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Abstract—In comparison with silicon IGBT, silicon carbide
(SiC) MOSFET is expected to reduce the switching loss and the con-
duction loss and to remove external freewheeling diodes (FWDs).
However, its body diode has comparatively high forward voltage;
therefore, the diode conduction loss generated during dead time
increases. As a result, the loss reduction by the use of the SiC
MOSFET can be weakened. This paper proposes a simple dead-
time controller integrated in an isolated gate driver in order to re-
duce the diode conduction loss during the dead time. The proposed
method has high speed and high robustness against switching noise
by using of a current-sense FET with small parasitic capacitance.
As a result, the diode conduction time can be shortened within
0.1 ps. In addition, the proposed dead-time control method can
be achieved by existing components, including the current-sense
FET, which is currently used for short-circuit current detection
in hybrid vehicle applications. The proposed method was applied
to a 10 kW boost converter with SiC MOSFET. The experimental
results showed 1% higher efficiency of the converter with the pro-
posed dead-time-controlled gate driver compared to that without
dead-time control circuit, and the efficiency was the similar level
as when a SiC Schottky barrier diode (SBD) was used as FWDs.

Index Terms—Body diode conduction loss, dead-time control,
gate driver, MOSFET, silicon carbide (SiC).

I. INTRODUCTION

ILICON(Si) IGBT is currently used for in-vehicle inverter
S systems as a power semiconductor device. However, its
electrical performance approaches are theoretically limited.
Therefore, silicon carbide (SiC) devices or gallium nitride (GaN)
devices are expected as the next-generation power semiconduc-
tor devices [1]. In comparison with Si IGBT, SiC MOSFET is
expected to reduce the switching loss and the conduction loss. It
is also expected to remove external freewheeling diodes (FWD)
by using its body diode.
In comparison with Si IGBT, SiC MOSFET is expected to
reduce the switching loss and the conduction loss and to remove
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external freewheeling diodes (FWD) by using its body diode.
However, SiC MOSFET body diode has a high forward voltage;
therefore, the diode conduction loss during dead time increases.
As aresult, the loss reduction effect by the use of SIC MOSFET
can be weakened.

For such problems, some approaches from both circuit and
device technologies have been reported [4]-[24]. For example,
connecting SiC SBD in antiparallel to the MOSFET have been
reported in [4]-[6], integrating low forward voltage drop diode
with MOSFET have been reported in [7], and gate drive circuit
approaches shortening dead time have been reported in [8]—[24].
The circuit approaches are the most effective for cost down of
SiC MOSFET. However, they still have some problems such as
the possible remaining body diode conduction and need for extra
components, which increase the difficulty to achieve integrated
circuit board and intelligent power module.

In contrast to high-voltage applications, many dead-time
shortening methods have been proposed for the low-voltage con-
verter [8]-[15]. These methods are referred as dynamic dead-
time control methods, which monitor gate-source voltage of
the opposite-side device or drain-source voltage of the target-
side device in order to shorten the dead time. However, these
methods require high withstanding voltage elements of voltage
detection circuits for the high-voltage applications such as a hy-
brid electric vehicle (HEV) inverter system. Therefore, isolated
gate drivers must be fabricated with high-voltage IC technology
or external components such as isolators need to be added to the
driver; this is a significant issue for HEV inverter system that
requires high integration of circuit elements.

On the other hand, some improved methods for high-voltage
applications have been proposed [16]-[19]. One method to de-
tect the switching time by utilizing the parasitic capacitance of
power devices has been proposed, and it has been reported that
the dead time of 15 ns was able to be achieved [19]. However,
those methods have been applied to only the voltage-source
converter with a constant dc voltage, which is constructed of
one-leg half-bridge. The reason for that is difficulty in detecting
the switching time accurately over the noise current affected
by other leg switching and dc-link voltage change. Therefore,
it is difficult to implement these methods to the variable input
inverter such as the HEV inverter system.

In addition to aforementioned concepts, dead-time control
methods based on the measured load current [20], [21], diode
conduction detecting techniques for a three-phase inverter [22],
[23], and a sensor-less technique [24] have been proposed. How-
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Fig. 1. Schematic of HEV inverter system. (a) SiC MOSFET based HEV
inverter system. (b) Isolated gate drive circuit and timing diagram indicating
dead time tp and diode conduction time tpcr1 and tpcTa.

ever, it can be said that it is difficult to shorten the dead time
in HEV inverter system by the existing solutions since accurate
current sensing in the wide load range is difficult. In addition,
the number of isolators and the dead-time calculation time are
increased.

