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Welcome 

Gene Nonrett 

,^ Corporate Vice President and Director, 
f' Semiconductors Worldwide, 
'''' Dataquest 

• ^.i0-m 

.€^:^-, 
Mr. Norrett is corporate vice president and director of 
Dataquest's Semiconductors group and is responsible for all 
worldwide semiconductor research, including Asia/Pacific-, 
Europe-, and Japan-based semiconductor research. Before this, 
he was director of marketing, responsible for the worldwide 
marketing strategies. Before that he was general manager for all 
North American technology services. Mr. Norrett was also the 
founder of Dataquest's Japanese Semiconductor Industry 
Service. 

Before joining Dataquest, Mr. Norrett spent 14 years with 
Motorola's semiconductor product sector, serving in various marketing and 
management positions. Mr. Norrett was also a founder of the World 
Semiconductor Trade Statistics Program and was Chairman of the Board of 
Directors of the Statistics Committee. He speaks frequently at Client 
Industry and Trade Association conferences. In 1987 he was voted by the 
San Jose Mercury News as one of Silicon Valley's top 100 influential people. 

Mr. Norrett's education includes a B.S. degree in mathematics from Temple 
^' University and an M.S. degree in applied statistics from Villanova 

University. 



Welcome 

Session # 1: Welcome 

Gene Norrett 
Corporate Vice President and Director, Semiconductors Worldwide, Dataquest 

My name is Gene Norrett, and I am Vice Presi
dent and Director of the Semiconductor Group at 
Dataquest Gartner. On behalf of our 60 semicon
ductor analysts throughout the globe as well as 
our excellent worldwide global events staff here 
supporting us, I would like to welcome you to our 
22nd annual conference focusing on semiconduc
tors and the engines that drive them. 

The theme of our conference today is: Semicon
ductors: $300 Billion Dollar Challenge: Let the 
Games Begin!! We chose this theme, first of all, 
because this is the year of the centennial anniver
sary of the modem Olympics, and secondly, it is 
also reminiscent of the challenges facing the 
manufacturers in the semiconductor industries, 
and also their similarities with the Olympic ath
letes that participated in the Olympic games back 
in August. For the champion gymnasts at the 
games good balance can make the difference be
tween a gold medal or going home empty-handed. 

On the other hand, the manufacturers in the ex
plosive semiconductor industry, Hnding a delicate 
balance between risk and reward can be the dif
ference between being a leader, or being a fol
lower, having profits or losses, or being viewed as 
a valued partner to your customers, as opposed to 
having your hated competitor get the accolades 
from that same customer. 

Your tasks are to avoid the many pitfalls on the 
road to the 300 billion dollar semiconductor mar
ket, that we are projecting for the year 2000. Your 
rewards are seizing the unprecedented opportuni
ties for increasing growth, profitability, and, of 
course, market share. 

As we start the fourth quarter, we are taking the 
first step on this road to the 300 billion dollar 
market that we are projecting in the year 2000, 
which we think will be the peak of the next busi
ness cycle. In our panel later this morning, you 
are going to hear Gary Grandbois, a Vice Presi

dent in our group, discuss the factors and as
sumptions associated with this forecast. New 
media like the Internet, new markets such as 
wireless, networking, and digital consumer, are 
creating new channels for business, entertain
ment, education, and commerce. 

Just as the Olympic athlete has several condition
ing and training programs, we think that this con
ference will be one part - a very important part -
of your training program, where you can learn 
how to balance the market opportunities against 
the severe risks in this market. This is what this 
world-class conference is all about. 

This year's conference will examine the theme: 
"$300 Billion Dollar Challenge: Let the Games 
Begin!!" from a wide variety of perspectives and 
presentation styles. You will hear over the course 
of this conference, 14 industry executives give 
their perspectives about the dramatic changes in 
their segments of this explosive information tech
nology industry, such as on-line and wireless 
services, computer and communications environ
ments, new operating systems and applications 
software in regional and financial markets, and 
finally, in the semiconductor industry. 

We will also have eight "fireside" panel discus
sions featuring 40 of the world's smartest guys, 
who will tackle the issues associated with the 
various industries, technologies, and markets that 
they all participate in. The subjects will range 
from the 'battle for the local loop' to new strate
gies for increasing performance in multimedia 
and dynamic RAMs, and on to meeting the manu
facturing challenges over the next exciting four 
years. 

We hope that this conference will exceed your 
expectations in terms of venue, quality of deliv
ery, networking, and of course, deal-making. That 
is for some of you, one of the major reasons for 
attending this conference, and some of those deals 
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Session #7 

can involve getting yourself a job. Happy nego
tiating. 

Before I go on to the housekeeping items, I want 
to mention several last-minute changes in our 
program. First of all. Bill Beckenbaugh, Motorola 
Vice President for Advanced Interconnect Sys
tems, and a member of our packaging panel, was 
taken sick recently, and he has been replaced by 
Reed Bowlby, who works in that department, and 
is manager of their ceramic business develop
ment. Mike Cadigan, IBM General Manager for 
their Packaging Group, is being replaced by Ray 
Bryant, who is on Mike's staff. Mike Aymar, Intel 
Vice President for Desktop Systems, had to can
cel at the last minute, as a result of Intel's most 
recent stance on not having their executives par
ticipate in functions that involve forward-looking 
items. 

Over the past 22 years of holding this conference, 
we have had a stock market crash in '87, the 

Loma Prieda earthquake in 1989, and now the 
worst calamity of all the calamities. Proposition 
211. If you are not familiar with that, talk to one 
of our analysts. We are getting bombarded by a 
lot of calls. In fact, Wilf Corrigan, President & 
CIO of LSI Logic Corp. said last night, "It looks 
like maybe the tide is turning for people in Da-
taquest's business." He believes that we will end 
up doing all the talking about the future and the 
companies will not. 

We are going to be asking you to write down your 
questions on the paper provided at the tables, or 
use the paper in your binder. Then during the 
presentations, or panels, we are going to have 
staff members walk around with a sign saying 
"Questions" and we ask you to hand your ques
tions to the staff member. Then what we will do is 
hand them to the moderator of the panel or the 
speaker, and try to get those questions answered. 

1-2 The 22nd Annual Semiconductor Conference 
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Manuel A. Fernandez 

Chairman of the Board, 
President and Chief Executive Officer, 
Gartner Group 
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Mr. Fernandez has served as chairman of the board of Gartner 
Group since April 1995, chief executive officer since April 1991, 
and president and director since January 1991. Before joining 
Gartner Group, he was president and chief executive officer of 
Dataquest Incorporated, an infonnation services company and a 
subsidiary of The Dun & Bradstreet Corporation. Before joining 
Dataquest, Mr. Fernandez was president and chief executive 
officer of Gavilan Computer Corporation, a laptop computer 
manufacturer, and Zilog Inc., a semiconductor manufacturing 
company. 

Mr, Fernandez serves on the board of directors of Individual Inc., SACIA 
(The Business Council of Southwestern Connecticut), and Norwalk 
Community Technical College and has previously served on the boards of 
A.C. Nielsen Co., EMU Systems, MacmUlan Inc., and ViewTech Inc. 

Mr. Fernandez holds a bachelor's degree in electrical engineering from the 
University of Florida. He completed postgraduate work in solid state 
engineering at University of Florida and in business administration at the 
Florida Institute of Technology. 
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Presidentls Welcome 

Session #2: President's Welcome 

Manuel A. Fernandez 
Chairman of the Board, President and CEO, Gartner Group 

GENE NORRETT: I would like to start this 
year's conference off with a very good friend of 
Dataquest, none other than Manny Fernandez, 
President of the Board, President and Chief Ex
ecutive Officer for Gartner Group. Mr. Fernandez 
has served as Chairman of the Board of Gartner 
Group since April of 1995, Chief Executive Offi
cer since April of 1991, and President and Direc
tor since January of 1991. Before joining the 
Gartner Group, he was President and CEO at Da
taquest, as many of you know. Before joining 
Dataquest, Manny was President and Chief Ex
ecutive Officer for Gavilan Computer Corpora
tion, a laptop computer company, and of course, 
President & CEO of Cilog. Manny has a bache
lor's degree in electrical engineering from the 
University of Florida. He completed graduate 
work in solid-state engineering at the University 
of Florida, and in business administration at 
Florida Institute of Technology. 

MANNY FERNANDEZ: It is truly great to be 
back. It was six years ago, the last time I was at a 
Dataquest Semiconductor Conference and as I 
was telling a couple of folks before coming in, it 
has been like I have been in a time capsule. Six 
years ago, memory pricing was going down, the 
DRAM forecast was also going down. There were 
also issues with Japan and the U.S. 

Now it is like somebody woke me up six years 
later and here I am and everything looks the same. 
All of the friends and all of the stories are the 
same, so it is unbelievable. But anyway, it really 
is great to be here. 

What I would like to do over the next 5 or 10 
minutes, besides welcoming you and thanking you 
for being here, and for your loyal support of Gart
ner Group and Dataquest, is to give you a very 
quick picture. I will not talk much about last year, 
but I will make a few comments. I would like to 
look a little bit ahead, and give you a picture of 
some of the people. We in the semiconductor 

business have always been rather focused on that 
primciry customer that we have had. Today I 
would like to give you a message from a different 
customer, from your customers' customers, and 
how they are going to drive your future and my 
future. 

First of all, it is clear that 1996 so far has been an 
incredible year. Sure, the PC business continues 
to grow, 19% up from a year ago. Clearly Intel is 
sure doing incredibly well and their dominance of 
the microprocessor business continues. 

The story of the year has obviously been the de
bacle of the DRAM business. Not only has this 
cycle experienced the largest and year-to-year 
swing from being up 80% in 1995 to being down 
40% for this year, but it also has experienced the 
fastest decline from peak to valley that we have 
ever seen in this industry. The previous fastest 
decline was in 1984/85 when it took 14 months to 
go from peak to valley. When we contrast the 
previous decline to our current decline we see that 
it has taken only nine months to go from peak to 
valley. This has been a very difficult period for 
both manufacturers and their customers. 

While the Dataquest folks did an excellent job 
forecasting the inflection point where this was 
going to happen, I think that everyone missed the 
severity of this particular inflection. Clearly we 
are paying for the excess capacity now, and that 
will continue in the DRAM business. I do not 
think that there is a foreseeable short-term change 
or shift. But enough about the forecast on that end 
because the Dataquest folks are going to do their 
normal tremendous job all this morning going 
through forecast by forecast on our view of what 
is happening in the industry as a whole. 

I would like to shift and give you the user view. 
Scott Winkler is going to take a look at the Chief 
Information Officer and he is going to give you 
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some of the things that they see, from their point 
of view. 

But let me just give you a bit about the issues that 
exist. In the information technology world as a 
whole, expenditures are going to increase from 
about 650 billion dollars to about 1.3 trillion dol
lars by the year 2000 - a huge increase. It is not 
only that the real dollars are going to increase, but 
expenditure of information technology as a per
cent of revenues of the world corporate compa
nies is going to increase from about 5.8% to 
9.5%. 

Now, it is very clear that all of a sudden the IT 
world, that used to be relegated to be just a staff 
position, is now in the middle of the center stage 
of the world, and all of a sudden there are huge 
questions that are coming from the top, from the 
CEO, from the Board of Directors, "How are you 
going to be spending this money? and how am I 
going to be successful? and how am I going to 
change the top line by the information technology 
revolution, not to be able just to take a hit in the 
bottom line by that extra 4% that is going to be 
spent on information technology?" Clearly, in
formation technology is being moved from a staff 
role to basically a market share role. 

In addition to that particular problem, the ultimate 
user of yours is having two other problems. 
Problem number one is that the life cycle of our 
business pjoducts converts itself into the life cy
cle of information technology end user products. 
We have seen the average life cycle of 14 to 16 
years drop to the 5 to 6 year level and quickly 
moving into the 18 month level. At the same time, 
1996 has been marked as an 80% increase on the 
number of new products introduced to the end 
user. 

So think of this end user, the individual that 
eventually buys all of the products that you make, 
being bombarded from the top by this budget 
pressure, bombarded from the bottom with the life 
cycle, and the number of products available. What 
is happening is that there is an incredible confu
sion at the CIO and the CEO level that has created 
an incredible instability in the organization side of 
the business. That instability in the organization 

has had direct costs because of demand in the last 
9 months. 

We have 7,000 different enterprises that we do 
business with, and 90,000 clients on a worldwide 
basis, so we think we have a good statistical 
sample about anybody that buys information 
technology. If you ask them, "What are the three 
or four key issues that you are dealing with?" they 
will tell you that technology obsolescence is 
number one. They are now figuring that where 
software obsolescence used to be around 12 to 15 
years, we now think that 70% of all products that 
are presently under development, or being pur
chased in package form, will be obsolete by the 
year 2000. That is an incredible impact to the user 
world. 

The second thing they will tell you is that there is 
a huge movement to mobility. To give you some 
numbers, the average budget that is being spent 
by companies in the United States, for mobility or 
work outside the office space, is about 4% of their 
total budget. We are now forecasting that by the 
year 2000 that number will be 30%. Thirty per
cent of all the IT budgets will be for outside the 
office environment technology - huge change. 

Then there is always what I would call the "killer 
virus," the actual things that may happen that can 
blow everybody away. Some one-time killer 
problems, and obviously the year 2000 is one of 
those. The impact in the technology business is 
going to be about 600 billion dollars of expendi
tures to be able to make the conversion. A com
mon European currency conversion is going to be 
somewhere in the neighborhood of about 250 bil
lion dollars. Now, what will all these things lead 
to? Well, actually, there is one more. And that is, 
I believe, total negligence in our user environment 
today; the infrastructure is being absolutely not 
looked after. Because the infrastructure that is 
going to be required to have the out of the office 
work, and the ability to put in these new products, 
is not being taken care of, there is going to be 
again the need, the requirement, to be able to in
vest into that whole infrastructure a significant 
amount of money. 

So what do all these things lead to? I believe that 
all this leads directly into a very healthy amount 
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of demand for products from 1998 through the 
year 2000. I really believe that by the time we 
enter the cycle of '98, '99 and the year 2000, you 
are going to see the biggest boom that we have 
ever seen, in the information technology world 
from the demand. We will be out of silicon again 
and all of those things. So the question is between 
now and then; I have left that to Dataquest to tell 
you what is going to happen over the next 12 
months. 

I think it is important to have one caution, one red 
flag, and that is with all this demand, and all the 
one-time killer problems that may appear, and the 
requirements to invest a significant amount of 
money that has to be invested, not all of the 
money is going to be available. So there are going 
to be incredible trade-offs being made. This is 
going to reflect dramatically upon you and your 
clients, the people that you directly sell to. 

I believe there are going to be companies that will 
have tremendous products, but will not make it 
through this next four years because they are go
ing to get caught in a trade-off problem. There is-

not enough money to do the year 2000 
conversion, common currency, mobility, and so 
on. There are going to be some issues. I urge you 
to look at that, and make sure that the partnerships 
you have with your clients are ones that are based 
appropriately on what the end user product even
tually is, and what the demand really is going to 
be. 

In closing, I just want to thank you on behalf of 
the 2000 people at Gartner and Dataquest. We 
have dedicated ourselves to continue to bring the 
best in this business at a fast pace. This year alone 
we have added over 100 analysts to our business. 
We will add another 100 analysts next year to the 
Dataquest-Gartner family, and the serving of 
90,000 clients on a worldwide basis is a critical 
element for us. 

