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Foundry Manufacturing: Does Technology Investment Deliver ROA?

Semiconductor Contract

Manulacturing

m Worldwide SCM market of $5.2 billion in 1997
m Dedicated foundry model established by TSMC

in 1987

m Industry response to capital-intensive nature of
semiconductor manufacturing

— Economies of scale

— Improved manufacturing efficiencies
— Focus on process technology
= Fundamental structural change, here to stay

Dataquest
984017
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Dedicated Foundries Increasing

Share of SCM Market
1997 2002
IDM IDM
Foundries Foundries
56% 32%

Dedicated
Foundries
44%

Total = $5.2 Billion

Dedicated
Foundries
68%

Total = $12.3 Billion
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Foundry Manufacturing: Does Technology Investment Deliver ROA®

SCMH fﬂﬂ?ﬁ?ﬂ Issues

= Asian economic slowdown affecting SCM
demand

= Semiconductor market growth stalled
— 1.4% growth in 1998
- Lower demand from fabless and IDMs
m Oversupply keeping pressure on wafer prices

= 300mm transition increases IDM demand
starting in 2001

Dataguest (® GartnerGroup

984019

Fabless Demand Driving SCH
Market Growth

Millions of U.S. Dollars
14,000

12,0001 CAGR = 19%
10,000

8,000+
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Foundry Manufacturing: Does Technology investment Deliver ROA?

SCM Demand Forecast as Total
Silicon Area

Million Square Inches

500 464

4 431 o o
e CAGR = 18.5% :

400+
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Comparison of SCM Annual
Growth Rates

Percent
40..
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20+
15+
10+

5.

o.

& Revenue
EMSI

Dataquest @ GartnerGroup
884022
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Excess Foundry Capacily

E Lead/Main-Memory
Lead/Main-Logic

1 H Lagging
|l @ Senior
-20 . ; - v
1996 1997 1898 1999 2000 2001
Source: Dataguest Year-End 1997 SCM Forecast
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foundry Capacity Correction
Under Way

= Slowing demand growth
— Asian economic slowdown
— Semiconductor market stagnation
= Foundry overcapacity has become acute
— Excess capacity of 30-40% in 1998
— Likely in oversupply until 2000
= Foundries are responding quickly
— Capacity expansion plans delayed
—~ Reduced capital spending in H2/98 and 1999

Dataquest @® GartnerGroup
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Accelerated Technology
Progression of Foundries

Linewidth (Micron)
25

2T SCM leading-edge

linewidth

1.5 +
1+ =
0.5 + Leading-edge - ~2-
semiconductor linewidth =t
0 TL_ L}
1985 1990 1995 2000
Dataquest ——— g ——— @ GartnerGroup
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Foundry Capacity Is Shifting to
leading Edge Technologies ...

Percent

a5 & Above 0.8 Micron
40

42 £3 0.8 Micron

30-

b B 0.6 Micron

20- 0.5 Micron

151

W 0.35 Micron

1996 1997 1998E Below

Source: Dataquest fab database
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.. But Fabless Demand Is Lagging

Percent

H Above 0.8 Micron

0.8 Micron

M 0.6 Micron

BR88 88

& 0.5 Micron

wudt,

-
acg

£ 0,35 Micron

i R M 0.25 Micron and
1996 1997 19988 | Below

Source: Fabless Semiconductor Association Wafer Demand Surveys
and Dataquest estimates
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What Is Causing the Technology
Glut in the Foundry Industry?

m Accelerated deployment of process technology
by foundries

— Aggressive investment in leading-edge
-technology

— Movement of process development from fab
to equipment supplier

m Sluggish migration of fabless IC designs to the
leading-edge process technology
— Lack of adequate EDA solutions: the “design
gap”
- “Pad-limited” designs: no economic incentive
to move to smaller linewidth

1= = o = @ GartnerGroup
984028
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SCH Waler Pricing Trends
U.S.$ per Square inch
80
70 . :;::12::
80 o 1 1 X
.\\\\\\\\ | oo
. i ~%-0,35pum
T . Ko, - 0.25um
SN g ya— % |~ 0.18um
0

1986 1997 1998 1999 2000 2001 2002

Source: Bataquest Area of 8-inch wafer = 48.7 square inches
%Ezagquest (® GartnerGroup
lmplications of a Foundry

Technology 6lut

s Foundries are forced to load leading-edge fabs
with designs based on lagging technology

= Lower wafer prices drag down revenue per
square inch of leading-edge fabs

» Foundries realize lower return on assets (ROA)
s Possible responses:
- Stop investing in technology

- Stimulate demand for leading-edge process
technology

Dataquest @ GartnerGroup
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Foundry Manufacturing: Boes Technelogy investment Deliver ROA?

Overcoming the Technology &lut

m Develop other sources of demand for leading-
edge foundry services

- IDMs
— System OEMs
= Close the “design gap™

- Integrated EDA and process technology
development

— Collaboration between EDA and equipment
suppliers

= Interesting business combinations could arise

Dataquest D GartnerGroup

aBaG

Is the Fabless Model Too Young to
Nave a Renalssance?

= Industry conditions similar to when the fabless
model was born {(1985)

— Massive overcapacity
— Corporate restructuring

m Elements in place for another fabless boom
— Ample foundry capacity and technology
— Low wafer prices
— Avallable pool of IC design talent

m Present semiconductor downturn could hasten
industry adoption of fabless/foundry model

Dataquest ® GartnerGroup
P02




Foundry Manufactaring: Does Techuology Investment Beliver ROA?

= The foundry model represents a fundamental
shift in the industry infrastructure

= Long-term outlook for SCM remains positive

u Foundry oversupply has become acute

m Foundries are responding by cutiing capital
spending in H2/98 and 1999

= Present technology glut could prompt new
strategies and alliances

® Possible “Fabless Renaissance”

Dataquest @ GartnerGroup
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SEMICON/West 1998 Seminar
July 15, 1998
Sheraton Palace, San Francisco

7:15 AM Registration and Continental Breakfast

8:00 AM Welcome
Clark J. Fuhs
Vice President and Director, Semiconductor Manufactfuring Programs, Semiconductors Group
Dataquest

8:10 AM Wafer Fab Equipment and Sllicon Outlool: Searching for the "Up" Button
Clark J. Fuhs
Vice President and Director, Semiconductor Manuftacturing Programs, Semiconductors Group
Dataquest
Klaus-Dieter Rinnen Ph.D.
Principal Analyst, Semiconductor Equipment, Manufacturing, and Materials Worldwide, Semiconductors Group
Dataquest

8:50 AM Seminar Theme Overview and Introduction
Clark J. Fuhs
Vice President and Director, Semiconductor Manufacturing Programs, Semiconductors Group
Dataquest

9:00 AM Keynote: The PC Market—The Need for Speed
Randy Johnson
Director, Corporate Procurement, PCA Components

Compag Computer Corporation
9:35 AM Break

10:00 AM DRAM Market Driver: Manufacturing Economics or Technology Trends?
Takashi Ogawa
Senior Industry Analyst, Semiconductor Equipment, Manufacturing, and Materials Worldwide
Semicondusctors Group
Dataquest

10:30 AM Foundry Manufacturing: Does Technology Investment Deliver ROA?
James Hines
Frincipal Analyst and Program Manager, Semiconductor Contract Manufacturing Services Worldwide
Semiconductors Group
Dataquest

11:00 AM Moore’s Law: Economic Engine or Technology Road Map?
Ron Dornseif
Principal Analyst, Semiconductor Equipment, Manufacturing, and Malerials Worldwide, Semiconductors Group
Dataguest

11: 30 AM Seminar Concludes

SEMICOR/West 1998 Seminar



Wafer Fab Equipment and Silicon Outlook:
Searching for the "Up" Button

Clark J. Fuhs

Vice President and Director
Semiconductor Manufacturing Programs
Semiconductors Group

Dataquest

Mr. Fubhs is vice president and director of Dataquest’s Semiconductor
Manufacturing programs, which include the Semiconductor Equipment,
Manufacturing, and Materials (SEMM) program and the Semiconductor Contract
Manufacturing (SCMS) program. He is responsible for research and analysis of
semiconductor materials and trends in IC manufacturing techniques along with
forecasting capital spending and the wafer fab equipment market. He is also
responsible for directing analysts and worldwide research activities in
semiconductor manufacturing including foundry, fab capacity, silicon supply

and demand, and trends in the manufacturing infrastructure for the industry.

