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Semiconductor
: Manufacturing Technologies

Semiconductor
Manufacturing Technologies:
From Research to Reality

Clark J. Fuhs

Source: GartnesGroug

Samiconductor manulacturing issues have been known and understood 1o be diiven primarity
by technology, and Mocre's Law has been viewed as the key mantra in the devefopment of
this technology. Whether ona views Moore's Law as a technology (Iransistors double every
18 months) or an economic modal (cost per funclion declines conslantly), the semiconductor
industry has driven to this end since ils inceplion. While we do nol view Moore's Law as
slowing down any, recent acceleration: of the wechnology road map and other compleity
lssues are causing conicern as to whether the price to stay on various aspects of Moore's Law
will be tao high,

Furthar, the samigonductor industry is maturing, and the computer Industry, which drives
about gng-third of tha chip market and virtually all of the capital spending and process
tachnology advances, has recently become lass technology-driven and more consumer-
driven.

Many changes are occurring in response fo this shift. In this presentation, we will focus on the
manuircturing infrastructure Issues and trends,

Semiconductor

,égenda Manufacturing Technologies

» Market forecaet and overview
— Foundry
- J00mm equipment
- Automation
n Market characteristics and driving forces
» Megatrends affecting markets
= "Supply-push” vs. "demand-pull”
= Changing rules of competition
= Infrastiructure responses
» Strateglc businsas assumptions
a Concluslons and recommendations

Source: GartnerGroup

We will look at three markets specifically: foundry, automation, and the speed of adoption of
300mm wafer technology, paying particular atlention to key driving forces and the market
responses and opportunities created.

Dataquest ® GartnerGroup | @1
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Manufacturing Technologles

Market—Foundry Semiconductor

Contract Manufacturing .
a E Ic slowd Milifons of

ar“f;cngg demand In 1998 Squara Inches V.54 Bitlon
= Oversupply keeping

pressure on wafer prices

through 1999

s Foundries now generally
competitive with IDM
capacity

= Delayed 300mm transition
Increases IDM demand in
2001 and 2002

u Foundries continue to gain
share

IW- d —m|

Source: GarlnerGroup

The foundry market, or semiconductor contract manufacturing services al the waler level, still
represents about 9 to 10 percent of the silicon consumed in the market, but represents about
13 percent of the value of semiconductors manufactured. This higher ratio is due to the higher

value per square inch of silicon of the products produced in foundries today. Current low prices in

this market are creating stiff competition for internally produced products by integrated device
manufacturers (IDMs).

The contract manufacturing model is gaining acceptance and Is expected to capture 3 to 5 points
of market share in the general semiconductor market over the next four years. This trend could
accelerate as companies choose to delay 300mm fabs or choose not to build 200mm fabs in the
next several years, opting instead to ofi-load production to contract manufacturers outside.

Semiconductor

Manulacturing Technologies
Market—300mm Equipment
Wl phtemrhe -
a Equipment sales lead 300mm  Percenlage of Wafer Fab
wafer penetration Equipment
~ 2004 waler market %0
estimated to be 10-12%
penetrated by 300mm %
= Equipment sales to follow 20
traditional "double hump"
pattern for new technology 15

= 300mm generation should
follow 200mm penetration 10
path by 10 to 11 years
= Economics questionable 5
betore 2003 o
w Ultimate driver for transition
likely to be: walfer starts per fab § § § E E 3 2 i

Source: GartnerGroup

One of the responses to lowering costs through manufacturing technology has historically been
fo Increase the waler size, thereby increasing revenue, generating capability per fab while
keeping costs per chip under control.

Several years ago, many chip company initiatives were prevalent, and many R&D dollars have
been spent to commercialize 300mm waler processing. To date, only one pilot line has been
constructed, and the general outlook Is for slow adoption. In fact, current consensus timing for
300mm production is now several years later than the chip companies were originally
planning—as realities of the cost to develop and implement have been realized.

This is an example of a technology that, to date, has been too expensive lo implement yet was
blindly developed because it was the "next great technology.”
Dataquest believes that 300mm will be implemented around 2003, but the driving forces will be
economically based, rather than driven by a technology need.

Copyright © 1999
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Market—Factory Automation

= Market grew from $545 mililon  U.S.$ Biltion
in 1994 to about $1 billion in 25
1998

u ~25% of market Is software 20
— Very little currently

integrated 1.5

= Several acquisitions of
softwars companles recently 10

= ~14% of market currently sold

to equipment companles as an .8

embedded solution 0.0
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= Japanese domination -
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Source; GartnerGroup

A major emerging market that has developed because of the recent change from a process
technology-driven industry to one driven by productivity and capital is the automation market.

Still very embryonic, this area provides an ample array of opportunities for equipment suppliers.
Several aspects of this market are new to equipment companies. They are as follows:
+ This market has a substantial softiware element.

- An increasing proportion of the sales are to other process equipment companies as an
embedded system solution.

« Itis a market that branches across all process technology types and competitive offerings,
s0 a new class of equipment companies will emerge to fill the market need.

Copyright © 1999
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Market Overview—
Technology Directions

= Process design chaos Increasing
— More application-driven niche process technologies
— Transistor Issues: SiGe, GaAs, SOI
— Interconnect issues: copper, packaging (CSP, BGA)
— Merging types of chip functionality
m Merging of wafer-, chip-, and board-level processes
— Competitive borders changing
— New markets emerging
= Some markets declining
= Manufacturing transitioning to service business
— Traditional ASIC business model in question
— Engineering services model emerging
m Flexibility Is more Important than capabllity

Source: GartnerGroup

This movement of the industry to a more mature, consumer-driven model is actually making chip
companies respond in various and inconsistent ways to meet customer demands. There are more
application-driven niche markets, which have many of their own specialized process technology
Issues, and there is also the movement toward system-level integration.

This process design chaos means that competitive boundaries are changing up and down the
food chain. New markets are emerging as waler-, package-, and board-level designs are
intermingling. Manufacturing and chip design flexibllity is the new paradigm that breeds success,
and the emergence of the foundry service business is consistent with this trend.

In the future, as process design responsibility moves into the equipment company, an
“engineering services" business model will emerge. Examples of this today are the services
provided by Applied Materials in its integrated process flow, Schiumberger's extension of the oil
services model into the semiconductor industry through its SABER product, and the integration of
design/wafer/package services in the foundry.

Copyright © 1999
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"Manufacturing Science" Market—
Accelerators and Inhibitors

Chip Company
Specialization

Inhibitors Diversification e

Financlal Constraints

Accelerators

Deslgn Service Company
i Delay of 300mm

Foundry Technology Availabllity

Z Process Daslgn Chaos

Strong Market Uptum

Source: GartnerGroup

We like to refer to this movement toward a mature manufacturing infrastructure as the
implementation of "manufacturing science" technology into the industry; it can be loosely
described as adopting industrial engineering practices through the manufacturing infrastructure
of the industry.

The issues that can accelerate this trend include the following:
« A strong market upturn, or the delay of 300mm, increasing foundry demand
+ Process design chaos, as mentioned earlier
= The fact that foundry is now compelitive with IDMs on process availability
+ The emergence of the design service company, completing the availability of contract
services completely
The issues that can accelerate this trend include the following:
« Financial constraints, inhibiting investment in the new system
- The temptation for process equipment companies to provide automation and software
services, which will confuse the market and waste R&D resources
« The temptation for chip companies to continue to hold on to their specialized automation
and planning systems, which are not optimized for the flexible model

Dataquest ® GartnerGroup Copyright © 1999
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Market Eharaderiﬂim—Foundw

= Market trends

— Concentration of capital and capacity

— Now driving technology In many areas

= Production efficlency highest in the market
Expanding services to design and turnkey
~ Galning share In chip industry

m Opportunities

Offers low entry costs for chip companies

Enables faster Innovation

Focuses equipment company resources

Could grow to 40-45% of infrastructure in 10-12 years

Source: GartnerGroup

Market trends in the semiconductor industry generally include both the concentration of capacity
{more square inches of silicon per fab, now 5x the size they were in 1983) and the concentration
of capital (fabs cost 9x more now than in 1983). These trends occur together with significantly
lower costs per function, so they are not detrimental to the industry. This concentration is part of
the driving force toward contract manufacturing. This concentration also reduces the number of
customers for the equipment companies, making for more efficient R&D money spent.

Foundries are now competitive with vertical IDMs and offer a very low barrier to entry into the chip
market, More competition speeds innovalion, crealing the process technology chaos and more
opportunities.

Foundries are gaining share in the market and could grow to 40 to 45 percent of the
semiconductor production market in 10 to 12 years.

