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I nvestigations on extreme ultraviolet lithography from beamline
construction, masks, materials, processes, to reliability of nano devices 2/3
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Abstract

Based on synchrotron-EUV light source,
this project has established several important
endstations and analytical technologies for
EUVL-related researches. They include a
high-resolution EUV reflectometer, aresist

issue of EUV radiation damage on the
nano-devicesis also systematically studied.
Based on the above achievements, domestic
semiconductor companies have coupled with
this project via commission projects or join
researches, and even begin to design/
construct their own EUVL equipments. This
project has successively initiated
EUVL-related researches in Taiwan.

Keywords. Extreme UV, Lithography,
Semiconductor, Synchrotron
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The proceeding included three plenary presentations, six technical conference sessions, and
four panel discussions. The six technical conferences ran in parallel; therefore, I attended the
plenary presentation section, two panel discussion sessions, and the extreme-ultraviolet lithography
(EUVL) or resist conference session depending on the subjects, which were of my interest.

(1) Plenary presentations (02/22, Mon., 8:30 — 10:30)

“The future of optical lithography” by K. Ushida of Nikon Corp.

Nikon showed its roadmap to extend the 193 nm-immersion down to the 22 nm half-pitch (HP)
technology node with a double patterning (DP) method, and predicted that EUVL is too late for the
22 nm HP node and a strong candidate for the 16 nm HP node. To realize the DP method for
high-volume manufacturing (HVM) at the 22 nm node, a source-mask optimization, overlay
budget, and cost-of-ownership (COO) are critical issues. On the other hand, a zero-defect mask,
mask inspection, powerful EUV source are current issues that have to be solved to make EUVL
possible as a next-generation lithography (NGL) technology.

-- “Investing in technology industries in the reset economy” by Eric Chen of Silver Lake
Partners

Dr. Chen provided a global view of the evolution of the IC industries. He predicted that the
service of data trafficking will be doubled each year. He also pointed out that Asia, especially
China, will play a new role in the future technology development, with its low R&D cost and short
R&D period. He gave examples of “.Li % 4% consumer products to show to the fact that US is no
longer dominates in R&D.

-- “Lithography of the future: a technical and economic challenge” by S. Kivakumar of
Intel Corp.

Dr. Kivakumar explained the role that lithography has played from the early, current to the
future IC manufacturing. At an early stage, the lithography process was just a module along the
Research-Development-Manufacturing pipeline. Lithography evolved further to applying the
optical proximity correction method to accommodate the IC design; further down to the 45 nm HP
node, the lithography technology started to influence the overall process architecture, using the
decision of using ArF-dry or ArF-immersion to pattern 45 nm HP as an example. Nowadays,
computational lithography, mask technology, mask making are also key enablers for the success of
a technology node. The role of lithography is now a key of a “triumvirate”:

He also mentioned about COO will be the

thhogr aphy key to select the future litho technology for
HVM. Fab. EUV inspection needs include
/ \1 100% confidence on defect detectability and
mask cleanness.
Design > | Process

Architecture
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(2) Panel Discussions

- “EUYV source $10M. EUYV scanner $100M. Defect free EUV photomask, priceless! For
some there’s NIL, for everyone else, there’s EUV.” (02/22, Mon., 19:00 — 20:30)

Intel: Using DUV mask inspection tool, Intel was able to detect 70 nm mask defects; with such a
capability, the 32 nm HP manufacturing posts no immediate risk for HVM. The target of this year
is to detect 50 nm defects on masks. The actinic mask inspection will be needed for driving the IC
technology down the road, it has to equip with the capability not smaller particle size, but also
mask phase defects. The mask repair technique is also needed.

TSMC: TSMC announced that its EUVL application will be ready in the time frame of 2013-2014.
It showed a COO calculation in the 2013-2014 time frame with EUVL much cost effective than
multiple patterning; however, the mask cost was not included in the COO calculation. That brought
a big laugh from the audiences.