Before joining Dataquest in 1993, Mr. Fuhs was strategic marketing manager for
Genus Inc., 2 manufacturer of advanced chemical vapor deposition (CVD) and
high-energy ion implantation equipment. During his 10 years at Genus, he held
positions of product manager, several responsibilities in product marketing, and
process engineer in the metal CVD group. Mr. Fuhs was responsible for
correlating process techniques with demand for equipment and materials. He
has been involved with the Modular Equipment Standards Committee of SEMI, a
trade organization, as chairman of a task force, authoring a standard.

His experience also includes Chevron Oil, where he was a process engineer

in the Richmond, California, refinery responsible for the hydrogen
manufacturing plant.

Mr. Fuhs earned a bachelor of science degree in chemical engineering from

Purdue University in West Lafayette, Indiana, and received an M.B.A. from the
University of California at Berkeley.
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Woafer Fab Equipment and Silicon Outlook:
Searching for the "Up" Button

Klaus-Dieter Rinnen, Ph.D.

Principal Analyst

Semiconductor Equipment, Manufacturing, and Materials Worldwide
Semiconductors Group

Dataquest

I D: Rinnen is a principal analyst for Dataquest’s Semiconductor Equipment,
Manufacturing, and Materials Worldwide program in the Semiconductors
group. He is responsible for research and analysis of semiconductor equipment
and trends in IC manufacruring technology and capacity with a specific focus on
the lithography, process control, RTP, and diffusion and implant segments.

Before joining Dataquest, Dr. Rinnen was at Applied Materials, Santa Clara, and
AT&T Bell Laboratories, Murray Hill. His responsibilities at Applied Materials
were in CVD process development, which included a role in customer service.
His position at AT&T Bell Labs and education provided him with a 10-year
background in optics and laser applications.

Dr. Rinnen earned a diploma degree in physics with minors in physical

chemistry and mechanical engineering in Germany and a Ph.D. in applied
physics from Stanford University.

SEMICON/West 1998 Seminar



Wafer Fah Equipment and Silicon Outlook

1998 SEMICON/West Forum—IJuly 15

| Wafer Fab Equipment

 and Silicon Outlook:
Searching for the ‘Un” Button

' elarkL.Fuhs  Kiaus Rinnen
.~ WP/Director Principal Analyst

~ Semiconductor Equipment,
. Manufacturing, and Materials Program

GartnerGroup

983777

Overview |

m Forecast: Overview and report card
s Semiconductor market issues
— Impacts on 1998 and 1999 capital spending
Capacity status
Silicon wafer demand outlook
Regional forecast assumptions
High visibility equipment segments
300mm
Conclusions and implications

Dataquest @ GartnerGroup
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Waler Fab Equipment and Silicon Outiook

Capital Spending Forecast
Capital Spending Wafer Fab Equipment
0T Billions of Dollars “T Billions of Dollars 39.4 393
g0 '”2 76.8)  40- 35.3

68.3

1995 1997 1999 2001 2003 1995 1997 1999 2001 2003
Dataquest @ GartnerGroup
SHATTE

Waiarfaﬂiﬂllﬂmquamcastﬂevim

m 1996: Transition year after peak growth in 1995
— Second half held a major downturn
1997-1999: Three "pause” years

— Extended by weak economic conditions
1997: A year of technology investment

— Stronger than expected—more players

— Quarterly run rates approached Q2/96 peak
1998: Year of economic correction

Accelerated growth resumes late Q4/99 soonest
— Basically in a “sit and wait for demand” mode

Dataquest g ® GartnerGroup
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Walfer Fab Equipment and Silicon Outiook

Wafer Fab Equipment Quarterly
Revenue Forecast

Millions of Dollars (Seasonally Adjusted)

Q296 Q4/96 Q97 Q4/97 Q298 Q4/98 Q299 Q4/99 Q200

Dataquest @ GartnerGroup

saara

PC and Communications Drive Long-Term
Growth for Semiconductors

Total Semiconductor Market ($B) April 1998 Forecast
300-

B PC Semiconductors }

250+ B Communications |
BEConsumer

B All Other Semiconductor Applications }

200+

150+

100+ S

o = :
1994 1995 1996 1997 1998 1999 2000 2001 2002

Dataquest @ GartnerGroup
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Waler Fab Enuipment and Silicen 0utlook

What's the Electronic Fgulpment
Growth in 19982
A R i L L
1997 1998
3B Growth $B Growth
Data Processing 293.9 93 3242 10.3
Communications 214.2 13.1 229.4 7.1
Consumer 165.6 -0.9 169.3 22
Transportation 43.0 29 46.0 7.1
Industrial 133.5 5.3 141.7 6.1
Mil/ Aero 56.5 24 58.3 3.2
TOTAL 906.6 6.8 968.9 6.9
Recent Asian financial ‘/
erisis impact reduces 1998
growth to 4.4%
Dataquest @ GartnerGroup
283783

Impact of Semiconductor Demand
Stalllng in 1998

m Asian economic slowdown impacting demand
m Reduction in semiconductor forecast for 1998

~ Original 8% growth forecast now optimistic

~ Most likely forecast +1.4%, essentially flat

~ Represents 15% swing from year ago forecast
= Bottom line

—~ Adds a “holding pattemn” year to forecast

- Delays recovery pattern one year

- Next 12 months bhecomes a “minimum
investment” period

Dataquest (3 GartnerGroup

S5ITH




Wafer Fah Equipment and Silicon Outiook

Chip Demand for Spending Model

Billions of Dollars

3001 = Reduced demand

2504 — View as permanent loss
of market or permanent

200 delay

= Lower 1998 by 6-7%
— Carried through all future
years
m Semiconductor market

— Market size in 2002
reduced from $287B to

1997 1998 2000 2002 $270B

Dataquest @ GartnerGroup
983785

FPrevious Waler Fab Equipment Forecasts:
Question in Chip Demand Stalls Market

7195 77 7es | ™ DRAM pricing still

Forecast Forecast Forecast depressed
el &) ) = Recovery dashed in
1996 21 13 13 1998 by economic
1997 -5 -10 -7 issues: One-year delay
1998 2 7 17 = Technology buying
| 1999 16 26 3 now more selective
| 2000 32 44 37 m Weak 1998 chip market

means weak 1999
equipment growth

Dataquest @ GartnerGroup
283786




Wafer Fab Equipment and Silicon Sutiook

Bullding an “Upside Possibility " Case
for Spemding in 1999

s Need a stronger chip market in 1998

m Current semiconductor demand for 1998:; +1.4%
— Models only a seasonal pickup in H2/98

u Upside 1999 spending assumptions
— 2H/98 PC recovery initiated
— Semlconductor growth in 1998: 7-9%
— Economic conditions stabilize in A/P year-end
— Sets stage for very strong 1999 chip market

s Likely first places to reinitiate spending early
~ Intel, foundries

Dataquest ® GartnerGroup
BEITET

How Will the ‘Upside Possibility” Case
for Spending in 1999 Unfold? __

a By mid-1999
— DRAM market still in oversupply & break-even
— MPU, PC chip capacity utilization up
~ Consumer electronics areas aiso up
m Likely first places to reinitiate spending early
— Intel
- Foundries
- Select others
Logic equipment sets lead recovery
Wafer Fab Equipment +10-11% to $18.4 billion
DRAM capacity follows as projected in 2000