Dataquest @ GartnerGroup | Fopraneling
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Market Characteristics—300mm

= Market trends
— Adoption by chip companles slow

~ R&D commitment primarily from equipment and
materlal supplliers, ditferent from the past

— Only one pilot line operating today; two more possible
in 1999

= Production delayed to 2002-2003

®m Opportunities
—= Implement automation strategles In 200mm equipment
— Accelerate productivity advances through automation
— Cash generated by 200mm equipment for longer
— Foundrles emerging as providers of risk avoldance

Source: GarnerGroup

The move to 300mm technology has been the casualty of this movement but will eventually be
adopted, as the sheer size in waler starts of a fab can be cut in haif by going to the larger wafer.
This facilities-driven move to a larger wafer is different than in the past, when increasing die size
resulting from chip complexity was a key force.

This delay in 300mm, while it has burned R&D money recently, actually offers the equipment
industry a longer life for cash-generating 200mm equipment, and automation strategies can be
adopted without adding the complexity of the 300mm transition.

The 300mm delay actually will place the foundry as the provider of risk avoidance, and demand
will accelerate to the manufacturing mode! that it is driving.

Copyright © 1999
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Market Characteristics—
_ Automation

s Market trends
— Transitioned from a robotic to a systems solution
— Japanese domination declining: U.S. innovating
— Large software market, starting to be Integrated

~— 300mm Initial movement helped solidify market
standardization

= Opportunities

— Business combinations to integrate hardware and
software systems

— New markets, customers opening up

Source: GartnerGroup

The automation market is being driven by the flexible and multiproduct manufacturing model
offered by the foundry. This has led to new thought processes in automation, expanding the
model to a systems solution rather than just robotics. As a result, U.S. and European companies
are taking share from the Japanese in the market.

The start of the 300mm development has actually aided the migration to automated systems, as
automation is a requirement for the larger size. Standards have been set, new markets are being
created in equipment and software, and customers are starting to open up.

Dataquest @ GartnerGroup Copplarm @198
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= What are the key driving forces shaping
demand and acceptance trends in
manufacturing technology?

— Chip market has matured into a
"demand-pull" market; "supply-push”
has diminished

— Technology alone Is not enough

— "System design" strategles winning
over "chip design"

Dataquest Predi

Source: GartnerGroup

Some driving forces for advanced manufacturing technology are mentioned here. These are
explained in more detail (to follow).

Co|
Dataquest ® GartnerGroup Ee

Semiconductor
Manufacturing Technologies
Chip Market Has Become
Demand-Pull
End User Manufacturer

Dataquest Predi

Source: GarinerGroup

Ten or more years ago, the chip industry was driven by manufacturing process technology,
enabling chip capability and system-level advantages. This was a "supply-push” business and
one driven almost exclusively by performance.

The mantra was: "If you build it, they will buy—at a price premium.”

In the last several years, this has changed, driven by the move of the PC into the consumer

markel. One result is the plummeting price points we see in the PC market today, but earlier in
the decade, we saw the first indications of this trend.

Since the 1Mb to 4Mb DRAM transition, price-per-bit crossover now precedes bit or demand
crossover for a producl. Price premiums no longer exist. Up to 1Mb DRAM, demand crossover
would come in advance of equal pricing, as buyers would be willing to pay a price premium. This
example is only one that we can now atiribute to the market pulling only application-driven
benefits from the chip market.

Now, the mantra is: "Performance matiers, but costs are an equal consideration.”

Dataquest @ GartnerGroup | oRgEeIen
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Semiconductor
Manufacturing Technologies
DRAM Economics No Longer
Drive Die Size Increase
% :Wmu Die Size (mm?3)
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Source: GartnerGroup

This is actually in part why the delay in 300mm wafers has happened.

Since the Inception of the DRAM, at introduction, the die size has increased with each
subsequent density. This was also true if one tracked the die size at bit demand crossover for
each generalion.

However, starting after the 1Mb DRAM, the die size has remained constant at bit demand
crossover in the 80-sg.-mm to 90-sq.-mm size. It is no coincidence that this occurred at the
same time that the price premiums went away—when the industry began acting like a
consumer-driven market.

Dat t ®G G Copyright © 1999

300mm Adoption Criteria
Have Changed

et seti it L L

u The 100 rule governs
Dl = Die size Increasing at
Size the same rate as
before? At all?

**=*? a Isthere a departure in
strategy for the MPU
with the Pentium Il
and slot 17
= More shrinks per
DRAM generation—
causing wafer sizes to
oy have longer lives
u SLI-ASIC strategles
Time or Generation enter as a driver?

Dataquest Predi

Source: GartnerGroup

Since die sizes are not increasing for bulk production, there Is really no "technology-driven”
reason to move to 300mm wafers in DRAM.

This die size trend Is also evident in Intel's MPU introductions. By shifting SRAM cache off-chip
and designing levels of interconnect in the package, Intel has managed to kesp its die size (at
introduction to the mass market) at a constant size for the last three generations—preserving the
life of the 200mm fab.

Ultimately, die sizes for SLI-ASIC chips will come to the rescue, but that is still many years away,
as die size trends are behind the MPU.

Facilities size issues will ultimately drive the conversion to 300mm wafers around 2003.

Copyright © 1999
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Manufacturing Technologies

1]
b u What will be the role of foundry driving
E process technology?
. — Linewldih gap between foundry and
g leading IDMs has disappeared

— SLI strategies for chip desl?n place
g. foundry In the center of activity
1]
a

Snuro_e: GarinerGroup

Some driving forces for foundry driving process technology are mentioned here. Thase are
explained in more detadl {to follow).

Copyright © 1998
Dataquest : & GartnerGroup
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Linewidth Gap Disappears

Dataquest Predi
!
|

Source: GartnerGroup

The fablessfiaundry model first emerged in the early 1980s but gained accelerated use as fabs
were ided in the 1985 slowdown. At that time, foundry capacity was a full three process

generations behind leading-edge technology. Over the next 14 years, this gap has essenlially
closed to no gap.

This compelilive equadity is now changing the face of how Internal process water capacity inside
IDMs competes on the "build or buy”™ decision-making process.

Further, In an application-driven chip market, design innovation and softwara capability ara
becoming the IP and competitive edge, and process capability is now being “commodiized.”

Datacquest ® GartnorGroup ' Comriont 1369
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SLI Strategies in Chip Design
Place Foundry as Center

Microprocessor

Fabless/toundry
model to become

the center of
semiconductor
ASIC and SL! Infrastructure

Dataquest Predi

Source: GartnerGroup
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Also, in 1985, the DRAM was the primary driver for process technology. As Intel adopted the fast
SRAM as the main memory cell in the MPU and more than two levels of metal were required for
chip complexity, both the MPU and the DRAM shared the process technology driver's seat for the
market.

Going forward, ASIC and SLI designs, driven by specialized application requirements, will drive
the processing technology more than the other two types of chips. The fabless/foundry model and
its attributes are placed squarely in the sweet spot to drive this new technology forward.

m Which Industrial engineering practices will
likely impact semiconductor manufacturing
strategies, and how?

— Queuling theory demands Integration of
software and hardware solutions in
material planning and transport

— Material resource planning to become
Integrated In real time

Dataquest Predi

Source: GartnerGroup

The flexible manufacturing model of the foundry drives the implementation of industrial
engineering practices into the industry, Some results of this trend are listed here and are
explained in more detall later.

Probably the most exciting area for autornation system providers will be software control systems
and information intelligence systems.

Industrial engineering practices, queuling theory, and the foundry model of production flexibility
will require that the entire fab operation and process control feedback be linked in a closed-loop
system, with a master set of rules for operation. This will maximize the output of the factory
(wafers per day, as an example).

Material resource planning will be done real time, rather than off line and once a day, as is the
current method.

Dataquest @ GartnerGroup Gopyight © 1989
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Manufacturing Technologhes: ,
Current Fragmented Software
Markets to Be Integrated
T
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Souree: GartnerGroup

Semiconductor

This slide shows the automation market segmants and the market's interaclions, as wel! as its
axpacted ullimate evalution, perhaps in fiva to 10 years, Key elements of this new structure are
alraady slarting to take shape.

The industry is expected to fully Implement industrial angineering dlsclplinea, specifically queuing
theery, in the manufacluring infrastructure. Thie will require that tha intelligence and decision
making issues in manufacturing be done in a closad-loop fashlon to the hardware carrying out tha
execution. The ATG software Instructs the hardware to route the cassettes Inslde the fab; the
material reguirements planning (MRP) sofiware takes processing requirements that are input
from operations management and makes decisions on how o roule casselies in the fab; and tha
MES software is the primary interface to the human user, also calied a graphical user interface
{GUI. Itis quite easy o see that the best supplier of an automation solution would integrate all
three elements with the hardware 1o provide a tumkey solution.

