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Abstract

We propose here a non-linear GaN HEMT model for CAD including a trapping effects
description consistent with both small-signal and large-signal operating modes. It takes
into account the dynamics of the traps and then allows to accurately model the
modulated large signal characteristics that are encountered in telecommunication and
radar signals. This model is elaborated through low-frequency S-parameter
measurements complementary to more classical pulsed-IV characterizations. A 8x75um
AllnN/GaN HEMT model was designed and particularly validated in large-signal pulsed
RF operation. Itis also shown that thermal and trapping effects have opposite effects
on the output conductance, thus opening the way for separate characterizations of the
two effects.
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Abstraci—We propose here a non-linear GaN HEMT musdel
for CAD including o tropping elfects description consistent
with bidh small-signal and large-signal operating mode. Tt
lakes inte account the dymnamics of the traps and then allows
o securately madel the modulated larpe signal characleristics
that are encountenad in telecommunication and radar signals.
This madel 5 elabsrated through low-Trequency  S-parameler
measurements complementary to more classical pulsed-IV char-
acterizations. A Bx75um AllaN/GaN HEMT modd was designed
wnd particularly validoted in large-signal pulsed RF operation.
It ks alsa shown that thermal and trapping elfects have apposite
effecis on the ouipul conductance, thus opening ithe way for
separale characlerizations of the two elTects,

Index Terms—Trappings effects, thermal efTects, low requency
S-parameters, CAD non-linear model, RF pulsed operation.

. INTRODUCTION

Gallium Nitride (GaN) High Electron Mobility Transistors
(HEMT) on SiC are now recognized as good candidates for
the development of a number of RF applications and neiably
Power Amplifiers (PA) for telecommunications and radars, due
to their high breakdown wvoltage, their high cut-off frequency
as well as their high temperature capabilities. However they
are still subject to parasitics effects such as thermal effects
amd especially trapping effects, Those trapping effects have
been extensively siudied using a number of techniques such
as pulsed measurements, load-pull measuremenis as well as
frequency dispersion measurements. At the same time. medels
have been proposed that take those effects into acoount [1]. [2].
[3]. and while the effects of traps are well taken into account
mn CW conditions. their impacts on dynamic large signal
characteristics remain difficult 1o understand. They manifest
themselves under modulated signals such as RF pulses or
telecommunications signals. Memory effects are the main con-
sequence of those trapping effects. In this paper we propose to

account the dynamics of the traps. Finally we conclude and
draw some perspectives.

I IMPACT OF TRAPS ON LARGE SIGNAL
CHARACTERISTICS

One convenient way o kdentify the impact of wapping
effects is to monitor the average drain current of the transisior
versus an increasing RF input power. It has already been
reported in [1] and [3] that this drain current under class-
AB conditions decreases s the input power increases, con-
lr.:;li.,-ling the .,-qu;.,-wcl characteristics, ('l.,-;ul:,- thiz behavior
cannot be explained by thermal behavior as far as the channel
temperature sinks when the power increases and would leads,
at least for moderate powers, 1o an average drain current
enlargement.
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Fig. 1. Representation of the mechaaism induced by traps on ihe average
drain current
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Introduction
Your introduction goes here! Some examples of commonly used Abstract
commands and features are listed below, to help you get started. If Your abstract.

you have a question, please use the help menu (" *?"') on the top bar
to search for help or ask us a question.

Introduction

This is where you write your introduction. Some examples of
commonly used commands and features are listed below, to
Seems punchier. OK? help you get started. If you have a question, please use the help
menu (" *7") on the top bar to search for help orask us a
guestion.

a John Lees-Miller about 2 hours ago: -

q John Hammersley replied about an hour ago:

ol Some LaTeX Examples

Yep.
How to Include Figures

: John Lees-Miller closed this about an hour ago. First you have to upload the image file (JPEG, PNG or PDF) from
your computer to writeLaTeX using the upload link the project
menu. Then use the includegraphics command to include it in
your document. Use the figure environment and the caption
command to add a number and a caption to your figure. See

Some LaTeX Examples the code for Figure \ref{fig:frog} in this section for an example.
How to Include Figures \begin{figure}
‘\centering

\includegraphics[width=0.3\textwidth]{frog.jpg}
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'Methods and Materials
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@ {sec:examples}
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* Figures and Tables

38 Use the table and tabular commands for basic tables --- see Table~ E= {tab:widgets}, for example. You can upload a figure (JPEG, PNG
or PDF) using the project menu. To include it in your document, use the includegraphics command as in the code for Figure~ &
[fig:view} below.

An example image of a frog.

47 \begin{table}[ht]

o P

? X [seNUP siGNiN :Jo._umaIA‘
< »Preview Manua]m

Example Article Title for submission to
Aries Demo Journal A
First Author' and Second Author’

' Address of first author
‘Address of second author

ABSTRACT

than 300 words. Your
of your articie, and should not contain any material that is not included in the main text.

Keywords:  Keyword1, Keyword2, Keyword3

INTRODUCTION

Thanks for using Overleaf to write your anticle. Your introduction goes here! Some examples of commonly
used commands and features are listed below, to help you get started.

METHODS AND MATERIALS

Guidelines can be included for standard rescarch article sections, such as this one
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