Dataquest D GartnerGroup
$0I7B0




Wafer Fab Equipment and Silicon Outlook

Warer Fab Equipment Quarterly
Revenue Forecast: Upside 1999 Case

Millions of Dollars (Seasonally Adjusted)

Q296 Q4/96 Q297 Q4/97 Q98 Q4/98 Q299 Q4/99

Dataquest ® GartnerGroup

583788

Fundamental Overcapacity Issues Still
Need o Be Reconciled

m Capacity buying will drive sustainable recovery

m Capital ratio to revenues now correcting
— Below 22% for three years 1998-2000
— Supported by cumulative investment model

m Silicon consumption in DRAM
— Accelerating shrinks and transition to 64Mb
- In oversupply until 2000

= Foundry capacity outlook
— Responding with spending cuts early
— Likely in oversupply until 2000

Dataquest @ GartnerGroup
983790
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Silicon Consumption in DRAM: More
than ‘Capacity Attrition” Is Needed

Millions of Square Inches (Normalized)

Q4/95 = 100

(@ Normalized MS! into DRAM EJExcess Capacity |

Dataquest ® GartnerGroup
983791

Balanced DRAM Market by End 1999:
Reguires ‘Active Exit” of Capacity

Millions of Square inches (Normalized)
150

1404 Q4/95 =100 '

| @ Normalized MS! into DRAM __ [ Excess Capacity W Capacity Exit |

883782
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Wafer Fab Equipment and Silicon Outiook

Silicon Wafrer Quarterly Area

History and 1998-1999 Forecast
1996 1887 1988 1999
T W% +1%  +3%  +13%

Millions of Square Inches

400

Q495 0296 Q4/96 097 Q497 Q298 Q498 Q99

Note: Includes test/monitor wafers, which increase from 20% to 24% of the
market during 1995-1998

Dataquest & GartnerGroup
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Major 1998-1999 Forecast AsSumplions:
Korean and Taiwan Companies

= Korean companies

— From 1996 to 1998, spending shrunk from
$7.4 billion to $2.0 billion

— Looking for return of Korean spending in 1999,
perhaps 25-30% growth

= Taiwan
— 1998: foundry up 20%, memory down 45%
— Overall 1998 island spending down 7%
— Foundry spending correction to continue
— Expecting 20% lower 1999 spending
— Upside case for 1999 is flat spending

Dataquest @ GartnerGroup
83T
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Major 1998-19989 Forecast Assumplions:
Japan and Other Majors

» Japanese companies
— Down 30% in 1998, below downside case
— Liquidity and local economic issues
— Modest 6-8% spending recovery in 1999
— Upside case limited
s U.S. and European majors
- Down 5-10% in 1998, below downside case
- Response to demand issues
— Forecasting 7-10% spending recovery in 1999
-~ Upside possibility for 1999 is +13-15%

Dataquest @ GartnerGroup
aITeS

Equipment Technology Issues:
Where Is the Action?

Dataquest @ GartnerGroup
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Interconnect Challenges for Logic:

Density and Speed
Delay in ps
454
40 - = Gate Delays
] Interconnect
= Delay with Al,
Sio,

— Total Delay—
Gate, Al, and SiO, |

0.65p 0.50p 0.35p 0.25p 0.18p 0.13p 0.10p
(1989) (1992) (1995) (1997) (1999) (2003) (2006)

Source: Mark Bohr, Intel, 1995 IEDM, SIA Roadmap

Dataquest (® GartnerGroup
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1BM Announces Copper
Technology for Production

Sept. 22, 1997

6 levels of copper

Dual Damascene

SiO, initially >low k
Burlington VT 1H98
10- to 15-year effort
Details: IEDM—Dec. 97
DQ speculations

Source: IBM

Dataquest ® GartnerGroup
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Interconnect Module lmpact
for Copper with Dual Damascene
Today: Tomorrow: Future:

Moduie Conventional Damascene Dual Damascene
Lithography 2 2 2
Deposition 3(1-D,2-M)  4(2-D, 2-M) 2(1-D, 1-M)

Etch 2(1-D, 1-M) 2(D) 2(D)
CMP 2(1-D, 1-M) 2(m) 1(M)
{&%ulesﬂ.ayer) ° = d

gggquest {® GartnerGroup

Impact of Interconnect Solutions

Annual MLM Metal Equipment Sales — % $ Mix

100%
{3 CVD Barriers & |
90% Liners |
E PVD Barriers & I
Liners
i CVD Piugs (W)
B Plated Copper
Lines & Plugs
PVD Copper Lines
& Plugs |
CVD Copper Lines
& Plugs
B PVD Aluminum
Lines & Plugs

0% ' ' R ——
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Dataquest @ GartnerGroup
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Impact of Interconnect Solutions

uipment Mix
Annual MLM Dielectric Equipment Sales — % $ Mix
100%
80% O SOD non-
80% Low k
T0% B SOD Low k
60% O CVD&VD
50% Low K
40% B CVD non-
30% Low K
20%
10%
0% ]
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
Dataquest ® GartnerGroup
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Impact on Equipment Segment Growth:
ECD, S0D, and CHP Are Hot Growth Areas

Deposition Technologies Removal Technologies

SOD |
CMP
ECD |

PVD |

CvVD

0% 20% 40% 60% 80% 100% 0% 5% 10% 15% 20% 25%
CAGR (1997-2003) CAGR (1997-2003)

983802




Feature Size Reduction in Semiconductors:
Fuel for High Growth in Lithography

Production Sweet Spot: 1997 @ 2002

. Memory | e [
. DRAM
- MCU
| MPU
i Logic
| ASICs
ASICs wio SLI
| ASICs w/ SLI

Analog/Linear ®
{ Analog Mixed Si ] |

. Discrete
| Opto

®
)

[

07 050 035 025 0.18 0.15 0.13

Feature Size (Micron)
Dataquest ® GartnerGroup
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Growth for Lithography Segments:
Lleading Edge Applications Drive Growth

Equipment Market: 11.7%

Steppers
DUV Steppers
Photoresist Track

DUV Photoresis Track
Photoresist
DUV Photoresist

Mask Making Lithography
Mask Making Process Ctrl
Photomasks ,

DUV Photomasks

0% - 20% 40% 80% 80%
CAGR (1997-2003)
Dataquest @ GartnerGroup




Wafer Fab Equipment and Silicon Outlook

Stepper Forecast: DUV Ramp Is Strong but
Slowing ... I-lime /s NOT Dead!

Unit Shipments (Units) Revenue (U.S. Dollars)
8,000

I..... i | 6,000+

| 5,000
4,000
3,000+
2,000 1

] ol
1,000-¢ H Rl Pl
of LR ELE

1994 1996 1998 2000 2002

ok : -
1994 1996 1998 2000 2002

I B g-Line E i-Line B Deep-UV I

Dataquest (® GartnerGroup

Mask Technology Is Key in
Extension of Optical Lithography

Feature Size (Micron)
09—

I
0.1 00

g-Line 436nm i-Line 365nm DUV 248nm DUV 193nm

Dataquest A o S SR N YR T B s meerroup
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Photomask from Commodity to Value
Pricing: ASP Growth Dominates

Growth Mix Revenue ($ Million)
100%‘! i ] i pE 0 $5,000
8% 1 $4,000

60% -

1996 1997 1998 1999 2000 2001 2002

E3 Volume EZ1ASP - Revenue !