Toshiba: Toshiba showed their investigation results and tabulate the current and needs for mask
and imaging inspection as the following:

Fhasze defect Fattern inspection Serial image inspection
Ideal Actinic Actinic alMs™MEUY
Position DUV HP 2¥ nm DUV
Reality 1 ! AlMs™ EUV
Actinic HF 1¥ nm EE

SEMATECH/Intel: Sematech proposed the priority concerning about to develop the mask and
imaging inspection capability as AIMS for the aerial inspection, actinic substrate and mask blank
inspection, and actinic or advanced tech for the pattern inspection. It is widely said that the mask
inspection is more critical, cost effective, and practical than the pattern inspection occurred later
on.

Carl Zeiss: Sematech organized an EUV mask infrastructure consortium (EMI) in late 2009. Carl
Zeiss layouts its roadmap to have the first AIMS system ready within 3 years.

--  “The trial of EUV and DPT ArF for the 22 nm 1/2 pitch node”, 2/23, 19:45 —21:00

(I lost notes of this section.) In brief, each side swore to tell the truth and only the truth in a
humorous way, and showed their results on imaging, overlay, and COO. The jury (audiences)
clapped hands to vote, and at the end it was no conclusion about which technology will be the
winner for the 22 nm 1/2 pitch node.

(3) Poster Session (02/23 and 02/24, 18:00 — 20:00)

There were more than 300 posters in these two-day sessions. I posted my result, and discussed
with IMEC (EU), CNSE (USA), NIST (USA), and SELETE (Japan) researchers who work on
resist outgassing, and exchanged information about each other’s latest progress. IMEC’s
witness-plate result drew a much attention to the rest, because they showed the first evidence of
sulfur contamination on the EUV optical surface, in addition to the fluorine-contamination they
have reported last year.

# Y04




(4) Conference sessions
-- Extreme Ultraviolet (EUV) Lithography

% Y04

Date |Affiliation |Description of the presentation
Actinic mask inspection status at SELETE, capture rate 99% for mask blank but poorer of
SELETE
patterned mask.
Carl Zeiss The EUV optic progress made by CZ. Pre-production Starlith (NA=0.32, six mirror design),
production Starlith 3300 (NA = 0.5, 8 mirror design).
Sematech For the resist evaluation of PAG-bound, PHS, and PAG-blended resist, Samsung assignee at
Sematech reported that Samsung will use PAG-bound photoresist for its 30 nm HP node.
Fuji studied factors of PAG loadings, cation design, increasing ionization efficiently of resists,
2/22  |Fyjifilm PAG diffusivity, quencher loading, and PEB temperature for improving the EUV resist
sensitivity.
LBNL LER ~ 1/image gradient, and Z factor was mentioned here. Z factor was later reported
repeatedly by all resist studies. Z-factor = (Resolution)’ x (LER)” x (Sensitivity).
The study mentioned that the thickness loss of PMMA is KrF > ArF > EUV as a function of
MIT photon absorbed. This result is very different from what we found on literature reports. Its
observation of very little FT-IR peak change is consistent with ours. We will wait for its full
paper to compare with our findings.
Gisanhoton Gigaphoton reported its current status and roadmap of EUV sources. The current output of 14
£ap W at IF was said to be able to deliver 200 W in 2012 and 400 W in 2014.
Enerecti Energetic delivered 15 systems worldwide for outgassing and mask blank inspection. It layout
g e roadmap of its improvement for more EUV power enough for the actinic mask inspection.
NIST NIST reported its latest progress, in addition to its TD/MS facility, now it has XPS and
ellipsometry to examine hydrocarbon contamination on a witness-plate.
The hydrocarbon contamination model was proposed as a ML chemisorption and multilayer
Rutgers U . . . .
physisorption of C-contaminants by a thermodesorption study.
The C-contamination on patterned masks was examined. Non-uniform deposition of carbon on
Albany U
absorber patterns to form a T-top topography was found.
Globalfound No observable carbon contamination was observed for a globalfoundries' mask, which was
ries exposed by ~500 wafers at ADT. Notable that ADT was equipped with a contamination
mitigation facility, it is less sensitive to C-contamination than MET at ALS.
223 Intel showed its investigation on improving EUV resist performance, and gave the
improvement by the reduction of the Z factor. Process parameters included etch/trim, vapor
Intel smoothing, hard bake, ozonation, and rinse. Underlayer material + champion resist
(positive-tone molecular glass) by the dipole exposure shows the Z-factor of this year to be a
number of 7.1. LWR and pattern collapsing remain critical.
Samsung reported its roadmap for EUVL to be inserted in the 30 nm DRAM generation. It
Samsung reported results on bound-PAG with sensitizer, using underlayer, rinse, chemical treatment,
and dry etch for improving the EUV performance.
FLA_TGHCO It reported the latest simulation capability to predict resist blur in a stochastic way.
Using the EUV1 exposure too, it reported alternative developer solution using TBAH, optimal
SELETE developing time, using underlayer materials, optimal rinsing processes as effective means to
improving resist patterning.
Molecular glass "Noria" was again mentioned to have a good resist performance for patterning
JSR 22 nm HP. To improve resist sensitivity and LER, detailed acid amplifier and photodestructive
anion PAG approaches was given, respectively.
XTREME The progress of using tin DPP as an EUV light source was reported. The current ADT's light
source used DPP. The roadmap to fulfill HVM was given as a 500 W at IF light source.
U Tllinois Debris at the IF position was studied by a "sniff" setup, which included a QCM, faraday cup,
MCP, and witness plate. The fast ion beam slowed by buffer gases demonstrated by the study.
14 |[LBNL Actlmc' inspection can detect phase and pit defects, which can not be achieved by DUV
inspection.
IMEC The current status of AIMS was reviewed.
Showed results and suggested that at 16 nm HP node, actinic inspection is required, which
Sematech X
leaves the development of the metrology tool a 6-year time frame.
SELETE It reported a new EUV reticle pod, a box-in-box design, which meets the SEMI requirement.




