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Proposed monolithic GaN-based driver
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Abstract

In recent years, to reduce the battery charging time, the power supply
needs to provide more power. Furthermore, with increased awareness
of environmental protection, the electric vehicle power system and the
USB PD3.1 240W fast charging technique are particularly important.
On the basis of a stable and safe power supply, the power supply
voltage needs to be increased, so the use of Gallium Nitride (GaN)
high electron mobility transistors (HEMT) circuits will be the best
choice. Moreover, the GaN-based power converter can achieve low

power consumption and high switching frequency at the same time.

However, GaN HEMT has many process defects, such as serious
trapping effects and large reverse conduction loss. During the
deadtime period of the half-bridge topology, the switch node (Vs,,) falls
to a negative voltage level before the low-side GaN HEMT becomes
conductive. Moreover, considering the high switching operation, a high
slew rate during the turn-off period of the low-side power switch will

cause an abnormal turn-on through the gate-to-drain capacitance Cgp.

The proposed monolithic GaN-based driver with diode-emulated GaN
technique utilizes the MSF comparator to reduce reverse conduction
loss by sub-0.2ns deadtime. This technique compares switch-node
voltage (Vsy) with zero voltage by the MSF comparator to achieve an
adaptive deadtime control, without waiting for the transmission of
external pulse width modulation (PWM) signal Vpy,, from the high-
side GaN HEMT, and also achieves sub-ns deadtime for the Vg,

rising edge. The MSF comparator with an adjusted pre-amplifier

gain can reduce propagation delay and provide sub-ns response
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time to minimize the reverse conduction loss during deadtime.

An active bootstrap controller with a fast discharge loop can alleviate
parasitic effects to increase the switching frequency. In addition, the
active bootstrap controller with a fast discharge loop charges Cggor
during the on-time of Q_ by the synchronous eGaN bootstrap circuit
to increase the efficiency of the half-bridge topology. The proposed
gate driver with dual dv/dt control can achieve 50MHz operation and
120V/ns slew rate. The proposed gate driver with dual dv/dt control

can reduce gate ringing effects in both turn-on and turn-off periods.

The proposed gate driver with dual dv/dt control can achieve
50MHz operation and 120V/ns slew rate. At 50MHz, with sub-

0.2ns deadtime, 95.4% peak efficiency can be achieved.
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Fig. 2 The application of electric vehicle
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Fig. 3 The application of the latest USB 3.1