This paper proposes a simple dead-time shortening technique
for the HEV inverter system. The proposed technique is based
on the premise of using SiC MOSFET body diode as FWD and
aiming to reduce power losses at the same level as when using
SiC SBD. It shortens dead time by utilizing the current-sense
FET integrated in SiC MOSFET, and the dead-time control
circuit is integrated in each isolated gate driver. This paper con-
cludes that the proposed technique enables shortening dead time
within 0.1 us and designing the power module compactly.

First, the characteristics of SiC MOSFET body diode and the
dead-time issue are discussed. Second, the basic structure and
detailed operation principles of the new dead-time-controlled
gate driver are presented. Third, its operating stability is an-
alyzed and the diode conduction time is estimated. Finally,
experimental results by using the prototyped power module in-
tegrated with SiC MOSFET and the proposed gate driver IC are
explained.

II. DEAD-TIME ISSUE
A. HEV Inverter System

The typical HEV inverter system with SiC MOSFET is shown
in Fig. 1. It is constructed in a boost converter and a three-
phase inverter. The gate drivers for each SiC MOSFET are
isolated from each other and connected to the microcontroller
unit (MCU) through signal isolators such as photocouplers. Each
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Fig. 3. Reverse recovery characteristics of SiC MOSFET body diode.
(a) Reverse recovery current in the condition of di/dt = 1kA/us and 3 kA/us
(T; = 25°C). (b) Reverse recovery charge @, — junction temperature T
Ip = 25A).

gate driver receives a pulsewidth-modulated (PWM) signal with
dead time ¢tp from MCU as its input INH” or INL’ and controls
the gate-source voltage, depending on the input signal level.
In the case of both converter and inverter, while the high-side
device and the low-side device are in off state, either of the body
diodes becomes on. As a result, during ¢tpct1 and tpcre in
Fig. 1(b), diode conduction losses are generated.

B. Body Diode Conduction Loss During Dead Time

Figs. 2 and 3 show typical characteristics of SiC MOSFET
body diode. The specifications of SiC MOSFET used in these
experiments are given in Table I. The forward voltage Vy of
the body diode is higher than that of the SiC SBD as shown in
Fig. 2. This feature is caused by higher built-in voltage of the
SiC pin diode. The reverse recovery charge (), of the body



3260

TABLE I

SPECIFICATIONS OF SIC MOSFET USED IN THE EXPERIMENTS
Item Symbol Value Condition
Die size — 6.0 mm x —
5.5 mm
Breakdown voltage Ver 1200 V -
On-state resistance Rps 20 m2 T; 25°C,Vgs 20V, Ip 20 A
Gate threshold Vi s (th) 46V T; 25°C,Vps 10V, Ip 10 mA
voltage
Diode forward Ve 28V Tj 25°C,Vas OV, Iy 10 A
voltage
Input capacitance Cliss 4150 pF T; 25°C,Vgs 0V, Vps 800V,
f = 1MHz

Output capacitance Coss 310 pF
Reverse trans Clss 45 pF
capacitance

TABLE II

POWER LOSS ESTIMATION CONDITIONS OF BOOST CONVERTER

Item Symbol Value
Input voltage Vi 250V
Output voltage Vi 500 V
Output current ITouT 30 A
Boost inductance Ly 25 nH
Carrier frequency Feo 100 kHz
Dead time tpr 1.5 ps
SiC MOSFET junction temperature T; 125 °C

diode in case of di/dt = 1kA/us is as low as that of SiC SBD,
as shown in Fig. 3. Under the condition of fast switching speed
at di/dt = 3kA/us, the peak recovery current Izgry of the
body diode was larger than that of SiC SBD, and @), was larger
as the junction temperature increased. Under the condition of
di/dt = 1kA/us, however, @, hardly changed even by the
increase of the junction temperature. These body diode losses
have a significant influence on the high-frequency converters
in HEV inverter system. Thus, the diode conduction losses of
15 kW boost converter were estimated.