The customer will demand neulralily among equipment suppliers, and this will tend bo creale a
new set of supplicrs whose core compelencies are automation and software,

Dataquest ®GartnecGroup | “7M 1

Conclusions Manufacturing Technologles
Conclusions
w Chip market has matured Into a "demand-pull” market;
"supply-push’ has diminlshed
= "System design” sivategies winning over
"chip design” nd
m SLI strategles becoming a delving force for technology
adwvances
m Linewidth gap between foundry and leading IDMs has
disappeared
= Foundry in the center of aclivity
w Industrial engineering emergence demands Integration
of software and hardware solutions in automation
Sowrce: GartnerGroup

This is a summary of the key peints made in the prasentation,

Dataquest
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Yondor Bacommendalions Manufacturing Technologles

= Spend R&D money on “systems solutions"
rather than on Independent technologles

2 Understand your customer's business and
competitive pressures

n Be floxible

= Focus on how the foundries are being
successiul, and emulate them

= Be clear about your core competences,
and stay within It

—= Do not mix two core competencles
wlithin the same business unit or
corporate structure

Vendor Recommendations

Source: GartnerGroup

Here are some recommendabions we woukt make 10 equipment companies in order for them to
partticipate successfully in the new manufacturing infrastruciure.

Dataquest O GartnerGroup Pright & 1999




Technology and the Global Economies: An Update

Donald H. Straszheim, Ph.D.

President
Milken Institute

Donald Straszheim is president of the Milken Institute. While
serving as chief economist of Merrill Lynch & Co. from 1985 until
early 1997, he gained expertise in the transnational economic
issues that have increasingly become the focus of the Institute. As
the framer of the Institute’s initiatives, he is leading its efforts in
exploring a large global agenda that encompasses technology’s
impact on society and on the economy; developments in capital
markets and financial institutions; globalization, trade, and the
effects on international economic performance; and education,
labor markets, and jobs.

Dr. Straszheim’s expertise has led him to regular guest appearances on CNN
and CNBC as well as to national speaking engagements before business and
academic groups.

Before joining Merrill Lynch, Dr. Straszheim was responsible for U.S.
operations at Wharton Econometrics and earlier was chief economist at
Weyerhauser Corporation and at Fluor Corporation.

Dr. Straszheim received his Ph.D. from Purdue University.
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About the Institute...

The Milken Institute’s mission is to explore and
explain the dynamics of world economic
structure, conduct, and performance by
conducting research in economics, business and
finance. The objective is a better-informed
public, more thoughtful public policies,
improved economic outcomes, and better lives
for people.

The Milken Institute’s extensive research agenda
includes the analysis of corporate finance, capital
markets, and financial institutions; the growing
influence of globalization and international trade
on economic development; the key role of
education, jobs, labor markets, and human
capital;, the rtole and consequences of
demographic change; and regional economic
performance and its impact, with particular
emphasis on California.

The Milken Institute is an economic think tank, a
. not-for-profit 501(c)(3) nonpartisan enterprise

founded in 1991. All programs and publications
are provided at cost or less. The Institute brings
together ideas from economics and related
disciplines as well as the applied areas of policy,
business, and finance. It actively communicates
with opinion leaders in business, finance,
government, academia, media, and the non-profit
sector, and has a wide-ranging cooperative
research program with these groups.

The Milken Institute’s staff comes from a varnety
of university and practical backgrounds. The
Institute hosts affiliated scholars on a visiting
and long-term basis and also welcomes adjunct
researchers for sabbatical leave. Invited speakers
at Institute events represent a wide range of
fields at the senior levels.

I==|

Institute researchers’ perspectives appear in
major national newspapers and journals and via
the broadcast media. The Institute has an
extensive publications program that includes a
policy paper series, trade and textbooks, an
economics and policy periodical, and a World
Wide Web site.

Recent national programs at the Institute’s
conference center in Santa Monica, California
and in other major cities have addressed
questions of education and job skills, the so-
called Asian crisis, prospects for urban America,
the democratization of capital, and opportunities
in emerging economies. The annual Global
Conference, held in March, attracts leaders from
around the world.

oD

The Milken Institute’s president is Donald H
Straszheim; its chairman is Michael R. Milken. From
1985 to 1997, Straszheim served as chief economist
of Merrill Lynch & Co., one of the world's largest
securities firms. Straszheim's expertise is in the
global economic issues that have increasingly
become the focus of the Institute. Milken is widely
credited with having revolutionized the modern
capital marketplace. In 1989, the Wall Street Journal
referred to him as “arguably the most important
financial thinker of the century.”

Ted Van Dyk Executive VP & COO
Peter Passell Editor-in-Chief, Institute Magazine
Gienn Yago Director, Capital Studies

Ross C. DeVol Director, Regional Studies
Senior Fellows include James R. Barth, R. Dan
Brumbaugh Jr., Joseph W. Duncan, William H. Frey,
Hilton L. Root, and Robert Sobel.

MILKEN INSTITUTE

1250 Fourth Streel « Santa Monica. California 90401
PHONE (310) 998-2600 - Fax (310) 998-2627 « E-maiL info@milken-inst.org + Wee www.milken-inst.org
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1999 MILKEN INSTITUTE GLOBAL CONFERENCE
March 10-12, 1999
The Beverly Hilton
Los Angeles, CA 90210

Over the past year, various effects of the Asian financial crisis have been felt globally. In
addition, Russian financial and economic distress, uncertainties about the Japanese and
Chinese economies, and the evolution of Enropean Monetary Union continue to impact all
nations. The 1999 Milken Institute Global Conference will update participants on all these
and other events that have affected the world economy.

The Issues

Since the Asian crisis that began in 1997, ongoing events in China, Europe, Japan, Latin America,
and Russia are posing new and continuing questions of economic and financial stability in this
increasingly intertwined global economy. Are the multinational agencies’ actions beneficial or
detrimental? Are some of their short-ran tactics likely to lead to long-run losses? What kind of
financial rules and reforms make sense? How much will the industrialized countries be hurt in
1999 and beyond by the swirl of events of 1997-98? What will the global economy and financial
markets look like between now and the new millennium? How will both portfolio investors and
direct investors respond? Are new policy surprises or economic and financial downdrafts coming?

The Audience

Somewhat larger than the 1998 Global Conference, the 1999 conference will bring together an
audience of over 1,000. Included in this audience will be institutional portfolio managers from all
over the globe; business leaders with direct investments worldwide; representatives of major
securities firms and commercial banks; leading academics in the areas of business, finance and
political science; senior policy officials from governments around the world; representatives of
both print and electronic business and financial media; and officials, economists and analysts
from multinational lending and governing agencies.

The Sessions

The conference will take a global perspective, concentrating on recent developments, steps (and
missteps) taken, opportunities offered and challenges posed. In addition to addresses by senior
policy officials, we will hold sessions on the unsettled and still-changing regional situation in
Asia’s emerging economies; on China and its prospects; on the efforts to reinvigorate Japan; on
Russia and other former command economies; on Latin America; and on other areas.

We will also discuss the still-evolving role of the IMF, the World Bank and other multinational
agencies; the “euro” and European Monetary Union (and Britain’s non-participation); financial
market development and innovation; labor market and other reforms; the commodity economies;
technology’s role in globalization; privatization’s lessons; trade flows, trade rules and trade
blocs; and cross-border financial and business activity.

The Details

The 1999 Milken Institute Global Conference starts with dinner on Wednesday night, March 10,
continues through Thursday, March 11, and ends following lunch on Friday, March 12. Major
policy addresses by cabinet-level officials will be featured, as well as presentations and panel
discussions by CEO-level business leaders, global portfolio managers, economists and financial
strategists, and academic experts.
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The World’s Stocks Fall
Market Peak to October 8, 1998

u.s. -15%
U.K. -23%
Germany -35%
Japan -38%
Russia -87%
Latin America -53%
Asia -67%
Europe -26%
World -20%

E BHKEN INSTITUTE

Equities Peaked
First Half of 1997

ﬁ BAILKEN INSTITUTE

Equities Peaked
Second Half of 1997

Il mixennsrrome

Equities Peaked
First Half of 1998
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Equities Peaked
“Second Half of 1998

ﬁ MILKEN INSTITUTE
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What I learned from Economists
was: “October....is one of the
peculiarly dangerous months to
speculate on stocks in...

Mark Twain

E MILKEN INSTITUTE

Technology and The Global Economies
October 15, 1998
www.milken-instorg


http://www.milken-inst.org

- &

1

. Japan on the U.S.

'bi:l—b-:_ e M ke --;l

“The fact is, Japan has developed a
sounder more efficient economy than
America...”