GENE: That was very inspiring. I am shocked at 
some of those statistics. I know things are chang
ing fast in the industry, but when you reflect it on 
what the end user of all this technology has to 
concern himself or herself with, it is pretty awe
some. 
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Session #3: The State of the Economy: Looking Ahead 

Donald H. Straszheim 
First Vice President and Chief Economist, Securities Research Economics, Merrill Lynch 

GENE NORRETT: As is traditional at this con
ference, we like to have a noted economist give us 
his projection of the outlook for the economies of 
the world, and we are very pleased to have with 
us Don Straszheim. Don is First Vice President 
and Chief Economist, Securities Research and 
Economics Department at Merrill Lynch. As the 
chief economist and primary economist spokes
man for Merrill since February of 1985, Don is 
responsible for their global economic research 
and analysis position, with the economists sup
porting him located around the globe. 

DON STRASZHEIM: Good morning. The econ
omy is not really as dull as people make it out to 
be. In fact, it is kind of an exciting place because 
so many things are changing and what is really 
driving that change is represented by all of you in 
this room. 

First, let me describe our good looking economy 
because the current economic circumstance in the 
United States is probably as good as it has been in 
maybe a quarter century. Second, I want to talk 
about our changing economy. I want to pick out 
one aspecjt of it, to get you to think about all the 
things that are changing in the environment 
around you, and that aspect is the demographics 
and the aging of the baby boomers. The third 
thing I want to talk about is the changing global 
economy, and give you some highlights of what 
we in the research department at Merrill Lynch 
see going on in Europe, in developing Asia, in 
Latin America, and elsewhere. 

Last, I want to talk about technology, but I give a 
lot of speeches for Merrill, and when you do that 
you learn one thing very quickly. When every
body else in the audience knows more about the 
topic than you do, you should be very careful. 
That is the circumstance I am in, on technology 
today. I will give you a glimpse of technology as a 
macro economist sees it and how it is affecting 
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our day-to-day lives. 

First, our good looking economy. We are, I think, 
somewhere near equilibrium in a broader context. 
We have had ups and downs in our growth rate, 
the second quarter growth rate was 4.7% and the 
markets got all uptight, "Oh, this is too strong, 
and now it looks like growth in the third and 
fourth quarters is going to be back in the 1.5 to 
2% range which is a little bit below our longer run 
equilibrium level." But the recovery now, since 
March of '91, is 67 months old, and we had an 
eight-year long recovery with a soft landing em
bedded in the middle in the 1960s, and an eight-
year long recovery with a soft landing embedded 
in the middle in the 1980s, and it looks like we 
are doing it again. 

We are not all that far from an equilibrium. That 
does not mean we will not have another recession. 
I am sure we will - 1 just do not know when - and 
it will come about as a result of bad luck or bad 
policy or probably some combination thereof, and 
when that happens the economy will probably get 
too hot. Inflation will start to rise, interest rates 
will rise, and the Federal Reserve will say, "Wait 
a minute, this is a dead end street, we cannot have 
this." They will start to tighten monetary policy, 
choke it off, we will have a little garden variety 
recession, and then we will start the process over 
again. 

That will happen one of these days, but it is not as 
far out as our headlights can see. We are not all 
that far from equilibrium in terms of growth. The 
unemployment rate is now in the low 5% range, 
and most economists would say that is near what 
we would describe as full employment. Most 
people who want a job have a job, and in fact, we 
are already beginning to see some evidence of 
wage inflation. That is, we are close to getting 
this economy a little bit overheated in terms of the 
labor market. But in terms of labor we are not far 
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from equilibrium. 

The inflation rate has been stuck at about 3% plus 
or minus now for 14 years. We had 10% or 12% 
inflation in '81-'82, called a hah to that, brought 
the inflation rate down, and it has been roughly in 
this range now for over a decade. It goes up and 
down a little bit - at about 6% or so in 1989/1990, 
brought it back down, went back up to 4%, now it 
is down to maybe 2.5% or 3%, something like 
that. There are a lot of inflation fears but there is 
no inflation, so that side looks pretty good. 

Corporate earnings: 1993, 1994 and 1995 we had 
corporate earnings for the S&P 500 on an operat
ing basis up about 12% or 15% each year. In 1996 
and '97, the earnings growth is going to be slower 
and we are looking for earnings to be up maybe 
3% or 4% or 5%, but the estimates from the Wall 
Street analysts - if you add those all up - they 
come up with numbers that are still 10% or 12% 
or 15% percent. There is probably no security 
analyst in the room right now so they are not here 
to defend themselves but they are going to be 
wrong. Earnings are not going to be that rapid, 
and you know what happens to stocks when 
earnings come out that are disappointing. The 
stocks just get hammered and it looks like that 
kind of environment. It is going to be a very good 
investor who can avoid all of these down-drafts 
that are going to come in different places in equi
ties because of the too high earnings. 

In any case, corporate America is dramatically 
more competitive and you can see that by the 
good earnings performance, and interest rates -
both short term and long term interest rates - are 
not all that far from what one would regard as 
equilibrium in a longer term context. If you take 
the nominal inflation rate, and pull out a normal 
inflationary premium, and you look at the so-
called real rate, they are not far from equilibrium. 

So that looks pretty good as well and I mentioned 
our competitiveness - we are dramatically more 
competitive than we were a decade ago. I never 
thought I would see American cars, or any car 
produced in America, again being a reasonable 
buy. After a lot of cost cutting and hard work we 
have made a lot of progress on getting our budget 
deficit under control. Again, I suspect most peo

ple in this room, including me, think we ought to 
do more, and I think we will do more, and we 
could probably argue again about who gets the 
credit for that. 

We have made more progress than any of our 
competitor nations, and the trade deficit is not 
nearly the issue that it was a few years ago. In a 
whole host of areas our economy looks fairly near 
equilibrium, and our view at Merrill Lynch is that 
'96 is going to be a decent year in terms of the 
economy. Growth will be in the 2% to 2.5% range 
and the same with '97, and inflation is not about 
to rise a great deal. It is up a bit but not really a 
lot. 

The concern regarding inflation, is wages, and the 
reason is that wages and salaries compensation is 
between two-thirds and three-fourths of national 
income in every economy in the world, rich or 
poor, including ours. Wage rates are now rising 
about a percentage point faster than they were in 
'92 and '93, and in the long run, wages compen
sation and inflation go hand in hand. It is impor
tant to keep watching the wage numbers and 
employment statistics, for guides as to how the 
economy is going to do in the next six, twelve, 
eighteen months, and in terms of what interest 
rate response we might see from the Federal Re
serve. Our view right now is that the Federal Re
serve will leave short term interest rates 
unchanged at the next few policy meetings. The 
next key meeting is November 13th and there is 
another one December 15th and long term rates, 
the long bond yield, the thirty-year treasury bond, 
what we call the long bonds, are yielding now 
about 685 or so. 

If the inflation rate stays under control and the 
economy grows only weakly in the next few 
quarters, there is a chance that bonds will rally a 
bit further and we will see yields back down to 
maybe 6.5%. Bonds are going to essentially be in 
a trading range until there is an event in the econ
omy, and the event will either be the economy 
gets a lot stronger, in which case rates will rise a 
great deal, or it gets a lot weaker, or it just simply 
gets a lot weaker first, and in either case you 
would see bond yields respond in the normal ex
pected fashion. 

3-2 The 22nd Annual Semiconductor Conference 



The State of the Economy: Looking Ahead 

This is not a bad looking economy, it is a good 
looking economy, and has been for some time. 
Let me make one other comment before I talk 
about some of these changes on the demograph
ics. About Washington - the President is a parade 
leader, I do not think he is a parade organizer. The 
parade in the last decade has been a fiscal conser
vatism parade, and the parade for the next decade 
is going to be a fiscal conservatism parade be
cause the population is aging and becoming more 
conservative in many ways, and that extends to 
fiscal policy. If that is where the country is going, 
you can be sure that the White House, and the 
House, and the Senate, are going to follow in the 
same direction. So we are not as concerned about 
this issue as some people are. 

Now let me talk about our changing economy, the 
demographics. The baby boom from 1946 to '64 
was so important because it was preceded and 
succeeded by a baby bust in the depression years 
and World War H, in the Vietnam War, and the 
women's movement. So we have this big hump in 
the population that is getting one year older every 
year. Marry that one piece of empirical informa
tion with one other observation we all make - that 
young people behave differently than middle-aged 
people, and middle-aged people behave differ
ently than older people. 

This is not economics, this is arithmetic. If you 
have changing behavior that is predictable at dif
ferent ages, and a changing share of people of dif
ferent ages, you are going to have changes in the 
overall economy, and for the last 30 years you had 
all these baby boomers trying to accumulate con
sumer durables - a great consumer boom - and 
they were buying their TV sets and their VCRs 
and their sofas and their tennis rackets - it is over. 
Now they are a little older, now they are trying to 
accumulate their mutual funds - 1 am not singling 
out mutual funds, I am talking about the shift 
from spending towards savings. This phenomenon 
is going to last about a generation because the 
baby boom lasted about a generation, and it is 
going to be a big deal. It raises all kinds of ques
tions. You wonder about the retail capacity we 
have in this country. Who is going to use all these 
little stores in the strip malls? There are a lot of 

companies geared up for a future that may never 
arrive. 

So let me just mention a couple of specifics here. 
Think of the number of forty-year-olds in this 
country. From 1975 to '85 the number of forty-
year-olds grew by a million a year, and then '85 
to '95, a million a year, so if you were selling 
tennis rackets, "What a great tennis racket sales
men I am, I am selling all these tennis rackets." 
Well, the next twenty years, your market is not 
going to grow by a million a year, it is not even 
going to be flat, it is going to be down. So if you 
are geared up for twenty more years of boom like 
that, you are Chapter 11. 

Now conversely, take the sixty-year-olds, and 
these are the same people, by the way, that were 
forty. The sixty-year-old market has been stagnant 
for twenty years, "What a crappy market this is, I 
cannot sell anything." So now you are geared 
down for twenty more years of stagnation and 
your market is just going to blossom, it is going to 
grow by a million a year for twenty straight years. 
So if you are geared down, you are going to leave 
all the growth on the table for the guy across the 
street who is geared up, who sees it coming. 

This is an extraordinarily powerful phenomenon 
that is going to last, and you can see this through 
all the demographics. Think about the products 
that you sell, and the markets you are in. You 
want to be selling downstream, swimming down
stream. It is a lot easier to play downwind, and 
that is the way it is with all these markets. So the 
changing demographics are extraordinarily impor
tant. 

Now let me talk about the changing economies 
around the world, and I want to start this by talk
ing about inflation. We live in increasingly 
globalized markets, so inflation and economic ac
tivity, is not just a domestic phenomenon any
more. It is increasingly a global phenomenon 
now. There has been extraordinary improvement 
in the inflation rate around the world in the last 
few years. In '97 the inflation rate is going to be 
lower worldwide, according to our forecasts, than 
at any time in the last quarter century. 

3-3 



Session #3 

Take Europe as an example. The highest inflation 
rate we can see in Europe in '97 is about 7% for 
Greece. Every other European country in '97 is 
going to have inflation that is under 4% - one or 
two or three percent rates. In the ten major 
economies in developing Asia that we follow, 
eight of them are going to have lower inflation 
rates in '97 than in '95. The so-called transition 
economies - Russia and the formerly centrally-
planned economies - inflation is down dramati
cally the last few years and going to go down 
more, we think. There is great progress on infla
tion in Latin American; Japan's inflation rate is 
right around zero. We do not have an inflation 
problem. 

Let me list eight factors that are causing this. First 
of all, central bankers around the world are in
creasingly committed to inflation control. They 
have concluded that just letting the inflation rate 
slip up a half a percentage point, or a percentage 
point, every year does not really buy you any 
more jobs, and any more output. Second is 
globalization. We are all looking for the lowest 
cost sources of raw materials, and intermediate 
products, and labor, and so forth, and the compa
nies that have the best growth prospects in general 
are those that are looking at this global market. 
We are very rapidly getting to the point where 
you no longer think of General Motors as the 
American car company, you think of it as General 
Motors, the car company, and it is not Toyota the 
Japanese car company, it is Toyota, the car com
pany, and that globalization process is helping to 
hold down inflation because it is increasing com
petitiveness. 

Technology is a great plus for inflation control 
around the world. Fiscal restraint - we have made 
progress. Other countries have not made as much 
progress as we have but they have made a lot as 
well, and there is a pretty good commitment, even 
in the developing economies. I just spent last 
week in India and they are talking about fiscal re
straint as well as the emerged economies. Cost-
cutting and restructuring is linked back to globali
zation, linked back to technology, we have seen it, 
it is everywhere. Finally, the cost-cutting and re
structuring that we have been doing, really since 
the end of the '81-'82 recession, is beginning to 

take hold in Europe, and slowly in Japan as well, 
and even in many of the emerging markets. 

The collapse of communism. There are maybe 
three billion people around the world who used to 
work in economies that were command and con
trolled economies. Now they are making this 
transition more or less rapidly to market systems, 
and that is helping the inflation rate in a lot of 
places. There is excess capacity all over and not 
much pricing power in many areas. 

Last is privatization. In many economies around 
the world, not just the centrally planned econo
mies, but even in the mixed economies and mar
ket economies, there were operations that were 
public-sector enterprises now becoming private-
sector operations. So there is great inflation prog
ress. Do not worry about a resurgence in inflation 
any time in the near future because again these 
are global markets, and you cannot go it alone. If 
you try to go it alone, you try to pump up your 
economy, and the cost of it is higher inflation, the 
market will just leave you. Increasingly, countries 
around the world understand that we are all in this 
together, and it is an extraordinarily powerful and 
positive thing. 

Now let me say something about a few of the 
economies around the world and the regions. Ja
pan: '92, '93, '94 and '95, the four worst years 
back to back in Japan in perhaps a century; 
growth between zero and 1%. '96 and '97 had 
better growth, maybe 3% or thereabouts, but Ja
pan's heyday is over. Japan is an economy of the 
past, not an economy of the future, and the reason 
is that the characteristics that Japan had, that 
commended it and brought it this wonderful 
growth record in the '50s emd the '60s, increas
ingly now characterize many of Japan's neigh
bors. Japan is now a relatively high-cost place in 
the world to produce rather than a low-cost place 
to produce. 

The markets that look best of all are Japan's 
neighbors: Korea, Taiwan, Hong Kong, Singa
pore, the four original tigers, and now of course it 
is spreading elsewhere. India has a great looking 
economy. I am sure many of you have operations 
in India now, if you do not you are probably 
looking at it, and if you are not, you should. They 
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made major economic reforms in 1991 and after 
the election upset earlier this year, there are ques
tions about whether the reform process is going to 
continue or not, with a cbalition government. 

I was a little nervous when I went over there. I am 
confident now that the reform process is going to 
continue. There are 250 million people in the 
middle class in India - that is an economy enter
ing the body of emerging nations around the 
world and we like that economy. Their population 
will be larger than China's by about the year 
2012, or thereabouts. We like China. It has been a 
great growth story, it is going to continue to be a 
great growth story. There are all kinds of ques
tions, intellectual property rights, and all the rest, 
but they are gradually making this transformation 
from a command and controlled economy, to an 
economy that has at least more market principals 
involved in it. 

