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Design of the ESD Protection Circuit for Fully

Integrated GaN IC

Student: Wei-Cheng Wang Advisor: Prof. Ming-Dou Ker

Institute of Electronics
National Yang Ming Chiao Tung University

Abstract

Gallium Nitride (GaN), with its wide bandgap, high breakdown voltage, high
carrier density, and high saturation velocity, has found applications in high-frequency
and high-power circuits. Recently, papers have integrated GaN gate drivers and switch
circuits on a single chip. As more circuits adopt GaN components for on-chip designs,
the need for on-chip electrostatic discharge (ESD) protection becomes crucial. While
several papers have explored ESD protection designs and characteristics for standalone
GaN high electron mobility transistors (HEMTs), there is a lack of ESD protection
circuits for GaN circuits on a full chip.

This paper proposes an ESD protection circuit design for whole-chip GaN
integrated circuits. The design consists of two main parts: the first part involves
analyzing the ESD robustness of GaN diodes, and validated their ESD robustness using
transmission line pulse (TLP) and human body model (HBM) methods. The second part
focuses on power-rail ESD Clamp Circuits located between VCC and VSS power lines,
providing on-chip protection against ESD events for any pin of GaN circuits. The paper
also explores the ESD tolerance of different power-rail clamp circuit structures.

Potential transient leakage current problems during normal operation are discussed to
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improve ESD levels are discussed, and a detection circuit architecture is proposed to
address these transient leakage current problems. Finally, the integration of these two
parts is evaluated to determine if the ESD protection circuits can achieve the expected

protection capabilities for the internal circuits.

Keywords — Electrostatic discharge (ESD), transmission line pulse (TLP), Human

body model (HBM), GaN, E-HEMT, Whole-chip ESD protection.
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