HeRd "
R . " -“The Japan That Can Say No”
Tl _:‘ 1 -Et' B fi.:'. . ‘Shintaro Ishihara

- B 1989
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Different Paths
Dow Jones Industrials and Nikkei 225
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Are Japan’s Best Days Past?
. Real GDP
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Tl poken mstimme
A Japanese Perspective

“We don’t give a hoot about things like
ROE (return on equity).”

I

“We’ll be in trouble if that kind of
Harvard Business School thinking is
brought to Japan.”

- Kentaro Aikawa
Chairman, Mitsubishi Heary Industries
January 15, 1998

r

MILEEN IRSTITUTE

Kentare Aikswa
S Chairman, Mitsubishi Heavy Industries
o Joouary 15,1998
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Reindustrializing Japan . ™ !
B After WWIL = i C
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1950°s - Textiles FESAS
- 1960°s - Steel
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S 1970°s - Autos - ' :. !
~ 1980’s - Electronics :
' 1990’s - ?
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How Russia
Becamea

Market
Economy

1995
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A Russian Comparison
Real GDP Growth-U.S.
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A Russian Comparison
Real GDP Growth-Europe
Percent Change
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A Russian Comparison

Real GDP Growth-Japan

Percers Change
15

. W

=50

-i5

1950 1991 1992 1993 13%a 1995 1996 1997
@ MILKEN INSTITUTE

A Russian Comparison
Real GDP Growth-Developing Asia

Pereent Change
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A Russian Comparison
Real GDP Growth-China
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Globalization is Here to Stay
U.S. Exports Plus Imports as Percent of GDP

Percent
5

1929-1973 Average =95%
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“Man” Of The Year

1 BRI
Tha Cemputer Moves bn

January 3, 1983
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On Telephones

“That is an amazing invention,
but who would ever want to use
one of them?”

President Rutherford B. Hayes, 1876

[ Muxenmstrore

On Everything New

“Everything that can be invented
has been invented.”

Charles H. Duell
Commission of U.S. Office of Patents, 1899

[ Miscew mstrmore

; OnRadiO

“The radio craze ... will die out
in time.”

Thomas Alva Edison, 1922
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- Computers - 1949

“Computers in the future may
weigh no more than 1.5 tons.”

Popular Mechanics, 1949
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High-Tech Concentration
Based on Employment (1996)

High-Tech Concantraiion
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Fortune 500 vs. Inc. 500

Number of Headquarters In California
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(Fast Movers) the Inc. 500
Percent that are High Tech Companies
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San Jose Beats the Motor City

Population
Index 1980 = 100
125

— Santa Clars County (San Jose)
1201  ~== Wayne County (Detroit)

115
1.3 milion (1980)

110 4 1.6 mitlion (1996)

105 9

100§
95 © 2.2 million (1980)
2.1 million {1996)
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Artificial Intelligence

“A.l (artificial intelligence) is the
science of how to get machines to
do the things they do in the
movies.”

Astro Teller
Carnegie Mellon University
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On a New, Lower Track
Retail Sales: Mail Order and Total
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“On the internet, nobody knows that you are a dog™.
El MILKEN INSTITUTE

Internet Banking is Cheaper
Cost Per Transaction
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Rapid Mail Order Growth
Retail Sales: Mail Order and Total
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28.8 Kbps modem 46 minutes
128 Kbps ISDN 10 minates
4 Mbpscable medem 20 minutes
8 Mbps ADSL 10 seconds
10 Mbps cable modem 8 seconds

E BALKEN INSTITUTE

Time to Download Video Clip

3.5 Minute Video off the Internet

Transfer Time

Theusarxds

180
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Electronic Banking Takes Over

ATMs in the U.S.

= Number of ATMs
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Computer Industry Leaders
Merrill Lynch List (October 1967)

+ Internarional Business «  Computer Sciences
Machines = University Computing
* General Electric = Data Processing Financial
= Radio Corporation of America and General
* Sperry Rand * Farrington Manufacturing
+ Burroughs Corporation = California Computer Products
* Homeywell, Inc. = Leasco Data Processing
+  Control Data Egquipment
+ National Cash Register »  Levin Townsend Computer
s Secientific Dato Systems «  Systems Engineering
+ Digital Equipment Laboratories
* Mohawk Data Sciences « Daia Products
* American Research and + - Computing and Software
Development + Electronic Memories
«  Memorex Corporation = Computer Applications
T wexen nesrrore
L3 -
Technology’s Limits

“As any musician will tell you, the
music is not in the piano.”

Computer Visionary Alan Kay
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Microsoft Today
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Technology Today--Top 25

Market Cap; September 30, 1998 (USS$ Billions)
*  Microsoft Corp 272 « BMC Software Inc 13
* [Imel Corp 144 + HBO & Co 12
+ Cisco Systems Inc 97 « 3Com Corp 1n
= Lucent Technologies 91 + Compuware Corp 11
+ Dell Computer Corp 84 «  First Data Corp 10
* Cempag Computer Corp 53 «  Gateway 2000 Inc 8
= EMC Corp 29 + Peoplesoft Inc ]
« Oracle Corp 28 = Ingram Micro Inc 7
« Motorola Inc 26 + Mki_'im Technology Inc 6
« Automatic Dasa Processing 23 » Stmicroelectromics NV 6
= Computer Assoc Intl 21 = Seagate Technology 6
«  Texas Instruments 21 * Panamsat Corp 6
* Sun Micrasystems Inc. 19

g MILKEN INSTITUTE

Computer Memory - 1981

“Who in their right mind would
ever need more than 640k of

ram!?”

E MJL&EN INSTITUTE

Bill Gates, 1981
Microsoft Founder

- The Justice Department

“At this time I do not have a
personal relationship with a
computer.”

E MILKEN INSTITUTE

Attorney General Janet Reno
© May 16,1998
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How Russia
Became a
Market

 Economy

may final
America’s miracle
expansion.
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Dow Jones Indust;n A

9337 on 7/17/1998
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j September, :Aprzl November
- May, March, June, December,
:_':Aagust and F ebruary
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The Computer Moves In
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High-Tech Concentration
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Materials and
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The Future Gonvergence of Heterogeneous
Communications Systems & Services

Arun Netravali, Ph.D.

Executive Vice President of Research
Bell Labs
Lucent Technologies

Dr. Arun Netravali is executive vice president at Lucent
Technologies’ Bell Laboratories. He joined Bell Laboratories in
1972 as a member of the technical staff, became head of the Visual
Communications Research Department in 1978, director of
Computing Systems Research in 1983, and Communications
Sciences Research vice president in 1992, with added
responsibility as a project manager for HDTV in 1990. He became
vice president of Quality, Engineering Software and Technologies
(QUEST) in 1994, and in 1995 he was named Vice President of
Research.

Dr. Netravali was at NASA from 1970 to 1972, where he worked on
problems related to filtering, guidance, and control for the space shuttle.
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Semiconductor Product Category Definitions

Current Category
Total Semiconductor:

Current Definition
(Total IC + Discrete + Total Optical Semiconductor)

Category Changes
Total Semiconductor becomes

(Total General Purpose Standard Product

+ Total ASIC + Total ASSP)

Defined as an active semiconductor product that contains semiconducting material (such as silicon,
germanium, or gallium arsenide, but excluding ceramics). This definition excludes standalone
passive components, such as capacitors, resistors, inductors, oscillators, crystals, transformers, and

relays.

No change in definition

Total IC:

(Digital Bipolar IC + MOS Digital IC + Analog IC)

Category eliminated

A monolithic IC is one that is formed on a single chip of semiconducting material. This designation
has been applied more broadly to mean any device, even multiple-chip packaged devices, that does
not contain other, nonsemiconductor, components. This differentiates monolithic ICs from hybrid
ICs that may also be muitiple-chip bul represent a "hybrid" in the sense of mixing other
technologies within the IC package, such as film resistors or chip capacitors.

Digital Bipolar IC:

(Bipolar Digital Memory IC + Bipolar Digital Logic IC)

Category eliminated with revenue distributed to

other semiconductor categories

A bipolar digital IC is defined as a monolithic semiconductor product in which 100 percent of the
die area performs digital functions, and, concurrently, 100 percent of the die area is manufactured
using bipolar semiconductor technology.

MOS Digital IC:

(MOS Digital Memory IC + MOS Digital Microcomponent IC + MOS Digital Logic IC)

Category eliminated

A monolithic semiconductor product in which 100 percent of the die area performs digital functions,
and, concurrently, any portion of the die area that is manufactured using metal-oxide semiconductor

(MOS) technology. Includes mixed-technology manufacturing, such as BiMOS and BiCMOS, where
there is some MOS technology employed.