Do not worry about Hong Kong in '97. On July 1, 
1997, control of Hong Kong reverts back to the 
mainland. If on July 1, 1998 (one year after the 
transition), the business people and the investors 
of the world conclude that Hong Kong was a great 
place while the Brits ran it but now that the 
mainland has taken it over they have turned it 
sour, what will happen? There will be no more 
capital flow to Hong Kong, and there will be no 
more capital flow to China. It will go to Indone
sia, or India, or Turkey, or Brazil. They need for
eign capital, they need foreign technology, and 
they need foreign talent to achieve their longer 
run economic growth objectives. So we are not 
fearful of Hong Kong's transition at all. It is go
ing to be different, it is going to change from be
ing THE gateway to being A gateway, but it is not 
a place that you should be worried about. 

Latin America is doing much better after having a 
couple of bad periods. Mexico's growth rate this 
year is going to be 4 or 5% (probably next year as 
well), after being down 5% in 1995. Argentina 
and Brazil are looking pretty good, especially 
Brazil. Chile, along with New Zealand (I realize 
that is not in Latin America), are the best little 
success stories around the globe. They are little 
stories, but they were both basket-case economies 
in the early '80s and made some dramatic eco

nomic, fiscal, social, and structural reforms, and 
now they have all the economic statistics going 
their way. 

Last is Europe. We think Europe is going to be 
the slowest growing economy in the world for the 
rest of the century and probably beyond. It is a 
high-cost place to do business. Their manage
ments are more resistant to change than manage
ments here. Their governments are more resistant 
to change than here. Their labor unions are more 
powerful than here, and their societies are a little 
bit more rigid and ossified. They are now making 
progress, and there is this rush to mastery, this 
monetary union and great progress really is being 
made, and great political momentum for it, and it 
is going to happen. But that does not change the 
fact that it remains a high-cost place to do busi
ness. So we see growth there maybe at the two 
percent range for the rest of the century - not as 
high as here, not as high as Japan, and half or less 
of what it is going to be in Latin America, and a 
third or less of what it is going to be in the 
economies in developing Asia. 

Let me now make a few comments about technol
ogy, and I will relate this to some things that you 
see around you, without being a technology ex
pert. The reason you are seeing an enormous 
banking industry consolidation is the computers 
and staff of one bank can handle the transactions 
of two banks and it is nowhere near over. Fifteen 
thousand banks in the country a decade ago, and 
now 10,000, headed to some very low numbers. 

The insurance industry has not yet really started 
to consolidate but technology is the key to that 
one as well. The technology intensity in insurance 
is similar to the technology intensity (if I can use 
that term), in commercial banking. 

The edge cities, like Naperville, Dlinois, are 
threatening the downtowns of the world, because 
technology allows people to do business in differ
ent places, enormous impact of technology on 
economic dispersion. Places like Telluride and 
Naples, Florida, Pinehurst, North Carolina, and 
Aspen; people are locating facilities here because 
they do not have to locate in the places that they 
used to have to locate. 
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Technology is flattening organizations. You see 
this, you are driving it. In the old days you had 
this pyramid, and the guy in the middle would get 
this information fed up to him from these people 
below, and they would massage it, then they 
would feed it up the line, and they would keep 
doing that. Now there is an infinite web of infor
mation that is available everywhere in the com
pany if you want to make it available, so what do 
you need all these people for? This flattening is 
only beginning. The phenomenon of the rich get
ting richer in this country - what is really driving 
that is skills. People with the requisite job skills 
are having their wages bid up and those without 
are falling off the bottom. This information tech
nology revolution is just in its infancy; this phe
nomenon is going to continue. It is going to last 
for a long time and probably be even more aggra
vated. 

Two last points - companies that fall behind in 
these information technologies that you are driv
ing, are going to be Chapter 11. A retail firm that 
does not have point-of-sale data capture, has no 
chance of surviving. A manufacturing firm that 
does not have goods, or just-in-time inventory 
procedures, has no chance. A distribution whole
sale firm that does not know exactly where every
thing is at all times, has no chance in this world, 
and similarly with individuals. Individuals who do 
not keep up with these technologies have no 
chance, because the competition is going to keep 
up with these technologies, and increase produc
tivity so rapidly that people who do not keep up 
will be unemployed. 

The single characteristic that is going to be more 
important than any other in distinguishing the 
winning companies from the losing companies is, 
the winning companies are those that understand 
the power of these new technologies. Companies 
that can figure out how to adapt these new tech
nologies to their own particular corporate pur
poses, and proliferate the technologies through 
the organization, cut their costs and beat up on the 
competition. Understand, adapt and proliferate, 
and if you do not do that, you are going to get left 
behind. 

Q: The people in the audience would like to 
know what your forecast is for information tech
nologies spending, as a percent of GDP trends, if 
not the absolute level? 

A: Information technology spending really de
pends on how you define it, and everybody 
probably has different definitions, so a number is 
not going to be very useful but I will give you a 
couple of simple little anecdotal statistics. It is 
going to continue to take an ever greater share. In 
1970, the share of capital spending that was com
posed of the computers and information process
ing was about seven percent of total capital 
spending. Last year under the same definition, it 
was about 45%. Seven percent to 45% in the last 
25 years and that is a very narrow definition of 
high-tech in capital spending, because a lot of 
low-tech capital spending has a lot of high-tech 
content. So this increase is much greater than that, 
and I see no reason to think that is going to slow 
any time in the foreseeable future. 

One other point about the capital spending and 
technology is 25 years ago, most all of technolo
gies was really capital spending. Increasingly 
now, a greater share is consumer purchases. If 
more of technology spending is a consumer pur
chase, it means the technology cycles will be 
smaller in the future than they have been in the 
past. 

Q: Could you comment on what a company that 
is now doing business in Japan should do, given 
your outlook for the lower growth rate in Japan? 

A: They should just do the best they can. It is not 
going to be the worst economy. The Japanese still 
have a great labor force, good job skills, good 
work ethic, they have the tools and the only 
problem is really a cost problem. It has become a 
relatively high-cost place to do business. In the 
'50s and '60s, up to the first oil shock in October 
of '73, we got used to 8% and 10% growth rates 
in Japan, year after year, and that is over. Since 
then the growth rate has been about 4%, 4.5%, 
and the last four years have been terrible. They 
are doing better now, they have their discount rate 
at a half a percent, the lowest of any central bank 
since the 1930s, trying to lift the economy. It will 
work, but the growth rate is going to be more like 
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3%, not the big numbers in the past. So I guess 
there's a non-answer of 'do your best.' 

Q: On this Japanese question, given the fact that 
Japan has been slower to adopt technology in 
their major manufacturing industries, do you see a 
major uptake in the usage of the technology tools 
that are pervasive now in the United States and 
Europe? 

A: We lead the world in proliferating these vari
ous technologies, and Japan is way behind. There 
is part of an explanation of what has happened to 
Japan, and it is also a great opportunity. I see Ja
pan going after these technologies in a much more 
aggressive fashion than they have in the past, but 
it again will take a long time. 

Q: Concerning Asia Pacific - what is going on 
with the current export slowdown. Can you dis
cuss that for a few minutes and give us your out
look of when that slowdown may end? 

A: Many of Asia's markets have not been very 
good. We just talked about Japan and that has be
come a fairly important market for the rest of de
veloping Asia. Europe has not been very good 
either, so those two key markets have been weak, 
and their export opportunities have not been what 
they were before. There is also an inroad into 
some of these Asian markets that we are making, 
so all three of those factors - the first two are 
probably the key ones - markets are weak, ex
ports do not do as well. 
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Session #4: Olympic Long Jump: From $150B to $3003 in Five Years 

Wilfred J. Corrigan 
Chairman and CEO, LSI Logic Corporation 

GENE NORRETT: Our next speaker is certainly 
no stranger to any semiconductor conference 
worldwide. Wilf Corrigan, Chairman and Chief 
Executive Officer of LSI Logic, has happily 
agreed to give us his outlook on the next four 
years and what it is going to take to get this indus
try to the three hundred billion dollar market size 
that we are projecting. 

Before founding LSI Logic in 1981, he was Presi
dent and Chairman and Chief Executive Officer 
of Fairchild Hammer & Instrument, and, of 
course, in Mountain View, I think most people 
know that. He held a series of management posi
tions there at Fairchild and reached the level of 
CEO and Presided. Before that he was Director 
of Transistor Operations at Motorola Semicon
ductor Products Division in Phoenix, Arizona. 

Mr. Corrigan is Director and Past Chairman of the 
Semiconductor Industry Association. He is a 
member of'^he Board of Directors of Silicon 
Power Corporation and Lucas Arts Entertainment. 
Wilf graduated from the Imperial College of Sci
ence in London, Engleind, with a Bachelor of Sci
ence degreje in Chemical Engineering. In addition, 
he holds an Honorary Doctors of Law degree 
from the University of Calgary. 

WILF CORRIGAN: I was asked to talk about the 
Olympic long jump that we seem to have ahead of 
us, and I think the Olympic long jump is a good 
metaphor for what the semiconductor industry 
will do in the next five years. One year ago, 300 
billion dollars in five years looked easy. Several 
years of 30% growth created an illusion that per
haps the semiconductor down cycles were behind 
us. One down year later, over-pessimism has set 
in. 

Now let's face it, this is a cyclical industry. It al
ways has been, it probably always will be. But it 
is cyclical with a high secular growth rate -

something in excess of 15% plus. In the long 
view, the inventory correction of '96 will be a 
minor blip on the long-term growth of our indus
try. 

I first became aware of the cyclicality of this in
dustry in '61, but if somebody would have used 
the word 'cyclical' I would have thought they 
were talking about a bicycle. The technologies 
were coming on so quickly, and yields would 
bounce from 1% to 30% to 40% in very short 
timeframes. But in the '60s, we had almost an an
nual circle, and companies went in and out of this 
business so fast that it was just incredible. By the 
late '60s, we settled into something like a four to 
five year cycle. What is important is the ampli
tude of that cycle. 

Now today, the amplitude is much less, and com
panies are better able to handle it. They are organ
ized differently. The global nature of the business, 
just like investing in stocks globally, tends to 
cushion any individual country's cycle, in the 
same way the global nature of the business cush
ions the overall cycle, because the countries do 
not operate in sync at this time. I am talking about 
end demand now. This current slowdown has 
been mainly a U.S. phenomenon. As the U.S. has 
slowed down in its demand for semiconductors, it 
has had effects as far away as Japan and Taiwan. 
But in reality, the end demand, with our Japanese 
customers, our European customers, really has not 
changed much because the U.S. cycles in its man
agement of inventory. The Japanese always man
age their inventory very, very tight, so Japan does 
not have that much of an inventory cycle because 
they do believe in right-on-time. I do not think the 
Europeans have gotten around to it yet, so they do 
not have an inventory cycle either. It is really a 
U.S. phenomenon. 

Over the last 20 years, we have seen what I would 
call the "delamination" of the business. We now 

Graphic materials for this speaker were not available at the time of publication. 
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actually do have an equipment industry. Twenty 
years ago, we had an almost non-existent equip
ment industry. Many of the big companies manu
factured the equipment themselves. We do not do 
that today. So this is what I call the delamination 
of the industry - that we have an equipment in
dustry, a wafer fabrication industry, we now have 
foundries, assembly and test sub-contractors. We 
have fabless companies taking advantage of this, 
and an increasing software content; patent law is 
much more rigorous and applied today so that 
there are some relatively firm walls between 
companies and markets. It is much easier to main
tain a proprietary position today than it was 20 
years ago. 

All of this acts as a cushion and it makes the 
amplitude of the cycle less. To return to the pres
ent, I would say we are at the beginning of the end 
of the slowdown. This has been an unusual one 
because it has been an excess capacity driven 
slowdown, and there has not been that big a 
change in the growth of the end markets. That is 
different than if the end markets collapse, like we 
saw in '74 or we saw in the '85 timeframe. I am 
very confident that within the next six months 
(and it might be quite a bit sooner than that), this 
industry will be back on its march to 300 billion 
dollars at the turn of the century. 

That is a doubling in five years. That is pretty 
hefty secular growth. Few major industries will 
achieve that. To some extent, one of the influ
ences that is reducing inflation around the world, 
certainly in the industrialized world, is the price 
of semiconductors. As those prices drop, the 
prices of PCs drop, the prices of mainframes drop, 
the prices of anything that is electronic drops, far 
more rapidly than anything else. In fact, many of 
the other factors seem to just increase in price. 
Even with the currency devaluing over time, gen
erally the absolute prices of semiconductors have 
dropped phenomenally compared to virtually any 
period a year ago, five years ago, ten years ago, 
and this will continue at the same dizzying rate. 

How can I be so confident in this relatively 
gloomy environment? A little more than two dec
ades ago the worldwide semiconductor industry 
shrank from 5.2 billion in '74 to 4.9 billion the 

following year. Now, that does not sound so bad, 
5.2 to 4.9, but you have always got to look at 
these things by quarter, and in late '73 we were 
going through one of these phenomenal growth 
periods and suddenly in the middle of '74, it 
abruptly stopped. 

That is not what we have seen this time around, 
and I would say '85 was probably halfway be
tween. After that very catastrophic 1974, and to 
put that in perspective, I was CEO of Fairchild at 
the time, we started the year with 30,000 people 
and finished the year with 15,000 people. That 
was a fairly traumatic change. 

However, the very same semiconductor industry 
had doubled in size by 1979, so there is a pattern 
emerging here, you get this pause, then you dou
ble. You get another pause, then you double. A 
pause is not a heavy price to pay for a double. 
Global revenues plummeted from 26 billion in '84 
to 21 billion the following year, and again, it was 
the same phenomenon. That did not seem that 
bad, even though it is pretty significant, but com
pared to the peak rates in the peak quarters in the 
previous year, to the low quarter in the next year, 
it was very dramatic. 

Many small public companies were absorbed by 
bigger ones and just disappeared. In the ASIC 
business, going into that period, we figured that 
we had about 200 competitors. When we came 
out of that period in '86, the number of competi
tors had dropped to about half. Nobody ever fig
ured out where they went to. 

But again, we had this massive correction in the 
mid-80s, and by 1990 we were back to more or 
less another double. Then there was a significant 
pause in the 1990-91 period, and then a double 
again, and really the industry bounced back with a 
vengeance. 1993, '94, '95 were just phenomenal 
years. Now the hypergrowth in '93, '94, *95, with 
the collateral growth in earnings and market 
capitalizations, would have pulled in capital from 
the moon, and it did. 

Too rapid a capacity build caught up with de
mand, end-markets have actually continued 
strong. The inventory correction that started, 
really began in Q3 of 95. It was not immediately 
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obvious because people were carrying big back
logs, but it probably started with the computer in
dustry. The computer industry has been around a 
long time, and they have lots of people that are 
very familiar with these cycles, so they tend to 
jump on it very early. 

The networking industry, which again is an im
portant industry to all of us today, had been 
growing so rapidly, that things like inventory 
management and MIS systems, were not as high a 
priority as the computer industry, so it took an
other quarter to two quarters before the network
ing industry said, "Hey, our inventories are not 
turning over, lead times have come down, we can 
start cutting work in process inventories, and in
ventories before the production line." 

It has been a rolling adjustment. I believe the 
computer industry is through this period now. 
Some of the networking industries already have 
their inventories in line, but in another quarter, 
the adjustment will be done. 

This is a lot different to a demand slowdown. 
Most of the inventory slack is already taken up. 
We are almost ready to resume growth. This story 
of a down cycle followed by doubling of the in
dustry in the following five years, is about to be 
repeated. The bad news is that '96 is a down year. 
The good news is that there will not be another 
one until the next century. If you are in the in
vestment business, that is a fairly easy thing to 
understand. Some skeptics will look at a $300 
billion number at five yesirs hence with somewhat 
of a jaundiced eye and ask, "Where will this de
mand come from and who will buy the chips?" 

