switching cannot be ignored due to the effects of the package inductance of the device itself and the wiring parasitic inductance of the surrounding
circuits. In particular, the gate-source voltage may cause an unexpected positive or negative surge when the voltage or current of the device itself

varies, thus, various countermeasures have been investigated. Therefore, this application note aims to present the best countermeasures while

clarifying the causes of the surge that occurs between gate and source of the MOSFET.

Surge in Gate-Source Voltage

In the application note “Gate-source voltage behaviour in a
bridge configuration” *1, we explained in detail the surge of
gate-source voltage that occurs when switching device is turned
on or turned off in a bridge configuration. Surge is generated not
only on the switching side (LS) of the circuit but also on the
non-switching (HS) depending on the voltage and current

change of the switching side.
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Figure 1: Synchronous rectification BOOST circuit

Figure 2 and Figure 3 show the behaviour of the gate-source
voltage when LS is turned on and off, respectively. The
horizontal axis denotes time, and the time periods Tk(k=1~8)

are defined as follows:

T1: LS is ON, and Ip of the MOSFETSs varies
T2: LS is ON, and Vbs of the MOSFETS varies

T3: LS is ON, and Ipand Vbs are nearly stable
T4: LS is OFF, and Vbs of the MOSFETS varies
T5: LS is OFF, and Ip of the MOSFETSs varies
T4-T6: Dead time, LS is OFF until HS turns ON
T7: HSis ON (synchronous rectification)

T8: Dead time, HS is OFF until LS turns ON
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Figure 2. Gate-source voltage behaviour (turn-on)
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Figure 3. Gate-source voltage behavior (turn-off)

Event (1) to (IV) shown in Figure 2 and Figure 3 are caused by
the following factors:

Event (1), (VI): Change in Ip of the MOSFET (dlo/dt)
Event (1), (IV): Change in Vbs of the MOSFET (dVops/dt)
Event (l1l), (V): Change in Vps stopped

Surge Suppression Circuit

As explained in the previous section, the positive surge of the
gate-source voltage (Vas) occurs on both the switching side and
the non-switching side. However, the major concern is on the
non-switching side (Figure 2 Event (Il)). This is because, since
the switching side is already turned on, if the positive surge
voltage on the non-switching side exceeds the gate threshold
voltage (Vesan) of the MOSFET, self-turn-on occurs and a
through current flows. However, because the
trans-conductance of a SiC MOSFET is smaller than that of a
Si-based MOSFET, excessive through current does not flow

immediately. Therefore, even if a through current flows, there is

basically no problem if the cooling capacity is sufficient and the
Timax) Of the MOSFET is not exceeded. However, since it affects
the overall system efficiency and is not in a favourable state, it
is necessary to add a surge suppression circuit to avoid the
voltage exceeding the Vs of the MOSFET.

An example of the surge suppression circuit is shown in
Figure 4.

In the same figure, a surge suppression circuit is added to a
general MOSFET drive circuit, and its function is shown in Table
1.

In addition, VCC2 and VEE2 are the power on and power off for
the drive circuit, respectively. OUT1 is the ON/OFF signal for
the MOSFET, OUT?2 is the control signal for Miller clamp, and
GND2 is the GND of the drive circuit. Figure 4(a) shows the
circuit when VEE2 is in use, and Figure 4 (b) shows the circuit

when it is not in use.
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Figure 4. Positive surge suppression circuit
(a) Negative bias (with VEE2), (b) OV bias (without VEE?2) drive
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Table 1. Surge suppression circuit and its function

Function Symbol Details

Positive surge suppression
Positive surge | D2 when switching side is turning
suppression (C2) on.

(C2 is bypass capacitor)

Negative surge suppression on

Negative g g

switchin side and non-
surge D3(C3) W! I g . I
Suppression switching side.

PP (C3 is bypass capacitor)
Positive surge 02 Positive surge suppression on
suppression non-switching side.
Self-turn-on c1 Positive surge suppression on
prevention non-switching side

Since D2 and D3 normally absorb pulses of several ns and
voltage need to be clamped at as low as possible, Schottky
barrier diodes (SBD) are used. In addition, it is more effective to
use low impedance bottom electrode type package such as
SOD-323FL.

