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Abstract: The active gate drive (AGD) technique is payed attention as a switching technique which can reduced
both of switching loss and surge voltage. So far, only switching loss and surge voltage of main switch have
been discussed, and the reverse recovery characteristic of rectification diode has not been discussed. In addition,
the mechanism of loss and surge reduction has not been clarified. In this paper, the influence of AGD on re-
verse recovery characteristics, and the mechanism of loss and surge reduction are discussed for system reliability
improvement. As a result, the mechanism of loss and surge reduction is clarified.
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1. Introduction

A switch mode power supply (SMPS) has been miniatur-
ized with miniaturizing the electric equipment. The easi-
est technique for miniaturization of the SMPS is high fre-
quency switching. Higher switching frequency leads to
achieve the miniaturization of the passive components such
as inductor, transformer, capacitor which occupying a large
volume in SMPS. On the other hand, the switching loss and
surge voltage of the MOSFETsS as switching device are in-
creases, and the reverse recovery loss of the rectification
diodes are also increases.

The system reliability of SMPS has been decided by the
life time of the electricity capacitor, so far. However, the
ceramic capacitors are used instead of the electricity capac-
itor for miniaturization of the SMPS. In this electricity ca-
pacitor less SMPS, the system reliability is decided by the
life time of the switching devices such as MOSFETs and
rectification diodes. The switching loss and surge voltage
of MOSFETs are increased, and the reverse recovery loss
of rectification diodes are also increased by higher switch-
ing frequency, but heat sink is not able to be so larger for
miniaturization of the SMPS. Therefore, the hot spot of
switching devices due to the large loss and surge causes the
peeling of solder layer and lifted off of bonding wire, and
these phenomena are remarkably decreased system reliabil-
ity[1][2]. So far, these issues have been solved by snub-
ber circuit and soft-switching technique with auxiliary cir-
cuit, though these techniques inhibits the miniaturization of
the SMPS and the system reliability is decreased due to the
large amount of circuit components.

The active gate drive (AGD) technique is payed attention
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Table 1: Circuit parameters and specifications.

Symbol Descriptions Value
VDD Input Voltage 20V
L Smoothing Inductor 150 uH
MOSFET Main switch STP20NM60
Diode Rectification diode STTHSLO6

as the switching technique which can reduced both prob-
lems of switching loss and surge voltage [3]~[6]. In refer-
ences 3 to 6, the only effect of the active gate drive has been
discussed and its mechanism of surge voltage and switching
loss has never been discussed. In addition, only main switch
has been discussed, and the reverse recovery characteristic
of rectification diode has not been discussed.

In this paper, the influence of AGD on reverse recovery
characteristics is confirmed, and the mechanism of loss and
surge reduction are clarified.

2. Effect of Active Gate Drive

The switching characteristics are measured by using switch-
ing test circuit with double pulse as shown in Fig.1. As
shown in Fig. 1, the resistance is connected in series with
the transistor, and the resistance is switched by giving the
pulse single to the transistor. The switching loss and surge
voltage of MOSFET during turn-off interval, and the reverse
recovery current during turn-on interval are evaluated. At
first, both of MOSFET and rectification diode character-
istics are measured with constant gate resistance, respec-
tively.

Next, the influence of AGD on both of MOSFET and rec-
tification diode characteristics are examined, respectively.
The circuit parameters and specifications are shown in Ta-
ble 1.
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Figure 1: Switching test circuit with AGD.
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Figure 2: Switching loss and surge voltage of MOSFET.

2.1 Turn-off interval The switching loss and surge
voltage characteristics against gate resistance are shown in
Fig.2. Although the surge voltage is decreased with in-
crease of gate resistance, the switching loss is increased,
as shown in Fig. 2.

There is the relation of the trade-off of the switching loss
and surge voltage, and the optimal gate resistance is around
120 ohm. In this case, the switching loss is around 75 uJ
and surge voltage is around 20 V. Next, the influences of
AGD on switching loss and surge voltage reduction are con-
firmed.