The real demand is still there, and it really has not 
slowed down, and in many cases the new products 
are going to accelerate that rate of demand. 
Prices have dropped precipitously in the memory 
market. That probably corrects for a suspended 
learning curve on pricing over the last few years. 
If you take the historical memory price learning 
curve, even with the 75% drop in the past year, 
you are not too far off what you would have an
ticipated from the learning curve. I believe prices 
they are going to pop up a little, but in reality it 
has been a suspension of belief and those mar
gins, perhaps, in memory, got unrealistic. 

However, the net effect of these lower prices to
day falls through very quickly into the end-market 
and is accelerating the end-use of memory. Once 
people go to larger memory sizes, that is a one
way irreversible process. They are not going to 
turn around in six months time, if the memory 
prices go up just a little bit, and say, "You know, I 
am going to buy a computer with half as much 
memory as the last one." It is not going to happen. 
You have built a habit with these people, and that 
is one of the good things about lowering the 
prices. 

Another good example is platform video games -
very sensitive to the retail price point. These 32 
bit and the 64 bit video games were introduced in 
Japan at around 3,000-4,000 yen. These are prod
ucts that initially could be sold in the $300-$400 
range. If those prices come down to $250, to 
$200, and are now being discounted, soon they 
are going to be at the $150 range. As you look out 
to '98 they are probably going to be approaching 
$100, and so on. 

What enables this to happen, is partially the nor
mal learning curve and also the availability of 
large amounts of cheap memory. When you have 
a lot of memory in a box and suddenly that mem
ory is 75% or 80% cheaper, this is a dramatic 
change. It means you can reveal a lower retail 
price point, and at that point your volume ex
plodes. Each time you take these $50 moves, vol
ume explodes, and ultimately that both increases 
the demand for semiconductors, and increases the 
semiconductor content in the hardware. This is 
happening in '96 and '97, rather than '98. 

That is a phenomenon that is broadly happening 
right now, not just in those products but in a lot of 
other products. That will pay off very soon as 
those prices get into the psyche of the consumer. I 
agree with the earlier speaker, that suddenly the 
consumer is much, much more important in our 
world today. Clearly a cellular phone is a con
sumer product. I am not sure we talked about 
telephones as consumer products ten years ago, 
and obviously the more consumers you have, who 
can afford to pay the price, the bigger your market 
is going to be. Believe me, we are creating a lot of 
consumers around the world at this point in time. 
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Lower prices are fueling the customer demand, 
particularly consumer demand. For the financial 
industry, which tends to be very focused on the 
U.S., consumer products have been a bad word 
on Wall Street for a long time, ever since the U.S. 
companies got out of the consumer products busi
ness in the '70s - in fact it began in the '60s - and 
moved onto other things. However, the next gen
eration of consumer products make heavy use of 
U.S. component technology and that is a big 
change. The new consumer business is a good 
business, it is a profitable business, and it is a 
sustainable business, where you can differentiate 
the products, you can differentiate your technol
ogy-
Let me give you some examples from the past. 
The mechanical calculator was made into an an
tique virtually overnight by the introduction of 
single chip processors in the early 1970s. We had 
quite a good business at Fairchild at that time, 
making custom chips for these rather specialty 
digital calculators. All of that custom business, 
which was actually the beginning of the ASIC 
business, dried up overnight and we had to shut 
down the whole operation. It was not until 10 
years later that the ASIC industry started to take 
off again. There were lots of sudden casualties, 
some of them quieter than others, but the me
chanical calculator business just went away 
overnight. When a single chip solution arrives, all 
of the economics in the industry change, the vol
umes change, and the previous players usually 
disappear. Sometimes they are able to make the 
transition, but generally they are replaced by the 
next generation of players. 

Another example is in '91 you could buy a Com
paq 386, 20 megahertz laptop, for just over 
$4,000. Today a Compaq Pentium processor, 166 
megahertz, 16 meg of memory, can be bought for 
about $3,000. That is why the number of PCs has 
grown from 700,000 in the early '80s, to ap
proaching 200 million in '96. By the year 2000, 
the same computer will cost less than $1,000, and 
the performance will rival mainframe computers. 

The product drivers that will fuel the growth of 
the global semiconductor industry are generally 
being produced by trend-setting customers in key 

vertical markets, but the main drivers are com
munications, consumer and computer. The three 
"C"s. 

Lets take the consumer electronics market for ex
ample. Most U.S. investment themes, if they in
volve personal computers, workstations, storage, 
networking, have their roots in the United States 
because the key suppliers are in the United States. 
The key end-markets are in the United States. But 
the consumer electronics market for the last 20 
years has been driven outside of the U.S. and are 
much more important in Japan and Europe. Even 
though the U.S. has been a big participant as a 
buyer of these products, very little of the manu
facture and design has been done in the U.S. -
and that is changing. The new generation will 
carry a lot of American, and a lot of Japanese 
semiconductors. 

So what are these products? DVD: Digital Ver
satile Disk it was called, now Digital Video Disk. 
DVD is a very important product. It will replace 
the VCR, it will replace the CD in the PC. I just 
came back from Japan, and I got the perspective 
of all the major Japanese companies on what the 
numbers would be by the year 2000. Many of 
them a little different than what Dataquest is es
timating, and significantly different to each other. 
They all had different ideas in what the quantities 
would be. But the range is mostly between 30 and 
40 million units will be shipped in the year 2000. 
But almost to a man there is a belief that that 
number could be a lot higher and certainly in 
early 2002, 2003, we could be looking at an an
nual sales perhaps double that, as the applications 
proliferate. 

This is a market that is certainly in the early go
ing, is dominated by a small handful of Japanese 
companies, perhaps soon to be followed by Ko
rean companies and Taiwanese. But this will re
place the video cassette recorder. It will replace 
the laser disk, and it will supplant all the CD-
ROM drives within the next few years. This gives 
you a 15 to 20 times increase in the capacity of a 
CD-ROM, and even though they will be priced 
higher to begin with, if you look out three, four, 
five years, I think the price is going to be very 
comparable with the existing CD. 
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It is estimated that DVD will achieve the same 
U.S. household penetration in five years that it 
took the VCR 11 years to get to. It took the audio 
disk about 7 years to begin to exceed tape. That 
will probably happen in four to five years with the 
same phenomenon in video. So the VCRs will be 
replaced much quicker than the old tape players 
for audio. This is going to be a major business. 
Fifty million VCRs are sold a year, and this is 
simply a replacement market for a market that al
ready is pretty much saturated. So this is going to 
be a big, big market. 

This also enables products like the "James Bond" 
automobile map. It takes about six disks to give 
you a complete street map of Japan. With DVD 
you get a complete street map of the whole U.S. 
on a single disk. So you never have to change the 
disk, you just put the disk in and drive your car 
around, and wherever you are, you know where 
you are, to within four feet. These products will 
probably sell in the $1,000 to $2,000 range, by 
that timeframe. They will be as pervasive in 
automobiles as cellular phones are today. 

Another example is digital video cameras - the 
next generation of hand held video camera. The 
Japanese consumer is willing to pay quite high 
initial prices. For something like this, $3500 to 
$4000, which is definitely a non-starter in the 
U.S. But that can be done for a year or so and 
those prices will steadily come down. Once you 
start reaching U.S. consumer and European con
sumer price points, once you start to get below 
$1000, you start to see some real volume. That is 
going to happen, probably within 12 months, with 
DVC, and then, as time rolls on, you get down to 
the $500 price point, again volume starts to ex
plode. These have much higher resolution than 
analog cameras. You can freeze-frame images, 
download them into computers, you can show 
them on your TV set. It is a fairly radical change 
in the way you think of a camera, certainly a 
video camera. 

Then we have digital still cameras. You can get 
many, many more shots in your camera, play it 
back on your PC, or play it back on your TV, or 
print out the pictures, or you can make up your 
own album. Market research indicates that about 

48 million cameras will be shipped in 1999 -
these are serious numbers. 

Let's talk about Internet browsers. Nobody was 
thinking about Internet browsers two years ago. 
Everybody accepts that today. This is going to be 
a big business in itself. We do not really know 
exactly how many Americans go online - it de
pends on which survey you get - but we know the 
numbers are at least 35 million, and it may be as 
high as 48 million, and this thing has not even 
started yet. This is just people that have PCs. One 
new product that has hit the market is Web TV, 
which allows you to use your TV screen as an 
Internet access device and it works just fine. 
There are going to be a lot more of those prod
ucts. There must be a dozen companies in Silicon 
Valley, all coming up with what look like rather 
similar products, and they will be moved through 
the usual consumer channels. That growth will 
skyrocket, and, of course, once that infrastructure 
is enhanced by these little boxes, all of the serv
ices that now start to flow into those boxes start to 
become an even bigger industry. 

If I look at the five billion dollar a year semicon
ductor content in networking, which is experienc
ing unprecedented growth in the last couple of 
years, this is going to be driven even faster by the 
existence of the Internet, and the existence of 
these boxes at the many different access points. 

A 0.5 micron will always beat 0.8 micron, and 
0.35 micron on cost will beat 0.5 micron, and 0.18 
micron will beat 0.35 micron on cost, no matter 
what you put into these fabs. In reality, the capital 
investment in the semiconductor industry has not 
really changed much in the last 15 years. All that 
has changed is the granularity. If you measure the 
capital investment in terms of the percentage of 
the semiconductor companies sales that they put 
into capital, which is probably around 20%, it has 
been at that for some time. All that has happened 
is that you now have a single process, CMOS, 
whereas ten, twenty years ago there was still a 
wide variety of different processes. The granular
ity of the investment has changed, so instead of 
building five 200 million dollar fabs, you build 
one 1 billion dollar fab. 
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A major trend is "system on a chip," one thing 
that my company focuses on today, is that within 
a one-centimeter chip with three, four, five layers 
of metal, you can place millions of transistors, 
which means you are almost forced to suck the 
whole system onto one chip. Once you do that, 
you have now reduced the cost of the system to a 
photographic process. That radically changes the 
cost of the end system. If you can keep photore-
ducing these things, you can take these systems, 
and instead of getting 200 on a wafer, you get 
500, and instead of getting 500, you get 1,000, but 
fundamentally you are still taking the same pho
tograph, and that is the driver that we are seeing 
in this industry. 

The semiconductor content in the electronics 
products is increasing rapidly. Just four years ago. 
semiconductors made up 12% of the $585 billion 
global electronics business. This year, the semi
conductor content is expected to approach 20% of 
the world's $850 billion electronics market. By 
the year 2000 we are projecting semiconductors 
will represent 28% of all electronics products. 
That is a long way from single digits, 20 years 
ago. 

The most important sales driver for this $300 bil
lion long jump, is the consumer. Things are mov
ing towards being consumer driven, which means 
the more people you have, which is one variable, 
and how much money those people make is an
other variable, and both things are moving in a 
positive direction. Only 4% of the world's popu
lation resides within the U.S. The three primary 
markets for the things that we make historically 
have been bought by less than 10% of the world's 
population. Suddenly we are starting to see the 
rest of the world - significant pieces of the rest of 
the world. There now is a 200-million-person 
middle class in India, for example, and the be
ginnings of a middle class in China needing all of 
these things that the middle class needs, is a big 
shift in global demand. 

Approximately one out of every two chips manu
factured by U.S. companies are sold overseas. 
This has been a fact through the '90s with the 
percentage continuing to increase. It is over 50% 

at this point in time, and it is going to be quite a 
bit more in the next five years. 

Let's look at satellite TV. 60% of U.S. homes are 
wired for cable, and maybe 80% of them have 
reasonable cable access if they want it. That is 
very unusual. That is not true in Europe, and it is 
not true in the rest of the world. The emergence of 
the satellite technology means that the medium of 
choice to get this programming in the future is 
going to be by satellite. Again, a huge opportunity 
for satellite set top boxes. India, with a popula
tion of more than 900 million, has just 200,000 
satellite TV subscribers. 

In China, there is a population of more than 1.2 
billion, there are only 250,000 TV satellite sub
scribers. These markets represent huge opportu
nities. The majority of the people in the world 
today have never made a phone call. All we have 
to do is have a few of them, on a percentage basis, 
doing that and the number of telephones in place 
start to explode. We have seen an explosion in 
phones just by selling the second, third, fourth 
and fifth to Americans and Europeans and Japa
nese. Just imagine if we can just sell one to 10%, 
20%, 30% of the Asians. 

To do these things we have to have free and open 
access to global markets. I have spent a lot of the 
last 10 years involved with the SLA on this sub
ject. The Japanese, and more recently the Kore
ans, are starting to hone in on the same issues that 
we are, as they see much of the market being out
side of their own countries. Suddenly it is very 
important to them that there are not barriers to sell 
into Asia. It is very important that there is copy
right protection. So suddenly our issues are start
ing to become the same issues, and a lot of the 
discussions today are much more constructive 
than they were 10 years ago. We have to continue 
to push open trade. The governments are recog
nizing that this is a major issue. What we are go
ing to see in the next several years, is even more 
drop in tariff barriers, starting with Europe, and 
then Korea, and then we will really start to have a 
global market. 

We may soon be the economic bell-whether for 
the nation. If we look at the pursuit of the market 
that we represent, we are rapidly approaching 1% 
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of the gross world product, which is a big per
centage. It is something that you can now start to 
track, once you get to that 1% range. 

Electronic instrumentation, computers, and the 
rest of the electronics industry, now represents 
3.5% of the GDP of the United States. If you look 
at the total semiconductor industry, 1% of world 
GDP in the year 2000 is very dramatic. The key 
drivers are certainly the customers, particularly 
the consumer customers, futuristic products, ad
vanced technologies, system on a chip integration, 
rising chip content, global markets. 

This year will be looked at as just a pothole in the 
road, on the path to a $300 billion industry. We 
will not reach $300 billion by bemoaning our fate. 
I would like to close on a quotation from Presi
dent Teddy Roosevelt, who might have been 
talking about the semiconductor industry when he 
said, "Far better to dare mighty things, to win 
glorious triumphs even though checkered by fail
ure, than to take rank with those poor spirits who 
neither enjoy much, nor suffer much, because 
they live in the great twilight that knows not vic
tory nor defeat." Thank you. 

Q: This is really something that impacts a lot of 
system users, systems manufacturers and users in 
this audience. You talked about the system on a 
chip - what are the positives and the negatives, at 
that level of integration, as far as the manufactur
ers of systems, and the users of systems? 

A: As these systems get very complex, if you can 
get everything on one chip, it is infinitely more 
testable, infinitely more manufacturable than if 
you are going to take even four or five or six 
chips. You can test it in the wafer form, be sure 
the whole system is going to work, and then put
ting the thing together is very simple at the system 
level. All the interconnect problems get sucked 
back into the chip itself and fundamentally those 
interconnects become just a photographic prob
lem. So it really is a major reduction in the cost, 
and that is why you are seeing these products that 
would seem extremely complex a few years ago, 
being sold at these very low price points. Intel has 
reduced the computer to a single chip, even 
though the memory is separate, and so on, but the 
actual intellectual property of that PC is all de
fined by that single chip, and that is going to be 
true in most products in the future. 
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Mr. Norrett is corporate vice president and director of 
Dataquest's Semiconductors group and is responsible for all 
worldwide semiconductor research, including Asia/Pacific-, 
Europe-, and Japan-based semiconductor research. Before this, 
he was director of marketing, responsible for the worldwide 
marketing strategies. Before that he was general manager for all 
North American technology services. Mr. Norrett was also the 
fotmder of Dataquest's Japanese Semiconductor Industry 
Service. 

