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Two Gate Driver Designs for AlIGaN/GaN HEMT

Power Transistors

Student: Shih-wei Huang Advisor: Dr. Tsung-Lin Chen

Department of Mechanical Engineering National Chaio Tung University

Abstract

This study proposes two gate driver designs for the AlGaN,~GaN HEMT power
transistors. A full bridge power control circuit consists of a high-side bridge and low-side
bridge. And, in order to improve the performance, the power transistor in the high-side bridge
is N-type. This would make the source of the power transistor floating and complicate the
high-side gate driver design. Besides, most of the gate driver circuits are designed for the
enhancement mode power transistors.-However, the AlGaN,GaN HEMTs are depletion
mode transistors. Thus, the conventional gate driver designs cannot be directly applied to
drive the AlGaN “GaN HEMT.

The power transistor in the upper bridge controls the.on/off of a high voltage (hundreds
of volts). And, its control signals are in the level of logic signals. Therefore, a “level shifter”
is needed to convert the logic level signal to a high-voltage level signal. This implies that the
transistors in the level sifter must sustain a large voltage difference. Usually, these transistors,
such as LDMOS, are fabricated from high-end process and thus expensive. In our first gate
driver design, we use capacitance to sustain the high voltage and thus the transistors can be
exempted from the high voltage. This can greatly reduce the fabrication cost of the transistors
and the high-side gate driver circuit.

One of the unique properties of the AlGaN,~GaN HEMT is that its breakdown voltage is
closely related to the gate leakage current. Therefore, in our second gate driver design, we
include a “current limiter” to constraint the gate leakage current and to boost the
breakdown voltage of the AlGaN_“GaN HEMT.

Both gate driver circuits are designed and simulated using SPICE, and then verified by
experimental results. In the first gate driver design, the experimental results show that it can
work at 24V, 10kHz. And, no large voltage drop on transistors. In the second gate driver
design, the proposed circuit successfully limits the gate leakage current. However, the
increase of the breakdown voltage of AIGaN,~GaN HEMT is quite limited to 10V.
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