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[Deep appreciation tor Competitive Semiconductor Manufacturng Pregram,
especially PlIsiDave Hodges and Rol Leachman, andl Katalin \oeres. Their
patience In teaching| us abeut semiconductor technoelogy oniour amazing
fieldwork tips allowed econemists te) wiite this heok.



Overview

= Economic study ofi dynamics of semiconductor
Industry since mid-1980s

= Eight “crises”; How do costs and market
conditions shape a crisis and the Inaustry’s
[ESPoNSe?

= \Whese perspective?
= Country (US, Asia)
= Eifm
= \Woerker
= Consumer (businesses, individuals)
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Laboer Market o Engineers int US
(Betore the Great Recession)

= How good IS career path for high-tech engineers?

= Young engineers have high initial earnings that grow with
experience

= Real earnings fall after age 50

= \\hat Is return on graduate degree for high-tech
engineers?
= MIS/PhD. (age 40) earns 17% ($15,500) more thamn BS

engineer, but MS/PhID's tetal career eamings up te age 40
are $51,000 lewer because ol feregene eamings

= Attractiveness ofi engineering jolns depends: on i Citizen or
Immigrant



Immigrant’s Opportunities

= Engineering degree from US university.
provide high living standard to students
from developing countries

= Foreigners earned 63% ofi 6404 engineenng

PRHDs with 40% te students from China,
Korea, India and Trawan (2005)

= Foreigners earned 69%, of PhD degrees in
Electrical Engineenng

= Qhtaining visas presents hurndie to
iemaining in U.S.



Role of US: Engineering PhDs
to Non-Citizens (by Country of Origin)
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Global Competition

IHow. quickly cani China’s and India’s
semiconductor industries catch up
o U.S. position?

Two pepular theories:

" “manufacturng pull”: R&D will inevitably fellew
chip manufactunng| te Asia

= “[arge maiket pull*: demestic industries will
pecome glekal leaders By bullding on technolegy.
efishered by MINCs and supperted by rapialy.
gliewingl and petentially: vast product markets.



Manufacturing: Pull (fab process R&D)

= Role of equipment manufacturers

= Top ten equipment suppliers (60% global sales) have
primary research labs near HQs in US (4 cos), Japan (4
cos), Netherlands (2 cos)—see Table 8.1

= Precess Development Alliances

= Japan’s ASET, IBM's Common Platferm Alliance,
EU’s IMEC.

= |mpact on U.S. iInnevation and engineers: knowledge

= | develops digitall process technelogy (0.032-micren on)
With foundry leaders TSMC and UMC.

= U.S, has 15% off glokall s00mn fan capacity: (Fanle 2.10)



Manufacturing Pull (fabless chip design)

= Even weaker argument for chip design
= U.S. leader in fabless chip design companies

= Taiwan Is leader In foeundries (contract ehip
manufacture), and lfaiwan’s fabless sector IS
distant second In fabless design companies

= Talwan's fahless sector helped by numerous
systems; companies as wellfas foeundres

= U.S. chip design activities move offshore
usually’ fier cest-ased or talent reasens anad
noL Because of ivundry lecation

= |ndia as example



Large-Market Pull

= | arge markets of China and India will
create competitive advantage
= Support natienal champions (eg Samsung)
= | ower costs for talent, land, and reseurces
= | ewer taxes, fewer environmental regulations

= [Hew: guickly: cani countries meve up
lechnelogy: curve?



Ability to move up technology curve:
Two factors to consider

= Talent: engineering capahilities and costs
= Educational system
= |ntegration; intor glebal brain circulation

= |pfrastructure and envirenment
= Rele of govermment
= Einancial system and |P’ protection

= Access o customers (systems firms and end
pProduct markets)



China RapidlyExpanding
Bachelor's Degree Programs

Engineering, Engineering, CS
2001 and IT, 2004
U.S. 110,000 137,437
Japan 110,000 -
Taiwan 35,000 -
China 220,000 351,537
India 110,000 112,000

(multiple sources)




Salary’ Differences Not As

Great As They Seem
EE/CS Although these numbers
Annual suggest savings up to
Salary (2004) : - :
85%, In practice, hidden
u.s. 452,000 costs (lower productivit
Japan $ 60,000 R -

coordination, monitoring)
reduce saving to the
range of 25 to 50%

Taiwan $ 30,000
China $ 12,000

India $ 15,000

Note: US & Japan: salany for middie-aged engineers;
China & India: salary for these withi 31615 years.
Salany growth with' experience much slower in US
than in Asia.



