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Abstract—Design of a class-E based gate driver has
been presented for high frequency power converters us-
ing SiC power MOSFETSs. Through numerical experi-
ments, it is demonstrated that the proposed gate driver
can eliminate its switching loss by zero voltage switch-
ing (ZVS) operation.

1. Introduction

Silicon Carbide (SiC) is a promising material for re-
alizing high-frequency switching power converters [1].
Increasing the switching frequency allows us to reduce
the size of converters. However, as switching frequency
increases, switching loss of gate drivers becomes a big
issue. Soft switching techniques, such as ZVS opera-
tion of class-E amplifiers [2], is one of the effective so-
lutions to minimize the switching loss.

In this paper, we propose a novel gate driver based on
class-E amplifier to drive SiC MOSFETSs. By achieving
the ZVS condition, the proposed gate driver eliminates
the switching loss. Based on the equations described
in [2], analytical equations for the gate driver applica-
tion are also proposed to determine component values
of the gate driver, such as conductors and inductors.

2. Gate driver design based on Class-E amplifier

Figure 1 shows the topology of the proposed gate
driver for driving an SiC power MOSFET. It consists of
dc supply voltage Vyq, de-feed inductance L¢, shunt ca-
pacitance Cg, gate resistance R, and an ideal switch.
Cy is a capacitance to adjust capacitance in the reso-
nance loop and L is the inductance of the resonant cir-
cuit. As shown in Fig. 1, the SiC power MOSFET can
be regarded as an equivalent circuit with an internal
resistor rz and the input capacitance Ciss (the sum of
the drain-source capacitance C4s and the drain-gate ca-
pacitance Cyq). Thus equivalent capacitance becomes
C4||Cjiss. The overall topology of the gate driver circuit
is considered as a class-E amplifier. The switch turns
on at zero voltage, and thus the energy loss of the gate
driver can be reduced.
3. Design constraints

Component values of the proposed gate driver circuit
can be determined basically by following the equations
of class-E amplifiers. However, two constraints have
to be additionally considered for driving the gate elec-
trode of SiC power MOSFETs: (1) achieve resonance
under the change of Cjss depending on drain-source
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Figure 1: Circuit topology of the proposed gate driver.
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Figure 2: Waveforms of the proposed gate driver (Vgq =
17.5V, L = 30pH, L = 1.83uH, Cs = 149pF, R; = 18.5Q,
re=4.5Q, a =0.25, Cjy = 552 pF).

voltage Vys and gate-source voltage Vs, (2) sufficiently
large gate current I, to switch the SiC MOSFET.

By introducing Cy, these constraints can be simulta-
neously satisfied. With a small value of Cyx, input ca-
pacitance can be made relatively constant. In the pro-
posed design expressions, constant a(< 1) is introduced
to scale Cy as Cx = a-Cigs. Also, to turn on (off) the SiC
MOSFET, Cj¢ has to be fully charged (discharged). The
required charge amount of Cjss can be calculated once
accurate Cjgs model is available, such as those in [3].
4. Numerical experiments

Figure 2 shows simulation waveforms of an exam-
ple design driving a resistive load of 50Q using SiC
MOSFET model [3]. The drain voltage is 100V, and
the switching frequency is 10 MHz.

Component values are determined on the basis of the
analytical equations. As shown in Fig. 2, there is no
overlap between the switch voltage Vs and the switch
current I5. The switching loss of the gate driver can be
successfully eliminated by class-E configuration.
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