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About SEMI

Semiconductor Equipment and Materials International

Global industry association
1800 Members

Established in 1970 to serve
the semiconductor supply chain

Today serves members In
the following industries
— Semiconductor

— Flat Panel Display

— Photovoltaic/Energy
— Nanotechnology

— MEMS

Carlos Lee, SEMI Europe, ESCCON 17 March 2011




Characteristics of the SEMI industry

« Enabling technology

* Pervasive technology
e 2" most R&D intensive
* Global industry

e SEMI (semiconductor equipment and materials international)
— Industry association since 1970, 11 offices
— 1800 members worldwide
— 85% are SMES (small and Medium sized Enterprises)
— SMEs drivers of innovation

Strongly interlinked eco-system

/psemr

Carlos Lee, SEMI Europe, ESCCON 17 March 2011
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» Strongly interconnected supply chain
 The fab is the lab & the lab is the fab
« SEMI members benefit of working closely with their customer and suppliers
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“...inthe long run R&D activities are likely to follow production to third countries”

Source: Communication from the European Commission COM(2009) 512 "Preparing for our future: Developing a
common strategy for key enabling technologies in the EU®



Semiconductors are the innovation enablers,
also for aerospace, security and defence

Estimate Forecast
2007 2009

Electronic End Equipment $1,570B — $1,846B

Semiconductors $256B — $296B

—
S $43B —> $45B

membership | Fi VEWHES

$42B — $50B

/psemr
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IN DEPTH October 2, 2008, 5:00PM EST

Dangerous Fakes

How counterfeit, defective computer components from China are getting into US.
warplanes and ships

By Srian Grow, Chu-Chu Tschang, ClI Edwards and Brian Burnsed

The American milira faces a growing threat of potentially fatal equipment failure—and even foreign espionage

—because of counterfeit compuier componenis used in warplanes, ships, and communication networks. Fake
microchips flow from unruly bazaars in rural China to dubious kitchen-table brokers in the US. and into complex
weapons. Senior Pentagon officials publicly play down the danger, but government documents, as well as

interviews with insiders, suggest possible connections between phony parts and breakdowns,

In November 2005, a confidential Pentagon-industry program that tracks counterfeits issued an alert that "BAE
Systems experienced field failures,” meaning military equipment malfunctions, which the large defense
contractor traced to fake microchips. Chips are the tiny electronic circuits found in computers and other gear.

The alert from the Government-Tndiistns Nata Fyrhanne Proaram (GINEPY reviewsd by BucinecclAloal (1440 caid



Defense Industrial Base Assessment:

U.S. Integrated Circuit Design
and Fabrication Capability

i
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U.S. Department of Commerce
Bureau of Industry and Security
Office of Technology Evaluation

March 2009

DEFENSE INDUSTRIAL BASE ASSESSMENT:
COUNTERFEIT ELECTRONICS

PREPARED BY

U.S. DEPARTMENT OF COMMERCE
BUREAU OF INDUSTRY AND SECURITY
OFFICE OF TECHNOLOGY EVALUATION

January 2010

FOR FURTHER INFORMATION ABOUT THIS REPORT, CONTACT:

Mark Crawford, Senior Trade & Industry Analyst, (202) 482-8230
Teresa Telesco, Trade & Industry Analyst, (202) 4824050
Christopher Nelson, Trade & Industry Analyst, (202) 482-4727
Jason Bolton, Trade & Industry Analyst, (202) 482-5936
Eyle Bagin. Summer Research Intern
Brad Botwin, Director, Industrial Base Studies, (202) 4824060
Email: bbotwin@bis.doc.gov
Fax- (202) 482-5361

For more information about the Bureau of Industry and Security, please visit:
http:/www bis.doc_gov/defenseindustinialbaseprograms/ index him




Manufacturing delocalization trend
due to strong incentives
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Typical incentive package

e Chinese Incentive Program
| For Foreign Fabless Design =

+ Grants of up to $30m over 4 years

+ 15% cap on Corporation Tax
— Likely to be 0%

+ Rent free premises for first 2 years
— Negotiable for following 2 years

« Staff living expenses for 2 years
+ 100% refund on personal income tax for up to 5 years
+ “Improved access” to the Chinese market

+ (Conditions

— Set-up a design site in one of 6 Chinese cities
— Work with SMIC as your fab

Carlos Lee, SEMI Europe, ESCCON 17 March 2011
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Typical Incentive Package Asia
(source A) (name removed for confidentiality)