Infirastructure: Asia Building Design

and Fabrication Capacity.

Number of Chip Fab Value If
Designers Equipped

(1995-2006)
U.S. 45,000 $74B
Japan ? $66B
Taiwan 14,000 $72B
China 5,000 $26B
India 7,000 $ -0-

(multiple sources)




Chip Design in Practice: EDA Revenue, 2007
(by Consuming Region, US $ M)

Region = DJA Share of

Consumption | World Total
North America $ 2,658.3 46%
Japan $ 1,175.7 20%
Western Europe $ 1,079.1 19%
Rest of World $ 856.2 15%

(EDAC.org data)



Contributions by design engineers
ISSCC acceptances, rejections by country 2001-2006

= |SSCC papers submissions as measure of
engineering knowledge—see table

= Submissions from South Korea, China, India,
and esp: faiwan increased 2001-2006.

= Aselute aceceptances rese in Faiwan, China,
and Korea.

= Expect: acceptances from India and China
Wil increase in the near future as; thelr
URIVErsity: engineenng programs iImprove.



China Design: Mostly Cocal

= Government claims over 500 fabless
firms

= \ost are small, or In services
= Several have passed $100M in revenue

= Also chiprdesign at local system firms

= \Vultinatienal R&D: still limited
= Py language difference (esp. US firms)
= Py [P concerns

= EXceptions ane prestige’ investments; to
satishy. gevernment




China: Start-Up Eever

= Complete industry ecosystem in place

= Favorable conditions
= Government sponsorship
= Good Infrastructure
= Expats retuming from the U.S.
= Goevernment proemoting China-ewned
Standards
= Eeundry modelihas taken rooet
= SMIC became #3 ahead of Chartered in
IHL 2007 (Gartner)



India Design: Services Culture

= | ocal design firms predominantly in
design services, not fabless
= Home to major design service suppliers
= | argest I1s Wipro (2,100 chip designers)

= Product-lbased start-up culture 1s enly.
starting tos take: reot

= |l eader In offshoerne design Centers

= As of June ‘06: 18 of top 20 US, chip firms
nad India design Centers



Selected Design Centers In India

Year Reported
Started Owner |Employees as of
1985 T.1. 1,000 4/06
1993 STMicro 1,500 4/06
1998 Freescale 780 7/06
1999 Intel 2,700 5/06
2000 NXP 815 5/07




India;: Commitment Problem

" | eSS favorable conditions for domestic
development than in China

= Poor Infrastructure
= Notoerious bureaucracy.
= MINCs attract best talent (including returnees)

= Eab construction still hypothetical
= Ejve fald projects in vanous stages of planning

= Government incentive package details anneunced
9/07 after long delay

= [pital applicatiens for solar and LCID;, net Chips



Popular Theories Right?

= “manufacturing pull*: Neot inevitable. R&D has not
followed chip: manufacturing to Asia.
= Equipment suppliers important in process R&D
= [Fabless companies important in design R&D

= “large market pull”; Not inevitable. R&D has not
followed market growin In chips.

= | arge markets determine types ofi products developed,
and location off activities can be glohally distributed.

= But...China andl India will' continue: te play.
Impertant and growing| reles as suppliers and
custemers, and as, complements and Competors
0/ U.S. companies.



Threats to U.S. Leadership

Offshoring: not adversely affecting U.S. leadership/in
chip:rdesign and innovation.

= Restructuring (spin-offs, buyouts) Is emptying out the
iIndustry’s “deep pockets” & decline in support for university
R&D

‘ iInvestment in R&D sgueeze

= Global brain circulation may. be “back te home country” as
oppertunities Improve, coupled withivisa hurdles; inferior
STEM K-12' education,, higher rewards for “bankers”

‘ talent squeeze

What's eccurring: rest ofi the worldiis catching uplin design
capahbility:as wellfas constituiting a growing| share efi chip
product markets; andiU.S; IS not preparing for petential
prain: drain.



Thanks for your interest.

More comments and gquestions?



Semiconducter Engineers at U.S.
Companies, By lLocation, 1997-2007
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