Before joining Dataquest, Mr. Norrett spent 14 years with 
Motorola's semiconductor product sector, serving in various marketing and 
management positions. Mr. Norrett was also a founder of the World 
Semiconductor Trade Statistics Program and was Chairman of the Board of 
Directors of the Statistics Committee. He speaks frequently at Client 
Industry and Trade Association conferences. In 1987 he was voted by the 
San Jose Mercury News as one of Silicon Valley's top 100 influential people. 

Mr. Norrett's education includes a B.S. degree in mathematics from Temple 
University and an M.S. degree in applied statistics from ViUanova 
University. 



Panel: 
Dataquest's Worldwide Outlook for Systems, 
Semiconductors, and Equipment 

Gregory L. Sheppard 

Chief Analyst, 
Semiconductor Application Markets Program, 
Semiconductors Worldwide, 
Dataquest 

"fi'-r:.K-f^.-;• 
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research for Dataquest. He oversees the research for the 
Semiconductor Application Markets (SAM) Worldwide, PC 
Semiconductors and Application Markets (PSAM), Consumer 
Multimedia Semiconductors and Application Markets 
(MCSAM), and the Commimications Semiconductors and 
Application Markets (CSAM) programs. He has also 
participated in various customer-directed research projects 
concerning company positioning and emerging semiconductor 
markets for application-specific products. 

Mr. Sheppard is a specialist on the end use or application of semiconductors. 
His scope of analysis includes both economic and technical trends regarding 
the semiconductor opportunities in electronic equipment. 

As an analyst Mr. Sheppard's current focus includes LAN, WAN, and 
modem markets; telephony and public infrastructure markets; and set-top 
boxes. 

Before joining Dataquest, Mr. Sheppard was worldwide business analysis 
manager at Fairchild Semiconductor Corporation. In that position he 
coordinated the worldwide product and market plan that drove investment 
decisions. He has also been a participant in the World Semiconductor Trade 
Statistics (WSTS) organization and tiie American Electronics Association. 
Before that, he worked in engineering management at GTE Corporation 
specializing in communications systems design and decision aid systems. 

Mr. Sheppard received a B.S.E.E./C.S. degree from the University of 
Colorado and an M.S. degree in system management from the University of 
Southern California. 
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Mr. Grandbois is vice president and chief analyst for the 
Semiconductor Industry and Manufacturing (SIM) program of 
Dataquesf s Semiconductors group. Besides covering the broad 
semiconductor market, Mr. Grandbois monitors the discrete 
device, optoelectronic, analog, and mbced-signal IC markets. 
He also has responsibility for the following programs: 

Semiconductor Equipment, Manufachiring, and Materials 
program provides the look at wafer fab, fab equipment, 
materials, capital spending, and manufacturing issues. 

Semiconductor Contract Manufacturing program covers the issues 
surroundmg the wafer subcontract (foundry) business and the trend toward 
the outsourcmg of semiconductor manufacturing, both for fabless 
companies and fully integrated suppliers. 

Semiconductors Worldwide program provides a broad view of the device 
market with m-depth looks at issues that affect aU devices. Mbced-signal ICs 
power, RF, and packaging are a few of the issues covered. Companies and' 
theu: competitive positions are also covered. 

Semiconductor Supply and Pricing program monitore the pricing and 
availability of key semiconductor devices. This service also reviews 
technical and industry issues that may impact device pricing and supply. 

Mr. Grandbois has held a broad spectrum of application engineering and 
marketmg positions in the semiconductor industry. Prior to joining 
Dataquest, Mr; Grandbois was vice president of marketing and sales at 
Teledyne Semiconductor. Numerous technical articles authored by 
Mr. Grandbois have appeared in trade pubHcations. They include some of 
the earliest use of microprocessors in analog/digital applications. 

Mr. Grandbois holds a B.S. degree and an M.S. degree in electrical engineer-
mg from San Jose State University. cngixieer 
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forecasting capital spending and the wafer fab equipment 
market. He is also responsible for directing worldwide research 
activities in semiconductor manufacturing including foundry, 
fab capacity, and silicon supply and demand. 

Before joining Dataquest, Mr. Fuhs was strategic marketing 
mar\ager for Genus Inc., a manxifacturer of advanced cherrucal 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. In his most recent position, 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, Califonua, refinery responsible for the hydrogen 
manufacturing plant. 

Mr. Fuhs earned a B.S. degree in chemical engineering from Purdue Univer
sity in West Lafayette, Indiarm, and received an M.B.A. from the University 
of California at Berkeley. 
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Chief Analyst, Semiconductor Application Group, Dataquest 
Gary Grandbois 
Vice President & Director, Semiconductor Industry & Manufacturing Group, Dataquest 
Clark Fuhs 
Principal Analyst, Semiconductor Equipment Materials & Manufacturing Service, Dataquest 

GENE NORRETT: In the semiconductor group, 
we look at three different segments of the food 
chain. The first segment that drives the chip in
dustry is the end user, and the issues for the 
manufacturers, the vendors, of those systems. 
What are their issues? What is the semiconductor 
content? What is the technology trends of those 
boxes? That, in turn, will drive the semiconductor 
manufacturers in what they need to be mjinufac-
turing to meet the needs of these end systems. 
Last, we follow the equipment and materials in
dustry. Clark Fuhs is going to be talking about the 
outlook for that particular industry. 

Our first speaker is Greg Sheppard. Greg has been 
with us at Dataquest for almost 10 years. He has 
worked in the industry for Fairchild and GT&E 
and he is a MSEE from University of Colorado. 

GREG SHEPPARD: Today I would like to paint a 
picture for you for what we believe the main envi
ronment is going to be, particularly with focus on 
next year, but also a long term view through the 
end of the decade. We feel that demand for semi
conductors, in terms of gates and bits of memory, 
transistors, and units of things, is going to remain 
very healthy. I think the main question in every
one's mind is what price are we going to fetch for 
those particular functions. 

Here is our worldwide electronic equipment pro
duction forecast. This is the key way that we 
measure the demand environment for semicon
ductors. After growing at a double digit rate over 

the past two years, 1994 and 1995, the market for 
production of electronic equipment has slowed to 
6.2% in this year (we are projecting), reaching a 
value of $840 billion - not a small market by any 
means. The reasons for the decline are two-fold. 
50% has to do with the way the dollar and the yen 
get valued. The dollar has appreciated against the 
yen, and since we have a great deal of electronic 
production based in Japan, that helped pull down 
the overall number. About half of the decline is an 
actual softening of the production of electronic 
systems. As a rule of thumb, semiconductor mar
kets grow at roughly two to two and a half times 
what the electronic production shows, except in 
times of upswing and downturn, and that is where 
inventory building and pricing factors contribute. 

We expect the demand environment for chips - as 
modeled, or based, on production - to stay in the 

Worldwide Electronic System 
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high rates, relative to the 
previous part of the decade, 
but certainly over the 8% 
range. This sets up an envi
ronment where the chip mar
ket should grow in the 18-
22% range through the end 
of the decade. 

Regional Electronic System 
Production Growth 
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We measure roughly 100 or 
so different types of equip
ment at Dataquest. We 
maintain very detailed mod
els on unit projection by re
gion, semiconductor content, 
and in general, how this is 
driving and changing the 
demand patterns in the chip 
business. We segment the 
market into these basic six 
high level areas: data processing, which includes 
computer and peripheral equipment; communica
tions, which is both LAN/WAN, public systems, 
and mobile communications, (that is where we 
count, for example, cellar telephone technology); 
consumer, which is consumer entertainment sys
tems; industrial, which is basically systems that 
make other systems, or measure performance of 
other systems, we also include medical electron
ics in this category; military aerospace, which is 

1S85 1!M 1997 
nataquest 

Worldwide Electronic System 
Production Growth by Type 

both military or defense electronic systems as 
well as civil aerospace, as well as commercial 
space, i.e. satellite systems; and automotive, 
which is automotive and truck electronics. 

We have shown an overall decline in all catego
ries in 1996. The consumer segment was the 
hardest hit as there has been a slowdown in the 
shipment of consumer systems globally. Some of 
the economies around the world have been weak 
that absorbed those systems. In general we have 

all of the categories fore
casted to rebound in the 
coming year. 

Growth (Percttnt) 
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From a regional perspec
tive, if you take a look at 
1996 and notice the Japan 
bar being negative, this is 
the appreciation factor that 
has hit the Japan elec
tronic equipment produc
tion. But the fact of the 
matter is that we had 
slowing in both the U.S., 
or Americas, market, as 
we describe it here, and 
that is one clarification I 
should make - we do 
measure all of the Ameri
cas in our data now, so we 
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The Semiconductor Pie in 1996 
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basically the law of large num
bers that kick in, and where 
Asia is starting to be in the base 
of numbers is getting so large 
that in fact it had to start slow
ing in the growth basis. 

other Uses 

1996 Semiconductor Marltet s $137 Billion 
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have broadened our measurement of that area. 
Likewise, Europe includes Middle East and Af
rica. Europe remained pretty much flat year to 
year, but Asia-Pacific, which is normally the big 
double digit growth engine, has slowed some
what. 

For next year we are predicting that all of the re
gions will see some growth, except for Asia-
Pacific, where we have it, in fact, declining in 
growth rate, although it is still positive growth 
rate, but slowing somewhat. At some point, this is 

Worldwide PC System Forecast 

Mlllioni or Units 

If we take the semiconductor 
market, and now I am going to 
direct my comments more at 
semiconductor demand, more so 
than electronic equipment pro
duction, so take a little bit more 
directly into the chip demand 
that we expect from different 
segments. But if you take the 
pie chart of the industry which 
is going to be, we figure, $137 
billion this year (1996), and 

segment it up into the systems that are sucking up 
these chips, we see that the PC market accounts 
for roughly a third. This is actually chips that are 
going inside the PC box itself. That is excluding 
the storage systems, monitors, peripherals, and so 
forth, which we count in the storage and printer 
section. 

The second largest demand for chips is other 
computer systems. It is still quite a sizable mar
ket: workstations, server systems, traditional mid-
range up through supercomputer-type systems, is 

\ still quite a big demander of 
chips. Likewise LAN/ WAN 
voice and public communica
tions systems is another good 
slice. Cellular and cordless 
handsets. The infrastructure ac
tually is not included in this 
particular number. On through 
to automotive. It is important to 
note that for other uses, which is 
about a third of the market here, 
there is literally tens of thou
sands of applications out there 
which are literally impossible to 
measure. 

Data Quest 
I think that Joe Grenier, in past 
years, has given you some nice 
overviews of these weird and 
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unusual applications, but the fact of 
the matter is that the chips are ending 
up in tennis shoes and all kinds of un
usual things never thought about be
fore. 

Let's focus in on the PC area. This 
was a third of the chip market as I 
showed earlier. This is a forecast from 
Dataquest's PC service, and we note 
that - and this is the forecast of 
worldwide PC shipments on a unit 
basis - we note that in 1995 the mar
ket had grown 26% on a unit basis. 
We are projecting that this will be in 
the 20% range for 1996. This group is 
gathering data quarterly, and they feel 
that we are pretty much on track for 
that number. Obviously, the big variable is Q4 as 
to whether the systems will sell or they will stay 
on the shelves, but that is one of the variables, or 
risks, certainly, to this forecast. 

Looking at 1997, they are expecting the market 
for PCs to grow at 18%, so a further slowing and 
then kind of hovering in that range, out through 
the end of the decade, as the unit shipments of 
PCs approaches 150 million units annually. 

If we look at the demand of chips and PCs which 
are comprised of DRAM microprocessors, 
graphics, multimedia chips, sound communication 

Worldwide PC 
Semiconductor Forecast 
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chips that are imbedded in the PC, we note that 
the overall market for chips consumed by PCs 
will decline on the order of 10% this year. This is 
driven mainly by the decline of the memory, par
ticularly the DRAM market. This also shows that 
the elasticity of the DRAM market, i.e. more bits 
shipping because they are cheaper, was not 
enough to overtake the decline in pricing, and so 
thus the market takes a dip. 

We expect this market to recover and start to 
grow at a more normal pace, relative to that unit 
demand forecast through the year 2000, and drive 
and stimulate the recovery of the overall semi

conductor market. 
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Let's take a look at a few other 
markets in more focused detail. 
This first one is a look at the rigid 
disk and optical storage area. What 
this stacked bar chart is showing is 
that in the upper part of the stacked 
bar is what the optical drive market 
is growing at, and the next lower 
bar is what the rigid disk drive 
market is growing at. Bottom line is 
that optical storage chip demand 
will grow at almost 25% next year, 
and then rigid disk drive demand 
will be somewhere in the 15% 
range. 

We are expecting these to both cool 
off over the long range as new 
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B̂ product is introduced and prices come 
down. This is an extremely cost com
petitive area for chip companies to play 
in. There are companies literally de
signed in and out every nine months on 
the basis of features, and what they are 
really beat up on is cost. So the demand 
on this tends to be somewhat suppressed 
based on that. But it is still a fantastic 
unit market, it fills fabs. Overall, if you 
look at some of the things going on in the 
rigid disk area, we have the densities of 
bits you can put onto any disk platter 
growing at 60% a year. 

It is controlled by a few major big OEMs 
on the order of half a dozen or so. There 
are some new technology opportunities in mag
neto resistive, or MR, partial response maximum 
likelihood, PRMLs, I have noted here. We are 
spinning these drives faster and faster so we can 
get the data off faster. These are all contributing 
to new types of chips that will be developed. 
Also, I think there is the DVD market, which can 
be used both as an optical storage mechanism for 
PCs and as a consumer player. We are right in the 
ground floor, if you will, of companies develop
ing chips to go into these to drive the costs up. 
The types of technologies that will be needed 
from the chip community I have noted here be
low. ASSP stands for Application Specific Stan
dard Product. ASIC is Application Specific IC. 

LAN Systems 
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WAN Systems 

Chip Demand (Dollars) 

Growth (Percent} 

Now I will shift over into the communications 
space. Local area networks systems continues to 
be a very healthy market for chips. It is going to 
grow in the 25+% range for next year, and con
tinue to click along in the 15+% range thereafter. 
What is driving the local area network market? 
Well, expanding desktop connectivity, and also 
upgrading of existing systems to higher perform
ance, higher speed. There is three or four big 
companies that are the giants in this area: Cisco, 
3Com, Bay Networks and Cabletron. 

Key equipment, a NICS, or network interface 
cards, these are the cards that go inside the PC to 
connect it to the network. Hubs, and switches, and 
routers, are the guts of the network, if you will. 
These are all very rich in semiconductors and all 

very hidden from us, in our daily 
lives. Something in the order of $500 
of equipment is installed behind the 
scenes, behind each PC if you will, to 
get it connected to the network, to the 
LAN or WAN. This is running with 
20 to 30% chip content. 
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Other happenings here are the move
ment towards 100 megabit Ethernet 
technology known as fast Ethernet, 
and now the one beyond that known 
as gigabit Ethernet is entering the 
scene. Then the asynchronous trans
fer mode market, ATM, as the next 
generation technology, and I have 
noted some of the impact areas for 
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Public Telecom Systems 
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Standard chips sets, or ASSPs, ASICs, and so 
forth. 

Over in the WAN side (Wide Area Networking), 
is where the Internet is making its play basically. 
We are seeing services being rolled out that sup
port Internet, and then equipment being put into 
place to support those services. The most com
mon Internet hardware out there now is the mo
dem. We think this market will continue to clip 
along from a chip perspective in the 20% range or 
so. In addition to this, there is some new equip
ment being introduced - frame relay. It turns out 
that a good percentage of the 
world's websites are hooked up 
via frame relay. 