General Purpose
Standard Product -

New category. General Purpose Standard Product includes Memory IC, Microcomponent IC,
Logic IC, Standard Analog IC, Discrete, and Optical Semiconductors

Source: Dataguest 10/98

Dataguest Semiconductors 98
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Current Category

Current Definition

Category Changes

MOS Memory IC: (DRAM + SRAM + EPROM + EEPROM + Flash Memory + Mask ROM + Other MOS Digital No change in category—but moved to General
Memory ) Purpose Standard Product, Memory IC
DRAM: Dynamic RAM, multiport-DRAM (M-DRAM), video RAM (VRAM), synchronous DRAM No change
(SDRAM), cached DRAM (CDRAM), and self-refreshed DRAM.
SRAM: Static RAM, multiport-SRAM (M-SRAM), battery backed-up SRAM (BB-SRAM), and pseudo No change
SRAM (PSRAM). SRAMs have memory cells consisting of a minimum of four transistors, except
PSRAM, which has a memory cell consisting of a single transistor and is similar to a DRAM with
nonmultiplexed addresses. Note that color palette DACs are included in the Data Converter/
Switch/Multiplexer IC category of analog ICs.
EPROM: Erasable programmable read-only memory. This product classification includes ultraviolet EPROM No change
(UV EPROM) and one-time programmable read-only memory (OTP ROM).
EEPROM: Electrically erasable programmable read-only memory. Includes serial EEPROM (S-EEPROM), No change. Addition of Smart Card ASSP may
parallel EEPROM (P-EEPROM), and electrically alterable read-only memory (EAROM). affect this category
Also includes nonvolatile RAM (NV-RAM), also known as shadow RAM. These semiconductor
products are a combination of SRAM and EEPROM technologies in each memory cell.
Flash Memory: Nonvolatile products designed s flash EPROM/EEPROM that incorporate either 5V or 12V No change. Addition of Smart Card ASSP may
programming supplics and one-transistor (1T) or two-transistor (2T) memory cells with electrical affect this category
programming and fast bulk/block erase.
Mask ROM: Mask-programmable read-only memory. Mask ROM is a form of memory that is programmed by No change
the manufacturer to a user specification using a mask step.
Other MOS Digital All other MOS digital memory not already accounted for in the preceding categories. Includes MOS No change

Memory: digital content addressable memory (CAM), MOS digital cache-tag RAM, MOS digital first-in/first-
out memory (FIFO), MOS digital last-in/first-out (LIFO) memory, and ferroelectric memory.
MOS Digital (MOS Digital Microprocessor + MOS Digital Microcontroller + MOS Digital Microperipheral Category moved to General Purpose

Microcomponent 1C:

+ MOS Programmable Digital Signal Processor)

Standard Product, Microcomponent IC. MOS
Digital Microperipheral sub-category eliminated and
contents distributed to ASSP categories

Word Width:

The word width of a microprocessor or microcontroller architecture is determined by the
maximum word width of the software that can be run by the architecture. This is defined by the
computed accuracy of a single ADD instruction. If an architecture can perform a 32-bit ADD in a
single instruction, then it is a 32-bit architecture. This is independent of the I/O bus width or the
width of the integer unit.

No change

Source: Dataguest 10/98
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Current Category
MOS Digital
Microprocessor (MPU):

Current Definition
(8- and 16-bit CISC MPU + 32-bit and greater CISC MPU + 32-bit and greater RISC MPU)

Category Changes
Some revenue may get reallocated to ASSP
categories. Pending final definition.

Microprocessor (MPU): An MPU is a MOS digital integrated circuit that includes an instruction
decoder, arithmetic logic unit (ALLD, registers, and additional logic. It may conlain instruction,
data, or unilied cachcs, memory management systems, and auxiliary ALUs for fioating-point and
other special data types. An MPU's functions arc determined by fetching and executing
instrictions and manipulating data held in registers, intemal cache, or external memory, MPUs
operate out of external memory systems typically ranging from 1MB 1o 64MB of RAM and often
backed by secondary memory systems (such as disks), More highly integrated versions of MPUs
may contain on-chip peripherals, intcrface, and support circuits. MPUs are subdivided into 8-bit,
£6-bit, or 32-bit and up word width. Beginning in 1997, 32-bit and larger MPUs are further
divided into computational and embedded according to the applications into which they are
designed. MPUs can be complex-instruction-set-computer (CISC) or reduced-instruction-set-
computer (RISC) implementations, although Datagucst no longer divides RISC and CISC in
favor of architectural Gamily distinctions (68000, x86, MIPS, and SPARC, among others).
Similar terms are processor, central processor unit (CPU), and integrated processor.

No change

MOS Digital
Microcontroller (MCU):

(4-bit MCU + 8-bit MCU + 16-bit MCU -+ 32-bit and greater MCU)

Some revenue may get reallocated to ASSP
categories. Pending final definition.

An MCU is a MOS digital integraled circuit designed for standalone operation that

includes a programmable processing unit, program memory, read/write data memory,

and some input/output capability. The processing unil contains an instruction decoder, arithmetic
logic unit, registers, and additional logic, The MCU's [unctions are determined by fetching and
cxecuting Instructiong and manipulating data held in on-chip program and data memory {not
includIng cache memories). MCU devices must be available with on-chip program stors (ROM,
EPROM, and flash, among others) Lypically ranging from L1KB to 64KB. As an option, some
MCU devices can be purchased withoul on-chip miemory for use during the debug and
development phase of the system. Peripheral circuils are typically incladed on chip to assist in
sophisticated input, output, and control functions. Slandalone digital signal processors are not
included with MCUs. MCUs are subdivided into 4-bit, 8-bit, [6-bit, or 32-bit word width. In
1996, Dutaquest began separating 32-bit MCUSs from 16-bit MCUs. Al MCUs are designed into
embedded applications. A similar term is microcomputer.

No change

Saurce: Bataquest 10/98
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Current Category
MOS Digital
Microperipheral (MPR):

Current Definition

ICs that serve as a logical support function to an MPU in a system. This definition includes
MPRs comprising more than one device, such as PC or core logic chipsets. The MPR category
includes MPRs incorporating, or originating from, an ASIC design.

Category Changes
Category eliminated—all revenue moved to ASSP
categories

System Core Logic
Chipsets:

Devices dedicated to a particular microprocessor interface that perform some of the basic
interface functions such as memory management DRAM control, cache control, bus interface
controllers, DMA controllers, and interrupt controllers.

Category eliminated—revenue counted in PC ASSP

Graphics and Imaging

Devices that typically interface to some form of system bus to interpret, control, and display the

Category eliminated—revenue counted in PC ASSP

multiplier-accumulator unit) designed to perform complex mathematical operations such as
Fourier transforms in real time to generate, manipulate, or interpret digital representations of
analog signals. Modermn DSPs typically access multiple pieces of data in different locations of
on-chip memory over separate data paths using specialized addressing modes. Most DSP
functions, such as the multiply-and-accumulate function, complete in a single instruction clock.
DSPs usually include peripherals, which may include analog circuits like analog-to-digital
converters. DSPs typically operate on 16 or 24 bits of fixed-point data or 32 bits of floating-
point data, although Dataquest does not currently subdivide DSPs into these categories. DSPs
that have no version that can be reprogrammed by the user in assembly or a higher-level
language are not included but are classified as fixed-function application-specific standard
products (ASSP). DSPs integrated on-chip with an independent microprocessor or micro-
controller are classified as either an MPU or an MCU, respectively. All DSPs are

designed into embedded applications. A similar term is programmable DSP (pDSP).

Controllers: visual output of systems (computer-generated graphics, live video, and other images).
Communications Devices that control, format, and perform handshaking for the transmission and reception of Category eliminated—revenue counted in Wired
Controllers: information between systems or intelligent devices, which include network controllers, Communication ASSP
| integrated fax/modem chips, serial UARTS, and other communications interfaces.
Mass Storage Devices that are used to control data storage into and retrieval from all forms of mass storage Category climinated—revenue counted in Mass
Controllers: media (magnetic, optical, and other), which include controllers used within host computers Storage ASSP
(host-side) and within mass storage drives (device-side).
Audio/Other Devices used to input or output information through other forms, including audio input/output Category eliminated—revenue counted in PC ASSP
Microperipherals: controllers, keyboard controllers, pen input controllers, parallel port controllers, and various
other devices.
Digital Signal A digital signal processor (DSP) is a programmable MOS digital integrated circuit (IC) Some revenue may get reallocated to ASSP
Processor (DSP): designed for standalone operation, constituting a high-speed arithmetic unit (typically a categories. Pending final definition.