Date |Affiliation |Description of the presentation
Nikon gives its technology roadmap. ArF-immersion + DP will be used for the 22 -16 nm HP
Nikon nodes, the insertion of EUVL starts at the 16 nm HP node. It also showed the EUV1
performance, COO calculation, results from fundamental R&D works with collaborations
with several Japanese research groups.
ASML reported its current EUVL status with many field data on machine performance,
ASML EUVL process capability, and tool roadmap. 6NXE preproduction tools will be shipped in
the 2010-2012 timeframe.
Cymer is the only EUV source supplier, who can show field data. The LPP source will be
Cymer improved by increasing CO2 gain, high conversion efficiency by a pre-pulse step, H2
purging to eliminate debris deposition.
The most advanced resist evaluation work was lead by Patrick Naulleau of LBNL, he showed
2/25 LBNL the champion resist performance of 2009 by dipole illumination, pseudo phase-shift; and
using resist "BBR3" for resist patterning down to 18 nm HP, negative resist inpria down to
15 nm. A new MET with a NA=0.5 upgrading project is ongoing.
LBNL Effective test patterns to measure image aberrations was proposed and tested at ALS.
IMEC The performance of ASML ADT at IMEC was reported, which included the imaging
performance, CDU, overlay, and imaging performance down to 27 nm HP.
Globalfoundri |Wood reported Globalfoundries' test of using EUVL at the 22 nm HP node operated in the
es mix-match mode. EUV-contact performed much better than DP-contact.
Selete gave two consecutive talks about using EUVL or DP for different layers at different
SELETE technology nodes. It showed that M1 of 2X nm HP with a complicated film stack, DP had no
common window with the etch processes.
-- Advances in Resist Materials and Processing Technology
Date |Affiliation |Description of the presentation
To study the EUV-RLS tradeoff issue, the EUV resist properties were measured that 1 EUV
IMEC photon generates ~8 PAG, diffusion length of typical PAG~8nm, underlayer material reduces
pattern collapsing but loses contrast.
PAG-bound polymers with optimal amount of quenchers were again reported to improve
IBM . g
EUV lithographic performance.
. Molecular negative-tone resist was demonstrated to have a better performance down to 1X
Georgia Tech .
2/23 nm HP regime.
Cornell Molecular photoresist of star-like was reported for ArF lithography (presumably DP).
TOK Promoting acid diffusion by main-chain cleavage in the exposed area improves image
contrast.
Noria(molecular resist) with the modification at side-chains can improve imaging, an
Toshiba example of the approach was shown as the leaving group changes from hydrophobic to
hydrophilic.
Georgia Tech The surface tension was reduced by reactive rinsing to become more hydrophobic, or
substrate modification to enhance the resist adhesion.
NIST Acid diffusivity was studied by the neutron reflective method. A newly developed method to
study the acid diffusion from the exposed area to the unexposed area directly.
ISR Acid amplifier (AA) has been reported again as a mean to increase resist sensitivity. The loss
of resolution and thermostability of adding AA were studied.
A way to increase the quantum yield without the loss of resolution was achieved by the
Albany design of AA is a way that autocatalysis (2nd order reaction) can be effective. An effective 3°
2/24 alkyl formulation was given as a good candidate.
Patterning density as a loading effect to worsen resist patterning was studied by engineering
IBM . .
design developing tubes.
Using the LWR power spectral density (PSD) to judge the effectiveness of post-litho
processes such as UV-vapor, lon-beam sputtering, rinse, plasma treatment. It noted that rinse
IMEC can improved LER by the definition current used for the CD SEM measurement, but its PSD
indicated an increase in its low frequency part, which can not be detected by a typical CD
SEM measurement.
C. Mack The lithoguru described the stochastic nature of photon shot, chemical shot (acid), and

