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Using GaN-based Isolated Gate Drivers to Solve SiC

Driving Problems for High Temperature, High Power
and High Switching Frequency Applications
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Abstract

The development of electric vehicles is rapidly progressing due to
environmental concerns and international regulations on carbon
emissions. As a result, it is crucial for the components utilized
in vehicle power systems to be capable of withstanding high
temperatures and voltages. SiC MOSFETs offer low impedance,
excellent temperature resistance, high blocking voltage, and low
losses, making them ideal for high-power applications like electric
vehicles, railways, and wind power generation.

However, SiC MOSFETs are predominantly employed in environments
characterized by high temperatures, high voltages, and high
power levels. Consequently, their gate drivers must be capable of
enduring elevated temperatures. Furthermore, rapid switching
can affect the Common-Mode Transient (CMT) response of the
system, leading to signal transmission errors. To address these
challenges, the utilization of isolated gate drivers with negative
voltage shutdown capability is proposed.

In this study, a capacitive isolated gate driver is selected, with the
isolation layer comprising silicon dioxide, known for its high
dielectric strength and excellent isolation properties. In the case
of the capacitive isolated gate driver, as the noise and signal
share the same transmission path, it is necessary to have lower
transmission impedance for the signal and higher transmission
impedance for the noise. Nonetheless, some noise may still be
transmitted to the RX circuit, resulting in signal transmission
errors. Hence, enhancing the Common-Mode Transient Immunity
(CMTI) of the capacitive isolated gate driver is crucial.

1. Improved CMTI Envelope Detection Technique

This improved envelope detection technique consists of a
transimpedance amplifier, a high-speed comparator, demodulation,
and protection logic circuits. The transimpedance amplifier
employs common-mode current elimination technology to
prevent the output signal from exceeding the input common-mode
range of the high-speed comparator. Subsequently, the signal
is demodulated using the envelope detection technique.
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2. GaN-Based Low IQ Level Shifter and Negative Voltage Generator
This architecture generates a negative voltage to turn off the
SiC MOSFET, eliminating the need for an external power supply.
It also prevents a continuous static current flowing to the ground,
thereby reducing power consumption and improving efficiency.

3. Quad Drive Control Technique
By detecting the threshold voltage of the SiC MOSFET, different
driving currents are supplied in segments, reducing the ringing
effect and shortening the switching time of the SiC MOSFET,
thereby reducing switching losses.

The proposed GaN-based isolated SiC MOSFET gate driver has
high data rate which is up to 1600Mbps and low propagation
delay (7ns). It achieves a slew rate of 109kV/us and improve the
positive and negative CMTI to 282kV/us and 211kV/us, respectively.
At FSW = 100kHz, the efficiency of half-bridge isolated DC-DC
converter can be kept higher than 90% when VIN changes from
800V to 1700V and the peak efficiency reaches 97.1%, 98.1 and
98.6% when VIN = 1700V, VIN = 1200V, and VIN = 800V, respectively.
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Fig.3 Architecture of proposed isolated SiC MOSFET gate driver.
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