*  Land, building, facilities
— Land for free
— Loan for 20 /25 years covering Building Facilities investments, with free leasing up to 5 years
— Land reserved for future expansion over next 10 years
*  Low rates for public utility fee
—  Electricity, Water and Gas : Fixed rates for a period from 5 to 10 years:
— Rates below 20% at least from Market Price

e Corporate Income Tax (CIT)
— Years 1to 10 : exemption between 50% and 100%
— Years 11to 20 : partial refunding

*  Business Tax : From year 1 to year 5 : 100% of local retention of the business tax returned to the Company
* Individual Income Tax : From year 1 to year 5, at least 50% of local part refunded to the Company

*  Local VAT rebate : From year 1 to year 5 : exemption up to 100%

*  Subsidies for Environment protection : 10% of Investment deducted from CIT

e Subsidies for R&D : 150% of cost for development of new technologies, new products, deducted from CIT

«  Cash subsidies for training, environment, interest for bank loan and others to support start up of the project
*  Preferential conditions for operators housing

*  Preferential conditions for new suppliers implementation

«  Customs:
—  Free trade zone with preferential tax and duties exemption in certain location
—  Preferential conditions on importations
—  Clearance procedures simplified

Commitment from the Authorities to provide at least a similar incentive package for further extension project

/psemr

Carlos Lee, SEMI Europe, ESCCON 17 March 2011



Global 300 mm Fab Capacity

300mm Installed Capacity

-
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SE Asia
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Source: SEMI® World Fab Forecast, November 2010 a sem1I’
Carlos Lee, SEMI Europe, ESCCON 17 March 2011



"Power"” Ranking of the 300mm Wafer Capacity Leaders

(2010)
300mm Capital
.%T;"E?, Company Headqu_arters Capacity Speﬁding '?Pnc?ﬁenr?'
Ranking Region Rank for Rank for Rating"
2010 2010

1 Samsung Korea 1 1 2
2 Hynix Korea 2 = 6
3 Intel u.s. 3 3 6

4 ‘Tsmc¢  f  Tawan N 2 7
5 Toshiba/SanDisk 4 6 10
6 Micron G 9 15
7 GlobalFoundries/AMD 10 5 15
8  "Nanya Technology g g A7
9 Elpida Memory T 11 - 18
10 umMmc 12 7 19
11 Renesas 14 13 27
12 Texas Instruments 17 10 27
13 1Bm EER 15 "T38
14 ProMOS 1 19 30
15 SMIC 18 14 32
16 STMicroelectronics 20 127 32

17 Powerchip N Tawan N T VR
18 Fujitsu 16 21 37
19 Winbond 16 25 40
20 Panasonic 19 227 Y
TOTAL — — —

*Combined capacity and capital spending rankings (lower figure is best)

Source: Companies, IC Insights



Semiconductor Leaders

2010 Top 10 Semiconductor Sales Leaders ($M)

DUY .
e |22 | company B
Semi Semi

1 1 |Intel U.S IDM

2 2 |Samsung South Korea IDM

3 6 |TSMC Taiwan Foundry

4 3 |TI U.S. Fab-lite

5 5 |Toshiba Japan Fab-lite

6 4 |Renesas” Japan Fab-lite

7 9 [Hynix South Korea IDM

8 7 |ST Europe Fab-lite

9 10 |Micron U.S. IDM

10 8 |Qualcomm U.S. Fabless

The merged entity of Renesas and NE

Source: IC Insights, company reports

Carlos Lee, SEMI Europe, ESCCON 17 March 2011
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2010 Major IC Foundries

2010 Major IC Foundries

2010 2009 Found 08 Sales [ 2009 Sales ; 09/08 Sales | 2010 Sales 10/09 Sales

Rank Rank Company Type Location ($M) (M) % (%) ($M) % (%)
1 1 TSMC Pure-Pla Taiwan 0,556 8,989 E -15% 13,307 E 48%
2 2 Uumc Pure-Pla Taiwan ,070 2,815 % -8% 3,965 % 41%
3 4 GlobalFoundries Pure-Pla U.S. 0 1,101 g N/A 3,510 % 219%
4 5 SMIC Pure-Ple China 1,353 1,070 -21% 1,555 |  45%
5 6 Dongbu Pure-Pla South Korea 431 378 % -12% 312 % 35%
6 9 TowerJazz Pure-Plg Europe 252 300 % 19% 509 % 70%
7 7 Vanguard Pure-Pla Taiwan 511 382 g -25% 508 % 33%
8 8 IBM IDM u.s. 400 335 | 6% 430 | 28%
9 10 Samsung IDM South Korea 340 290 % -15% 420 % 45%
10 12__MagnaChip IDM South Korea N 346 262 | -24% 405 | 55%

