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A Monolithic Low-ILEAK Cross-Coupled GaN Driver with

14.7X Reduction in Tailing Current Loss and 37.0%
Reduction of Reverse Conduction Loss
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Abstract

Artificial intelligence, streaming media, and autonomous vehicles
rely on data centers to provide high computing power and data
storage space. Recently, data center builders have faced significant
challenges due to inadequate power supply. Therefore, improving
power efficiency has become popular for data center operations.
Due to the advantages of high power efficiency and compact size,
third-generation semiconductor gallium nitride (GaN) can become
a good candidate for high-power-density power converter design
in the data center application.

Previous research has extensively explored GaN’s three significant
advantages compared to silicon in high switching frequency and
high power density converter design: smaller junction capacitance,
lower on-resistance, and absence of reverse recovery losses. However,
we've found two severe issues for GaN to achieve high power
efficiency: GaN device leakage and rising substantial inductive and
resistive parasitic elements in board-level implementation. Those
effects degrade GaN circuit efficiency and reliability, especially at
high frequencies.

To address these challenges, we propose a monolithic GaN driver
solution. There are three features for efficiency improvement: a
monolithic design for reducing parasitic elements, a dual-mode
voltage regulator, and self-powered driver enhancement (SPDE). As
for the leakage improvement, a cross-coupled architecture and
Short-Period Negative Voltage (SPNV) technology are proposed.

The whole proposed architecture is illustrated in Figure 1, which

highlights four features:

1. SPDE provides two different paths of currents to enhance the
transient response of VG. Specifically, the SPDE block will provide
another diving path from a higher supply voltage VCC to avoid
voltage degradation of VDD due to the coupling effect in the high
switching operation. Moreover, it automatically enters sleep mode
during the steady state to improve overall circuit efficiency.

2. Using SPNV to provide short periods of negative voltage prevents
the Miller coupling effect from causing accidental activation of
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the low-side switch. It reduces reverse conduction losses during
dead time and eliminates the shoot-through current.

3. Adual-mode voltage regulator includes strong and high-efficiency
modes. The circuit automatically increases the drive current in
the strong mode to improve transient response. Since the voltage
regulator's load requirement drops significantly in the steady
state, the high-efficiency mode provides a small current to maintain

the load, reducing power consumption and improving efficiency.

4. A monolithic low-leakage current cross-coupled GaN driver that
utilizes the zero-leakage characteristic of E-GaN off-state and D-GaN
on-state under VG=0V, combined with a cross-coupled self-charge
pump mechanism to reduce the complexity of traditional multi-level
pumping structures, achieving the goal of reducing leakage current.

This chip is fabricated using GaN-on-Si technology, shown in Figure
2. Under VD=100V, VCC=7V, VDD=6V, and fsw=50MHz, the measured
driver turn-on waveform shows that SPDE reduces the tail current
effect power loss by 14.7 times. The proposed SPNV reduces reverse
conduction loss by 37.0% compared to previous architectures. The
overall driver design provides a driving current of 5A and an output
power of 240W. With a load ranging from 1A to 5A, efficiency is
improved by more than 10%, shown in Figure 3, achieving the goals
of compact size and high power efficiency.

100V Vin 48V Vour @50MHz | —e— wio SPDE and SPNV

100% 057% —a— w/. SPNV
°--Peak Efficiency —a— w/. SPDE and SPNV
95%1
- 905% 2
= 8
S oy ":
E ioli ;
2 o !
i b 80.2%:
g 80%1 =
s 758% Improve
751 Improve 12.4% @ 5A
sl 14.7% @ 1A Output Current [A] e
1A 2A 3A 4A 5A

Fig. 3 The relationship between loading and power efficiency.
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