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This paper is titled “Study of High-Power, High-Frequency GaN-HEMT Technologies and
Device Simulation using Mathematical Modeling for Millimeter-wave Amplifiers”.

Chapter 1 describes the background, motivation and purpose of my research. GaN-HEMTs
have a potential as devices for high-power millimeter-wave amplifiers. A high-output GaN
power amplifier can be used in a high-capacity wireless network with coverage of over a
radius of several kilometers.

Chapter 2 describes the basic epitaxial and device structure design technology using nitride
semiconductor. This was the first study of millimeter-wave devices carried out in the world.
Chapter 3 describes the passivation technology for suppressing the current collapse of a
GaN-HEMT. By a chemical reaction, electron traps on the surface of semiconductor were
decreased and improved the current collapse.

Chapter 4 describes how technologies have improved by mean of using this device. The
unique offset-overhanging gate structure and InGaN back-barrier technologies were reported
to have advanced overall performance.

Chapter 5 describes how challenging it was to achieve maximum output-power with an
In-based nitride semiconductor, in which the multi-layers SiN passivation technology was
adopted. We demonstrated that extremely low current collapse and high-output-power
density can be accomplishing high-output power density and that it’s reliable.

Chapter 6 describes the current collapse impact for operating amplifier. Using a device
simulator, we explained killer electron traps for amplifiers. Calculation results show that the
interface traps between semiconductor and SiN are killer traps when an amplifier is in idle
situation. Furthermore, calculated results suggested large conduction band discontinuity, like
InAlGaN, suppresses impact of interface electron traps.

Chapter 7 describes challenges to higher performance. GaN-HEMT requires back-barrier
technologies for suppressing short-channel effects, passivation technology to control access
resistance and low ohmic contact resistance.

Chapter 8 is a summary of this paper.
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