Source: IC Insights, company reports
6 semil’

Carlos Lee, SEMI Europe, ESCCON 17 March 2011



Wafer — Technology — Product

Source: Future Horizons

Wafer SizeShare

300mm 49 6%
200mm 34.9%;
150mm 12.9%
1253mm 2.2%%
100mm 0.4%

Carlos Lee, SEMI Europe, ESCCON 17 March 2011

TechnologyShare

<60nm 30.9%
60-80nm 13.5%
80-1201mn 10.5%
0.12-0.20um 13.5%
0.20-0.40um 10.8%
=0 .40uam 16.8%

Product
Analog
MDMemory
Logic
Alicro
Foundry

Share
@ 1%
38.4%
12.7%
11.6%
24 4%
3.8%

/psemr



Fabs with 45 nm and below technology
capability

B Americas
B Europe

B Japan

B Korea

M Taiwan

@ China

M Singapore

2009 2010 2011

Note: Covers production fabs with at least 10,000 wafers per month capacity

Source: SEMI World Fab Forecast, November 2010

/psemr
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2011 Forecast (2005) Share of
Capital Spending

Other Companies*
7% (9%)

European
Companies

4% (8%)

North American
Companies
36% (29%)

Japanese
Companies
11% (22%)

Taiwa ne&

Companies

21% (19%) Korean Companias

21% (13%)

()} = 2005 Share

Source: IC Insights
J “Includes contract assembly and test houses

/psemr

Carlos Lee, SEMI Europe, ESCCON 17 March 2011



Further Considerations

Carlos Lee, SEMI Europe, ESCCON 17 March 2011

EU funding is far below other regions in the world(US), it
does not look like we can afford funding several
competitive projects.

Europractice and support education in micro-electronics.
Ensure smaller countries access to EU funding.

Space industry is too small for IC manufacturers to be
attractive by itself.

But dual sourcing is welcome.

ESA to help new entrants in getting up to speed in design
rules for RadHard devices, ITAR/Export control
regulations, .... for example via consulting?

/psemr



The Fabless/Fab-Lite Extrapolation

E.G. Nokia
Buys Chip Sets From

Qualcomm Broadcom ST-Ericsson Infineon

Freescale Tl Etc ...

Who In Turn All Buy Their Wafers From TSMC

Nokia Is Single Sourced

(PS ... There's Not Much Choice At 45nm & Below)




IC Manufacturing Fundamentals ... 4 Qtr Min. Lag From Decision To Impact
¢ Total Equipment Cap Ex = 85% Of The Total Cap EX
¢ Wafer Fab Cap Ex = 70% Total Equipment Cap Ex
¢ Order Today = Wafer Fab Cap Ex One Quarter Later
& Wafer Fab Cap Ex = Additional Capacity Two Quarters Later

¢ Additional Capacity = IC Units Out One Quarter Later

Pig Cycles & Cobwebs ... Due To Long Supply-Side Lead Times
(4 Months - Production / 2 Years - Fabs / 5+ Years - Design)
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Fab Capacity Still Seriously Tight: Q4-10 Still Down 7.5% vs Q3-08 Peak
First Relief Q4-10 (From Q3/Q4-09’s Spend) Following Six Flat Quarters

Source: SICAS/SEMI/Future Horizons
FutureHorizons

The Global 5



IC Wafer Fab Capacity
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Q3/Q4-09 Spend = +80k ws/w In Q4-10
2010 Spend = ~400k ws/w Additional By Q4-11?