Dataquest @ GartnerGroup
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Wafer Size Distriliution Forecast:
200mm Ramps and 300mm Starts

1997 Waler Area 2003 Waler Area

<125mm 300mm
10%

<125mm 3%
125mm 6%

150mm
25%

@ GartnerGroup
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Major 1998-2000 Forecast
Assumptions: 300mm lnvestment

a Original forecast pushed out one year
- 8-10 pilot lines in place by year-end 2001
- Siemens appears on schedule year-end 1998

a Timing of feasibility spending
~ Started in 1997, goes through 2001
- Bulk in 1999-2000
- Initial production 2001-2002, ramp 2003 to 2004

m Japanese companies

— Bring equipment into an “R&D Center” rather
than a dedicated 300mm line

— Keeps investment down in short term

Dataquest @ GartnerGroup
9838065

Percentage of Wafer Fab
Fquipment Shinped 25 300mm

Percentage of Water Fab Equipment Market = Equipment sales to follow
35, traditional “double
hump” pattern for new
technology

s Initial sales should be
larger than in past size
transitions

a 300mm generation
should follow 200mm

penetration path by 10 to
| 11 years
1997 1968 1969 2000 2001 2002 2008 2004 @ Economics questionable
before 2002
Dataquest ® GartnerGroup
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Is the Motivation for Larger Walers
LY/7/4 m:'ra and as lntenser _

Die s The 100 Rule governs

Size u |s the die size increasing at
the same rate as before?
? Atall?

m Is there a departure in
strategy for the MPU with the
Pentium Il and Slot 1?

= More shrinks per DRAM
generation—causing wafer
sizes to have longer lives

Mid-1990s a Will SLiand ASIC strategies
Time or Generation enter as a driver?
Dataquest @ GartnerGroup
conclusions

» Near-term outlook
- 1998 a “holding pattern” year for demand
— Next 12 months: minimum investment
m Capacity overhangs market next 12-18 months

s Interconnect changes foster new materials and
processes: ECD, SOD, and CMP

= Rapid shrinks bode well for lithography

— DUV stepper ramp continues at slower rate

— Photomask industry Is strongest gainer
u Need healthy chip industry to drive next boom
a Upside 1999 spending depends on strong H2/98

Dataguest GartnerGroup
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Worldwide PC Forecast

Millions of Units

180 15%
160
140
1204
100

e 8838

Dataquest - (@ GartnerGroup
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DRAM Megabytes per System

Average Megabytes per PC

300

250- i @ Upgrade |

200 - I @ Main Memory l

150 -

100 -

50 -
o [EES . . :
1996 1998 1999 2000 2001 2002
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Allocation of Equipment by Line Width

Driven by Volume Froduction

Percent

1::: i e B <0.18-Micron

0.18 Micron

:g: 0.2: :icron
0. = 0.35 Micron
50+ @ 0.5 Micron
40- B >0.5 Micron
30-

26-
10- :
° 1995 1996 1997 1998 199 2000 1

gaaafsaq uest @ GartnerGroup

Capital Spending Mix by Application:
cycles Driven by Memory
Percent
1:: B Others
8041 B Advanced Logic
70- BB Memory
eo.
o 1994 1995 1996 1 1993'199 2000 2001 oz
ﬁgaquat - ® GartnerGroup
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Capital Spending as a Percentage of
Semiconductors: Finally Correcting

Parcentage of Semiconductor Production

34 : Yellow dashed line
a2 1 includes 300mm
30 - improving investment
Manufacturing
2 BN N Productivity
26 -
24 =
Emerging
22 1 Industry
20 - /\ -
18 4
el \/ N Volumef Jait.Driven
ot Growth
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Top 10 Gapital Spemders in 1998
Projected 1996
1997 1998 Spending  Percent
Rank Rank (M) Change
1 1 Intel 3,700 -18
12 2 Motorola 1,550 34
2 3 Siemens AG 1,361 -22
10 4 UMC Group {inclJVs) 1,316 10
5 5 NEC 1,258 -14
21 6 | Advanced Micro 1,200 66
11 7 | IBM Microelsctronics 1,200 2
9 8 | TSMC Group (incldVs) 1,095 -11
18 g i{Winbond Group {inclJVs) E 1,083 24
7 10 Toshiba ; 1,031 «25
Dataquest ® GartnerGroup
243819




Growth Rates for the Major Wafer
Fab Equipment Segments

Equipment Market: 11.7%

Factory Automation
Process Control
Implant
Diffusion/RTP
Deposition
Etch/Clean
Lithography/Track |

% 9% 11% 13% 15%
CAGR (1997-2003)

Dataquest (® GartnerGroup
983820

Comparison of Wafer and Mask Minimum
Feature Sizes for Advanced Photomasks

Feature Size (Micron)
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- 1x Mask
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8-8-|ndustry Path

0.1 +-

0.01 . T - :
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First Year of Production Ramp
Dataquest c (® GartnerGroup
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Waler Fab Equipment and Silicon Outlook

Photomask Volume Forecast: Continued
Growth with Stromg Shift to Sub-0.5 Micron

Linewidth Mix Mask Volume (Units)

100% - —— 1,050,000
90% - - 1,000,000
80% - 950,000
70% -

1996 1997 1998 1999 2000 2001 2002

&2 Below 0.18 I0.18 - 0.25 £10.25-0.35 E#0.35-05
0.5-07 m0.7-1.0 E3 Above 1.0 —Volume

Dataquest @ GartnerGroup
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Table 1

Capital Spending Forecast, 1997-2003 (Millions of U1.S. Dollars)

1997-2003
1997 1998 1999 2000 2001 2002 2003 CAGR (%)
Total Capital Spending 40505 31,583 32990 45749 68302 77,164 76,784 11.2
Percent Growth -9.9 -220 45 38.7 493 13.0 -0.5
Percent of Semiconductors 27.3 21.0 18.6 214 264 285 24.8
(if 300mm pilot excluded) 27.2 20.6 17.6 20.0 25.5 28.1 24.8
Americas 14,178 11,721 12,951 16,002 21544 25,029 28,124 121
Percent Growth 05 173 105 23.6 346 16.2 124
Japan 798 5586 635 9,084 13477 14,173 12144 7.2
Percent Growth <173 2300 13.8 429 484 52 -143
Europe 4,089 3822 3968 5512 8108 9735 9,002 14.1
Percent Growth -18.8 -6.5 38 38.9 47.1 201 -75
Asia/Pacific 14,253 10453 9,715 15151 25173 28,227 27,514 116
Percent Growth  -11.7  -28.7 71 55.9 66.2 121 =25
Source: Dataguest (July 1998)
Table 2
Wiafer Fab Equipment Forecast, 1997-2003 (Millions of U.5. Dollars)
1997-2003
1997 1998 1999 2000 2001 2002 2003 CAGR (%)
Total Wafer Fab 20171 16,689 17,179 23542 35266 39,382 39258 11.7
Equipment
Percent Growth -7.0 -17.3 2.9 37.0 49.8 11.7 0.3 -
Americas 6,720 6,004 6,619 8,042 10,583 12,308 14,009 13.0
Percent Growth 15.3 -10.7 10.2 215 31.6 16.3 13.8 -
Japan 5,047 3,783 4,122 5,945 8,903 9,205 7,950 79
Percent Growth -22.9 -25.0 9.0 442 498 34 -13.6 -
Europe 2,380 2,350 2,501 3,311 4,593 5,146 5,001 13.2
Percent Growth -154 -1.3 64 323 38.7 120 -28 -
Asia/Pacific 6,024 4,552 3,936 6,244 11,187 12,724 12,298 126
Percent Growth -7.2 -24.4 -135 58.6 79.2 13.7 -33 -

Seurce: Dataguest (July 1998)




Table 3

Wafer Fab Equipment Revenue Forecast of Selected Equipment Segments, 1997-2000, 2003

Equipmean
(% million)
Worldwide Fab Equipment
% Change
Steppers
Track
Automated Wet Stations
Dry Etch
Dry Strip

Chemical Mechanical Polishing
Spin-on Deposition

Tube CVD
Non-Tube Reactor CVD

Sputtering

Electrochemical Deposition
Epitaxial Silicon Reactors
Diifusion

RTP

Medium Current Implant
High Current Implant

High Voltage Implant
CD-SEM

Thin Film Measurement

Patterned Wafer Inspection

Factory Automation

1997 1998 = 1998 = 2000

20,171
<7.0%

3,562
1,206
954
2,939
321
518
117

603
2,078

1,389
5]
226
533
273
272
394
246
327
224
564

1,056

16,689
-17.3%

2,908

287

804 .