Positive Surge Voltage Countermeasures

To suppress the positive surge of the non-switching side Vas
at event (Il) shown in Figure 2, Q2 or C1 shown in Table 1 can

be used.
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Figure 5. Surge suppression circuits verification

(a) no surge suppression circuit,
(b) Miller clamp MOSFET only,
(c) Clamp SBD only,

(d) Self-turn-on prevention capacitor only

In order to verify the effect of the surge suppression circuits,
we implemented the circuit individually and observed the
waveforms. ROHM’s SiC MOSFET (SCT3040KR) was used for
this purpose. Figure 6 shows the outline and general
specifications of SCT3040KR.

Vbss 1200 V

Rbs(on) 40 mQ
Ip 55A
Ppo 262 W

Figure 6. SCT3040KR (4L) outline and general specifications

As shown in Figure 5, the effect of each circuit,
(a) is no surge suppression circuit, (b) is Miller clamp MOSFET
(Q2) only, (c) is clamp SBD (D2, D3, C2) only, and (d) is
Self-turn-on prevention capacitor only was verified by

performing the double pulse test shown in Figure 7.
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E: 800V, L: 250uH, Re_gxt: 10Q

Figure 7. Double pulse test circuit

The waveforms at turn-on are depicted in Figure 8, the rows
from the top to bottom display: switching side gate-source
voltage (Ves_ns), non-switching side gate-source voltage
(Ves_Ls), drain-source voltage (Vbs), and drain current (Ip) for
each surge suppression circuit: (a)no surge suppression circuit,
(b)MOSFET for Miller clamping only, (c) SBD for clamping only,
(e) Miller clamp MOSFET + clamp SBD using the surge
suppression circuit shown in Figure 4(b).

As can be seen in Figure 8, it is clear that the positive surge
voltage cannot be suppressed in the case where there is (a) no
countermeasure circuit and in the case of (c) clamping SBD
only is added. It can be observed that Ves_Ls rises and greatly
exceeds the Ves(h), and Ip is larger compared to the ones with
countermeasure circuits. This phenomenon, the so-called
self-turn-on occurs at the non-switching side (in this case, LS
MOSFET). It

countermeasure (b) to prevent this phenomenon.

is therefore essential to implement

However, to implement this countermeasure circuit, it is
necessary to have a control signal for Miller clamp circuit drive.
This signal needs to distinguish the drive timing while
monitoring the Vas voltage. Usually, this signal is equipped in
the driver IC, but if you are using a driver IC without this driving

function, the countermeasure (b) cannot be implemented.

Ves_ts [V] Ves_ns [V]

(b) ©) 40ns
80n 120n 160n 200n 240n

Time [s]

-40n O 40n

Figure 8. Turn-on waveforms
(a) no surge suppression circuit, (b)Miller clamp MOSFET only,

(c)clamping SBD only, (e)Miller clamp MOSFET+ clamping SBD

In that case, alternatively you may add a self-turn-on
prevention capacitor between gate and source of the MOSFET

as shown in Figure 5(d) to suppress the surge.
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Ves_Hs
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Figure 9.Turn-on waveforms when self-turn-on prevention
capacitor is added
(a) no surge suppression circuit, (b) 2.2nF, (c) 3.3nF, (d) 4.7nF
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Figure 9 shows the turn-on waveform when self-turn-on
prevention capacitor is added. It can be observed that the rise
of the Ves_Ls is smaller as well as the turn on surge of the Ip in
(b), (c), and (d) when the capacitor is added compared to (a) no
surge suppression circuit.

However, as can be seen from the Io waveform, adding a
self-turn-on ON prevention capacitor slows the turn-on
operation and increases the switching loss. Therefore, it is
important to select the value as small as possible. In this

evaluation, 2.2nF was used, and it showed a sufficient effect.