The diode conduction loss Pp; can be calculated with (1). And
the diode conduction times ¢tpcr1 and tpcre are given by (2)
and (3). In consideration of on-delay and off-delay variabilities,
dead time {pT was set to 1.5 s, and we used experimentally
measured values for switching periods ., and t,¢. F¢ is the
carrier frequency and ¢,,_qe1 and tog_q4e1 are the total values
of on-delay and off-delay from MCU to the gate driver output.
The parameters used for loss estimation of boost converter are
given in Table II. tp Ty and tporo were measured by operating
SiC MOSFET under the condition of Table II, and then Pp; was
calculated by using the measured IV characteristic of SiC
MOSFET.

Ppi = (V- Ir -tpct1 + VP - IF - tpeT2) - Fo o (1)
tDT + tonfdel - ﬁofffdel - toff (2)
tpT + ton—del — loff—del + ton- (3)

tpeT1 =

tpcr2 =

Fig. 4 shows the diode conduction loss at tpcT; and tpcre.-
The total conduction loss without SiC SBD was 73.8 W, which
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Fig. 4. Diode conduction losses of 15 kW boost converter (F. = 100kHz).

was larger than that of 29.9 W in case of using SiC SBD. The
loss of the section tp 1 was much larger than that of the section
tpcore. Itis caused by the fact that the inductor current ripple is
large because HEV inverter system requires small-sized boost
inductor [25].

As shown in the previous works [16]-[24], it is very difficult
to shorten the diode conduction time tp 12 Without isolators in
HEV inverter system. For example in [16], it can shorten dead
time to 40 ns calculated using the microcontroller, by taking note
that turn-off operation of diode conduction side is decided by the
parameters of the gate source loop. This method is effective for
applications such as the voltage-source converter. However, it is
difficult to determine which dead time is shortened in the HEV
inverter system, because the current flow changes frequently.
In addition, it is necessary to tune the dead time appropriately,
considering the delay-time variations of isolators, gate drivers
and power devices. Thus, in order to reduce body diode losses at
the same level as SiC SBD system, the target diode conduction
time ¢tpcr; had to be set at 0.1 us.

III. PROPOSED DEAD-TIME-CONTROLLED GATE DRIVER
A. Dead-Time Shortening Technique

Fig. 5 shows the circuit schematic of the proposed gate driver.
The proposed gate driver detects the commutation to the body
diode on the target-side device by using the current-sense FET
integrated in SiC MOSFET. Then, it turns on automatically
to shorten dead time without any isolator as diode commutat-
ing detection elements. Therefore, it can downsize the power
module integrated with the gate driver because no additional
components are needed.

Fig. 6 is the photograph of SiC MOSFET prototyped for HEV
inverter system. A dotted line frame shows an active area of the
current-sense FET. The current-sense FET is originally used for
detecting short-circuit current for HEV inverter systems [26],
[27]. The current-sense FET is the same cell structure with main
FET and the size is about 1/10 000 of the main FET. Therefore,
the current-sense FET hardly affects electrical characteristics of
SiC MOSFET and the production cost hardly increases.

The source electrode of the current-sense FET Mgy is con-
nected to the node CMPH of gate driver. It is also fixed to the
power supply voltage Vppp when the target-side device is in off
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state and is configured to detect the voltage change of high side
comparator input (CMPH) to turn on automatically when load
current commutates to body diode during dead time. Therefore,
it can make a transition from the body diode conduction mode
to the channel conduction mode even if INH’ is in off state.
Fig. 7 shows the timing diagram of the proposed dead-time
shortening technique. When the low-side device is turned off,

Output buffer (PBUF, NBUF)

SiC-MOSFET

Circuit schematic of the proposed gate driver integrated with the dead-time controller (an example for a high-side MOSFET).

the high side voltage Vpsy decreases. Before long, the body
diode of the high-side device turns on, and the potential of the
node D becomes lower than that of the node S. Then, the body
diode of the current-sense FET Mgy also turns on because the
potential difference between Vppy and node D becomes larger
than the built-in voltage of SiC MOSFET body diode. When
the body diode of Mgy turns on, voltage Vonpn decreases
lower than the threshold voltage Vrgr, because current flows
from the power supply Vppu through the body diode of Mgy;.
Then the comparator output becomes high, so the body diode
commutation can be detected.

Vrer is the threshold voltage to detect the body diode com-
mutation. Because the resistance Ry is higher than 1 kQ, Venpy
becomes negative regardless of the load current when the body
diode of Mgy is in on state. Therefore, Vygr has a large design
margin from 0 V to Vppp. However, it is recommended to set
it to about 1 V to prevent false operation. This false operation is
explained in Section IV.