The gate resistances connected in high-side PNP transis-
tor showing in Fig. 1 are switched by 4 states. Based on
device physics, there are 3 states between turn-off inter-
val. However, drain-source voltage is gradually increasing
in first-half of miller interval, and the drain-source voltage
is rapidly increasing in second-half of miller interval, as
shown in Fig.3. Hence, turn-off interval is separated into
4 states. Both of switching loss and surge voltage are re-
duced as shown in Fig. 4. In this case, the switching loss is
80 uJ and surge voltage is around 5 V. These results are the
same as previous reports [3]. Moreover, the sufficient effect
has been confirmed although only 4 states AGD.

2.2 Turn-on interval The reverse recovery current of
rectification diode and switching loss of MOSFET charac-
teristics against gate resistance are shown in Fig.5. The
reverse recovery current of rectification diode is reduced
easily with large gate resistance. However, the switching
loss of MOSFET is increasing in proportion to the gate re-
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Figure 3: Switching waveform of turn-off interval.
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Figure 4: Effect of AGD in turn-off interval.
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Figure 5: Reverse recovery current of rectification diode and
switching loss of MOSFET.

sistance as shown in Fig. 5. The optimal gate resistance is
around 190 ohm. In this case, the reverse recovery current
is around 1.3A and the switching loss is 30 uJ.

Next, the influence of AGD on reverse recovery current
of rectification diode and the switching loss of MOSFET are
confirmed. The gate resistances connected in low-side NPN
transistor showing in Fig. 1 are also switched by 4 states,
and turn-on interval is also separated into 4 states as shown
in Fig. 6. Both of reverse recovery current and switching
loss are reduced as shown in Fig. 7. In this case, the reverse
recovery current is around 1.4 A and the switching loss is 10
uJ. From these results, it has been confirmed that the AGD is
effective on improvement of reverse recovery characteristic,
and the sufficient effect has been also confirmed although
only 4 states AGD.

These results are the same as previous reports [3]. More-
over, the sufficient effect has been confirmed although only
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Figure 6: Switching waveform of turn-on interval.
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Figure 7: Effect of AGD in turn-on interval.

[ ]
. Constant Resistance

200

150
2 L)
= 100 .
2 ° ‘e, o .
A Small resistance of stage 1

so AGD Tt °

(PR WO,
0
0 10 20 30 40 50 60 70 80

Vovershoot [V]

Figure 8: Effect of gate resistance of state 1 (turn-off).

4 states AGD.

3. Loss and Surge Reduction Mechanism

In this section, the influences of gate resistance (AGD) on
switching characteristics on each state are investigate for the
clarification of loss and surge reduction mechanism.

3.1 Turn-off interval Based on the setting showing
in Fig. 4, which is sufficiently obtained the AGD effect, the
gate resistance of each state is changed to examine the in-
fluence on the switching characteristics.

(a) State 1 (Vdc to Miller voltage)

This state is the most important state for the basis
of AGD. When the resistance of this section is set
to small, the effect of AGD is disappeared, and the
switching characteristics is the same as constant re-
sistance case as shown in Fig. 8. The gate resistance
of this state should be set to moderately lager, and the
gate voltage should be gently reduced to Miller voltage
during interval of state 1.
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Figure 9: Effect of gate resistance of state 2. (turn-off).

(b) State 2 (First-half of Miller interval)

The surge voltage across drain and source termi-
nal does not depend on gate resistance as shown in
Fig.9(a). However, the rise time of drain-source volt-
age depends on gate resistance, and dv/dt of drain-
source voltage is larger with small resistance. On the
other hand, the di/dt of drain current is not changed
as shown in Fig. 9(b). In addition, the Miller interval
becomes shorter due to the large dv/dt of drain-source
voltage. Because of this, the drain-source voltage is re-
duced faster with large dv/dt. In this state, the switch-
ing loss is reduced. The gate resistance of this state
is influence on dv/dt, but is never influence on di/dt.
Hence, this state can reduce only switching loss.