Negative Voltage Surge Countermeasures

The negative surge during turn-off of the non-switching side
Vas at event (V) shown in Figure 3 can be suppressed by using
Q2 or D3 shown in Table 1.
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Figure 10. Turn-off waveforms
(a) no surge suppression circuit, (b) Miller clamp MOSFET only,

(c) Clamping SBD only, (e) Miller clamp MOSFET + clamping SBD

The waveforms at turn-off are depicted in Figure 10,
like the one shown in Figure 8, the rows from the top to bottom
display: switching side gate-source voltage (Ves Hs),
non-switching side gate-source voltage (Ves_Ls), drain-source
voltage (Vbs), and drain current (Io) for each surge suppression
circuit: (a)no surge suppression circuit, (b)Miller clamp
MOSFET only, (c) clamping SBD only, (e) Miller clamp
MOSFET + clamp SBD, using the surge suppression circuit

shown in Figure4(b). As can be observed from the waveforms,
negative surge can be suppressed by using either one of the
surge suppression circuits.

Moreover, as can be observed from the turn-off waveforms in
Figure 11, negative surge cannot be suppressed by adding
self-turn-on prevention capacitor. Therefore, if the surge
suppression circuit (b) cannot be implemented, it is necessary
to optimize the overall system efficiency by using the surge

suppression circuits (c) and (d) together.
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Figure 11. Waveforms at turn off when self-turn-on capacitor
is added
(a) no surge suppression circuit, (b) 2.2nF, (c) 3.3nF, (d) 4.7nF

Precautions on suppression circuit layout

Figure 12 shows a layout example of the surge suppression
circuit.

On this board, two MOSFETs (LS and HS) are arranged in a
bridge configuration, and the gate terminal and driver source
terminal are assigned below each MOSFET. The Vs surge
suppression circuit is placed closest to each gate terminal and
connected at the shortest distance.

Figure 13 shows the layout of the surge suppression circuit.
When multiple surge suppression circuits are implemented, the
mounting position must first be determined with the highest
priority given to the Miller clamp MOSFET (Q2). Next, the

negative surge clamping SBD (D3) and its bypass capacitor
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(C3), followed by the placement of the positive surge clamping
SBD (D2) and its bypass capacitor (C2), and finally the-turn-on
prevention capacitor (C1). This is because the distance where
the Miller clamp MOSFET is placed greatly influences the
suppression effect due to the wiring inductance, even by placing

it a few centimeters away.

Figure 12. Layout example of the surge suppression circuit

Moreover, the wiring length of the surge suppression circuit
return line (return line to the driver source terminal) and the loop
created by the surge suppression circuit wiring should also be
taken into account. This is because EMC noise generated in the
Io is large due to the effect of high-speed switching of the SiC
MOSFET. It is therefore crucial to make the wiring loops as
short as possible to prevent them from radiating the EMC noise.

The evaluation board used for this application note has a
four-layer structure, and its return line is placed in the entire
layer 2. By doing so, the return line can be placed directly under

the surge suppression circuit, thus, minimizing the loop area.

: \ Driver

| Source

MOSFET |

Driver
Source

(b)

Figure 13. Surge suppression circuit layout
(a) Layer 1, (b) Layer 2

Note that the bypass capacitor for clamping the SBD is not
required if the impedance from the drive power supply is
sufficiently low, but in general the power supply source is often
far, and the bypass capacitor is placed near the SBD. It is
necessary to enable the SBD to operate with low impedance. In
addition, as an indication, use a capacitor (0.1uF, 1.0 x 0.5mm

size) with resonance point in tens of MHz band.

As described above, the gate signals of the SIC MOSFETs
with the bridge configuration operate while the MOSFETs are
related to each other, generating an unexpected voltage surge
in the addition,  various

gate-source  voltage. In

countermeasures are required for the surge suppression,
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involving the layout of the board and the surrounding
components to be selected. We hope that you will be able to
select the best countermeasures for your design using the

methods presented in this application note.

Reference :

*1 Gate-source voltage behaviour in a bridge configuration
Application Note (No. 60AN135ERev.002)
ROHM Co., Ltd. April 2020
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

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

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.

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.

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.

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

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.

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

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

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.

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.

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 Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

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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