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Abstract

22 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. It is 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.

_ Introduction

4 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. One convenient way to identify the impact of trapping effects is to monitor the average drain current of
the transistor versus an increasing RF input power. 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 am{5296056,
Leoni2001, 5516843}, and while the effects of traps are well taken into account in CW conditions, their impacts on
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Abstract—We propose here a non-lincar GaN HEMT model
for CAD incleding a trapping effects description consistent
with beth smallsignal and largesignal operating meodes. It
takes into account the dynamics of the traps and then allows
to accurately model the modulated large signal charucteristios
that are encountered in telecommunication and radar signals,
This model s dabomlr‘ through bow-frequency S-parameter
y 1o more classical pulsed-1V char-
acterizations. A 8\7‘;14- AlIaN/GaN HEMT model was designed
and particularly validated in large-signal pulsed RF operution.
It is also shown that thermal and trapping offects have opposite
dlects on lhc uulpul conductance, thus epening the way for
ch b of the two effects.

pa
I. INTRODUCTION

Gallium Niwide (GaN) High Electron Mobility Transistors
(HEMT) on SiC are now recogmized as good candidates for
the development of a number of RF applications and notably
Power Amplitiers (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 1o parasitics effects such as thermal effects
and especially wrapping effects. One convenient way 10 idemtify
the impact of trapping effects is 1o monitor the average drain
current of the transistor versus an increasing RF input power.
Those wrapping 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 1ake 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 10 under-
stand. They manifest themselves under modulated signals such
as RF pulses or telecommunications signals. In this paper we
propose to investigate the dymamics of those trapping cffects
using large signal pulsed load pull measurements as well as
low frequency dispersion measurements, It will be shown that
a consistent nonlinear model can be obtained that allows 10
describe the full dynamic behavior of GaN transistors. The pa-
per is organized as follows: Scction 1l describes the theoretical
impact of traps on the average current obtained under pulsed
load pull conditions, Section Il presents the measurements
performed on an AlInN/GaN 8x75um HEMT and the results

II. THE IMPACT OF TRAPS ON SIGNAL CHARACTERISTICS

One convenient way to identfy the impact of trapping
effects is 1o monitor the average drain current of the transistor
versus an increasing RF inpwt 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
enlargement.
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Figwe 1. Repeosontation of the mochamism indeced by traps om the average
drain curvent

Pulsed RF measurements were performed under DC bias on
AlGaN/GaN and InAIN/GaN HEMTs of 8$x75x0.25un:” for a
large number of output loads. For all devices, we obtain the
same shape of the average drain current which is shematized
in Figure |. The average current decrease is due to the trap
capture, which increases alike to the gate and drain voltage
excursions versus the input power for a CW measurement
Indeed. the number of jomized traps is roughly proportional
to the maximum value of the drain-source voltage, because
of the disymmctry of the capture and cmission time constants
[4). When the RF power is pulsed, the average drun current
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Demonstration template for
submission to Aries Demo

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

o Journal A e o
Y S— Address of second author
K Like Author:  John Hammersley ARSTRACE
License: Creative Commons CC BY 4.0 of you anice. oy Sy main et
W Tweet
Keywonds Keyword |, Keyword2, Keywoed )
0 INTRODUCTION
Seme cxamyl -
Share ‘
METHODS AND MATERIALS
OPEN ASTEMPLATE bl e b acded s et il s, soch o ks oms
0
— SOME LTEX EXAMPLES
View Source Download PDF Use section and subsection commands 8 cega adics all the formansing and
G+ sumbering sstomatically, Use ref and kibel come

Figures and Tables

Abstract: Thisis an example journal template to demonstrate the A R eyt et s gyl i £
integrated submission process from Overleaf to journals e
using the Aries Editorial Manager manuscript tracking el
system. Table 1. An example table
To test out the submission process, simply click the "Open e i T T Tl W i RN i
as Template” button above to create a new project in AL (2010 he chep ommandfo & chtion f pvahens (Locs VR A L. U,
Overleaf based on the journal template. Fill out any details e e e o T b e T e T ol
you wish to in your demo article, and when ready, click the dntributod randem varishles wih EIX \“ \‘ ‘ . ’ o i
"Submit to Journal” button in the top bar of the Overleaf e
editor, and follow the instructions to complete your test e T gty pprcsen ey el WA I ) comupria Siviton
submission.
If you're interested in find out more, or tosetup a
submission link like this for your journal(s), please get in
touch - we'd love to hear from you!

Tags:

Academic Journal j§ Aries Demo Journal A

Find More Templates
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Example Article Title for submission to Aries Demo Journal A

\thispagestyle{empty}
Introduction

Thanks for using Overleaf to write your article. 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 research article sections, such as this one.

Some \LaTeX{} Examples

¥ {sec:examples}

Use section and subsection commands to organize your document. \LaTeX{} handles all the formatting and numbering automatically.

Use ref and label commands for cross-references.
Figures and Tables

Use the table and tabular commands for basic tables --- see Table~ & {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.

\begin{table}[ht]

S _a

? X [SIGNUP| siGNIN

Example Article Title for submission to
Aries Demo Journal A

First Author' and Second Author’

'Address of first author

“Address of second author

ABSTRACT

Please provide an abstract of no more than 300 words. Your abstract should explain the main contributions.
of your article, and should not contain any material that is not included in the main text.