2,316
265
489
102

505
1,761

1,168

174
383
251
201
282
204
265
184
472

888

17,178
2.9%

3,114
1,115
769
2,331
272
528
107

512
1,804

1,184
49
175
381
255
192
289
209
288
191
485

842

23,542
37.0%

4,397
1,637
1,017
3,131
357
806
148

753
2,365

1,530
72
253
529
368
251
430
325
414
262
674

1,070

- 36,258
..... -0.3%

..... 7,100
..... 2,800
..... 1,689
..... 5,177
..... 540
..... 1,587
..... 404

..... 1,047
..... 3.910

..... 2,350
..... 351
370

793

1997-2003
CAGR

11.7%

12.2%
15.1%
10.0%

9.9%

9.1%
20.5%
23.0%

9.6%
11.1%

9.2%
95.0%
8.6%
6.9%
16.7%
3.6%
10.0%
17.0%
13.1%
12.2%
11.9%

12.3%

Note: The selected segments will not add to the total wafer fab equipment market

Source: Dataquest (July 1998)
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Keynote:The PC Market—The Need for Speed

I Randy Johnson
Director, Corporate Procurement, PCA Components
Compaq Computer Corporation

Mr. Johnson is director of Compag’s Corporate Procurement Group for Printed
Circuit Assembly (PCA) Components, where he is responsible for developing
sourcing strategies for semiconductors and interconnect consistent with Compaq’s
product requirements and manufacturing deployment strategies.

Before joining Compaq in 1990, Mr. Johnson was with Texas Instruments,
managing the Defense Electronics High Density Interconnect Laboratory, which
specializes in multichip modules and other high-density IC packaging technologies.
During his 15 years with TI, Mt. Johnson held positions in the Process Automation
Center, which specializes in plasma etcher design, and in the Defense Electronics
Group, which specializes in advance electronics packaging design.

Mr. Johnson earned 2 bachelor of science degree in mechanical engineering from
Southern Methodist University in Dallas, Texas.

SEMICON/West 1938 Seminar



The PC Market—The Need for Speed

The PC Market—
The Need for Speed

Randy Johnson
Director, Corporate Procurement
Semiconductors and Interconnect

Semicon West 1998 COMPAO

Compaq Computer Corporation

« Compagq is the largest PC supplier in the world
- Compaq is the second largest computer company
in the world
+ Compagq plays a leading role in industry standards
groups
« Compagq can and does affect the market
« Compaq takes an active role in developing PC
~architecture, the technology and design.
+ Compagq is broadening its reach to other areas
where data is managed and processed.

Semicon West 1998




The PC Market—The Need for Speed

Worldwide Market Share

31.1%

it 1996 m 1997+

Sourca: IDC, WW PC Tracker, 12197
* Compaq Market Irrslligence Group estimate based on IDC actuals through 2097

Semicon West 1998

The Need for Speed?

» Customer Needs
* Innovation

« Technology Conversion

« Material Turnover

Semicon West 1998




The PC Market—The Need for Speed

Compagq in the Beginning

Semicon West 1998 comMpPAQ)

Moore’s Law

« New Functions _'

« Improved 'P.erfo:rj.m.a_n'cg'. :

- Additional Functionali

Progression of Technology
Semicon West 1998 COMPAL




The PC Market—The Need for Speed

Desktop PC Processor Trends

Q19 Q29 Q39 Q4% QI Q297 Q397 Q457 Q198

Semicon West 1998 compaq.

DRAM MB per Box Trends

1994 1995 1996 1997 1998 1999

Semicon West 1998 coMpPAa,




The PC Market—The Need for Speed

Highest Density Rigid Disk Drives

20
18 -
16 -
14 -
12 -
10 -

Gigabits/Square Inch

OoON BV
1 1 'l L

e A
CAC JC I I g

1999-2001 Profected

Semicon West 1998 comMpAaQ)

Exceptional Price and Performance
For All Enterprise Applications

Database
Performance

Memory
Disk Capacity

Backup &
Performance §

$/TPM

Semicon West 1998 comMpAan




The PC Market—The Need for Speed

Compagq Offers Full Range of
Products

Deskpro Prodsicts for the
Enterprise

Products

Compagq’'s Handheld §is&
PC Companion |

Semicon West 1998

Worldwide Industry Growth
$1,105B

Hardware

Peripherals

Software

Services

1997 1998 2001

Source: IDC. 12/97

Semicon West 1998 comMpag)




The PC Market—The Need for Speed

The Growth of the Internet

Users in Millions
1500 1080 MM |
|2 ROW
1000 - | I
800 - @ Asia / Pac|
. |
600 [
EW.Eur |
400
175 MM BUS.
200
50 MM
0 isomssion | 2 i
1997 2001 2010

Source: IDC/Compaq Estimates

Semicon West 1998 “ |

Semicon West 1998 comPAaAl




The PC Market—The Need for Speed

Actual Market Behaviors - WebTV

Usage Increase Subscription Growth
Hours/,, . Subs 4,
Month ; |
w0 M*/ 250+
5.4 WebTV "
” -
:;' Major On-line Services -
15 4 . e 10017
10 4 5011
s -
I — . 4
GGW‘W'EWM?MMT oamm1wm7mram7
iuarter Quarter
Driven by Email, Entertainment Content,
Games, and Pushed News and Information
Semicon West 1998 compAagy
Growth of the Number of
Internet Hosts
35
- 30 1
g
2257
3
i
T 15
z
E 10 -
E
5 -
0 - ' ; - . T T T T
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Year
Sernicon West 1998 compaa




The PC Market—The Need for Speed

Ubiquitous IP Connectivity

IP connectivity will be needed and available essentially
everywhere.

It will become an indispensable part of the infrastructure
of every road, building, room, wall, vehicle, device,
pocket, and purse in the developed world.

It will be IP connectivity, i.e. the exchange of real IP
packets mediated by a conforming IP software stack.

(s

Semicon West 1998 coMpPaAQ)

Auto Computing Evolves

The Future

*Invisible Computing”
“Embed dmed Computing” The Car IS the Computer
Tomorrow
"Wisible Computing”
Engine
Control Braking Additional
Functions Transmission Functions

Traction

Radar
Collision Avaidance
"Soft Options™

Integration
Additional
Functionality
Single User
Interface

Audio
Data Cellular

Fu ion Monitoring
nctions Entertainment

Navigation

Merging and
Control functions Explosion in .
dominate data functions data functi;nrf emart
Semicon West 1998 CorMPAQ)




The PC Market—The Need for Sneed

Ubiquitous Home
Computing

Semicon West 1998 comMpan)

¥ Progressive scan 720v x 1280h x 24fps ("720p” format)

v Delivers cost-effective, interactive, internet-friendly viewing
v 1080i TVs - $ 4,000 to $ 6,000 -- 780p displays - PC monitor prices

¥ The future of television broadcasting

Semicon West 1998 coMpAaC




The PC Market—The Need for Speed

Challenges

Time to Market

Product Delivery

Semicon West 1998 CoOMPAD

Understanding the Market

e Market Research is Critical!
* Who is the Customer?