(c) State 3 (Second-half of Miller interval)

The di/dt of drain current depends on gate resistance
as shown in Fig. 10(a)), and di/dt is larger with smaller
gate resistance.

As a result, the surge voltage across drain and source
terminal becomes smaller with larger gate resistance.

The gate resistance of this state is influence on di/dt,
and the surge voltage across drain and source terminal
can be reduced.

(d) State 4 (Miller voltage to 0V)

In this state, the switching action is almost finished, so
it is not influence on switching loss and surge voltage
occurrence.

However, gate voltage does not reach to zero, so the
gate resistance of this state should be set smaller than
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Figure 11: Effect of gate resistance of state 1.(turn-on). The reverse recovery current depends on gate resis-

tance as shown in Fig. 12(a), and di/dt is smaller with
lager gate resistance. As a result, the voltage varia-
tion of anode-cathode voltage is reduced with larger
gate resistance as shown in Fig.12(b). Therefore,
the reverse recovery loss can be reduced in this state.
However, the drain-source voltage variation becomes
larger, and the switching loss becomes increased as
shown in Fig. 12(c). The gate resistance of this state
(a) State 1 (0 V to Miller voltage) is influence on di/dt of reverse recovery current, and
This state is also the most important state for the ba- the reverse recovery loss can be reduced.
sis of AGD. When the resistance of this section is set
to small, the effect of AGD is disappeared. More-
over, the switching characteristics are the same as con-
stant resistance case as shown in Fig. 11. These char-
acteristics are the same as turn-on interval case. The
gate resistance of this state should be set to moderately
lager, and the gate voltage should be gently increased
to miller voltage during interval of state 1.

state 3. This leads to reduction of the drive power of
MOSFET.

3.2 Turn-oninterval Based on the setting showing in
Fig. 6, which is sufficiently obtained the AGD effect, the
gate resistance of each state is changed to examine the in-
fluence on the switching characteristics.

(c) State 3 (Second-half of Miller interval)
The reverse recovery current does not depend on gate
resistance as shown in Fig. 13(a), and di/dt is never
changed by gate resistance. On the other hand, the
voltage variation of drain-source voltage depends on
gate resistance as shown in Fig. 13(b). The voltage
variation of drain-source voltage is reduced with larger
gate resistance. The gate resistance of this state is in-

(b) State 2 (First-half of Miller interval)
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Figure 13: Effect of gate resistance of state 3.(turn-on).

fluence on the voltage variation of drain-source volt-
age, but is never influence on di/dt of reverse recovery
current. Hence, this state can reduce only switching
loss.

(d) State 4 (Miller voltage to V)
In this state, the switching action is almost finished, so
it is not influence on switching loss and surge voltage
occurrence. Therefore, the gate resistance of this state
is set the same as state 3.

4. Conclusions

In order to improve the system reliability of SMPS, the in-
fluence of AGD on loss and surge reduction has been inves-
tigated in this paper. As a result, the effects of AGD have
been confirmed in both of MOSFET and rectification diode.
Moreover, the mechanism of loss and surge reduction has
been clarified. The optimization of the gate resistance of
each state will be discussed in the next report.

References

[1] A. Watanabe and I. Omura, “Real-time failure imaging
system under power stress for power semiconductors us-
ing scanning acoustic tomography (SAT)”, Microelectron-
ics Reliability, Vol.52, No.9-10, pp.2081-2086, 2012. DOI:
10.1016/j.microrel.2012.06.090

[2] A. Watanabe, M. Tsukuda and I. Omura, “Failure analysis of
power devices based on real-time monitoring”, Microelec-
tronics Reliability, Vol.55, No.9-10, pp.2032-2035, 2015.
DOI: 10.1016/j.microrel.2015.06.128

