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Collaboration between US institutions is increasing
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The perks of real time collaboration

“It really streamlined the process of
writing the paper... | was happy to find a
21st century solution.”

Artem Kaznatcheev
Researcher at McGill University
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Abstract

48 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
RF operation. Itis also shown that thermal and trapping effects have opp05|te effects
on the output conductance, thus opening the way for separate characterizations of the
two effects.

6verleqf

«® puBLIsH

> vroie

Modeling of Trap Induced Dispersion of Large Signal Dynamic
Characteristics of GaN HEMTs

0. Jardel*, S. Laurent', T. Reveyrand', R. Quéré', P. Nakkala', A. Martin'
S. Piotrowicz®, M. Campovecchio', S.L. Delage®
*HI-V Lab. route de Nozay, 91461 Marcoussis Cedex, France
TXLIM. 7 rue Jules Valles, 19100 Brive-la-gaillarde, France
olivier.jardel @ 3-5lah.fr

Abstract—We propose here a non-lincar 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 y model the d large signal characteristics
that are d in tel ication and radar signals.

account the dynamics of the traps. Finally we conclude and
draw some perspectives.
II. IMPACT OF TRAPS ON LARGE SIGNAL
CHARACTERISTICS

This model is elab d through low-freq S
! ¥ 1o more classi 'pnl«dl\d\ur

acterizations. A 8\7‘um AllaN/GaN HEMT modd was designed
and particularly validated in largesignal pulsed RF operation.
It is also shown that thermal and trapping effects have oppasite
effects on the output conductance, thus opening the way for
separate characterizations of the two effects,

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

I. 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 notably
Power Amplifiers (PA) for telecommunications and radars, due
to their high breakdown voltage, their high cut-off frequency
as well as their high temperature capabilities. However they
are still subject to parasitics effects such as thermal effects
and especially trapping effects, Those trapping effects have
been extensively studied using a number of techniques such
as pulsed measurements, load-pull measurements as well as
frequency dispersion measurements. At the same time, models
have been proposed that take those effects into account [1]. (2],
[3). and while the effects of traps are well taken into account
in CW conditions, their impacts on dynamic large signal
characteristics remain difficult to 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

mastinata tha dunamine af thava trannine affacte ueina losma

One ¢ i way to identify the impact of wapping
effects is to monitor the average drain current of the transistor
versus an increasing RF input power. It has already been
reported in [1] and [3] that this drain current under class-
AB conditions decreases as the input power increases, con-
tradicting the expected characteristics. Clearly this 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, to an average drain current
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Fig. 1. Repeesentation of the mechaaism induced by traps on the average
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42 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
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Abstract—=We progose beve @ nomBncar GaN HEMT -n‘d
for CAD lncheding 2 nmg s description

rements complementary Se mare
acterizations. A $75m AlBN/GaN HEMT medel was desigacd
el y validated s largeaigal pebied RF operation.
1t s alvo shows that thermal and trapping effects have eppenite
effects on the sulpul conductance, thus spening the way for
separate characterizations of the two effects.
Index Terms—Trapplags cffects. thermal effecs. bow frvquency
S-parameters, CAD nea-liness medel, R¥ puled operation.

L. INTRODUCTION

Gallium Nitride (GaN) High Electron Mobility Transistors
(HEMT) 0n SIC are now recognized as good candidutes for
the development of a number of RF applications and notably
Power Amplificrs (PA) for telecomasunications and radars. due
1 theie Bigh breakdown voleage, their high cet-off frequency
as well as their high semperature capabilities. However they
are still subject to parasitics effects soch as thermal effects
and especially trapping effects. Those trapping effects have
been extensively soadied esing a number of techniqoes such
a pelied . load-pull as well as

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

IL IMPACT OF TRAFS ON LARGE SIGNAL
CHARACTERISTICS

One comvenicat way 10 idestify the impact of trapping
effects is to moaitor the average drain curreat of the transistor
vorus 2 increasing RF inpet power. It has already been
repored in (1) and (3] that this drain current under class-
AB conditions decreases as the input power increases, con
tradicting the expectod characteristics, Cleasly thin behavior
cannot be explained by thermal behavior as far as the chasael
temperature sinks when the power increases and would leads,
at least for moderate powers. % an average drain current
enlirgement

o (mA)

Vol

froquency dispenicn measurements. A1 the same time, models
have been peoposed that take those effects into account (1. [2).
[3]. and while the effects of traps are well taken into account
in CW coaditicns, their impacts oa dynassic lage signal
characteristics remain difSicult to undenstand. They manifest
themmelves under modulated signals sach as RF pulses or
telecommunications signals. Memory effects are the main con-
sequence of those trapping effects. In this paper we propose to
investigate the dynamsics of thow trapping effects wsing large
signal pulsed boad pell meswurements as well a bow frequency
dispersion measurcanents. It will be shown that a consistent
noalinear model cam be obtaimed that allows to describe the full
dysamic behavioe of GaN transistors. The paper s orgasized
as follows: Section [l describes the theoretical smpact of
traps on the average current obtained wader pulsed load pall
conditions. Section 1T presents the mcaurements performed
on aa AlnN/GaN 8x78um HEMT and the results obeained
using a large signal noalincar electrothermal model taking into

1A=

Figwe | Represcataion of the mechasicm indeced by waps o6 the average
desin current

Pubiod RF measurements were performed under DC bias on
AIGaNAGaN and [sAIN/GaN HEMTs of 8x75x028pem? fee a
large mumsber of cutpat loads. Foe all devices. we obtain the
same shape of the average drain curment which i shessatized
i Figure 1. The average corent decresse is dee 1o the trap
capture, which iscreases alike 10 the gate and drain voluge
excunioas venss the input power for 3 CW micasercmsent
Indeed. the sumber of jonized traps is roughly propostional
to the maximum value of the drain-source voltage, because
of the disymmetry of the capeerc and emission time coastants
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cleotide sequence analysis
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** {Introduction}

23

24 Your introduction goes here! Some examples of commonly used
commands and features are listed below, to help you get started. If
you have a question, please use the help menu (" *?") on the top bar

to search for help or ask us a question.

‘ John Lees-Miller about 2 hours ago:

Seems punchier. OK?

“ John Hammersley replied about an hour ago:

Yep.

{Some LaTeX Examples}

{How to Include Figures)

6verleo|f

‘ John Lees-Miller closed this about an hour ago.

Compared version (read only) 4

firstdraft & Restore file

18 Abstract
19 Your abstract.

‘2 {Introduction!

)4 This is where you write your introduction. Some examples of

commonly used commands and features are listed below, to
help you get started. If you have a question, please use the help
menu (" *?"') on the top bar to search for help or ask us a

~_question.
‘° {Some LaTeX Examples}
'»} {How to Include Figures}

30 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 itin
your document. Use the figure environment and the caption
command to add a number and a caption to your figure. See
the code for Figure \ref{fig:frog} in this section for an example.

\begin{figure}
’W \centering
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