+ How will the product be delivered?

Semicon West 1898 comBaa




The PG Market—The Nood for Speed

Product Development Cycles

Business Product
Group Development Launch
Consumer 6-9 Months 3+ per year
Commercial 9-12 Months 1+ per year
Enterprise 12-18 Months 1+ per year
Sernicon West 1998 mui

Product Development

Engineering is given the directive:

» What the product has to have

¢ How much it can cost and what it will
sell for

e When it MUST ship

Semicon West 1998 coMmpPan




The PC Market-—Tho Neod for Speod

Component Selection Criteria

¢ Quality

e Price....Price....Price

e Stability, Reliability, Support
» Best of Class

» Must Ship on Time
 Delivery must be flexible

Semicon West 1998 oA

Optimized Distribution Model

. ODM Key Elements

Manufacturing Highly Customer
and Business Effective Responsiveness
Process Channel and
Efficiencies Partnerships Accountability

e BTO
e CTO
+ CCP

Semicon West 1998 coreaal




The PC Market—The Need for Speed

Supply “Chain” Environment Continues
to Shift Due to Industry Evolution

Erom
] = Cowe> = [owe] —> [cEom]

To_(a simplified compilex lllustration)
Z
RAW MATERIALS / o | COMPAQ \
SUPPLIERS COMPAQ
(x 1008) INTERNAL ASSEMBLY
l {x"8")
= !
UPPLIERS
(x 109) FECRANNELS
« Super Midas Ll
« PCAS

Semicon West 1998 compan,

Collaborative Delivery Model

Volume

~<_—1 Production

%%%g% . | The Name of the Game:
b It's Not About Accurate Forecasts,
%ﬁt’ ' it's All About How You Manage Demand Variability
Semicon West 1998 compPAag!




The PC Market—The Need for Speed

Satisfying Demand Variability
Flexible Delivery

» Inventory must compensate for historic
demand variability relative to cycle time

* Inventory is bad . . .

» Cycles times must be reduced to minimize
inventory requirements upstream in the
supply chain

Semicon West 1998 oMty

The Supplier Who Can
Deliver....

Useful innovation
When the customer wants it

The way the customer wants it

...Will win in the end

Semicon West 1998 compaal




The PC Market—The Need for Speed

So...

Know your customer
+  Know your customers customer

« Understand his process and challenges

Semicon West 1998 compa

And Remember . ..

Marketing is,
in many ways,
paving the path of least resistance
for the buyer.
Semicon West 1998 compar
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DRAM Market Driver: Manufacturing Economics or
Technology Trends?

Takashi Ogawa

Senior Industry Analyst

Semiconductor Equipment, Manufacturing, and Materials Worldwide
Semiconductors Group

Dataquest

Mr. Ogawa is a senior industry analyst for the Semiconductors group and is
responsible for research and analysis for the Semiconductor Equipment,
Manufacturing, and Materials program in Japan.

Before joining Dataquest, Mr. Ogawa worked as a researcher and engineer in
the Electronics Division of Sumitomo Metal Mining Co. Ltd. for 11 years
and was engaged in many engineering projects, ranging from semiconductor
materials to IC packaging technology. His main fields are high-temperature
electronics materials and CVD equipment. He also worked as 2 member of
the Investigation Committee of Japan Electronic Development Association
for seven years.

Mr. Ogawa received a master of science degree in physics from Science
University of Tokyo, faculty of science and engineering.

SEMICON/West 1998 Seminar



DRAM Market Driver: Manufacturing Economics or Technology Trends?

BEm 1998 SEMICON/West Seminar—Iuly 15

DRAM Market Driver:
Manufacturing
Economics or
Technology Trends?

Takashi 0gawa

Senior Industry Enalyst,
Semiconductors Japan

® GartnerGroup

883851

Agenda

= DRAM end user’s demand

m DRAM density shift

m Manufacturing economics issues
m Summary

Dataquest - () GartnerGroup
983852




DRAM Market Driver: Manufacturing Economics or Technology Trends?

DRAM End-User Demand

Dataquest  GartnerGroup
983853

DRAM Market Trends and Forecast

Billions of Dollars Millions of Units

70 3,500

60 | ® CAGR 1897-2002: 15% 3,000 ::::h o AMD
= $20.7 billlon in 1997 i e

50 | w 67% of total memory market | | A :;:::n e

wl 2,000

a0l 1,500 |

o 1,000 P

10 500 * /

1986 1990 1994 1998 2002 1986 1990 1994 1998

Dataquest @ GartnerGroup




DRAM Market Briver: Manulacturing Economics or Technology Trends?

PC Market Still Orives DRAM Demand in

the Mid-Term
Mb per PC Millions of Units
70 140 = PC unit shipments: More
W PC Average Memory than double from 1997
6¢ +  Size + 120 through 2001
50 4 ——PC Unit Shipment 1 j00 " DRAMin PCs: Likely to

more than quadruple

40 - 80 during the period
— Ramp-ups of Pentium li
30 - 60 and Windows NT
20 - - 40 = DRAM Market for PCs
I — Over 70% of the total
10 - 20 DRAM bits
1991 1993 1995 1997 1999
Ig)eaaatgqust ® GartnerGroup

Now Is DRAM Chip Density Correlated with
PC Main Memory Slze?
Megabytes
100 : S e
© }biﬁwer#ge Merz:o:ys}gz;*:}p.r"d
: e
/,r;"'
0.1 =
DRAM Average Density
0.01 —+—+— - ;
1988 1990 1992 1994 1996 1998 2000
Dataquest @ GartnerGroup




DRAM Market Driver: Manufacturing Ecenomics or Technology Trends?

PurchaserIs More Concerned
about Price per Bit
Price per Mb ($)
100,000 f m PC market growth
\ - Unit GAG 1967-2002: 16%
10,000 | : - :;vanue CAGR 1997-2002:
CAGR (1974-1997): ?“31% - Low-cost PC (§1,000)
1,000 . - : appears
L \ : = PC OEMSs will purchase
100 : whichever DRAM density
reduces their DRAM cost
10 _ NG the most, not pay for any
.. w{ technology
1
1974 1977 1980 1983 1986 1989 1992 1995
Dataquest & GartnerGroup
5T

What Is Customer’s or Market's

Purchasing Belavior:
Number of Available Dice ’%00
50
1Mb (150mm Wafer) goot®]
300~ Mai L A o
instream
250 ‘production (PC) Laus
200 - 4 .dg‘*
150 - \\" 16Mb (200mm Wafer)
| 64Mb (200mm Water) K
1W -ﬁnﬁﬁ !‘Il’ﬂ’w#ﬁﬂﬁﬂfﬂ/ﬁ;ﬁxﬁlﬂﬁﬁﬁﬁﬁﬁ&ﬂﬁ&ﬁﬁﬁ&
50 - Start of Mass Production {Workstation)
0 T ok T k| T T T T T T T 1] T T

1985 1987 1989 1991 1993 1995 1997 1999

%qu&st ® GartnerGroup




DRAM Market Driver: Manufacturing Economics or Technology Trends?