After detecting the body diode commutation, it is necessary
to prevent from short-circuit faults. Then, the gate driver IC
changes SWH to high-level to detect the short-circuit current.
In order to certainly detect the short-circuit current, it changes
gate-source voltage Vggpy to high-level after a small delay ¢;
from the start of short-circuit current detection mode. In order
to complete mode change, the period ¢; can be designed at about
3 ns in consideration of signal propagation delay.

When the target-side device is gate-off, the body diode is com-
mutated again. If SWH is changed to low level in this period, the
target-side device is in on state again and the short-circuit op-
eration occurs at the turn-on timing of the opposite-side device.
Therefore, in order to prevent the short-circuit operation, SWH
keeps high level until the complete turn on of the opposite-
side device. In Fig. 5, the delay time, which is longer than
variability of dead time tpt + tvar, 1S added by the “delay”
part. After this delay, SWH is changed to low level and the
gate driver returns into the diode commutating detection mode
again.

As mentioned earlier, the proposed technique makes it pos-
sible to realize a robust and safe switching operation for the
wide current range. And the dead-time controller can be inte-
grated in each isolated gate driver without fabrication overhead.
Moreover, the proposed technique does not require any external
components.
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Timing diagrams of the gate drive operations in HEV inverter system. (a) The case that the load current reverses while FET is in on state. (b) The case

that the gate driver input continues to be low at high modulation index. (c) The case that the short-circuit fault occurs on the opposite side.

B. Gate Drive Operation in the HEV Inverter System

In the previous section, the typical operation of the dead-
time shortening technique was explained. However, there are
various operation conditions in the HEV inverter system. In this
section, some special operations in the HEV inverter system
are considered in order to guarantee behavioral safety of the
dead-time-controlled gate driver.

Fig. 8 shows three timing diagrams of the special conditions
in HEV inverter system. Fig. 8(a) shows the case that inductor
current reverses while SiC MOSFET is in on state. Because the
current Igy reverses while high-side device is in on state, the
inductor current commutates to the body diode of the low side
at the turn-off timing of the high-side MOSFET Myy. In this
case, the high-side drive operation is the same as the typical
operation shown in Fig. 7. In addition, the low-side gate driver
detects diode commutation and turns on the low-side MOSFET
to reduce diode losses.

Fig. 8(b) shows one of the inverter operations at the high
modulation index. In this case, INH does not switch to on state
while INL is in off state. The off-state period of the low-side
device is twice that of the dead time ¢p7 in this case. In the
proposed gate driver, the pulse width of the one-shot circuit is
designed to tpt so that Vg turns off before INL becomes
high again. Because ¢p is set to be longer than the switching
time, short-circuit operation can be avoided.

Fig. 8(c) shows the case of short-circuit fault. In HEV inverter
system, it is necessary for gate drivers to detect the short-circuit
current when the target-side device is in on state. The pro-
posed gate driver sets SWH to high level just after detecting
diode commutation and resets SWH to low level after voltage
Visu turns off again. In this way, it enables realization of the
dead-time control and the short-circuit protection operations. As

Short circuit operation
Vost Nuuvvvnopls

Fig. 9. Timing diagram of the unstable operation due to the parasitic current.

mentioned earlier, under various conditions in the HEV inverter
system, the proposed gate driver can shorten dead time safely.

IV. DioDE CONDUCTION TIME ESTIMATION
A. Unstable Operation Mechanism by Parasitic Current

As shown in Fig. 7, when Vpgy varies due to the switching
of the opposite-side device, the noise current flows thorough the
parasitic capacitance of Mgyy. As aresult, the gate controllability
may be unstable due to this noise current. The unstable operation
mechanism caused by the parasitic current is analyzed.

Fig. 9 shows the timing diagram of the unstable operation
in comparison with the correct operation. When the target-side
device is in off state, the comparator input voltage Venp equals
to the power supply voltage Vppy of the gate driver. When the
opposite-side device turns off and Vpgy drops, Vonpn starts
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decreasing from o at the correct operation. However, when the
parasitic current through the current-sense FET becomes large,
Veumpn starts decreasing from ¢1. Then, Vonpn drops under
the comparator threshold voltage Virgr, so Vgsy switches to
high. Therefore, if the false operation is caused by the parasitic
current while the opposite-side device is still in on state, it results
in short-circuit operation.