dissolution effect.

% Y04




--  Optical Microlithography

Date |Affiliation Description of the presentation

UCBerkeley  |Negative index materials may be used for NGL.

New materials to increase the electron mobility (GaAs, InP, InAs, InSb
IMEC

, new devic

(STI Ge pMOS), ALD Ge-Ox, Quantum well device, heterojunction, graphene were
mentioned as ways to improve the performance of microelectronics. For all these ef

EUVL for the first time became a conference session at the annual advanced microlithography
of SPIE. The aims of my trip included to show the current R&D status in Taiwan and to learn the
latest progress of EUVL. Since we are not members of SEMATECH or any international EUVL
organization, SPIE is the best event for us to learn the latest progress of the lithography technology.
It is clear that DP will be used for the 22 nm HP node, while DRAM companies are eager to utilize
EUVL for their next generation products. I did not attend the session of alternative litho
technology; however, along the meeting it is said that self-assembly contact materials is a likely
new technology for contact and via filling. R&D works reported by universities are minor;
however, LBNL (using ALS synchrotron light as the EUV source) and SUNY at Albany are two
places in the States, actively participating in this event.

Z o A RRRIERR TR %)

No visiting activity.

T~ ER
Some of our EUVL team should attend 2010’°s meeting for updated EUVL information. We
may organize our own workshop to learn more about each other’s research.

I HETHLEE RS
Agenda and abstracts. See http://spie.org/advanced-lithography.xml for the detail.
=~ Hiu

—_

7

2/23 IMEC said, "we are not lost, we are exploring."
Globalfoundric The concept of design-enable manufacturing was mentioned by Intel, and again by
) globalfoundries. The strength of the company was mentioned as a great|source of it
pattern checking and automated process-aware design.
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Day 0 (06/21): Travel to Maui.
Day 1 (06/22), speaker prep: I have put on my presentation to the workshop’s computer, and tested the

presentation to make sure that my presentation file can be run by the workshop’s computer. The reception

was in the evening.

Day 2 (06/23):

- Keynote -1, Jos Benschop (ASML): ASML presented its roadmap for EUV scanners, and proposed the

EUYV double patterning will bring the technology to 7 nm HP regimes. Six machines will be shipped

in the coming two years. He also mentioned ASML’s assessment to masks, sources (LPP and DPP),

and resists. The inspection of mask and mask blank is ranked as the number one issue for the

realization of EUVL. He also mentioned the upcoming new light source at 6.X nm.

