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n’s competitiveness in the industry is drawn from
"f"‘"-? _established production pipeline, highly

er lenced engineers and strong R&D capabilities.
Acc ordmg to statistics from Taiwan's Institute for

i

~ In Qrmatlon Industry (1ll),

-

-

- -ma including

‘-":;—‘5" "”Eable CPE (96.2%), notebook PC (89.4%), and tablet

— - devices (86.5%). Other product areas in which Taiwan

-~ has top ranking include WLAN NIC, motherboards, LCD
monitors, IP phone, desktop PC, and smartphones.
Moreover, the island serves as a major procurement
center for global ICT companies and buyers.
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450mm capex

Capex and Process/wafer size trend
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Data Storage

productivity
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Tzu-Sou Chuang
2013, 03, 05

450mm
Wafer Fab Era

.‘_' High-Tech Facility Construction Management
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Factory Integration Scope*

r FITWG Thrust Teams ~
/ 4 &
R -
'“.‘-. gﬂ ’ EIE‘L'. —-—
o I :
Facto Production Factory Information "
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Si Substrate [_.

Mfg__ . Chip | |Product
Reticle [ Mfg Mfg

,,,c,easmgcos,& + FEOL i+ Probe/Test Packaging
« BEOL v Singulation - Test

Cycle time implications

Distribution

Factory is driven by Cost, Quality, Productivity, Speed, and Flexibility
- Reduce factory capital and operating costs per function
~ Faster delivery of new and volume products to the end customer
— Efficient/Effective volume/mix production, high reliability, & high equipment reuse
= Enable rapid process technology shrinks as well as systematic productivity waste
reduction

*: ITRS Factory Integration 2011 Edition (www.itrs.net)
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B Sustainable Operation

B Safety, Energy Saving, and Sustainable Environment

B Innovative Process

B New ldeation, New Methods, New Techniques

B GigaFab

B Engineering Productivity, Manufacturing Cost

® Nanotechnology

B 16nm node and below
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Productivity Improvement:
« Wafer size transitions,

« Shrinking device geometries,
« Equipment productivity, and

* Incremental yield.

Scaling Calculator + :
Cyecle Time &l
x|
OFx qp O.7Tx
=1l
0 >180 » 130 2+ N > 60 2»45 232 = 282 16
I— (LBex —T Cpole Tims
(T =k
-1 N M1 *CADRTi=
[ (L 2T prs)] - 1
*CALT) Compound Al CARRYT yrs) = -10.9%
(8 cyciotine porsad, T) CARRZ yrs) = -15.9%
[DRAM M Example]
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FAB - Cost to Future

Production Indices Summary
300mm vs. 200mm
Cycle Time 0.8X
Defect Density 04X E
= : — 200mm
People Productivity 2.5X S . T
Equipment Productivity 1.8X
: . A450mm
: Semi =2 : :
Full Automation rate Full Auto - .
- —
300mm 450mm
best best
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Wafer cost including starting and monitor wafer, ISMI assumptions.
Dotted line are 300mm, solid line 450mm, 20% depreciation.
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Source: Abell T., SEMATECH Symposium Japan 2011
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~450mm Fab - Why

B Surface area & number of die is more than twice that of a
300mm wafer.

B More efficient use of energy, water and other resources.

B Fab automation, material handling systems & most of tool
platform, 300mm to 450mm easier than 200mm to 300mm.

B 450mm Fab leads industrial growth by sharing benefit of
cost reduction.




Hm $ 10 billion or more to build a new Fab

m $ 100 million for an EUV scanner
m $ 5,000 per raw wafer initially

B Only a handful of companies can afford it

B |[ntel, Samsung & TSMC
m Will cause further consoclidation

B Tool suppliers are “wait-and-see” at best

B Burden they bore for 300mm tool development is still fresh
B R&D funding shortfall
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COLLEGE OF NANOSCALE
SCIENCE & ENGINEERING

B ey e

Funding for ISMI 450mm
\ Program Announced

European Commission
Funding for 450mm
development

Source: Abell T., SEMATECH Symposium Japan 2011 22

MANUFACTURING

INITIATIVE

&mec

450mm cleanroom
announcement

“»semr

450mm Standards
initiated - most
finished by 2010

\

450mm wafer handling
evaluations




ISMI 450mm Program Model

IC maker

A set of Beta/Beta+

Consortia focus production capable process

450mm Test Wafer and metro tools & Auto
ISMI Generation, Shared systems capable of meeting

ISMI Test Bed: Si Metrology and the technology node targets.
and SEMI standards Demonstrate unit
evaluation, automation, process capabilities. Reuse/
and FOUP/AMHS Extend
interfaces. Metrology ’
Equipment Reuse
developmentiand Exploring Collaborations at:
evaluation opportunity. s P Manaaed

. Den?onstratlon Tgst fac!I!ty } Virtuagl

« Equipment Supplier facility Dirocensiig

« IC maker facility

Process Basic metrology 1w gen tools

grade Si | capability Tool Demos
1 N e — 1 —;,\“
2008 [ 2009 | 2010 | 2011 | 2012 [ 2013 _

Source: Abe T., EU-Taiwan 450mm Transition 2009



B Inside IC Fab Wafer Physical Contact Guidelines
B 450mm FOUP Manual Handling Design Guideline
B 450mm FOSB Architecture Guideline

B 450mm AMHS Guidelines

B 450mm PGV Guidelines
B Building Re-Use from 300mm to 450mm




Can your
300mm
platform be
extended to
450mm?