So we are seeing silicon oppor
tunities targeted at switches and 
access devices in this area. T&E 
carrier are the digital transmis
sion lines, that are in the bowels 
of the public telephone company, 
but also being delivered out to 
businesses, and asynchronous 
transfer mode is also a technol
ogy used here. So we are seeing 
both a technology and a set of 
services that are being rolled out. 

file. We see it actually accelerat
ing toward the end of the decade 
in terms of chip demand. This is 
due to the fact that we have nu
merous projects underway 
around the globe - some are just 
basically getting phone line ac
cess out to the average home. 
There are something like 500 
million, or so, access lines 
worldwide currently, and that is 
projected to grow to over a bil
lion lines by the year 2000. This 
is addressing the market in India 
and China, putting in phone ac
cess for the first time. Chip de
mand is drawn from that as well. 

,, _j 

Likewise we are going to see in 
the developed countries of the 

world, upgrading to broadband capability to be 
able to handle fast Internet access and video mul
timedia services. This market is also controlled by 
a small set of big companies. Key equipment in
volved are switches, CO (central office), there are 
fiber optic transmission systems involved, and 
also a great deal of optoelectronics as well, par
ticularly related to the fiber electronics. 

Mobile communications: this is cellular, cordless, 
and we count cordless technology in this as well, 
as well as pagers. As these systems go digital, that 
market can grow exceeding 40% next year, and 

Over in the public telecom side, 
this actually has a different pro-
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then starting to slow somewhat into the 
35% range out through the end of the 
decade. This is just the digital part of it. 
The overall market is seeing some inven
tory problems, if you throw in the analog 
cellular technology as well, and there are 
some suppliers that are doing well, and 
some are not so that has to be kept in 
mind. 

This forecast is predicated on the fact 
that we will see cellular subscribership 
tripling between now and the end of the 
decade. Our wireless, our personal com
munications group is forecasting that we 
will see upwards of 360 million sub
scribers, by the year 2000, or during the 
year 2000, we will have 360 millions subscribers, 
likewise, 230 million pager users. I have also 
noted here the key digital cellular standards, 
GSM, is going to be the majority owner of digital 
standard technology around the world that we can 
tell, and likewise, cordless technology in the 
digital form, is just now getting rolled out. 

The consumer electronic giants are turning to 
digitally enhanced, next generation systems as a 
way to regain profitability, to get sales back up, 
particularly into their current markets. So we have 
seen a variety of new systems come out, although 
these are all dependent on the availability of 
services, particularly in the set top box case and 
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the availability of content, for example, in the 
DVD case. Those are all key issues that we will 
be tracking. One of the two hot items for this year 
is the digital still camera, as that is rolling out in 
earnest. We are looking at some cameras inside 
our shop right now, trying to figure out what the 
chip technology is, and where that will be going. 
DVD, which is being introduced this year, is 
probably going to slide somewhat into next year 
as there are still a lot of issues surrounding that. 

If we look at the semiconductor demand for con
sumer electronics, we note that in 1996 we are 
going to take a dip because of pricing declines in 
the analog and in discrete areas particularly, it is 
affecting this market as well. But the real true 

growth is in digitally enhanced, 
next generation systems, which 
include DVD, and set top boxes, 
and so forth. That market is ac
tually growing at 3.5 times the 
rate of the overall top line. 
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Just a quick word on other us
age areas. Automotive: after 
taking a bit of a pause this year 
we are expecting vehicle pro
duction and electronic content 
penetration to accelerate start
ing next year. In 1998 we will 
start to see navigation systems 
become regular options. BMW, 
I think, is going to be the first 
one who will have it as an op
tion you can get right from the 
factory. We think that the navi
gation systems are really going 
to be the next big driver of 
electronic content within cars, 
as airbags and anti-lock braking 
systems have been in the most 
recent past. 

Military aerospace: basically we are in the throes 
of all the world's aviation plates being updated, 
and the upswing in satellite building supports all 
the new direct broadcast satellite services. In the 
appliance world, the movement towards elec
tronically controlled appliances will be an impor
tant factor. The last point is the network 
computer. We think it is an opportunity for semi
conductor suppliers, although we are not so con
vinced as to how big an opportunity it will be, 
until the market issues sort themselves out. 

In summary, we think next year, from a demand 
perspective, is going to be good. The number of 
units of systems that are pulling the gates, the 
bits, and transistors, is going to be in good shape. 
The PC and mobile communications areas will 
continue to be drivers of growth; high speed LAN 
and WAN systems, public telecom systems. 
Digital entertainment is growing at 3.5 times the 
overall consumer electronics area, and will be im
portant, and then the resurgence of automotive 
over the next couple of years as well. 

GENE: Gary Grandbois, who is Vice President 
and Director of our Semiconductor Industry and 
Manufacturing Group, and is a major contributor 
to the device forecast. His personal expertise is in 
the analog and mixed signal area. Gary has 
worked for many industry companies including 

Precision Monolithics and Siliconics, and has an 
MSEE from San Jose State. 

GARY: I am going to talk about semiconductor 
devices. I really want to talk about where we have 
been in 1995, this relapse we are seeing in 1996, 
and when the rebound will occur. It will occur 
very soon. 

1995 was an exceptional year. It really capped 
three years of very strong growth. We saw 31% 
growth in 1993, 29% in 1994, and 37% in 1995. 
That is a three-year compound annual growth of 
32%, a doubling of revenues in three years -
pretty substantial growth. And since we got to 
$151 billion markets in that time, it seems that it 
would be a cake walk to get to $300 billion in five 
years. But we have hit the pothole in the growth 
to the $300 billion, and we are not likely to see 
this kind of growth in the near future. 

In 1995 we saw tremendous growth, led by 
DRAM essentially, because the normal price per 
bit did not decline. It was stagnated for a while, it 
held up due to capacity limitations, and so it was 
an unnatural market. That unnatural market was 
also driven by the very strong growth in PC units 
- 70% growth in Japan in 1995 really led the 
growth for the worldwide growth of 25-26%. That 
has slowed only slightly into 1996. Other factors 
have caused the decline that we are seeing now. 
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I would like to talk about the semiconductor mix 
in 1995. You see it here where, memories and mi
cro component ICs, the PC-driven products of the 
past decade, now take almost 60% of the semi
conductor revenue. Ten years ago, in 1985, 
memories and microcomponent revenues together 
accounted for only 29% of the market, and it has 
doubled its share of the markets in just a decade, 
pushing all other products into what seems like an 
other category. In fact, the products we are talking 
about are also very strong growers, but not to the 
degree that we have seen in memory and micro-
components. So how many multiples of the reve
nue in 1985 did we see in 1995? It was more than 
twelve-fold for microcomponents and memory 
ICs. That is a 29% compound annual growth rate. 

When you consider that the PC market only grew 

DRAM by Month 

>60% Bit Growth in 
1995 and 1996 

But a Revenue Decline 
in 1996! 

at a 15% compound growth rate over that time 
period, that is phenomenal, substantial growth, 
and of course, an increase in semiconductor con
tent in personal computers at that time. Will it 
continue into the future? Probably not at that rate, 
because we have seen a growth and emergence of 
the PC market that probably cannot continue in 
that manner. Over the decade, semiconductor 
revenue grew by 20% compounded. 

In the past few years, DRAM was the king as the 
normal price decline was suspended, and micro-
components have settled into a more natural 
growth rate, rather than what was seen in the past. 
In the past three years, the market has really been 
spurred by the DRAM growth. 

What is happening in 1996? In fact, the PC mar
ket continues strong, 19-20% unit growth. Even 
with the inventory problems we had earlier this 
year, we are still seeing a growth in the bit con
sumption. It is growing again, about 67-68%, over 
1995. So the market from that standpoint is still 
looking very strong. What has changed is that we 
have gotten back on the normal price per bit de
cline curve and done it very rapidly. 

If you look at this chart, the left side shows a by 
month price per megabit for DRAM and you can 
see how consistently it has maintained, resulting 
in about a $25/megabyte price in 1995 and a very 
rapid decline since. Because of that constant price 

per bit in 1995, we saw a continual 
growth, month by month, throughout 
1995 in revenues, peaking at the end 
of the last quarter of the year. With a 
rapid decline, of course, no amount 
of bit increase in 1996 is going to be 
able to hold revenues up. 

With this are a lot of expectations. 
We expected Windows 95 to drive 
the demand for memory. Windows 
95 is doing well, but Windows 3.1 is 
still the operating system of choice, 
so it took off a little more slowly. 
We expected very strong PC ship
ments in the fourth quarter that were 
not realized. The market was already 
slowing down, as mentioned earlier. 
That led to the excess inventories in 
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early 1996, inventories that we 
had to work off. Coupled with the 
inventories dumped into the mar
ketplace, we had a 4 to 16 
megabit transition and that freed 
up a great deal of capacity. Be
cause the area per bit in a 16 meg 
device is much less than for a 4 
meg. That added to the capacity 
that was already coming on line, 
and we got into a capacity glut in 
1996. To add a little insult to in
jury some of the markets have 
slowed down, the PC market 
probably the least, but some of 
the other markets have come 
along and impacted other prod
ucts, if not DRAM. 

How severe is the downturn? This slide shows 4 
different periods of MOS memory downturn. It 
plots two years by month. You see that 1996 is as 
bad as 1985, it is a very severe turndown, very 
rapid. In fact, earlier this year, and at the end of 
last year, Dataquest was expecting a softer 
downturn, one more like 1989. So our forecast 
was a little high, to say the least, the market 
turned down far faster and far deeper than ex
pected. The white line that continues is essentially 
our forecast for the next few months of the year. 

Revenue Forecast 
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Steeper; we were expecting a flat revenue growth. 
We are expecting this year a 46% revenue decline 
for DRAM. That translates to a change in our 
forecast of about 11%. The slowing of markets, 
especially the industrial and consumer market, has 
additionally impacted the non DRAM products 
more than we expected. That is another 6% that 
has changed our forecast. So that is the 16% 
swing in six months in our forecast. 

This is how the forecast plays out, by quarter, 
over the next couple years. We are just starting 
the rebound. On this chart, we expect to see about 

So this is how the revenue plays 
out by year for the next five 
years. 1996 will see a 9.4% 
revenue decline, $137 billion. 
Then we will see a 13% rise in 
1997, and from then on, actu
ally, we get back into a very 
strong growth phase, where we 
will see better than 20% growth 
in the final three years of this 
forecast period. 

How did our forecast change in 
the last six months? We had 
come down substantially in our 
April forecast, but we were not 
expecting the deep downturn 
that I just showed you a few 
slides ago. It has been much 

Revenue Forecast by Quarter 
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a one percent increase in revenues in the fourth 
quarter of 1996. If you look at the bottom portion 
of the bar, you can see that non DRAM products 
actually have been continuing to grow - that is a 
5% growth in 1996. Certainly it is a slowdown 
over what has been done in the past, but it is a 
continuing growth that will rebound also, as the 
markets strength in the coming years. So what we 
are seeing is largely a DRAM driven downturn, 
and the size of it is substantial. We are at the 
bottom, we are on the way up, and we are very 
optimistic about this forecast. 

This is how it looks on a quarter by quarter 
growth comparison. We are looking at about 1% 
in the fourth quarter of 1996, and then about an 

Forecast by Product 
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8% growth in the first quarter of 
: 1997. 

By product: there is a very large 
downturn in memory. The bright 
spot here is the microcomponent 
category, especially driven by mi
croprocessors and microperipherals, 
two products doing very well on the 
20% PC unit growth in 1996. Those 

1 products are more impacted by the 
t declines in the consumer market and 
I industrial market. The microcontrol-
j ler portion of microcomponents is 
\ also impacted by that, which pulls 
• the microcomponent IC growth 

down to what might be 18-19% 
""• ~~^ through the 14% level. We are ex

pecting all the products to rebound 
into double digit growth in 1997. 

These bars compare the five-year growth forecast 
versus what was the five-year historical growth. 
Excluding memory and microcomponent ICs -
pretty similar growth. Microcomponents is set
tling into a very decent 18-20% growth over the 
forecast period. The market can support that kind 
of continued growth for that category. Memory 
looks like it is down quite a bit, and it is, because 
of this pothole of 1996. But if instead of looking 
at the 1995 to 2000 compound growth, we look at 
from where we are standing now, from 1996 to 
2000, actually our forecast is a 29% compound 
growth over four years. We think memory will 

1 start to come back. Certainly we are 
going to have a capacity glut for the 
next couple of years, but in 1998 we 
start to see very strong revenue 
growth, and memory coming back, 
strongly contributing to semiconductor 
revenue and growth. 

Looking at it by region, all regions 
share the misery in 1996 - Japan more 
so because of the change in exchange 
rates. There is simply fewer dollars 
per yen, so that accelerates the current 
downturn in Japan. We see very good 
growth in 1997 by region as most of 
the regions show double digit growth. 

Manwry 
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A rebound is not a single region re
bound, but the market will return in 
all products in all regions. What is 
different about this forecast is the 
change in Asia-Pacific growth. Asia-
Pacific growth drops virtually in half 
over the forecast period. There are a 
number of reasons for that. The mar
ket is maturing, it is becoming a more 
significant part of the total market, 
and can not continue that kind of 
growth. Another factor is a lot of the 
Asia-Pacific growth was due to Japan 
manufacturing moving into Asia-
Pacific sites. With a weaker yen, that 
manufacturing movement, that migra-
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tion, is slowing down. We do 
not expecrto see as much mi
gration to Asia-Pacific. The 
market itself is getting larger, 
and becoming a more signifi
cant portion of the total market. 
By the year 2000, the Asia-
Pacific market will be one-
quarter of the total of the 
worldwide market. So it cannot 
continue this kind of 35-34% 
compound growth when it gets 
to be that size. 

In the past, we have forecast 
that Asia-Pacific will grow and 
surpass Japan within our fore
cast period. This forecast dif
fers from that we see a little 
slower growth in Asia-Pacific 

than previously forecast and a consistent market 
share for both North America and Europe, 33% 
and about 18% respectively. If you take Japan and 
Asia-Pacific as a unit, they remain about 48-49% 
of the total market over the forecast period. 

In summary, we have seen another DRAM cycle. 
We had hoped that we were not going to see an
other one, and that we were not going to see one 
as deep as we had seen in 1985. Nonetheless, it 
occurred, and we are seeing a very deep dive in 
1996. The good news is, we are on the way up. 
We will see a little bit of revenue growth in 
DRAM in 1997, non DRAM products have con-
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tinned to grow strongly, and recovery is starting 
right now. This transition of memory and micro-
component ICs taking more and more market 
share is probably going to slow down. Some of 
the products delineated, the advanced consumer 
etc., will demand more discrete, more analog, so 
we see a rebound in some of those markets. We 
are looking at the convergence of computers, and 
consumer entertainment, and communications. 
The market is changing but the market is looking 
good. We are looking at $290 billion in the year 
2000. A little below our expectations in the past 
but still very optimistic. 

GENE: The next speaker is Clark Fuhs. He is Di
rector of our Semiconductor Equipment Materials 
and Manufacturing, as well as our semiconductor 
contract manufacturing service. 

CLARK: For those of you who are not familiar 
with our service, we tend to cover in detail all of 
the equipment segments associated with front end 
manufacturing - basically anything having to do 
with the fab. Turning silicon into money, and 
translating money into silicon. We do have a lot 
of detailed forecasts available. 