- Keynote -1I, Obert Wood (Global foundry): Global foundry presented their current status on mask

blank inspection, resist performance, pellicles search, mask flatness, and the reduction of line-edge

1




roughness (LER) by approaches of underlayer materials, rinse materials, etc.

EUV sources: Gigaphoton reported its current status as 104W from Sn droplets excited by CO2 laser,
expects a 250 W output in 2011. Prof. Dune of UC Dublin reports the latest progress on extracting
13.5 nm light from Tin plasma. EUVA describes the EUV consortium in Japan, and its current status
as 100W at IF. Vivek Bakshi summarized the current EUV source status as 60 W, conversion
efficiency 2.5 %, and predicted up to 7% might be possible. He noted that a next generation beyond
13.5 nm is undergoing development.

A section of the next generation EUV sources include Prof. Dunne from UC Dublin and Sasaki from
Japan talking about Tb and Gd at A = 6.5 nm.

AIMS and Mask blank inspection: Besides the exposure source, there is a need to develop the actinic
mask inspection source. Energetiq and NANO-UV gave introduction of their inspection products.
Contamination section: Selete reported the progress of optical cleaning using oxidation and/or
reduction methods. I gave our EUV photochemistry results, and got feedback from global foundry
(Obert Wood) and U. Hyogo (Kinoshita).

My student, Chih-Hua Shao presented “Counting outgassing molecules” in the poster section.

Day 3 (06/24):

Keynote-III: Nishiyama reported the EUVL development in Japan, he showed the EUVL project from
ASET, EUVA, MEXT, to SELETE. He also told the “first” events of EUVL reported by Japan
scientists.

EUVL R&D status: Given by Prof. Denbeaux, he described the research status at Berkley (coming
soon a new NA=0.5 exposure tool), NIST, U Illinois, and SUNY CNSE. Prof. Kinoshita presented the
facility of U. Hyogo at NewSubaru, he welcomed every one to go there. Prof. Dunne of UC Dublin
gave a review of England’s EUVL project (30 researchers, 2 million EU/yr). Prof. CH Lin of NCKU
reported Taiwan’s project. Prof. Ahn of Hanyang U. updated Korean’s project, the EUVL project of
Korea obtained supports from Samsung for the coming eight years or so.

EUVL mask: Asahi Glass updated its mask manufacturing status, and reported a new Ru-capping
process to reduce the reflectance loss due to Ru-capping. Dr. Goldberg of LBNL gave a thorough
review of mask inspection up to date including all reports that can be found from various conferences,
symposium, and literatures. Prof. Kinoshita showed the mask inspection tool of U. Hyogo at
NewSubaru.

Resist sections include LER and EUV resist. LER now include the effect from mask LER, as LBNL
now focuses on. Chris Mack has been reported on his development on the LER simulation for quite
some time, and the key issue to be solved is the capture range of the deprotection region. Prof.
Tagawa and Kozawa collaborate, and have developed EUV reaction mechanisms to include the
secondary electron’s effect.

Vivek made a wrap up summary.

S~ BguiE

The scope of the workshop as stated by the organizer, Dr. Bakshi, aims on R&D. The participants are

mostly R&D scientists from worldwide research institutes and universities; unlike Proc. SPIE where most

2



reports are contributed by industrial participants. I have more chances to discuss with scientists.

E A BRFRER(EAAEE )
T~ TR

EUV lithography is coming. Taiwan should put more R&D effort from universities, research institutes,

and industrial companies.

TR L PG
Agenda and abstract. See

https://www.euvlitho.com/index.php? a=viewDoc&docld=21&ccUser=393a0aec1952d24011223874497
df0a2 for the detail.
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First Year of IC Production 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

DRAM ¥ Pitch (nm) (contacted) 52 45 40 EL 32 28 25 23 20 18 16 14 13 1
Fiash i Pitch (nm} (un-contacted Poly){f) 38 32 28 25 23 20 18 16 14 13 1 10 6.9 B.0

45 |193nm Immersion with Water
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o T e

32 |193nm Immersion Double Pattern Marrow
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| I [
22 [ewv

193nm Immersion Double | Multiple Pattern

ML2 Narrow Options
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16 |Euv | N

Innovative 193nm Immersion Multiple Pattern
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Directed Self-Assembly
Interference Lithography Elac
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a-Timeline
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ML2
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| I I |

Interference Lithography
This legend indicates the time during which dlewvel and duction should be taking place for the solution.