B. Gate Drive Operation in the HEV Inverter System

In order to prevent unstable operation caused by the parasitic
current, the transient characteristic of the current-sense FET was
analyzed and a design policy for stable operation was derived.

The current-sense FET of the power device is generally sug-
gested for use with lower voltage than the isolation breakdown
voltage, because when the voltage between the current-sense
FET and the main FET source electrodes exceeds the isola-
tion breakdown voltage, leak current increases [27]. The power
supply voltage Vppy was set at less than the isolation break-
down voltage (+5 V in this paper) in order to narrow down the
parasitic current propagation paths.

Fig. 10 shows an equivalent circuit around the current-sense
FET. Under this condition, it can be explained with the equiv-
alent circuit, which is electrically isolated between the source
electrode and the main MOSFET source electrode. In Fig. 10,
Casng» CpsHs > and Capy, indicate the parasitic capacitances
of the current-sense FET, and C'c\rpy indicates the total capac-
itance of comparator input node CMPH. In addition, R stands
for the gate resistance of SiC MOSFET while Rg stands for
the current adjusting resistance between Mgy source electrode
and Vppy. CMPH voltage fluctuation AV ypy is derived due
to parasitic current, which bases on the equivalent circuit, as
shown in Fig. 10.

When the opposite-side device turns off and Vpgy decreases,
the current Icps, flows also through the parasitic capacitance
Cpsug . This current also flows through Coypr and Casng
until the commutation to the body diode is completed. There-
fore, the voltage fluctuation AV \py during this period can be
determined as

AVompe =

1 b2
I s — Igs)dt (4)
Compr + Casn.s /tl( onsas — Ins)dt {

B Cbshg
Covrn + Casng

- AVpsh ®)
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where Cpgpg is very small in general, which is only a few
picofarads. Fig. 11 shows the measured Cpg — Vpg character-
istics of the main and the current-sense FETs. The parasitic
current Icpsp, due to Cpgpg is quite small; then the influence
of parasitic inductance between the source electrode SS and the
comparator input node CMPH is small enough. For this reason,
the term about the parasitic inductance is omitted. Irg is the
current caused by voltage fluctuation AV py and depends on
the switching period ¢ — ¢;. In order to make the circuit de-
sign parameter for stable operation, which was unaffected by
the switching period, Izg was simplified and set at 0 A. From
(4), AVeypn during the switching period is determined by the
balance between the parasitic capacitance of the current-sense
FET Mgy and the capacitance of CMPH. Then, the following
designs are required in order to realize its stability:

1) small-sized parasitic capacitance of the current-sense

FET;

2) large-sized comparator input capacitance.

Some experiments were performed to confirm these require-
ments.

C. Experimental Validation

SiC MOSFET integrated with the current-sense FET was
used in the experiment. Voypy during the switching period was
observed, by connecting extra capacitor at the node of CMPH
to adjust the total capacitance of CMPH. In order to measure
AVenmpu caused only by parasitic current, the power supply
voltage Vppy was lowered to O V. Moreover, Vpgy was set at
500 V, which was the control upper limit, in order to maximize
the parasitic current.

Fig. 12 shows the experimental waveforms of Vpgy and
Veumpu. Voltage fluctuation AVeypy depending on the to-
tal capacitance of Ccypy occurs while Vpgy is from 0 to
500 V. Fig. 13 shows the relation between AViypp and
Convpu. AVoupr was calculated based on (4) when the con-
ditions of Cpgy, = 1,2.5, and 5 pF. From Fig. 13, it was con-
firmed that the measured values were almost similar with the
calculated values in case of Cpgn, = 2.5pF, and AVoypn
was approximately 3.0 V at Coypa = 390 pF. The experi-
mental result shows that (4) has a good agreement and that it is
effective to use the current-sense FET as a diode commutating
detector for the safety operation.
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D. Diode Conduction Time Estimation and Driver Design

In the proposed gate driver, the response time of the com-
parator after detecting AV py has the major influence on the
diode conduction time. While it is effective to make Conpn
large for its stabilized operation, it lengthens the comparator
response time Tcnpy. Therefore, Toypy was estimated in the
view point of C'cyipy dependence.