IIAE Journal, Vol.8, No.2, 2020

[3] K. Miyazaki, S. Abe, M. Tsukuda, I. Omura, K. Wada, M.
Takamiya and T. Sakurai, “General-Purpose Clocked Gate
Driver (CGD) IC with Programmable 63-Level Drivability to
Reduce IC Overshoot and Switching Loss of Various Power
Transistors”, 2016 IEEE Applied Power Electronics Con-
ference and Exposition (APEC), pp.1640-1645, 2016. DOI:
10.1109/APEC.2016.7468086

H. Obara, K. Wada, K. Miyazaki, M. Takamiya and T. Saku-
rai, “Active gate control in half-bridge inverters using pro-
grammable gate driver ICs to improve both surge voltage and
switching loss”, 2017 IEEE Applied Power Electronics Con-
ference and Exposition (APEC), pp.1153-1159, 2017. DOI:
10.1109/APEC.2017.7930841

[5] T. Mannen, K. Wada, H. Obara, K. Miyazaki, M. Takamiya
and T. Sakurai, “Active gate control for switching waveform

[4

—_

shaping irrespective of the circuit stray inductance in a prac-
tical full-bridge IGBT inverter”, 2018 IEEE Applied Power
Electronics Conference and Exposition (APEC), pp.3108-
3113, 2018. DOI: 10.1109/APEC.2018.8341544

A. Schindler, B. Koeppl, B. Wicht and J. Groeger, “10ns
Variable Current Gate Driver with Control Loop for Op-

[6

—

timized Gate Current Timing and Level Control for In-
Transition Slope Shaping”, 2017 IEEE Applied Power Elec-
tronics Conference and Exposition (APEC), pp.3570-3575,
2017. DOI: 10.1109/APEC.2017.7931210

Seiya Abe (Member) received the M. E. and
Dr. Eng. Degree in Electronics from Kyushu
University, Japan in 2002 and 2005, respectively.
Since 2005 he had been Research Assistant in the
Department of Electrical and Electronic Systems

Engineering of the Graduate School of Informa-
. tion Science and Electrical Engineering, Kyushu

University, and since 2006 he had been Research
Associate, and since 2006 he had been Assistant Professor. Since
2010 he had been Research Assistant Prof. in The International
Centre for the Study of East Asian Development (ICSEAD). Cur-
rently, he is Associate Professor in Kyushu Institute of Technology.
His research interests are Switch-Mode Power Supplies.

Yusuke Tokita (Non-member) received the
B.E degree from Kyushu Institute of Technol-
ogy. Currently, he is a Master course student in
Kyushu Institute of Technology. His research
interests are Switch-Mode Power Supplies.

Masanori Tsukuda (Non-member) received
the B.S. degree in electrical engineering from
the Shibaura Institute of Technology, Tokyo,
Japan, in 2000, and the Ph.D. degree in engineer-
ing from the Kyushu Institute of Technology,
Fukuoka, Japan, in 2013, He is currently with
the Green Electronics Research Institute, Ki-
takyushu, Japan, and with the Kyushu Institute
of Technology as a Visiting Associate Professor. His main
research interests include advanced power semiconductor devices
and reliability of power modules/packages.




Mechanism Clarification of Switching Loss and Surge Voltage / Current Reduction with Active Gate Drive for System Reliability Improvemgiit

Ichiro Omura (Non-member) received M.S.
degree in mathematics from Osaka University,
Osaka, Japan, in 1987, and the doctoral de-
gree in electrical engineering from ETH Zurich,
Ziirich, Switzerland, in 2001.,He was at Toshiba

Corporation, Tokyo, Japan, involved in research

on power semiconductors, Minato-ku, Tokyo,

Japan. Since 2008, he has been with the Kyushu
Institute of Technology, Fukuoka, Japan, where he is the Director
of the Next Generation Power Electronics Research Center.

IIAE Journal, Vol.8, No.2, 2020