Supply side economics has often been called voo
doo economics, and occasionally people look at 
me like I am talking voodoo, but we will try to 
bring these issues down to some simple concepts 
for you. The capital equipment industry is cur
rently in a downturn, driven by, of course, over
capacity. 

I thought it would be interesting to show our fore
cast conclusion slide, from a year ago at our mid-

Regional Revenue Forecast 

Amwlci 

Asli/PuMc 
imps 
WorldwWa 

1996 
BIltlHH Hi 

Dallin Pvant 

44^ 4 J 

M.t WttX 

» .1 -10J 

IT.1 ^ J 

1JTX) *A 

1997 
BIHIsraor 

Damn Paretm 

SOLS U2 

4a6 10.7 

34.0 17J0 

2»JS 92 

AUS 12A 

; 

year seminar, unedited. The question that we 
raised was: Are we ready to call the silicon cycle 
dead? Our answer was: Yes, yes and no. It had to 
do with the three areas that have typically been 
associated with spending downturns in the past. 
The electronic equipment market, which is nor
mally caused by a worldwide economic recession, 
we did not see at that time, and we still do not see 
that. 

Dataquest Conclusions from 
SEMICON/West 1995 (July) 

Woridwida economic recession not on horizon 
PC unit shNpmants should continue to grow at a 
16% CA6R 
Silicon cyde is not quite dead 

- Narrowing scope to DRAM business cycle 
- Magnitudeof cycles should diminish over 

time 
Watch for clear signs of transition to 16Mb 

- 1x16 configuration reaching 60 to 65% yields 
- ORAM price index falls 

A PC unit slowdown was not expected, based on 
the drivers that we were seeing. However, the 
silicon cycle was not quite dead because we saw 
that it was going to be narrowing to the DRAM 
cycle. Something that we had mentioned a year 
ago is that the magnitude of the cycle should di
minish over time. I know that is the conventional 
wisdom, but I am beginning to question that wis
dom. The things that drive the cyclicality in the 
business happen to be the DRAM, and that is 
concentrating in our industry, it is not diminishing 
over time. In the early 1980s, DRAM was roughly 
in the high single digits, as far as percent of the 
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market. Today it is in the mid-20% range. Semi
conductor consumption within the PC was under 
15% just five years ago. It is about a third of the 
semiconductor market today. That is the cyclical-
ity driver in our business and I do not think it will 
diminish in severity, at least in the next cycle, be
yond this one. 

Last year, we were going to watch for clear signs 
of the transition to the 16 meg DRAM, and 60-
65% yields. The question that I have gotten lately 
is: How can this industry go from undersupply to 
oversupply so quickly? There are a couple of rea
sons for this. The first one is supply driven. We 
were interested in the timing of the transition, 
going from 4 to 16 meg DRAM because that cre
ates silicon efficiency. The key is bits per square 
inch. If I have a 4 meg DRAM that has an average 
die size of 50 square millimeters, and I have a 16 
meg DRAM that has an average die size of 80, I 
can increase the bits per unit four times and only 
consume 60% more silicon. So the bits per square 
inch goes up by a factor of three just by doing 
conversion from 4 to 16. 

When the industry is stuck at a product unit den
sity (such as a 4 meg DRAM), bit demand, which 
averages about 60% a year, tends to drive silicon 
very directly. Typically this industry is in under
supply. When we have a typical 60% bit demand, 
silicon demand increases by roughly 35% into the 
DRAM sector. This creates the need for more 
equipment-and a capacity-driven spending cycle. 
Capital spending cycle slows in the bottom half of 
the chart, during times of bit oversupply and the 
industry migrates to the next generation of 
DRAM. We are in the lower right hand comer of 
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this circle today. We just crossed the time when 
the industry is taking that step function jump up
ward in bit capacity. During these times where 
you have an average bit capacity of 60%, silicon 
demand is flat to down. We did some modeling, 
and starting in the third quarter of this year, for 
three quarters, wafer start requirements will de
cline going into the DRAM sector, with a bit de
mand of about 70% of the market for growth. The 
complicating factor of the increased expectations 
is that we have a double barrel supply and de
mand-driven slowdown. This has increased the 
severity, hopefully not the length, of the down
turn. We think that this downturn is going to be 
shorter that the average two-year slowdown, and 
the reason for that is the strong end use markets. 

The past series of slides basically explains the dif
ference in our forecast today versus a year ago. 
The two forecasts basically have the same profile, 
as we built in a supply-driven DRAM slowdown 
in '96 into '97. However the better than expected 
1995 capital spending picture is leading to a more 
difficult 1997. A 1.5 to 2 year pause in the 
equipment industry in 1997 and 1998 is still in 
our outlook. The next major growth in spending 
will start in '98, into '99, driven by capacity. 

1996 is a year which turns from growth to de
cline, but will net out with about 17% growth this 
year. The only reasons 1996 remains a double 
digit growth year, are that there were strong 
backlogs coming out of 1995, and a few compa
nies such as IBM, TI, Siemens, and some of the 
dedicated foundries, have continued to grow in
vestments in the first half of this year. Korean 
companies have also grown, but in moderation. 

S9 

1 
IMS 
IMS 
1M7 
1M8 

1A Look at the Previous Wafer Fab 
lEquipmentForecasts: Litde Change 

JUylMS July IMS 
(Percent) (Percent) 

— 52 77 
21 17 
-9 -16 
2 6 

« 16Mb DRAM 
transition occurring 

m DRAM pricing has 
falton 

•a A better 1995 
means a more 
difficult 1997 

tt Only a modest 
recovery in 1998 
seen 

5-14 The 22nd Annual Semiconductor Conference 



Dataquest's Worldwide Outlook for Systems, Semiconductors, and Equipment 

P«rc«nt 

100 

80 

60 

40 

20 

•m 

19M 

SXJ^»^rfit-sniI4 

The Japanese companies have al
ready cut back, but they are still 
investing in shells. Shells are 
where a fab is built, you build a 
building and you put in a minimum 
equipment complement in order to 
test the process, setting up for the 
next generation. So the number of 
fabs will remain inflated, as there 
are more shells being built right 
now, but the equipment will not go 
into those fabs at nearly the rate 
that was anticipated originally. 
DRAM companies everywhere are 
currently cutting back the budgets. 
We do not think that 1996 spend
ing levels can be maintained. In 
particular, we expect in 1997 that 
investment into the DRAM area for 
equipment will be cut as much as 30%. Asia-
Pacific and Japan will be hit the hardest, as these 
are the DRAM production centers. We do expect 
spending on advanced logic capacity to be main
tained and begin growing toward the back half of 
next year. 

In general, companies will continue to invest in 
0.25 micron technology and equipment, in order 
to gain experience for the shrinks that are about to 
come later in the decade. So we have just gone 
from a capacity-driven upturn to a technology-
driven spending pattern. 

Another question is: Are there too many fabs be
ing built? When we analyze the amount of silicon 
(in terms of square inches), that is required in or
der to meet the near $300 billion market in the 
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semiconductor forecast, there should be roughly 
about 35 new fabs per year being built. Currently 
by today's announcements there are too many 
fabs coming on line in the next two years. We 
would expect several more delays, or cancella
tions of plans, to emerge into '97. Many of the 
fabs starting in '96 and '97 will remain shells, 
with a minimum equipment complement. These 
fabs will not likely be fully equipped until 1999, 
meaning the number of new fabs starting out later 
in the decade will actually decline a little bit, but 
equipment spending will increase. 

What our analysis also says is that there needs to 
be more new fab announcements to occur before 
the end of the decade. We have the distinction of 
having the only forecast which has a plus 40% or 
more growth year in the time horizon. We are a 
DRAM driven industry and therefore the swings 
in spending for DRAM, the capacity will be more 
volatile. In this chart we highlight the expected 
changes of DRAM companies shown against 
overall capital spending growth. The bars on the 
left represent the growth rate in capital spending 
for '94 into the year 2000. The bars on the right 
are the growth rate of spending for the DRAM 
companies specifically (TM, Micron, the three 
Korean companies, the top six Japanese compa
nies and some new Taiwanese players). You will 
notice that we expect this group to lag the spend
ing recovery, meaning DRAM is viewed to be the 
last segment to be coming out of oversupply. 
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Our forecast for front end wafer equipment pro
file follows the profile noted on this slide. The 
recovery pattern starting in mid-'97, and progress
ing through '99, will depend on how today's 
overcapacity will trickle through the industry. 
After the wafer fab equipment market contracts in 
1997, it stabilizes in 1998 to about the '95 levels. 
We do see resumed strong growth, as the need for 
the capacity will again become the driver, leading 
to an over $40 billion market in the year 2001. 
This profile is essentially the same as the semi
conductor forecast, but lags by one year. 

In order to quantify and characterize the dynamics 
of the near term market, we have established a top 
line quarterly shipment forecast for wafer fab 
equipment. We expect a decline to accelerate into 
1997 and should perhaps bottom in the first half 
of the year. 

The next slide shows the sequential quarterly 
growth rate, which is derived by taking the cur
rent quarter revenue and comparing it to the pre
vious quarter. For example, the first sequential 
decline quarter is Q3 of 1996, at -3%. This means 
that the revenue in Q3 was 3% below the revenue 
for Q2. These are also seasonally adjusted. 

Our current forecast shows the first sequential 
growth quarter will be the fourth quarter of '97. 
The quarterly outlook has produced the annual 
forecast where we show 1997 declining by nearly 
16% in 1998 as a single digit growth year. But 
how will the industry recover? What are the an
ticipated dynamics of how this recovery is going 
to take place? 

Quarter to Quarter Sequential 
Growth Rates 
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The industry is currently experiencing a DRAM 
oversupply coupled with a product transition. In 
order to determine how capital spending may re
cover, it is important to understand how this ex
cess capacity will migrate, or trickle, into other 
areas. In general, capacity can be split up into 
three major areas in the semiconductor manufac
turing infrastructure. The first is DRAM, the sec
ond is advanced logic, and the third is power 
discrete. Capacity is very fungible, or very 
changeable, going from product to product, so it 
is really impossible to do a supply/demand issue 
on E-proms or Flash, or SRAMs, or ASICs, or 
any other specific advanced logic area, because a 
stepper does not really care what kind of chip is 
on the wafer, all they care about is what the wafer 
is, and the wafers that are going through. 

There are two general blocks of capacity now 
available from today's conditions. These two 
blocks are being redirected into other semicon
ductor product areas today. Based on how this ca
pacity is migrating, the first area of spending 
recovery will be in the advanced logic area, as 
early as mid-'97. So in '97, metal etch will per
form better than polysilicon etch. The microcon
troller, analog, mixed signal, and telecom chip 
capacity will mean extra recovery, but not until 
the end of '97 and into '98. The DRAM segment 
is expected to be the last, probably later in 1998. 

The first block of capacity that has become avail
able is comprised of old format DRAM fabs that 
cannot run 16 meg chips. These are limited to 
two-level metal, and are at 0.6 to 0.8 micron tech
nology. Microcontrollers, telecom chips, consum
ers chips, mixed signal, analog ICs are using this 
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capacity. Right now it is likely that most of these 
fabs in Japan, and some in Korea, will migrate to 
these or have been migrating to these product ar
eas. 

Power and discrete chips have very specialized 
processes not found in old DRAM fabs. So these 
segments are relatively isolated. It is not impos
sible to convert a DRAM fab to run power dis
crete, but an investment into some additional 
process flows is needed, and a learning curve in 
order to convert these fabs. We expect this capac
ity to be relatively isolated, but we expect capital 
spending patterns to be closely tied to demand in 
these product segments. 

The second block of capacity is comprised of idle, 
or underutilized, advanced 16 meg DRAM capac
ity, which is limited to two-level metal, but is at 
0.4 to 0.5 microns. Because these fabs generally 
lack the process sequences of self-aligned silicide, 
which is required for advanced logic, and three 
levels of metal or more, they cannot effectively, 
immediately, be redirected into advanced logic or 
fast SRAM. Therefore, they are limited to com
modity SRAM, Flash, and other non-volatile 
memory, or a limited span of logic products that 
do not require three levels of metal. We expect 
most of these plants to actually remain somewhat 
idle, and we have gotten confirmation that wafer 
starts into DRAM factories today are actually 
declining. 

We believe the first areas of spending recovery 
will be in the advanced logic area, since this will 
be one of the more isolated places, and equipment 
companies positioned for these markets will have 
more moderate slowdowns. The companies that 
are positioned for the DRAM factories are going 
to have more severe slowdowns. Microcontroller, 
analog and mixed signal, and telecom chip capac
ity will be next to recover, and Motorola, among 
others, will be a key company as far as a spending 
pattern recovery here. The DRAM segment, the 
root cause of the problem, is expected to resume 
robust spending at the very last. 

In summary, 1996 is a transition year for wafer 
fab equipment, industry contraction. The industry 
should bottom and start recovery as early as mid-
1997. But the downturn is severe and likely to be 

shorter than normal, because the PC unit growth 
rates are very healthy, and very strong. We do ex
pect a resumption of capacity spending to come 
back in the 1998 timeframe. 

Q: Since forecasting the specific level of the 
market in 2000 is quite a difficult task, what is the 
envelope, or the upside or downside, of your par
ticular forecasts, and some of the issues affecting 
that upside or downside? 

GREG: In my area, we are talking a trillion dollar 
market by that timeframe so the variability is go
ing to be fairly small. Some of the key fundamen
tal economic assumptions are the developing 
economies of the world demanding more electron
ics, and the ongoing upgrade of information tech
nology in the rest of the world. Plus or minus 10% 
from the demand perspective is reasonable. 

CLARK: DRAM represents a factor that could 
take the forecast down 10% by the year 2000. 
What is important is what is going to happen to 
DRAM pricing, and how will it stabilize? Will we 
see another period where the price essentially 
stagnates and remains constant as the demand 
catches up with capacity? We are expecting 
DRAM pricing to not decline, but if it were to 
decline at a faster rate than has been anticipated it 
could take the forecast down substantially. 

GARY: With regard to the equipment manufac
turers it really depends upon how the DRAM 
market plays out. Not so much the level of 
DRAM, or the demand of DRAM, it is the timing 
of the next product migration. If the product mi
gration to the 64 meg happens sooner rather than 
later, there is more downside than upside. If the 
lengths of the cycles are actually getting longer, 
then there is more upside than downside. If you 
lengthen the cycles for the product migration, you 
are going to fiatten the curve for cost per bit de
cline, which means more capital spending per 
dollar revenue. That is what will present some 
upside. The reason we are in a slowdown today is 
in part, due to the 4 to 16 meg transition. If going 
to 64 meg happens quicker, there will be another 
block of silicon efficiency, and capital spending 
will be subdued. That is good for profitability of 
the DRAM manufacturers, and it is not good for 
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the equipment industries. It is in the best interest 
of both those to push out the 64 meg transition. 

Q: What potential new technologies could change 
your forecast up or down over the next four to 
five years? Do you see any dislocations coming? 

GREG: We are going to see some exciting pos
sibilities coming out of displays, and how they are 
integrated into other electronics systems, poten
tially Web browsers. The other area is battery 
technology. It is probably 100 years old and you 
still cannot get your laptop computer to last more 
than three hours because we keep raising the 
power requirements on these as they put faster 
processors in. In general the whole issue with 
batteries and also energy - the green movement -
is going to become the driving factor, globally, 
that will impact new systems that need to be de
signed, and likewise the types of chips that will 
go inside these systems. 

