< R e R (I |
GaN HEMT R: D= fi k —
- A

2018 2



< R e R (I |
GaN HEMT R: D= fi k —
- A



2018



A Study on Performance Improvement of GaN HEMT RF Power

Amplifier Based on Electrothermal €aimulation Technige

Abstract

Gallium nitride (GaN) higkelectronmobility transistors (HEMTS) are used in \cars
power amplifiers (PA) operating at radio frequency (RF). A-lsetiting effect in GaN
HEMTs causes a transient variation of the electrical characteristics, which degrades the
reliability of the PA circuit design. In this thesis, a methodology for desjgaccurate GaN
HEMT PA circuits based on an electrothermalsououlation technique iseported As
examples, this method was applied to a tsglitchingspeed power supply and an
envelopetracking PA design.

In chapter 1, the background to this thesisxplained. The aboveentioned thermal
effect affects the MHorder temperature variation. Then, this thesis addresses the issue of
building the electrothermal esimulation environment for highpeed operation of MHz
order. A basic flow diagram of thdeetrothermal cesimulation in previous works is
referred. The novel points in this thesis are summarized as an increase in the accuracy of
the electric model, simulatiemodel constructions for actual operation conditions, and the
establishment of RF dagxtraction methods from the simulation results to estimate PA
performances.

In chapter 2, a switemode PA for a higtswitchingspeed power supply is analyzed.
The switching loss in a very short time generates most of the heat in the PA and increases
unde higherfrequency operation. Thus, the accuracy of the electrotherrsaintdation

must be improved. For this purpose, parameters of an Angeloysigrg transistor model



including its temperature dependence were precisely extracted to emulate GaN HEM
behavior. The simulation results for a Hatfdge inverter including the switanode PA
showed a significant operation characteristic that cannot be estimated from an
approximated mathematical analysis at Myder modulation frequencies.

In chapter 3,a PA with dynamic drain voltage biasing for wireless ksgked
communication systems is analyzed. Before the simulation, a theoretical analysis
considering the temperaturerva at i on of the amplitude modul :
phase modulation (PM) characteristics was carried out. From the results, it was predicted
that the AM AM and AM PM hystereses during
envelope were induced bytheh er mal ef fect . I't was confir me
PM hystereses were precisely emulated by the electrotherragthatation.

In chapter 4, a fabricated GaN HEMT PA is measured for AM signals. From the
measured results, the accuracy of the GaN HEMd@ahwas verified and the predicted
AM PM hysteresis was observed. Consequent|
methodology based on the electrothermakioaulation can be applied to various PA
analyses related to transient thermal effects.

In chaptelb, the conclusion and issues to be addressed in the future are described.
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Fig. 3-14AM AM distortionof RF power amplifiewith constant and modulat&p. (a)
Constanipp, fu = 10 MHz. (b) Modulate&/pp, fu = 10 MHz (c) ModulatedVop, fu = 5
MHz. (d) Modulatedvpp, fu = 2.5 MHz
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Fig. 3-15AM PM distortionof RF power amplifiewith constant and modulat&p. (a)
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