Source; Dataguest 10/98
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Current Categary
MOS Digital Logic IC:

Current Definitien
(Total ASIC + MOS Digital Standard Logic IC + Other MOS Digital Logic IC)

Category Changes

Category eliminated—revenue counted under ASIC
or (General Purpose Standard Producis

A MOS semiconductor product that serves a general-purpose [unction using bit-processing
technology. This bit processing is defined by hardwiring, mask programming, or {ield
programming. MOS microcomponents and MOS memory ICs ave MOS logic ICs, but are either
dedicated to a function {such as MOS microperipherals or MOS memnory 1Cs) or are soflware
programmable (such as MOS microprocessors and MOS microcontrollers). MOS Iogic ICs also
include customer-specific MOS logic ICs.

Logic IC: New category. Logic IC includes PLD, Standard Logic, Flat Pane/L.CD Driver
Total ASIC: (Traditional Digilal Gate Arrsy + Embedded Gate Array + Digital Programmable Logic Device Total ASIC redefined as
+ Digital Cell-Based IC + Digital Full-Custom IC+ Mixed-Signal ASIC + Linear Array) (Gate Array + CBIC +Full Custom IC)..
Under both Gate Amray & CBIC there will be five
application subcategories: Dataprocessing,
Communications, Consurner, Automotive, & Other
Defined as a single-user digital togic IC that is manufactured using vendor-supplied tools and/er | No change
libraries. Does not include digital ASICs incorporating microprocessor cells or microcontroller
cells, as these are reported in the microprocessor IC or microcontroller IC category, respectively.
Traditional Digital Traditional gate arrays are ASICs that contain a configuration of uncommitled elements ina Becomes Gate Array, which now includes
Gate Array: prefabricated base wafer. They are customized by interconnecting these elements with one or Embedded Gate Arrays & Linear Array ASIC;
more metal routing layess. Included in this category are channeled and sea-of-gates architectures. | (Gale Amay =Dataprocessing Gate Amays +
Communication Gate Arrays +
Consumer Gate Arrays +
Automotive Gate Artays +
Other Gate Arrays)
Embedded Gate Array: | Embedded gale arrays are ASICs with a portion of the chip having traditional gate array Category eliminated—revenue counted in Gate

architecture (channeled or sea-of-gates) and with megacells such as SRAM diffused into the gate
array basc waler.

Array

Source: Dataguest 10/93
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Current Category

Current Definition

Category Changes

Digital PLD:

An ASIC device that is customized by the end user after assembly. Included in this category are
MOS field-programmable logic (MOS FPL), MOS field-programmable gate array (MOS FPGA),
MOS programmable array logic (MOS PAL), MOS programmable logic array (MOS PLA),
MOS electrically programmable logic device (MOS EPLD), and MOS complex PLDs.

Revenue moved from ASIC to General Purpose
Standard Product, Logic (PLD)

Digital CBIC: An ASIC device that is produced from a library of standard circuits/cells to a single-user CBIC will also include Mixed-Signal ASIC
specification. This process involves automatic routing and placement of cells utilizing a full (CBIC = Dataprocessing CBICs +
mask set. Included in this definition is MOS standard cell IC, Communication CBICs +
Consumer CBICs +
Automotive CBICs + Other CBICs)
Digital FCIC: An ASIC device that is produced for a single user using a full set of masks. This process No change
involves manual routing and placement of cells.
Linear Array ASIC A single-user linear IC that is manufactured using vendor-supplied tools and/or libraries. Category eliminated—revenue counted in

Linear arrays fall into one of the three types, as follows:

I.  Arrays of discrete-level cells such as transistors and diodes

2. Arrays of discrete device combinations referred to as tiles

3. Arrays of higher-level functional macro cells such as operational amplifiers, comparators,
VCOs, references, and other analog functions.

These arrays are interconnected with a metal mask or by means of some user-programmable
interconnect scheme. Unlike cell-based designs, they do not have a unique set of masks for
all layers.

Gate Array

Mixed-Signal ASIC:

A mixed-signal ASIC that is manufactured for a single user, using vendor-supplied tools and/or
libraries and contains Analog in more than 50% of the die area. ASICs with Analog comprising
less than 50% of the die area should be counted in the appropriate category under Digital ASIC.

Category eliminated—revenue counted in CBIC

MOS Digital
Standard Logic IC:

Commodity MOS family logic with fewer than 150 gates. Sometimes referred to as glue logic.
Examples include: HC/HCT, AC/ACT, FACT, and 74BC/BCT BiCMOS family logic.

Removed from ASIC and moved to General Purpose
Standard Product, Logic (Standard Logic)

LCD Driver:

Display driver IC designed to control and drive LCD panels. LCD drivers convert digital inputs
into the multilevel signals needed to drive liquid crystal displays. Excluded from this category
are microperipheral controller/driver ICs that include the LCD drive function and TV LCD
drivers that accept analog video inputs. These devices are counted as part of the micro-
component category or analog IC category, respectively.

Removed from ASIC and moved to General Purpose
Standard Product, Logic (Flat Panel/LCD Driver)

Source: Dataquest 10/98
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Current Category

Other MOS Digital
Logic IC:

Current Definition

All other MOS digital logic ICs not accounted for in the preceding categories. Includes MOS
commodity family logic with 150 or more gates and MOS digital general-purpose logic not
belonging to any families.

Category Changes

Category eliminated —revenue counted in
Wired Communication ASSP or Wireless
Communication ASSP

Total Analog IC;

(Amplifier/Comparator 1C + Voltage Regulator/Reference IC + Data Converter/Switch/
Multiplexer IC + Interface IC + Telecom IC + Disk Drive IC + Other Special-function IC +
Linear Array/ASIC + Mixed-Signal ASIC + Total Special Consumer IC + Special Automotive
IC + Smart Power IC)

Linear ICs moved to General Purpose Standard
Product, Standard Analog IC

Analog application category (telecom, consumer
automotive) eliminated—revenue counted in ASSP

categorics
An analog IC is a semiconductor product that deals in the realm of electrical signal process- Linear ICs moved to General Purpose Standard
ing, power control, or electrical drive capability. It is one in which some of the inputs or Product, Standard Analog IC

outputs can be defined in terms of continuously or linearly variable voltages, currents, or
frequencies. Includes only monolithic analog ICs manufactured using bipolar, MOS, or
BiCMOS technologies. Includes monolithic linear IC and monolithic mixed-signal IC. A
monolithic linear IC is characterized by having 100 percent analog /O, while a mixed-signal
IC carries information in both digital (numeric) and iignal!power forms.

Amplifier/Comparator IC:

An amplifier is a general-purpose linear IC that provides a voltage or current gain to an
input signal. Includes operational amplifiers (mono, dual, and quad, among others),
instrumentation amplifiers, buffer amplifiers, and power amplifiers. Consumer-dedicated
amplifier ICs are counted in special consumer IC. Amplifier ICs designed specifically for
one customer using vendor-supplied tools and/or libraries are counted in linear array ASIC.

A comparator IC is defined as a general-purpose linear IC that compares two analog signal
inputs and provides a single logic bit output. Although the output could be considered
digital, these products are classed as linear 1Cs because they are specialty high-gain
amplifiers, used in an open-loop mode, and for which the output is constrained to only two
states. By using a comparator, an unknown voltage can be compared with a known reference
voltage. Comparator ICs designed specifically for one customer using vendor-supplied tools
and/or libraries are counted in linear array ASIC.

No change—but moved to General Purpose
Standard Product, Standard Analog IC

Source: Dataguest 10/98
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Current Category
Voltage Regulator/
Reference IC:

Current Definition

A voltage regulator IC is defined as a general-purpose linear IC that outputs a variable current
at a regulated DC voltage to other circuits from a variable current and voltage input. Regulator
ICs are either linear regulators in which the device provides an input-to-output voltage drop, or
switching regulators, in which the device provides switched quantities of power to a smoothing
circuit to gain higher efficiency and reduce power dissipation. Voltage regulator ICs designed
specifically for one customer using vendor-supplied tools and/or libraries are counted in linear
array ASIC.

A voltage reference 1C is defined as a general-purpose linear IC that outputs a precise reference
vollage to other circuits from a variable voltage input. A reference IC differs from a regulator 1C
in that it is not expected to power other circuits, In fact, voltage regulator ICs incorporate a
voltage reference circuit. Voltage Reference ICs designed specifically for one customer using
vendor-supplied tools and/or libraries are counted in linear array ASIC.,

Category Changes
No change—but moved to General Purpose
Standard Product, Standard Analog IC

Data Converter/Switch/
Multiplexer IC:

A data converter IC is defined as a general-purpose mixed-signal IC that converts an analog
signal into a digital signal, or vice versa. Inctudes analog-to-digital converters (ADCs), digital-
to

analog converters (DACs), sample-and-hold circuits (SHCs), voltage-to-frequency circuits
(VECs), frequency-to-voltage circuits (FVCs), synchro-to-digital circuits (SDCs), and digital-to-
synchro circuits (DSCs). All these are general-purpose data ICs. Also included in this category
are color-palette DACs. Consumer-dedicated data converter ICs are counted in special consumer
IC, under monolithic linear ICs. Data converter ICs designed specifically for one customer using
vendor-supplied tools and/or libraries are counted in mixed-signal ASIC.