FutureHorizons

The Global Semiconductar Indusiry Analysts




Units Are Up ... Fab Utilisation’s Still High

2400 T [ Total MDS Capacity === kilisation % — 10
£ L0+ f 3
g 1 8%
£ Lo+ =
2 e 3
LAt ’ E
; .
s L0+
=
= - 78
ERT R

. e
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Quarter IC Units (B) Capacity (k wsiw) Utilization (%)
Q4-07 39.9 2045 91%
Q4-08 340 2110 68% 2
Q4-09 42 4 1880 89% % =
Q4-10 46 6 1985 94% g ;
Q4-11 520 ~2400 ~90% E

Source: WSTS/SEMI'SICAS/ Future Honizons

FutureHorizons

The Global Semiconduclor ndusiry Analyats




Capacity Utilization (%)

Source: SIA, IC Insights

Capacity Utilization Trends

300mm IC Capacity Utilization Trends

1 Oﬂofo y

90%

80%

70%

60%

50%

98.0%

|

94.7% 95.6% |

91.1%
1Q07 2Q07 3Q07 4Q07

Carlos Lee, SEMI Europe, ESCCON 17 March 2011

98.4%*
95. 7%*9 A% 96.1%,96.7% 96.9% 97.2 /39&0%
91.9%
83.29%
| 72.8%
1Q08 2008 3Q08 4@03 1Q09 2@09 3Q09 4009'101 0 2C!'|0 3Q10 4Q10
Quarter *All-time high

/psemir



Increasing Process Complexity

Elements Used for IC Fabrication

. 1980°s i,
Li Be (12) B 3 O = Me
MNa | Mg Al Si B ] Ar
K Ca | 8¢ Ti Y Cr [ Mn | Fe | Co M U | oh 38 | Ge [asi Se Br kr
Fb =r Y £r b e} TC Fu Eh Fd A i_d In =n =h Te I HE
(&5 Ea 7 Hf Ta W Fe | Os Ir Ft Al Hg Tl Fb Bi Fo At En
Fr Fa i Rf Db | 5g Eh Hs WE | Uun | Uou | Lub

* La e Fr WNd | Pm | Sm | Eu zd | Th Oy Ho Er | Tm Yh Lu

& Ac Th Pa L MNp Fu | Am | Cm Ek _f Es | Fm Md | Mo Lr

Source: Applied Materials, Intel IDF ‘03
6 semil
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Increasing Process Complexity

Elements Used for IC Fabrication

g 1980’s 1990’s -
Li Be (1 2) (1 6) B & M O F Ne
Na | Mg Al S B ) Cl Ar
K Ca Fe | Co N Cu | Zn Ga | Ge | As | Se Kr
Rb | Sr | Nb Ru | Rh | Pd | Ag | Cd In Sn | Sb | Te I X8
Cs | Ba _Ta ! Os Ir Pt AU | Hg | TI Pb B | Fo At | Rn
A = Rf | Db | Sg | Bh | Hs | M | Uun | Uuu | Uub
il L& Ce | Pr | Nd | Pm | Sm | Eu [ Gd | Th | Dy | Ho Er | T | Yo | Lu
i Ac | Th | Pa U Np | Pu | Am | Cm | Bk | Cf | Es | Fm | Md | No Lr
Source: Applied Materials, Intel IDF ‘03
/J semil
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Increasing Process Complexity

Elements Used for IC Fabrication

T 1980°s 1990°’s 2000’s

i | & (12) (16) (60)

Na | M

K Sc Mn

Rb Tc Cd
Cs % H
Fr | Reg | 27 Rf | Db | Sg | Bh [ Hs | Mt | Uun | Uuu | Lub

Al
ek

Tl

Si

=n

O B Ne
= l Ar
As | Se K
Sh | Ts I Xe
Po At | Rn

Source: Applied Materials, Intel IDF ‘03

Carlos Lee, SEMI Europe, ESCCON 17 March 2011
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CMOS Future Directions

1970-2004

laditional Sc

70%/2-3year

Features

4 More Moore

70% / 2-3year

2X Performa ncel!!year

2005-2014

2010-20XX

gtmm % Filoa - New Devices > -

ITRS 7/11/1998

2111 IS Erircna P. Gargini 8



Semiconductor landscape more complex

FROM A LINEAR CHAIN... .. TOANETWORKED MODEL

-

BUSINESS, CONSUMERS, AUTHORITIES BUSINESS, CONSUMERS, AUTHORITIES

SOURCE: ESIA & semr

Carlos Lee, SEMI Europe, ESCCON 17 March 2011



Rare Metals

A strong UE importation dependancy &
Some countries with a monopolistic production