DRAM Market Dynamics

T

Manufacturer

“Economics Pushing”

User
“Demand Pulling”

Dataquest @ GartnerGroup
983853

DRAM Density Shift

Dataquest ® GartnerGroup
283860




DRAM Market Driver: Manufacturing Economics er Techuology Trends®

Historical DRAM Unit Shibiments

Thousands of Units

600,000
T aKb
500,000 M --» - B4Kb

400,000 { | —— 1Mb

------ - 64Mb

——16Kb
e 256KD
——2Mb
= 16Mb

1974 1976 1978 1860 1982 1964 1986 1988 1990 1992 1994 1996

Dataquest ® GartnerGroup

- L]

" eI TR

T it 4Kb 16Kb 84Kb 256Kb iMb 4Mb

ransiiion  to16Kb 10 64Kb 10256Kb totMb to4Mb  to 16Mb
Price per Bit Q2/79 Q1/83 Qa/8s5 Q1/90 Qa/ Q3/e4
Bits Qa8 Q2/82 Q3/85 Q4/88 Q4/91 Q4/95
Units Q379 Q2/83 Q1/86 Q2/90 Q1/93 Q4/96

Eglgquest ----- @ GartnerGroup




DRAM Market Driver: Manufacturing Economics or Technology Trends?

Wiy Has Alternating Life Cycle

Number of Quarters
3o
EOPrice per Bit MBits @ Units
| 100mm 125mm 150mm
2a {to 1.5 (15 to 1.0 (1.0 t0 0.5 20men
microns) microns) microns) (05 07)
20 o i
“Long Life”
15 +— g
10 +| . B
5 -
0 = T
16Kb 64Kb 256Kb iMb 4Mb 16Mb
Dataquest ® GartnerGroup
983863

/s lnitial Cost Gap for the Shift
Influvential in Life Cycle Period?

{(a) Discrete Shift (b) Continuous Shift
Present Density ; Next Density Present Density i Next Density

Wafer Size

Design Rule

i 1
= |nitial manufacturing cost gap in (a) is larger

than in (b)

= Will the larger cost gap make it favorable for
manufacturers to stay longer at present density?

Dataquest - (3 GartnerGroup
883864




DRAM Market Driver: Manufacturing Econemics or Tochnology Trends?

Number of Quarters

6

Crossover of Price per B[t
(PPB) Happens First}

27 I »

F -9
i
L}

iMbto aMbto
Mb  16Mb

L3

Time Difference
between Bit and PPB
[ =]

Dataquest & GartnarGroup
Saaes

ORAM Density Shilt

s DRAM density shifts to the next generation with abnormal
alternate “long life” or “short life,” relating to the initial
manutacturing cost gap for the transition

» Purchasing behavior keeps the “hundred rule” for high-end
market but demands higher wafer efflciency for mainstream
market

m After 1Mb, DRAM market has become economics driven

] A

= On the other hand, how are these market characteristics
related to manufacturing economics?

m How and when will the transition from 16Mb to 64Mb in
mainstream market occur with technology changes?

Dataquest 0 GartnerGroup
HRIREE




DRAM Market Driver: Manufacturing Economics or Technology Trends?

Manufacturing Economics Issues

End

User
“Demand Pulling”

Manufacturer

“Economics Pushing”

Dataquest (® GartnerGroup
983867

Wafer Cost Factors

s Variable wafer cost

— Materials/consumable (wafers, photoresist,
gas, chemicals, etc.)

— Direct labor cost
m Fixed wafer cost
— Depreciation of wafer fab equipment
— Depreciation of wafer fab facilities
— Utilities (electric, gas, water, etc.)
— Fixed labor cost

Dataquest @ GartnerGroup
283868




DRAM Market Driver: Manufacturing Economics or Technology Trends?

How Was Manufacturing Economics
Incorporated with Market Dynamics?

Relative Bit Cost .
200 DRAM Products in Early to Mid-1995
B 4Mb (1MX4), 150mm, 0.5 microns
8Mb (4MX4), 150mm, 0.5 microns .
;:m :iwn}t;}. 150mm, 0.5 microns Average Die Estimated
150 < @16Mb (1MX186), 200mm, 0.35 microns Size (mm2) Net Yieid (%)

4Mb (1MbX4) = 100

100 4Mb (1Mx4) 50 88 to 90
16Mb (1Mx16) 90 to 95 50
50

16Mb (4Mx4) 80 70to 75

0 -

1994 1995
Dataquest - @ GartnerGroup
983869

Factors for Warer Cost lncrease
in the Next Generation

m Wafer fab equipment
— DUV lithography (excimer stepper, DUV track)
— Planalization (CMP)
— HDP Etch/CVD
— Metrology
— Others
= Materials
— High-quality wafers
— Photoresist
m Process complexity (cell structure, etc.)

Dataquest ) GartnerGroup
983870




DRAM Market Driver: Manufacturing Economics or Technology Trends?

Critical Defect Level fo Be More Cricial

Position of COP Expected Failure
(1) Under field oxide Degradation of isolation
characteristics
(2) Under field oxide Degradation of Isolation
and word line characteristics
(3) Under gate oxide Thinness of gate oxide film
{4) Under memory Increase of leakage current
cell node

(5) Under bit line node Disconnection

Source: M. Muranaka, et al. Jpn J. Appl. Phys, 377(1998)
Dataquest @® GartnerGroup

2838M

FProcess Complexity

Stack Capacity Trench Capacity
Plate Electronode Surface Strap

Bit Line

Surface Strap

Buried
Strap

Buried Buried Str‘ab
Plate Electronode

Dataquest @ GartnerGroup

983872




DRAM Market Driver: Manufacturing Economics or Technology Trends?

Wafer Cost Estimates for 64Mb
Relative Wafer Cost (4Mb = 100)
200 & Others m Assumption
[ Depreciation (Equipment & Facilities) - Cost for 4Mb = 100
180 + W Materials/Consumables 0.25 ms - Wafer capacity: 30K/mon.
S S—— - Depreciation Conditions:
Fixed
100 4 - Yield: Fixed
50 -
0 .
4Mb 16Mb 64Mb
Dataquest @ GartnerGroup
883873

Does Manufacturing Economics
Decide the Density Migration? (1]

Die Size (mm?)
1,000 e

-
~-
-
-

Shrinkage Path

100

.............. Which is ih manufacturerls favor}

10
0.5 045 04 035 03 025 02 015
Minimum Design Rule (Microns)

Dataquest ® GartnerGroup

983874




DRAM Market Driver: Manufacturing Economics or Technelogy Trends?

Does Manufacturing Economics
Decide the Density Migration? (2]
Relative Bit Cost Die Size Ratio Net Yield
150 3 — 100%
| o1emp | b—q:""':’—_
| meamp | . Lo7se
100 +r- 5' : 2 >,>1 .
'. - + 50%
50 - 1 :
—16Mb Net Yield + 25%
-+~ G4Mb Net Yield
l -=- Die Ratio 64/16Mb
0 0 : : : - 0%
035 0.3 0.25 0.22 0.2 035 03 025 022 02
Minimum Line Width (Microns) Minimum Line Width (Microns)
ggtgquest & GartnerGroup

How Will Manulacturer’s Wants Meet
with Purchasing Behavior or Need?

Minimum Line Width (Microns) = Critical net die per wafer for
0.2 0.22 0.25 mainstream market (purchase
100% behavior)

|
Bit Cost, - 1Mb: 170 dice per wafer
80%+ 84Mb<16Mb, - 4Mb: 230 dice per wafer

3 . - 16Mb: 280 dice per wafer
St I - 64Mb: 330-340 dice per
o wafer

]

I = Past period from “high-end” to
! “mainstream”

]

/ ' - 2to 3 years

. u Most likely condition for 16 to
_ Condition for 64Mb in mainstream market:
- 0.22 microns and net yield over

60%
30 40 50 60 70 80 90
Die Size {(mm?2)

Dataquest @ GartnerGroup

983876




DRAM Market Driver: Manufacturing Economics or Technology Trends?