No change—but moved to General Purpose
Standard Product, Standard Analog IC

Interface IC:

A general-purpose mixed-signal IC that serves as an interface between a digital system and other
external nonsemiconductor systems. Includes line drivers, peripherals drivers, receivers,
transmitters, and transceivers. Interface ICs designed specifically for one customer using vendor-
supplied tools and/or libraries are counted in mixed-signal ASIC.

No change—but moved to General Purpose
Standard Product, Standard Analog IC

Telecom IC:

A general-purpose mixed-signal IC that is used for voice band communication or data
communication over voice band media. This category includes codecs, combos and SLACs,
SLICs, modem and fax/modem ICs, dialer and ringer ICs, repeaters, cellular communications
1Cs, ISDN ICs, telecom filter ICs, and other telecom-specific circuits. Telecom ICs designed
specifically for one customer using vendor-supplied tools and/or libraries are counted in mixed-
signal ASIC.

Category eliminated —revenue counted in
Wired ASSP or Wireless ASSP

Source: Dataguest 10/98
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Current Category
Disk Drive IC:

Current Definition

A mixed-gignal IC thai is designed specifically for the rotaling mass storage markel.
Applications include the read/write path from preamp up to the ENDEC, head positioning
controller, and spindle motor control, Disk drive ICs designed specifically for one customer
using vendor-supplied tools and/or libraries are counted in mixed-signal ASIC.

Category Changes

Category eliminaled—revenue counted in Mass
Storage ASSP

QOther Special-Function IC;

An IC that is cither a general-purpose JC thet does not fit into the other categories or market/
application-specific WCs for which 2 calegory does not yet ¢xist. The main products that f2l into
this category inciude timers, phase-locked toops (PLLs), vollage-controlled oscillators (VCOs),
signal/function generator ICs, and analog muleipliers. Other special-function ICs desigred
specifically for one customer using vendor-supplied tools and/or libraries are counted in the
Linear Array/ASIC IC category.

Category eliminated. Revenue distributed to other
semiconductor categories.

Total Special Consumer IC: | (Video Special Consumer IC + Audio Special Consumer FC + Gther Special Consumer IC) Category eliminated—revenue counted in Consumer
ASSP (Video ASSP, Audio ASSP, or Other ASSP)
A general-purpose IC that is dedicated to general consumer applications but is not application-
specific. Consumer {Cs designed specifically for one customer using vendor-supplied tools
and/or libraries are counted in linear ammay ASIC.
Video Special An IC implemented for video applications. Category eliminaled—revenue counted in Consumer
Consumer IC: ASSP (Video ASSP)
Audio Special An IC implemented for audio applications, including radio and speech synthesis and recognition. | Category eliminated—revenue counted in Consumer
Consumer IC: ASSP {Audio ASSP)
Other Special An IC implemented in other consumer applications such as electronic games, personal and home } Category eliminated—revenue counted in Consumer
Consumer 1C: appliances, and electronic cameras. ASSP (Other Consumer ASSP)

Special Automotive IC:

An IC that is used in the following automotive applications: entertainment, engine control,
salety, traction, and in-car clectrical and suspension systems, Special automotive ICs designed
specifically for one customer using vendar-supplied tools and/ur libraries are counted in linear
array ASIC,

Category eliminated—revenue counted in Automotive
ASSP

Total Discrete:

{Transistor + Diode + Thyristor + Other Discrete)

No change—but moved to General Purpose
Standard Product, Discrete

A discrete semiconductor is delined as a single semiconductor component such as a transistor,
Diode, or thyristor. Althongh multipie devices may be present in a package, they are still
considered discretes if they have no intemal functional interconnection and arc applied in the
same manner as olher discrete devices,

No change

Saurce: Dataguest 10/98
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Current Category
Transistor:

Current Definition
(Small-Signal Transistor + Power Transistor)

Category Changes
No change

Small-Signal Transistor:

Signal transistors, RF microwave transistors, dual transistors, MOS field-effect
transistors (MOS-FETs), conductivity modulated field-effect transistors
(COMFETs), insulated gate bipolar transistors (IGBTs), and MOS-bipolar
transistors (MBTs). All rated below I'W power dissipation.

No change

Power Transistor:

(Bipolar Power Transistor + MOS Power Transistor + Power IGBT) All are rated
at 1'W power dissipation and above.

Power Transistor not changed—but
subcategories are eliminated

Bipolar Power Transistor: | Bipolar Darlington transistor, bipolar microwave transistor, and bipolar radio Subcategory eliminated
frequency (RF) transistor.
MOS Power Transistor: | MOS field-effect transistor (MOS-FET), MOS microwave transistor, and MOS Subcategory eliminated
radio frequency (RF) transistor.
Power IGBT Transistor: | Insulated gate bipolar transistor (IGBT). Also includes conductivity modulated Subcategory eliminated
field-effect transistor (COMFET), MOS-bipolar transistor (MBT), and GEMFET.
Diode: (Small-Signal/Reference Diode + Power Diode/Rectifier) No change
Small-Signal/Reference Signal diodes, Schottky diodes, zener diodes, switching diodes, voltage reference No change
Diode: diodes, voltage regulator diodes, and rectificr diodes. All are rated below 0.5A.
Power Diode/Rectifier: Zener diodes and rectifier diodes. All are rated 0.5A and above. No change
Thyristor: Thyristors, silicon-controlled rectifiers (SCRs), diacs, and triacs. Also includes No change
solid-state relays (SSRs) incorporating triacs, thyristors, resistors, and capacitors.
Other Discrete: All other discrete semiconductor products not accounted for in the preceding categories. No change

Includes microwave diodes, varactors, tuning diodes, tunnel effect diodes, and selenium

rectifiers. Does not include thermistors and varistors.

Total Optical Semicionductor:

(Total LED Lamp/Display + Optecoupler + CCD + Laser Diode + Photosensor + Other

Optical Semiconductor)

No change—but moved to General Purpose
Standard Product, Optical Semiconductor

A semiconductor product in which photons induce the flow of clectrons, or vice versa.
Other functions may also be integrated onto the product. This category does not include
LCD, incandescent displays, fluorescent displays, cathode ray tubes (CRTs), or plasma

displays.

No change

Source: Dataguest 10/98
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Total LED Lamp/Display:

e 1
(Infrared LED Lamp/Display + Other LED Lamp/Display )

No change

Infrared LED Lamp/Display:

Infrared LED lamps/displays are single light-emitting diodes or an array of LEDs
consisting of more than one die (in the case of displays) functioning in the invisible
infrared range.

No change

Qther LED Lamp/Display:

Includes visible LEDs and other LED products not included elsewhere. A visible
LED lamp is defined as a light-emitting diode for which the light is visible: a
semiconductor product consisting of a single die in which photons are emitted at
frequencies dependent upon the semiconductor material employed. An LED
display is defined as an array of LEDs: a semiconductor product consisting of more
than one dic in which photons are emitted at frequencies dependent upon the
semiconductor material employed and where the light transmission is visible.

No change

Optocoupler:

An optocoupler or optoisolator. A semiconductor product consisting of an LED
separated from a pholosensor by a transparent, insulating, dielectric layer. These
are mounted inside an opaque package. Includes optointerrupters, in which the
separation between LED and photosensor is large enough to allow external
physical systems to influence the device.

No change

CCD:

A charge-coupled device. A semiconductor product consisting of an array of
photadiodes, an analog CCD shilt register, and an output circuit. Includes linear
array CCDs with serial shift registers and area array CCDs with parallel shift
registers. Includes charge injection device (CID), charge-coupled photodiode
(CCP), charge-ptiming device (CPD), and self-scanning photodiode (SSP).

Laser Diode:

No change

A diode that produces coherent light. A semiconductor product in which the
heterojunction structure stimulates light amplification by stimulated emission of
radiation (laser), resulting in coherent light. Includes Fabrey-Perot laser diodes,
pulsed laser diodes, and phase-shifted laser diodes.

No change

Photosensor:

(Photodiode + Phototransistor)

No change

A diode or transistor in which photons are used to affect current flow or electric potential.