T Russia 3 China
g Falladium 45% \ REE : 97%
.‘—_
N
NS
N N
. Kongo \
S Cybalt 36% i, Vi ,\ ‘ v
Brazil N R -
Niohium- Cfumpbium 90% @ ;4 s® X
-.l - YV um AL r- ks
| Lithiugh 60% &) * %8 mm%‘@
Platinum 77% mﬂ% @
S
Chromdum 41%
Christian Hoequard Ifr1 Energy Breakfast Rountable, May

Carlos Lee, SEMI Europe, ESCCON 17 March 2011 20 th, 2010, Brussels



Raw Materials
Timely access at stable price

JM Base Prices Euthenium From: Jul 1992
Uz% Monthly Average P%Q: Hﬂg 2010
ann

S1in

Tzn \

B30 ‘I\
i
1]
F60 IHI b\
5

|\

A
T VR R %

0
1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1995 | 1999 1 2000 12001 [ 2002 12003 12004 [ Z005 12006 1 2007 [ 2005 1 2009 1 2010

= Ruthenium Period Average $114.74

Example: Ruthenium, used in the semiconductor back-end of line for
metallization, as well as applications in magnetic disc recording.

Carlos Lee, SEMI Europe, ESCCON 17 March 2011
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Raw Materials
Timely access at stable price

JM Base Prices Euthenium From: Jul 1992
Uz% Monthly Average P%Q: Hﬂg 2010
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= Ruthenium Period Average $114.74

Example: Ruthenium, used in the semiconductor back-end of line for
metallization, as well as applications in magnetic disc recording.

Carlos Lee, SEMI Europe, ESCCON 17 March 2011
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What impact of the European
aerospace, security and defence markets?

* Access to key technologies
— Origin?
— Time?
— Cost?
— Quality control?
— Content control?

e For security and defence: Trust cannot be
added to integrated circuits after fabrication

/psemr
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Aerospace requirements of
semiconductors / avionics

« Sensors and Actuators

« Radars

 Electric Brakes

 Oil and Fuel Pumps

« Landing Gears and Flaps

 General Energy Consumption Reduction

=» For which elements is it critical to
retain expertise in Europe?

/psemr



A European issue

 Affects all European countries

« Affects many key sectors for Europe
(automotive, telecom, medical
equipment, industrial machinery,
photovoltaic, military, ...)

* Issue needs to be addressed by all
stakeholders

/J semili
eeeeeeeee , SEMI Europe, ESCCON 17 March 2011



Opportunities for Advanced Wafer
Manufacturing in Europe

Expand our Leadership in R&D
— World-Class industrial Institutes (Fraunhofer, IMEC, LETI...)
— High census of PhD’s in process development & design
— High level of R&D efforts from IDM’s and equipment/materials sector
— Significant funding support from National & EU Authorities
Clustering

— Regional Excellence Centers in R&D, Design & Manufacturing with
proximity of Suppliers and Application Centers

Market

— European leadership in strategic markets where IC’'s are providing
innovation (Medical, Power, Automotive, Environment ect)

— European Leadership in the Equipment, Materials and Design areas.
Human Resources

— Undisputed technical expertise, stability & engagement

/psemr
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SEMI White Paper

Release October 2008, available on
www.semi.org/europewhitepaper

SEMI* WHITE PAPER

6 Recommendations to the
European Union and National
Governments to Increase
Europe’s Microelectronic
Industry Competitiveness

Carlos Lee, SEMI Europe, ESCCON 17 March 2011
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SEMI White Paper / -
www.semi.org/europewhitepaper / S e m l

6 Recommendations to the European
Union and National Governments to
Increase Europe’s Microelectronic Industry
Competitiveness

Develop a European Vision for the Industry
Increase Funding for R&D and Manufacturing
Promote the Microelectronics Supply Chain
Cultivate Education and Welcome Talent
Protect and Enforce Intellectual Property
Involve SEMI Europe in New EHS Legislation

o A wWwDhE

/psemr
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European Commission
Key Enabling Technologies

http://ec.europa.eu/enterprise/sectors/ict/key _technologies

* High Level Group established July 2010
 Interim report completed Feb 2011
* Final report scheduled for July 2011

Carlos Lee, SEMI Europe, ESCCON 17 March 2011



Theme supported by many
Stakeh 0 I d ers I 24 May 2011 - www.semi.org/BrusselsForum
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Confirmed Partners
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Summary

A critical issue
Concern of dependency
Affects entire supply chain

A European issue, question of regional
security!

Opportunity to cooperate

SEMI looking forward to continue the
dialogue

/psemr
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