Wihen Will It Happen? DRAM
Manufacturer's Road Map for 64Mb

Company A

Company B
pany® & i
108 65 52

Company C
pany 0.3 0.22 0.2
110 91 59

Company D
pany 0.3 025 0.2

Upper: Die Size (mm3), Lower: Minimum Line Width (Microns)

Dataquest @ GartnerGroup
283877

When Will 16Mb-to-64Mb Transition
Occur in Mainstream Market?

Number of Available Dice
600

500 -~

y st Scenario - 1
- , -

-

ﬁﬁumaﬂﬁwwaw#aqibmess&n&m

Border Line for
400 1 Mainstream Production

EHEREN R RSB ETERBRE O RR
300 +
.

200 +
L s (Conventional)

100 "a&an\\@.&aaﬂ&a%tt&wa&&nauw&haa&naanaaawn&a&aana&

Border Line for High-End Production

_ il
.= =" Latest Scenario

0 '!' L) Al

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
1997 1998 1999 2000
Dataquest meermp

983878




DRAM Market Driver: Manufacturing Economics or Technolegy Trends?

Summary

m Decisive factor of DRAM density drive: balance
between “demand pull” and “economics push”
with technology changes.

m Today, abandonment for short-term profitability
and severe competition force suppliers to reach the
condition for the density shift, earlier than in the
past

= Likely condition for 16 to 64Mb in mainstream
market: 0.22-micron rules and net die yield over 60
percent

» Timing of the shift: Q1/1999 in the earliest scenario
and Q2/2000 in the latest scenario; need to closely
watch the yield trend during 1998
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Supplemental Slides
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PC Growth Forecast, 1997-2002
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0.25-Micron Egulpment and Materials
o
0.36 Micron 0.25 Micron
Wafer Fab Equipment ASP
: Stepper kline: $2.5M KrF Excimer: $4.2M
Track kine: $1.1M DUV: $2.0M
Plasma Etch Low Density: $1.0M  High Denslity: $1.5M
CMP . $1.0M
Metrology $0.3M $0.65M
Materials
Wafer CZ:a Epi: 1.5 xa
I-line: $450-500/gal KrF:$1,500-1,800/gal
Photoresist (Novolak) (Chemical Amplified)
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Nigh- and [ow-Demand Scenarios
for Epitaxial Walers
High-Demand Scenarlo Low-Demand Scenarlo
16Mb 64Mb | 256Mb | 1eMb | e4Mb 256Mb
IBM Epitaxia Epitaxia | Epltaxie Epitaxia Epitaxia Epitaxia
Siemens | Epitaxia cz | Epiwxio | Eptaxia | gz | H-Anhesled
NEC O'Z Epitaxia Epit'axia OE Epitaxia Epltaxia
Hitachl | Epitaxia | Epitaxia | Epitoxia |  ©Z Epitexia | Epitexia
Toshiba H-Ann'ealod H-Anrllealod Epitala)da H-Annealed H-Anrl]aalad H-Anrllalled
Fultsu  |W-Annesied| Epltaxia | Epitaxia |H-Annsaled| Epitaxis | Epitaxia
samsung | czZ Epitaxia | Epiaxia | ¢z ct cz
Hyundai c2 Epitaxia | Epitaxia cz cz cz
CZ = Czochratskd siiloon water 1 y
H-Annealed = Hydrogen-annsaled wafer
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Fresh Outiook for Epitaxial Waler
ﬂamalltmﬂmmﬂﬂfaqmmg

Millions of Square Inches
700

600 M High-Demand Scenario
500+ Low-Demand Scenario | o

400

1995 1996 1997 1998 1999 2000 2001

i

2002

Dataquest @ GartnerGroup
983886




Notes

SEMICON/West 1998 Seminar



Foundry Manufacturing: Does Technology Investment
Deliver ROA?

James Hines

Principal Analyst and Program Manager

Semiconductor Contract Manufacturing Services Worldwide
Semiconductors Group

Dataquest

Mr. Hines is a principal analyst and program manager for the Worldwide
Semiconductor Contract Manufacturing Services program of the Semiconductors
group at Dataquest. His responsibilities include market research and analysis of
the semiconductor foundry industry, industry capacity fotecast, and fabless IC
companies. In addition, he provides research and analysis of the semiconductor
factory automation market and manages the fab database for the Semiconductor
Equipment, Manufacturing, and Materials Worldwide program.

Mr. Hines has over nine years of experience in the semiconductor equipment
industry with Genus Inc. and Applied Materials where he has held a variety of
strategic and product marketing positions. Before this, he worked in the
Semiconductor Group of Texas Instruments.

Mzr. Hines received a bachelor of science degree in mechanical engineering from
the University of California at Santa Barbara.

SEMICON/West 1998 Seminar



Notes

SENMICON/West 1988 Seminar



Notes

SEMICON/West 1998 Seminar



Notes

SEMICON/West 1998 Seminar



Moore's Law: Economic Engine or Technology Road Map?

Ron Dornseif

Principal Analyst

Semiconductor Equipment, Manufacturing, and Materials Worldwide
Semiconductors Group

Dataquest

I M- Dotnseif is 2 principal analyst for Dataquest’s Semiconductor Equipment,
Manufacturing, and Materials program in the Semiconductors group.
M. Dotnseif is responsible for research and analysis of semiconductor equipment
and trends in IC manufacturing techniques, with specific responsibility for
deposition, CMP, etch, ard clean equipment markets.

Mzr. Dornseif has more than 20 years of management and engineering
accomplishment in the semiconductor industry with Intel Corporation, Genus
Inc., and Watkins-Johnson Company’s Semiconductor Equipment Group. His
experience includes positions in product development, operations, marketing,
strategic business development, and quality and reliability.

Mr. Dornseif holds a bachelor of science degree and a master of science degree in
electrical engineering from the University of Illinois, and an M.B.A. from Santa
Clara University. Before redirecting his education toward a business focus, he

also attended Stanford University’s graduate school of electrical engineering,

SEMICON/West 1998 Seminar



Moore’s Law: Economic Engine or Technology Road Map?

1998 SEMICON/West Seminar—July 15

Moore’s [aw:
Economic Engine or
Technology Road Map?

Principal Analyst
Semiconductor Equipment, Manufacturing,
and Materials Worldwide

GartnerGroup

983824

Outline

= Moore’s Law
m Device limits
= Demand limits
m Conclusions
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“The definition of “Moore’s Law” has come to refer
to almost anything related to the semiconductor
industry that when plotted on semi-log paper
approximates a straight line. | hesitate to review its
origins and by doing so restrict its definition.”

Gordon Moore, 1995
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Moore's Law—~Most Comimon Forms

Semiconductor cost per function declines
geometrically with shrinking feature size

Corollaries

m Shrinking feature size vs. time

= Increasing transistors per cm? vs. time

= Increasing function (bits, MIPS, etc.) per chip vs. time
= Increasing die size vs. time

Dataquest  GartnerGroup
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Moore's Law:
IC Design Scaling — The Technical Engine

Scaling factor, N>1

Linear dimension: 1/N
Device density: N2

Supply and logic voltage: 1/N
Gate transit time (delay): 1/N
Current: 1/N

Capacitance: 1/N

Switching energy: 1/N2
Power dissipation: 1/N2
Power density: constant
Impedance: constant
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983830




Moore’s Law: Economic Engine or Technology Road Map?

Moore's Law:
The Economie Engine

Dollars per Mb
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Elements of Moore's law

Declining cost per function > 30%/year
m Decreasing cost (numerator)
— Feature size shrinks: more die/wafer processed (wp)
- Larger wafers: more die/wp
— Higher yields: more net die/wp
-~ Lower equipment, material, process cost/wp
= Increasing function (denominator)
— Feature size shrinks: more T/cm?
— Larger die: more T/chip
— Design, material, process improvements:
better performance, T/cm?
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National Technology Road 