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Abstract

With the development of the green energy industry and the rise of
environmental awareness, there are higher requirements for power
supply efficiency, especially for power-consuming hardware devices
such as servers, communication devices, and data centers. Even a
1% increase in efficiency can reduce a large amount of power
consumption. The Energy Star and the 80 plus Titanium Standard
require power supplies to achieve over 90% efficiency at light loads
in order to reduce waste heat. The efficiency of traditional
hard-switching-based DC-DC converters is limited by switching loss
and cannot meet the requirements. In contrast, the LLC-series
resonant converter (LLC-SRCs), which adopts inductors and
capacitors in series, significantly reduces switching loss through
zero-voltage switching on the primary side and zero-current
switching on the secondary side. Therefore, the efficiency is
improved. In this study, a GaN-based LLC converter provides a
maximum voltage of 24V and a current of 5A. The advantages,
design challenges, and solutions are discussed in the following.

Compared to conventional Si-based transistors, Gallium nitride
(GaN) high-electron mobility transistors (HEMTs) have become a
more popular choice in recent years. Due to their low parasitic
capacitance, low on-resistance (RON), and high power density, the
power converters based on GaN HEMTs can achieve low power
consumption and high switching frequency.

However, since there is no P-type semiconductor in the GaN
process, conventional monolithic GaN designs adopt a pull-high
resistor to replace PMOS, which increases the quiescent current. A
later design uses a depletion-mode GaN in series with a resistor to
limit the current, but the multiple leakage paths cannot further
reduce the quiescent current.

LLC converters operate efficiently in a steady state. However, during
the soft start-up period, the components of the LLC converters face
high voltage stress, which can cause serious damage to these
components and significant power consumption. The reason is that
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the output voltage has not yet been built up, so the transformer is
seen as short-circuited. In addition, the switching frequency is
approximately equal to the resonant frequency, so the resonant
capacitance and the resonant inductance will start to resonate.

Based on the problems mentioned above, this study proposes a
hybrid gate driver to reduce the quiescent current and have a
strong driving ability to turn the power switches. In addition, the
proposed auto-precharge technique ensures that the driver can
function properly. Finally, the three-phase soft start clamping
technique keeps the power switches and the passive components
from being damaged by high voltage during soft start.
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Fig. 2 System architecture.
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