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Chapter 1

Introduction

Gallium Nitride high electron mobility transistors (HEMT) utilize high-density two-

dimensional electron gas (2DEG) accumulated in the boundary layer between GaN

and AlGaN through their piezoelectric effect and natural polarization effect [1].

This makes it possible to realize a high current density and a high saturation volt-

age as its main transistor characteristics. Combined with its other characteristics,

such as high power, low noise, and a high breakdown voltage, those outstanding

characteristics make it ideal for high-power, high-frequency, low noise applications

[2–4], e.g., in high-power amplifiers and LNA [5–9]. Furthermore, GaN HEMT has

also shown great potential in extreme operation environments, e.g., high/low tem-

perature operation conditions, which actually have a strong impact on the electrical

performance of devices [10, 11]. Hence, despite that the technology of GaN HEMT

is not as well understood as the previously adopted devices, e.g., GaAs HEMT, the

development of its commercial production never stopped.

However, this puts the circuit designers in a very awkward position: on one hand,

they are attracted to the outstanding characteristics of GaN HEMTs, and many of

them actually have already benefited from the use of GaN HEMTs in their designs.

On the other hand, the demand for accurate GaN HEMT models is still pressing, as

they are still not fast enough to be used in most circuit simulators.

During the past years, many large-signal models for GaN HEMTs in different

types were developed to characterize their large-signal behavior [12–15]. However,

high modeling accuracy can be considered to be quite close to be guaranteed in the

academic world, but still far away from being accessible to circuit designers. This is
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