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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 8x75m 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

38 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 88{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-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

ements pl ¥ 1o more classical pulsed-IV char-
acterizations. A 8x75;m AlInN/GaN HEMT model was designed
and particularly validated in large-signal pulsed RF operation.
It is also shown that thermal and trapping cffects have opposite
effects on the output conductance, thus opening the way for
separate characterizations of the two effects.

[. 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. 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 [1], [2], [3]. and while the effects of traps
are well taken into account in CW conditions, their impacts on
dynamic large signal charactenistics remain difficult to under-
stand. They manifest themselves under modulated signals such
as RF pulses or telecommunications signals. In this paper we
propose to investigate the dynamics of those trapping effects
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: Section I describes the theoretical
impact of traps on the average current obtained under pulsed
load pull conditions. Section Il presents the measurements
performed on an AlnN/GaN 8x75pm HEMT and the results

II. THE IMPACT OF TRAPS ON SIGNAL CHARACTERISTICS

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. It has already been
reported in [1] and [3] that this drain current under class-
AB conditions decreases as the inpul 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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Figure 1. Represenation of the mechantsm induced by traps on the average
drain carrent.

Pulsed RF measurements were performed under DC bias on
AlGaN/GaN and InAIN/GaN HEMTs of 8x75x0.25pm* 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 1. 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 ionized traps is roughly proportional
to the maximum value of the drain-source voltage. because
of the disymmetry of the capture and emission time constants
[4]. When the RF power is pulsed. the average drain current
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Adopted by a growing number of universities and institutions around
the world, mcludmg Stanford, Caltech and CERN

Exciting News: SharelLaTeX is Joining Overleaf
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California Institute of Technology (Caltech) on Overleaf

Qverview

Overview

Caltech Library is providing free Overleaf Pro+ accounts for all students, faculty and staff who would like touse a
collaborative, online LaTeX editor for their projects.

Overleaf is designed to make the process of writing, editing and producing your research papers and projec lnpu s much
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Overleaf provides real-time data on uptake, usage & collaborations
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Recent activity

Yesterday Last Week Last Month

84 users 154 users 237 users
worked on worked on worked on
115 ();nf.ects 327 proictct; 511 n:oiects

Collaboration

External coliaboration

Number of users at other Institutions that have collaborated with Lilliput Undversity the most, In the past week

University College London. University of London
@ Stanford University
@ Lawrence Berkeley National Laboratory
King's College London. University of London
@ Consejo Superior de Investigaciones Cientificas (CSIC)
@ Brown University
@ University of Oxford
@ Unlversity of Cambridge
@ 100 other universities

They're from 5 departments, including Bioengineering, aeronautics,

Repartition

Departments
Number of users In different Lilliput University departments

@ Computing
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® Physics
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& Mathematics
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® Other

Repartition
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University administrators can also opt to receive a monthly digest email
with key statistics
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Metrics report for Lilliput University on Overleaf

4

welcome@overleaf.com 01/07/2017 -~

tome |«

Dear John Hammersley,
Here's your monthly summary of Lilliput University usage on Overleaf.

October saw 415 users signing up. Signups include 65 Doctoral Students (PhD, EngD, ...), 58 Masters Students (MSc, MA,
...), and 35 Undergraduate Students. They're from 45 departments, including Computer Science, Electrical Engineering,
and Mechanical Engineering.

1.38 Thousand users made 2.27 Million edits on 4.97 Thousand projects.

4 versions were published.
Projects worked on by your team have 1.32 collaborators on average.

You can view the team hub for an overview, or the metrics dashboard for more details.

Don't want to receive these emails? edil your email preferences.




Example: Overleaf at Stanford University

— 450% increase in usage in the first year the institutional solution was adopted

— Now used by over 7,000 students, researchers, staff and faculty

‘ has been a huge success at Stanford.

We provide Overleaf Pro accounts to all students, faculty and
staff and the has been ”

Helen Josephine

; - Head of the Terman
/ Engineering Library, Stanford
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FOR AUTHORS Submitting LaTeX Files
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Authors
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