Research Required
Development Under way
Qualification / Preproduction
Continuous Improvemeant

Figure 1. ITRS Potential Solution Into the Future
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e EUV Physics

e Introduction to Optical Lithography
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Session 1: Keynote -1

e Keynote -1: EUV: Status and Challenges Ahead, Jos Benschop, ASML, Eindhoven,
Netherlands

e Keynote-2: EUV Lithography: Approaching Pilot Production, Obert Wood,
GlobalFoudries, Albany, New York, USA

Session 2: High Power EUV Sources

Session 3: Next Generation EUV Sources

Session 4: EUV Sources for Metrology

Session 5: EUV Optics

Session 6: Contamination

Session 7: Poster Session

6/24

Session 8: Keynote — 2

Session 9: EUVL R&D Status

Panelists:

e Greg Denbeaux — USA (University of Albany)

e Hiroo Kinoshita —Japan (Hyogo University)

e Padraig Dunne — Europe (University College, Dublin)

e Chun-Hung Lin — Taiwan (National Cheng Kung University)

e Jinho Ahn — Korea (Hanyang University)

Session 10: EUVL Mask

Session 11: LER

Session 12: EUV Resist

6/25: EUVL Workshop Steering Committee Meeting

- e

d 3~ EUVL #_22 2 f & 2L5 B B4 i@ 32 — o EUVL Workshop & & 8 7%

Py EREL Ry & EUVL P a8 ¥ & 70 #3 EUVL g » 3 2 & &
A o TSP RE 24D % o A A RS 7 %A £ EUV kiR -

TR AGRIR 2 F KB EMESBUV RS ks kR k54 s EUV kg ke 2
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BEF 3 0 Har A g dp g o4 & o Osaka University 7 Prof. Seiichi Tagawa %
Radiation Chemistry of EUV and EB Resists f#-# » #r#% ¥ EUV 4v Ebeam #c#’
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=
' =t & EUVL Workshop 8 I|5& ® EUVL 3+ 3 ¢4 3 #F 4 (Director of National
EUVL R&D Program) % % ~ & 0% 422 (Prof. Jinho Ahn) %42 » &7 1 FirX iz ¢ -
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R g R T > 27 T 2010 EUVL Workshop shieF ¢ 439 o
https://www.euvlitho.com/index.php? a=viewDoc&docld=21
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e  Workshop Proceedings = 384 & ¢ y‘%’é&dﬂz EF - Ty

o  Workshop Agenda ¢ &3k A%

e  Workshop Abstract Book ¢ &1 %

e Keynote Talk (Benschop-ASML) Keynote / #crfi g2 7

e Kenynote Talk (Wood-GLOBALFOUNDRIES) Keynote i #4227

4



e Kenynote Talk (Nishiyama-SELETE) Keynote ;&3 82 7

4o
1. Greg Hughes, “ITRS CHAPTER: Lithography,” FUTURE FAB International 32, 77
(2002).
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This 2-day seminar began with a review the main market metrics from devices
to applications and current state of the art of the Silicon-based power
electronics. It then explored the capabilities of GaN and SiC to disrupt that
equilibrium and highlighted the recent developments in a selection of
applications.

B euiF

Due to the low efficiency of EUV l1ght source, the high power electronic module
1s necessary to drive. SiC has high power, high efficiency, and high power
density. It will be ideal material for EUV source.