Keywords:  Keywordl, Keyword2, Keyword3

INTRODUCTION

Thanks for using Overleaf to write your article. 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 research article sections, such as this one

SOME I&TgX EXAMPLES

Use section and subsection commands to organize your document. ISTEX handles all the formatting and
numbering automatically. Use ref and label commands for cross-references

Figures and Tables

Use the table and tabular commands for basic tables — see Table 1. 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 | below

Item Quantity
Candles 4

Fork handles ?

Table 1. An example table

Citations

LaTeX formats citations and references automatically using the bibliography records in your .bib file,

which you can edit via the project menu. Use the cite command for an inline citation, like Lees-Miller
etal, (2010), and the citep command for a citation in parentheses (Lees-Miller et al., 2010)

Mathematics
ISTEX is great at typesetting mathematics. Let Xy, X;,... X, be a sequence of independent and identically
distributed random variables with E[X;| = y and Var(X,) = 0% < es, and let
X; +Xa+4 + X ¢
Sy = ————— =) X
n n Z

denote their mean. Then as n approaches infinity, the random variables /Ai( S, — i ) converge in distribution
to a normal .4'(0,0?)

“Journal A

4 > Preview up-to-date and saved



News: Overleaf Highly Commended at ALPSP Awards My Projects John Hammersley ~

6verleaf FEATURES & BENEFITS TEMPLATES PRICING COMPANY HELP

Submit to
Journal A

Thanks for using Overleaf to submit your article!

To send your article, please confirm your first and last name:

John Hammersley

Home page / author guidelines When you submit using the button below, your manuscript and
iournalA supporting files will be sent to the journal automatically, and you will
receive a confirmation email from Overleaf. The journal's editorial team

http://www.editor

Editorial Manager portal

will then send you a follow-up email within one working day with
https:

w.editorialmanager.com/journala

instructions for how to complete your submission.

SUBMIT TO JOURNAL A

Go back
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Submitted to Journal A

Thanks for submitting to Journal A! Your manuscript and supporting
files have been sent directly to the journal's editorial team, and they will
send you a follow-up email within one working day with instructions for
how to complete your submission.

Please check your email for confirmation of your submission.

Our automated submission process is still in beta, and we welcome any
feedback on how to improve the experience. Please send any feedback
through our contact form.

P

Home page / author guidelines

ntp://www.editoriaimanager.com/journa

Editorial Manager portal

NTLps vww.editorialmanager.com/journaia

Latest News Overleaf Support Company

January 08, 2016

Ask Me Anything! Overleaf founder
John Hammersley on Reddit AMA -
Jan 14 2016! #AskJohnOverleaf

January 08, 2016
Paying it forward: Aalok Thakkar




Journal A submission via Overleaf - Confirmation Inbox X ~

welcome@overleaf.com 9:54 PM (0 minutes ago) ~ -
to john.hammersley |~

Dear John Hammersley,

Thanks for submitting to Journal Al Your manuscript and supporting files have been sent directly to the journal's editorial team,
and they will send you a follow-up email within one working day with instructions for how to complete your submission.

For your reference you submitted this project on Overleaf, and you confirmed your first and last name as John Hammersley.

Overleaf

Our automated submission process is still in betal We hope you enjoy the experience, and we welcome any feedback on how
to improve — just get in touch via our contact form.
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Editor 'To-Do' List

My Pending Assignments (1)

Transferred Submissions (1)

. New Submissions Requiring Assignment (0)
Revised Submissions Requiring Assignment (0)
Submissions with Required Reviews Complete (0)
Submissions Requiring Additional Reviewers (0)

Submissions with One or More Late Reviews (0)

Article  Article

Transferred | Initial Date| Status | Current
From Submitted | Date Status
AY AY

Type | Title
= Action A AY AY
Details V¥
History
File Inventory
Edit Submission Insert your title here%

Send Back to Author
Remove Submission
Send E-mail

John (Writslatex |23Nov |23 Nov | CEETSE
Hammersley Ltd) 2015 2015 Received




Exciting news —in July 2017, SharelLaTeX joined Overleaf!

+

6verleaf Sharel.aTeX



We’re now bringing the best to the two platforms together —
e.g. improved n-line track changes and commenting

1
2
3

v

~N O

— . ~
Track Changes is on ( )

Excepteur sint occaecat cupidatat non proident, sunt
in culpa qui officia deserunt mollit anim id est

Laborum. Track inserts by you and your co-authors Added Track inserts by you
. . R # and your co-author... (show all)
Lorem ipsum dolor sit amet, consectetur adipiscing ceb 14 2017 12:16 PM * You

elit, sed do eiusmod tempor incididunt ut labore et
dolore magna aliqua. Excepteur sint occaecat
cupidatat non proident, sunt in culpa qui officia
deserunt mollit anim id est laborum. : Deleted

B T

Lorem ipsum dolor sit amet, consectetur adipiscing Feb 14, 2017 12:17 PM * You
elit. Ut enim ad minim veniam, quis nostrud

exercitation ullamco laboris nisi ut aliquip ex ea SEREEE
commodo consequat. Excepteur sint occaecat cupidatat

non proident, sunt in culpa qui officia deserunt You: And leave comments
mollit anim id est laborum. Feb 14, 2017 12:17 PM « EdIt * Delete

James: Awesome!

Feb 14,2017 12:17 PM

& Resolve

Check our blog for regular updates: www.overleaf.com/blog
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Thanks for listening!

Contact: john@overleaf.com

www.overleaf.com