No change

Other Optical
Semiconductor:

All other optical semiconductor devices not accounted for in the preceding categories. Includes
solar cells and optical thermal piles.

No change

Source: Dataguest 10/98
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New Category
Total Application Specific Standard Product (ASSP)

Proposed Definition

ASSP includes sub-categories of Dataprocessing ASSP, Communication ASSP, Consumer ASSP,
Automotive ASSP, and Other ASSP

An IC that is designed for use in a distinct electronic equipment category and is marketed to multiple
companies. The IC may be a digital, analog, or mixed signal chip. Digital and mixed signal ICs in this
category typically contain varying combinations of functional blocks including one or more processor
(MPU, MCU, or DSP) cores, memory, interface circuits, and custom logic that tailors and optimizes the

IC for use in a targeted electronic equipment market. These ICs may be programmable or fixed function.
ASSP differ from ASICs in that ASSP are intended for sale to multiple equipment manufacturers,

whereas ASICs are sold to single equipment manufacturers only. ASIC designs are customer driven, even
when executed by the ASIC vendor, rather than market driven as in the case of ASSP. The existence of
marketing collateral such as a data sheet is one strong indication that a given device falls into the ASSP
category. Even stronger evidence that a device is an ASSP is the actual sale to multiple equipment
manufacturers.

ASSP are distinguished [rom general purpose DSP, MPU, and MCU products by their exclusive potential
application in a single product category. If an IC containing a DSP, MPU, or MCU core can be
reprogrammed through software modifications by the user so that it can be reasonably used in more than
one type of equipment it should not be categorized as an ASSP bul as the appropriate general purpose
microcomponent (MPU, MCU, or DSP). For example, if an IC is designed and marketed for exclusive use
as a baseband processor in a digital cellular/PCS system such as GSM, CDMA, NA-TDMA, or PDC,

it should be categorized as an ASSP even if it has a DSP core. This includes possible usage in different
dual-mode, dual-band, multi-mode, etc. handsets. However, if the same IC can be reconfigured throu gh
software for reasonable use in other applications such as wireless local area networks (WLAN), pagers, or
other mobile and nonmobile applications it should be categorized as the appropriate general purpose
microcomponent (MPU, MCU, or DSP).

As another example, if an IC with an MPU core is designed and marketed for exclusive use as a graphics/video
processor in a video game console it should be categorized as an ASSP, However, if the same chip could be
reconfigured through software for reasonable use in other applications such as a digital TV, digital camcorder,
or other application it should be categorized as a general purpose MPU.

As a third example, RFICs, such as power amplifiers or transceivers, that are designed for specific wireless
applications, should be categorized as ASSP. On the other hand, phase-locked loops (PLLs) and voltage-
controlled oscillators (VCOs) can be used across multiple applications and should be categorized as
general purpose components.

Source; Dataguest 10/98
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New Category Proposed Definition

Dataprocessing ASSP Dataprocessing ASSP includes subcategories of PC ASSP, Mass Storage ASSP, and Other DP ASSP
PC ASSP An ASSP that is tailored for use on PC or workstation motherboards, daughter cards, or standard add-in cards.

Functions of PC ASSP primarily include system logic for PC architecture platforms (commonly called “core
logic™) and multimedia processing coupled with PC-oriented interfaces such as ISA, EISA, PCI, AGP, VIP,
VMI, VAFC, AC-link. Core logic functions include host-side mass storage interfaces and controllers as

well as host-side general I/O interfaces and controllers when the chip products are targeted at the PC markel.
Some specific examples of PC ASSP products are PC core logic chipsets, PC graphics controllers/accelerators,
PC audio chips including AC-97 codecs, /O controllers such as PCMCIA and PC Card controllers, Super /O
and Ultra /O products, and USB/1394/SCSI host-side controllers that have PC-specific host interfaces
(PCI, ISA).

Note: Network interface chips and modem chipsets are counted in the Wired Communications ASSP category
even though they could fit the PC ASSP definition.

Mass Storage ASSP An ASSP that is tailored for use in a mass storage application. Functions of mass storage ASSP primarily
include read or read/write pre-amplifier, read or read/write channel processing, servo (head positioning and
motor control optimized for storage), data formatter, data controller, audio and video processing for optical
versions, and host interface.

Note: Any IC that may be used in other applications than mass storage, is classified in the appropriate
standard IC category. For example, a SCSI, or IEEE 1394, or Fibre Channel (FC) IC that could also be used
not only in a mass storage application, but also in a printer is classified as an Interface IC in the general purpose
analog IC category.

Note: A mass storage controller that is used on a PC board is classified as a PC ASSP.

Other Dataprocessing ASSP An ASSP that is tailored for use in computer peripheral (except data storage device) applications. These
peripherals include monitors, printers, scanners and any other data processing dedicated systems (except

smart cards) such as copiers, funds-transfer machines, point-of-sales terminals, etc.

Source: Dataquest 10/98 Dataguest Semiconductors '98 Page 13 of 16



New Category
Communication ASSP

Proposed Definition

Communication ASSP includes sub-categories of Wired Communication ASSP and Wircless
Communication ASSP

Wired Communication ASSP

An ASSP that includes one or more of the following functions: LAN transceivers (and elemental
components), LAN MACs, LAN port functions, LAN shared media repeaters, LAN switch functions, ATM
functions (like LAN), T/E carrier functions (LIUs, frammers, muitiplexers, mappers), SONET/SDH
functions (amps, drivers, clock recovery, termination, multiplexers, mappers), traditional line card (SLIC,
filter/codec, other voice switch elements), ISDN functions, HDLC functions, ADPCM functions, echo
cancellation, voice band modem, xDSL, cable modem, telephone functions (dialer, ringer, speech circuit,
answering machine, speaker phone, caller ID).

Wireless Communication ASSP

An ASSP that includes one or more of the following functions: Baseband processing including vocoding,
channel coding, and power management for cellular/PCS (including “Third Generation™ products), cordless,
satellite voice and data communications, wireless local loop (WLL), Enhanced Specialized Mobile Radio
(ESMR), etc,, for subscriber and infrastructure products; MAC and PHY [unctions in WLAN and

wireless modem products; Pager baseband processing for POCSAG, FLEX, ReFLEX, InFLEXion, and ERMES;
RF small signal and power amplification; RF transmit and receive processing including up/down-

converters, I/Q modulation/demodulation, switching, and attenuation,

Note: Wireless 1Cs used in TV-centric satellite set-top boxes and terrestrial (DVB) set-top boxes, broadcast
radio and broadcast television, and remote control toys should be counted in the consumer ASSP category.

Consumer ASSP

Consumer ASSP includes sub-categories of Consumer Video ASSP, Consumer Audio ASSP, Other
Consumer ASSP and Smart Card ASSP

An ASSP that is tailored for use in a consumer electronics application. These applications include video, audio,
interactive products, personal electronics, and appliances. Specific products that consumer ASSP can be
tailored for include next-generation platforms such as Video CD players, DVD players, digital satellite set-top
boxes, digital cable set-top boxes, digital still cameras, digital camcorders, and digital televisions, Consumer
ASSP include one or more of the following functions: tuning, audio processing, video processing, demodulation,
error correction, video compression/ decompression, audio compression/decompression, encryption/decryption,
image sensing, analog image processing, A/D and D/A conversion, data processing, graphics/on-screen display,
LCD control and analog video encoding.

Note: ASSP used in cordless telephones, pagers, and answering machines should not be included in the
consumer category, but rather in the communications segment; ASSP used in computers, printers and fax
machines should be counted in the PC or other data processing ASSP categories.

Source: Dataguest 10/98
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Consumer Video ASSP To be determined
Consumer Audio ASSP To be determined
Other Consumer ASSP To be determined

Smart Card ASSP

An ASSP that is tailored for use in chip cards. Chip card ASSP can either be memory devices that integrate
logic and/or security features designed for chip card applications, or they can be microcontrollers that integrate
additional logic or security features designed for smart card applications. Security features include specific
design, packaging, or manufacturing attributes that are intended to foil attempts to illicitly obtain data from the
smart card. They also include logic designed specifically to encrypt data in order to prevent interception of
sensitive or valuable information. At a minimum, to be categorized as an ASSP, memory must include
additional logic on chip that tailors the chip for exclusive use in a chip card application. Chip card functions
include contact interface, contactless interface, data storage, data encryption, data processing, user interface,
authentication, and biometric identification.

Automotive ASSP An ASSP that is tailored for use in automotive applications. Functions of automotive ASSP primarily include
engine controls, entertainment, navigation, body electric, and safety such as air bags and antilock brakes.
Other ASSP

Other ASSP includes subcategories of Industrial, Medical, Mil-Aero, & Other

Source: Dataguest 10/98
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