» Consider extendibility during
next generation equipment
design to maximize reuse.

» Equipment that can support
300mm and 450mm may
have cost and capability
advantages.

Source: Abe T_, EU-Taiwan 450mm Transition 2009

components
(stage, EFEM, etc)

process

il
capabllity physical
facility interfaces
interfaces ]
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O China
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Okorea

ONorth America
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B Europe




Taiwan SC Market Cap.

B Global semiconductor revenue is still on growth trend.

B Taiwan Semiconductor Market:

B Material Market, NT$ 330 Billion in 2011
B Equipment Market, NT$ 260 Billion in 2011
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_ e 450mm Standards
Funding for ISMI 450mm initiated - most

Program Announced finished by 2010
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450mm cleanroom
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Institute Industry
(technical support) Users

University

450 Platform
(Talent) L/

Industry Association
Suppliers on-technical support)
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(G450
Progress on 450mm

Frank Robertson

SEMI 450mm Transition Forum
December 6, 2012




(G450

Global 450mm Consortium

* A public/private program based at the College of
Nanoscale Science and Engineering in Albany, NY
* Driving effective industry 450mm development
— Coordinate test wafer capability supporting development
— Demonstrate unit process tool performance
— Improve tools with Suppliers to ready for customer operations

* G450C Members
— CNSE / Research Foundation
— GLOBALFOUNDRIES
— Intel
— IBM
— Samsung
— TSMC




G450C Program Organization (6450(:

GM ond Coordinator

VP/GM, Industry / Strategy VP/ GM, Internal / Operations

Director,  |Oiector, Progium Etch Engineerfng
Integration Coordination : Director




Communication Between
G450C Members & Participants

M+W GROUP

As of: 26 June 2012

\

’| Ewsel
Intel
TSMC

| SamsurEI

. GA450C Members
CNSF
Intel
TSMC
Samsung
GLOBALFOUNDRIES

IBM

— | ormal Communicetion & Coordination
== == |nformal Communicaticn & Coordination

GA450C “Facilities Council”
proposed to manage

G450C Associate Members

M+ Group

Tool Suppliers?
?

interaction/coordination

G450C Affiliate Participants
acility Supplier 450C [FS450C)
UPW Supplicrisi = T3C
WWT Supplients] -TED
Anatement Supplisc(s} =TID
352 5G350lers’ -TED
Specially Chern Soppher{s) —TED
rompressed A buoolersl (B
Machanlcal Sugziersis) - TZD
Elzctrics| Supshenis) = 78D
l

Fadities Supplier 450mm Consortium (FS450C) — June 2012

© MW Group



G450C Lithography Tool Roadmap (450

Soomm fmerint ' s"193'."';tt;}lﬁ'.'.;"";'.;;;;;'"
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193i Coupon, EUV Coupon . at Supplier site

—_—— _1_ e e e 4

A450mm Imprint + Spacer

: ! - Potential G450C |
Coupon + Imprint " tool @ CNSE |t S
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- Immersion |
CArF-dry




ISMI 450 Consortium

15t Process
tool

-

450 mm lot size

= L COLLEGE OF NANOSC
(25)/Carrier (FOUP) L3 Mte;;?mgy SCIINGE & ENGINEERING
defined o RN

—] NY funds

450 Program Wafer thickness 450 mm
Launched defined (925 pm) _ Program
1 =g T
— 2006 {m——mei 2007 | | 2008 | —-| 2010 2014 |—}
450 mm
Standards:
Loadport/FOUP/
1st 15t sc.Si Wafers
sintered wafers s »semr
N 1% Wafers Processed
450 mum at Supplier Sites
EPMs

Source: Abell T., SEMATECH Symposium Japan 2011 25



Development and Technology C 450
Intercept Targets '

Early 450mm Development

Early Development of Silicon and factory
integration § automation standards,
intercperability test beds for component and
standards verification; early too! development

Tools for Consortium Demonstrations
{unit process)

14nm G450C Demonstrations

450mm and 300mm tools progress
synchronously through technology generations

Ready for IC Makers
Nominal “nm™ = ITRS M1 Half Pitch

Full set of process and

metrology, automation

2011 2012 2015 2016
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MOSES, MEET STEVE.
HES GONNA URGRADE
: YOUR TABLETS...
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TO BE HONEST, MR. JOBS, THE LAST TIME AN APPLE
CAUSED SO MUCH EXCITEMENT AROUND HERE
INVOLVED ADAM, EVE AND A SNAKE...



WHEN IS THE
LAST TIME THIS DEVICE WAS
UPGRADEDZ IT REALLY NEEDS TO
RE MORE USER FRIENDLY.
WHO'S IN CHARSE /
OF INNOVATION
UPHERE?Z IS THIS 4%
AVAILABLE IN ,

c:c:\g!:sﬂ‘.«'ﬁz ‘ cs\




l - &OR Via
C‘Q??W"-WRBS(&'L

iCame, iSaw, iConquered 10 years ago the USA had Steve Jobs,
Bob Hope and Johnny Cash.
Now the USA has no Jobs, no Hope and no Cash.
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Many ,)J sles In this presentation are sourced
JILJ or'provided by Dr. Tzu-Sou Chuang,

.j__Frank Roberson, Dr. Charley Carter,
—= and Dr. Ming Han Liao.

'The presenter appreciates their contribution
very much.
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