As shown in Fig. 13, when the limit of AV \py caused by
parasitic current is 3.5 V, Coypy requires 400 pE. Fig. 14 shows
the Conpn dependence of response time. In the condition of
Ccompu = 400 pF, the comparator response time became 22 ns.
Itis clear from (4) that this depends on the small parasitic capac-
itance Cpgy;, . If the current-sense FET is designed smaller, the
diode conduction time can be shortened more. Fig. 15 shows
the diode conduction time estimated using circuit simulation.
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driver implimented in 0.5 pm LVIC technology. (a) Schematic of the circuit
model. (b) Simulated waveforms.

The simulated diode conduction time was 80 ns, which was
from Vpgy of 0 V to Vigsir higher than the gate-source thresh-
old voltage Viy,.

V. EXPERIMENTAL RESULTS

A. Proposed Gate Driver IC and Power Module

Fig. 16 shows the prototyped intelligent half-bridge power
module with 1.2 kV SiC MOSFETsS and the gate driver ICs with
the proposed dead-time controller. The maximum current of the
power module was 50 A. This intelligent power module was
constructed in two 1.2 kV SiC MOSFETs and two gate driver
ICs only and was able to be designed very compactly.

The gate driver IC was fabricated in 0.35-pm BiCDMOS
LVIC technology, and the die size was 7 mm x 4 mm (28 mm?).
It had a serial communication circuit for debug as the proto-
type one. The final gate driver IC was estimated to be designed
smaller, since the main circuit parts were able to be designed
small die size 4.1 mm?, including the dead-time controller DTC
of 0.8 mm?. Fig. 17 shows the experimental circuit of the boost
converter used in the HEV inverter system.

B. Verification of Diode Conduction Time Stability

To make clear the control stability, it was verified that the
diode conduction time was kept at the same period even if output
current was changed. The experimental conditions are listed in
Table III. Fig. 18 shows the experimental waveforms of Vpgy,
Vaswe, and Vg with the dead-time control. When the output
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Fig. 17. Experimental environment.

current was changed to 10, 20, and 30 A, Vg1, off time varied,
depending on the output current. However, the diode conduction
time, which is from when Vpsg = 0V to when Vigsy = Vi,
was stable with 80—-84 ns. In addition, even in the maximum
switching speed of 20 kV/us, no fault operation occurred and it
was confirmed that the proposed gate driver can robustly work
against the parasitic current.

C. Validation of Power Conversion Efficiency

The boost converter power conversion efficiency was mea-
sured with prototyped intelligent power module in each case of
“dead-time control on” and “dead-time control off” and “with
SiC SBD in antiparallel.” The measurements were conducted
under the condition of di/dt = 1kA/us. The input power and
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TABLE III
EXPERIMENTAL CONDITIONS

Item Symbol Value
Input voltage Vin 250V
Output voltage Vour 500 V
Output current Iout 30 A maximum
Boost Inductance Ly 25 nH
Carrier frequency Feo 100 kHz
Dead time tpr 1.5 pus
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Fig. 18.  Experimental waveforms of the diode conduction time with dead-time
control. oyt = (a) 10 A, (b) 20 A, and (c) 30 A.

the output power of the boost converter were measured by using
power meter under the condition that cooling water is adjusted
to be 20 °C. Besides, the gate driver ICs are connected to a
separate power source. Then, the power conversion efficiency
was calculated from the difference between the measured in-
put and the output power. In addition, the calculated junction
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temperature T at oyt = 2.5A was 57 °C and Tj at oyt =
20 A was 126 °C in case of “dead-time control off.”

Fig. 19 shows the power conversion efficiencies of boost
converter. In all the range of measurement, the efficiency of
boost converter under the condition of “dead-time control on”
was higher by 1% than that under the condition of “dead-time
control off.” In addition, these experimental results indicate that
the power conversion efficiency could be achieved equivalently
to the condition of using SiC SBD as FWD.

VI. CONCLUSION

In this paper, the simple dead-time-controlled gate driver us-
ing the current-sense FET of SiC MOSFET was proposed. It was
experimentally demonstrated that the proposed gate driver was
able to integrate the proposed dead-time control circuit in it and
does not require external components. This controller shortens
the diode conduction time within 0.1 us. When SiC MOSFET
body diode, which has high forward voltage, is used as FWD,
the proposed gate driver improves the power conversion effi-
ciency of 10 kW boost converter by 1% and reduces the loss of
boost converter at almost the same level as that using SiC SBD
as FWD.

By incorporating the dead-time-controlled gate driver to-
gether with SiC MOSFET into HEV inverter system, the ef-
ficiency of the system and the vehicle driving range would be
increased.
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