Power electronics are currently facing a huge transition as the demand for
1




efficient power conversion systems is increasing along with the “Green-Tech”
introduction. The Green revolution 1s now impacting all application fields
1n power electronics pushed by regulations: from low power with the need for
improved cell-phone battery chargers; to mid-range where motor control, home
appliances, PV inverters, EV/HEV and white goods may consume less energy;
to higher power in which train traction, wind turbines and energy T&D are
expecting new solutions to reduce conversion losses.

This battle for an efficient world starts at the heart of every system: the
power devices. These devices today are mainly based on silicon technology.
Silicon diodes and silicon transistors (MOSFET, IGBT, Thyristors...) are the
key components and are constantly improving their performance, reliability,
life-time and efficiency. However, year-to-year improvements are slowing as
they approach maximum theoretical specs.

New materials have emerged in recent years and some may be able to displace
existing silicon devices with enhanced characteristics, less loss, higher
operation temperature, longer life-time and greater robustness to cycles.
S1C was the first technology commercially introduced in the early 2000’s and

GaN 1s now coming to market as well.
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The agenda is the following:

Day 1

Session 1 Overall Power

(9:00 - 10:30) | Electronics market

Break
(10:30 -
11:00)

High Voltage

applications

Session 2
(11:00 -
12:30)

Lunch
(12:30 - 2:00)

Session 3 EV and HEV

(2:00 - 3:30)

Yole Développement:
Power electronics market: a global overview
By Dr Philippe Roussel, Project Manager
STMicroelectronics:
Innovative power device technologies and system solutions for a greener world,
By Jean-Benoit MOREAU, Product Marketing Director
On Semiconductor:
Technology Trends in Energy Efficient Power Semiconductors
By Marnix Tack, Senior Director Power Technology Centre, Corporate R&D

Yole Développement:
Market for IGBT module n the rail traction
By Brice Le Gouic, Market Analyst
Alstom:
New trends in power system thermal management by Michel Mermet . R&D
innovation technical director PRIMES

Arkansas Power Electronics International, Inc.:
High Performance Silicon Carbide Power Electronics for Extreme Environment
Applications
By Jared Hornberger, Director of Manufacturing

Yole Développement:
Power electronics market for EV and HEV
By Brice Le Gouic, Market Analyst

R&D Association for Future Electron Devices:

“Japanese National SiC Projects - Past, Present, Future”

By Dr. Hajime Shimizu

Raytheon Systems Itd.:
Power Electronics in More Electric Transportation
By Jim McGonigal, Executive, Power and Control Technologies



Break
(3:30 - 4:00)

Round table | Green-tech is pushing for improved power devices: what, where, when and how?
(4:00 - 5:00)

(5:00 - 7:30) | Welcome reception
Day 2

e *Yole Développement:
Session 4 SiC power electronics SiC market: a 10-year projection
(9:00 - 10:30) By Dr Philippe Roussel, Project Manager
e *CREE:
“SiC device recent developments”
By Greg Mills, Materials Business Sales and Marketing Manager
e *SemiSouth:
‘SiC J-FET recent developments”
By Jeff Casady, CTO

Break
(10:30 - 11:00)

Session 5 SiC and GaN new substrates e Yole Développement:
(11:00 - 12:00) Technical trends and market size of SiC and GaN substrates
By Dr Philippe Roussel, Project Manager
e FAzzurro:
“GaN-on-Silicon: a revolution to make GaN technologies affordable”
By Markus Sickmoller, VP Operations

Lunch _

(12:00 - 2:00)

Session 6 Silicon wafer market and e +Yole Développement:

(2:00 - 4:00) technology Silicon wafer market for Power Electronics: CZ, FZ and thin wafers

By Brice Le Gouic, Market Analyst
e +SUSS MicroTec:
Temporary Wafer Bonding Process Development and Production for
Power Device Manufacturing
By Bill Crouch, Product Manager
e +Topsil:
In Search of Excellence: Pushing the Limits of Silicon
By Jergen Bedker, VIP, Logistics, Sales and Marketing

EV Group: Cost effective approach for thin wafer handling process
4



optimization
By Yuichi Otsuka, Representative Director

Round table How fast could SiC and GaN take market shares over silicon
(4:00 - 5:00)
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