GARY: In terms of the devices certainly there are 
things in the end equipment - the convergence of 
PCs and television and entertainment. But the 
semiconductor side will be a winner either way; 
the semiconductor content will grow along with 
it. The 64 meg DRAM is a transition that could 
impact the forecast substantially. That kind of a 
transition and the technology in that area could 
affect it. System on a chip could impact certainly 
the way these products are categorized so that 
could change very dramatically. You have to look 
at the market in terms of the end applications, or 
the systems, that define it. That can change the 
by-product forecast substantially and could im
pact the total market also. We see probably the 
biggest potential for change in the DRAM area. 

Q: Do you see any dislocations coming as a re
sult of forward integration trends? 

GREG: I do not see any dislocations, I think 
those will complement. We will have to migrate 
from one particular product area to another, but in 
terms of the revenues that it is not going to be a 
substantial difference. Analog for instance, is an 
area that gets cannibalized by other product types. 
Certainly analog is a functional block, and various 
kinds of functions do not disappear, but you find 
them in a lot of microperipherals. 

CLARK: As far as the manufacturing issues are 
concerned, I can see one demand-driven and two 
infrastructure-driven issues. One on the demand 
side is the system on a chip, the very nature and 
definition of that whole realm means that you are 
going to silicon a little bit more efficiently. So as 
that trend begins to emerge there might be some 
issues with the volume requirements. It should 
also spur demand so it is going to be a plus and 
minus issue. The two infrastructure issues have to 
do with the first being the foundry industry and 
the fabless foundry model. Right now about 10% 
of the world's capacity is being served by the 
foundry industry and maybe in fifteen years, go to 
25 or 35%. There is concentration of capital. The 
fabs are getting bigger, but there is also a more 
efficient use of a piece of equipment. The supply 
is being used much more efficiently, and that is 
why that whole issue will win. About 15% of all 
capacity that is being added this year is at 0.8 mi
cron and above. So there has been a new emerg
ing segment of the equipment industry to 
specifically address the lagging edge technology 
markets, and this will be an interesting one to 
watch in the future. 

Q: Wilf said he did not see much of a slowdown 
in the demand in 1996. At the same time you had 
a reduced growth rate for electronic equipment 
production, does this seem kind of contradictory? 
Could you explain how you could have both at the 
same time. 

GREG: In 1996 we had production slowing, but 
half of that slowing is the exchange rate, the dol
lar appreciating against the yen, and the other half 
was due to true slowing of the growth rate of 
systems production. The PC market grew at 25% 
in the previous year on a unit basis globally for 
shipments of PCs. That slowed to 20% growth 
this year. That is 20% difference in growth rate, 
and put another way, it translated into planning 
for inventory levels that were much higher, par
ticularly in Q4 of last year. That all had to be 
worked out of the system, even though everything 
was in a positive growth mode in the first couple 
of quarters. Ordering of chips that go into PCs 
were lowered strictly because of inventory ad
justment, because of a lower, albeit very positive, 
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growth rate, so that type of factor contributed to 
the year as well. 

Q: Can you give us some idea what you think 
about long term in the compound growth rate per 
units? 

GARY: The IC unit compound growth rate is 
about 9.9-10%. It tends to run 3 to 4% lower than 
the revenue growth. 

Q: We have seen a slowdown certainly in the 
dollar portion of the equipment industry and the 
chip industry, and you talked about the capital 
spending still increasing by 16-17%. How does 
that equate with slowdowns in the other part of 
the chain? 

CLARK: There is a lag time of 9 months associ
ated with when we see demand fall off, and ac
tually see spending patterns cut back. That 
happens for a couple of reasons. One is there is 
just simply too much momentum. You are build
ing a fab, you are installing factory capacity, and 
if you responded in capital spending to every little 
ripple that happened, you would be jerking 
around your capital spending plans for a while. 
The second issue is that capital spending does 
tend to be somewhat emotional. Once you start a 
downturn there is a continuation of spending be
cause of that. Spending cuts get delayed but they 
happen, and they happen at a much more severe 
pace than the end use markets do. 

Q: In terms of the fab, is there a relationship be
tween the back end to the front end? What do you 

think the growth rate may be, and what is the 
implication for back end vendors of equipment. 

CLARK: We do not have a lot of specialty in the 
back end versus the front end. I have made a cur
sory look at some of the issues to determine 
whether or not front end was leading back end, or 
back end was leading front end, or whether or not 
there was any correlation at all. The biggest corre
lation I can come up with, in terms of the test 
market, the test market is driven by design starts. 
In terms of test equipment, once you start yielding 
a part, the test equipment would tend to slightly 
lead the front end equipment. In the downturn in 
'95-'96 that indeed did happen. There was a lead. 
The front end market is much bigger than the test 
market, so to presume that there is a strong corre
lation is really not the right thing to do. If any
thing, test leads, the test is more relevant to 
design starts. The mask business is booming right 
now. Equipment companies that are servicing the 
mask business are booming right now. The mask 
business is driven by design starts, so as the ap
plications proliferate, and the number of applica
tions and the chips get more complicated, that end 
of the market will just continue to have fairly long 
term growth. The test equipment market should 
grow at relatively the same rates to the front end 
equipment market. Capital spending, as a percent, 
should remain relatively the same. There are more 
complicated issues emerging in the test area that 
make me believe the ASPs might go up faster than 
the front end. 
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semiconductor applications and system-specific devices market 
research for Dataquest. He oversees the research for the 
Semiconductor Application Markets (SAM) Worldwide, PC 
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boxes. ^ 

Before joining Dataquest, Mr. Sheppard was worldwide business analysis 
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coordmated the worldwide product and market plan that drove investment 
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GREG SHEPPARD: You are going to hear about 
one of the hottest marketing opportunities in all of 
information technology and the impact on the 
chip business is tremendous. Over the past ten 
years the IT industry has taken great strides to 
produces fantastically powerful PCs and worksta
tions. We have seen the capacity - the ability to 
process information increase at least 100 times or 
so, over the last ten years. What we have in place 
on the desktop is something equivalent to what 
the original Cray-1 computer was back in the late 
70s. At the same time, local area network systems 
have done a pretty good job - they have increased 
on the order of fifty to a hundred times as well. 
However once you deal with the public network, 
that has not kept up quite as fast. We have a gap 
forming in terms of processing power at the 
desktop versus the ability of the public infrastruc
ture to handle that. 

Let me take a few minutes to go through some 
terminology here. There are a lot of acronyms in 
this area. First off, we have POTS, which stands 
for plain old telephone service, which is the origi
nal analog twisted pair of lines coming to your 
home. This is also what analog modem technol
ogy takes advantage of. Recently we have seen 
announced initiatives to take this technology up to 
56 kilobits for essentially a doubling of what is 
currently available. ISDN is a digital type tech
nology capable of up to 128 kilobits per second. 
ADSL stands for asymmetrical digital subscriber 

loop and this is a technology that enable these 
twisted pair of lines going into the home to handle 
much higher data rates, particularly the data rates 
coming into the home, and some variance of this 
up to as high as 50 megabits per second poten
tially. This is one of the technologies that is part 
of what we call XDSL. There is another technol
ogy known as HDSL, which also is being used as 
a technology in what we call the T-carrier mar
ketplace. Cable modem technology has to do with 
attaching a radio frequency-based type modem, to 
a coaxial cable line - in this case, the one that the 
cable TV service provider has in place. HFC and 
SDV are variations on a theme: HFC, hybrid fiber 
coax technology involves blending both fiber op
tics and coax. SDV, switched digital video, is also 
a similar technology although it involves dedicat
ing bandwidth and switching it directly to each 
home. ATM, asynchronous transfer mode, is a set 
of technologies that provide a connection orien
tated capability from point A to point B virtually 
through a network scaleable. It is also a set of 
services that can be provisioned and there is a lot 
of variation, different types of services. SONET is 
the fiber optic technology that is being deployed 
primarily in the U.S. The international variant of 
it is known as synchronous digital hierarchy, or 
SDH, but the fiber optic technology going in there 
is SONET. MMDS, and LMDS are essentially 
wireless ways to deliver high bandwidth to the 
home. At Dataquest, we look at these markets and 
the impact on chip demand. In upgrades alone, we 
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see about a $4 billion chip market by the year 
2000 based on the shipments of equipment im
plementing these technologies and services. 

Our first speaker is Lisa Pelgrim. She is an indus
try analyst in our Dataquest Telecom group. 

LISA PELGRIM: In 1995, the Internet met the 
consumer world and it had a profound effect on 
the modem market. The modem market grew that 
year by 53% and it shipped over 18 million mo
dems to North America so it was quite an exciting 
year for a lot of the modem vendors. 

Now we are starting to see some competition in 
that area of modems, and analog modems are 
starting to get ready to compete against ISDN 
TAs cable modems and XDSL modems. XDSL 
includes ADSL and other types of DSL tech
nologies in there. Over the past couple of years 
we have seen significant speed improvements for 
analog modems, and those speed improvements 
are going to be quite drastic in the future in the 
way consumers are going to be able to get more 
speed to access the Internet. 

This shows a bit of the timeline and how those 
speeds are presented to the consumer market. This 
chart outlines what that speed is going to buy you. 

The main factors driving the modem industry are 
really coming out of the consumer and the SOHO 
market. The consumer market is absolutely huge -
there are 94 million households out there and not 
all of them have PCs and not all of them have 
modems so there is quite a large installed base. 
The Internet has been a phenomenal success, or 
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driver, for this market and the other big driver 
right now, which touches more into the corporate 
world is the telecommuter market. Working at 
home, (which Dataquest defines as someone who 
is working at home three days a week or more,) is 
growing very quickly and we expect it to grow by 
20% until 1998. That is going to put a lot of de
mand for different types of devices for people to 
have access. The telecommuters are different 
from the Internet users in that they have more 
symmetric needs. The Internet users oftentimes 
are not sending very much information, but they 
have a need to download a lot of information and 
that is where some of the new technologies are 
going to be very beneficial. Both cable and ADSL 
right now are asymmetric and that fits this model 
perfectly. As far as telecommuters, a lot of them 
have much more symmetric needs in downloading 
a whole bunch of files, making a few changes and 
sending the entire thing back. That would change 
what their demand is. So what does that mean? 
That means you have a great forecast for all these 
different products. 

Even though analog is starting to see competition, 
it is still going to be king through the end of this 
century, and you can see that toward the end of 
the forecast period, it does start to flatten out as 
the other products start to increase. The reason 
that analog is maintaining such a large share of 
this market is that it can be used almost every
where. If you are a mobile user, you cannot de
pend on having ISDN, ADSL, or cable. When you 
are traveling around, you are going to have to fall 
back on analog. One of the other key factors in 
this is that the PC companies are including analog 
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Increases in Modem Speeds 

AneUog modems 
- UA Kbps in 1992 
- 28.8 Kbps in 1994 
- 36.6 Kbps in 1998 
- 56.0 Kbps in 1997 
ISDN 
- 56 Kbps to 128 Kbps in 1995 

ADSL 
- 1.5 Mbps (downstreeuT))/17e Kbps (upstream) in 

1997 
- 6.0 IWbps (downstream)/640 Kbps (upstream) in 

1998 
Cable 
- 10 to 27 IMbps Shared (downstream)/various 

upstreams 1997 

modems in the majority of the PCs that are now 
being shipped. That is a direct reflection of the 
demand that is coming from the consumers, they 
want to get on the Internet. That connectivity is 
very important. ISDN is very strong in Europe, 
very strong in Japan and although we are predict
ing growth in that market, we do not see it hitting 
the big volumes that some of the other products 
will eventually hit. One of the things that are 
starting to put some pressure on ISDN are the new 
56K modems that have recently been announced 
by all the key players in the industry: Rockwell, 
Motorola, and North Robotics in conjunction with 
TI. 

The 56K is not significantly different from a sin
gle B channel at 64K transmission. Consumers 
are addicted to speed; they want more speed but 
they are looking for something less expensive. 
Across the-country, it costs an average of $50 a 
month to get Internet access, or have ISDS serv
ice. In addition to that, fees for an ISP and per use 
charges tends to be too expensive for mass mar
ket. 

Cable is another product that is starting to be 
rolled out. There are a couple of pockets around 
the country where commercial service is actually 
available. The price on that right now ranges from 
about $35 to $40 a month, and a user can surf all 
day long if they want to and not have any per use 
charges. It also includes the cost of the equip
ment. XDSL is something that is a little bit farther 
off but we do expect to see some commercial cli
mate beginning in 1997. One thing to note on this 
forecast is that XDSL numbers include both the 
end user modem and the central office modem. 

xDSL Technologies 
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There is some confusion in the market today with 
XDSL, ADSL and all the other acronyms. This is 
just a quick way to look at it and some of the dif
ferentiators between them. In our forecast, we are 
not including HDSL which is important to re
member when looking at these numbers. We have 
another forecast for that which is separate. HDSL 
is being used more as a Tl replacement service; it 
is more of a business market. It is it not something 
that is going to consumers. 

The cable model is different than the rest of the 
other technologies in the fact that it is a shared 
technology. It works similar to an Ethernet at 
work where if a lot of users are using it at the 
same time, speeds are going to decrease. The ca
ble companies claim that they could put in addi
tional equipment and divide the group in half so 
that half the number of people were now sharing 
data, or sharing the speed. Right now only 10% of 
the cable infrastructure is upgraded to handle the 
two way data. 

Cable Modem Residential 
Infia^ucture 
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Cable is facing a lot of challenges and that is one 
of the reasons we do not see it growing as quickly 
as ADSL. One of the key challenges for the cable 
companies are they do not have experience in 
managing a network. They have been set up on a 
broadcast network. Their users can simply tune in 
based on whatever channel they want to watch. 
They are not measuring how often people are us
ing it and a lot of times they do not know that 
lines are down unless somebody calls them up. In 
doing Internet access that is something they are 
going to have to learn about and that is going to 
be part of a learning curve. It is not simple tech
nology, it is very complex and it is going to be 
quite an obstacle for them. 

One of the other challenges that they have is 
competition from the direct broadcast people so 
they are very motivated to do this. Direct broad
cast is taking away a lot of the cable market share 
and a lot of their subscribers are leaving the cable 
world and subscribing through satellite. In order 
to continue to have a business plan, they have to 
have a new product that they can continue to at
tract consumers with. 

GREG: Our next speaker is Glenn Estes, with 
Telesis Technology Laboratory. Glenn was ap
pointed President of Telesis Technology Labs in 
April of 1994. TTL, as it is known, is a subsidiary 
that provides advanced technology support to all 
units of Pacific Telesis' Group and pursues ex
ploratory work on strategically important emerg
ing technologies. Glenn is also an ABP 
of technology to the corporate strategy 
and development organization of Pa
cific Telesis' group. Prior to joining the 
company, he held various positions in 
technology development at Bell Labs 
and Bell Corp. 

GLENN ESTES: I am going to focus 
on some of the realities of the telephone 
network. When Greg went over the list 
of acronyms, with maybe one excep
tion, Pacific Telesis' group is using all 
of those technologies; we are either in 
trial or in service and that includes ca
ble modems. We are not involved in 
switch digital video at the moment. 

There is a tremendous challenge underway, we 
are here mostly talking about technology today, 
but even more important for people to be aware 
of, at least here in the United States, is telecom 
deregulation legislation which was recently 
passed. Rulings from the FCC passed on August 
8th, and how those rules get interpreted and the 
resulting willingness or unwillingness to invest by 
people in the infrastructure business will probably 
have a great deal of impact on your businesses. 
Pacific Telesis' group is a holding company - our 
largest and best known subsidiary is Pacific Bell 
which is a local exchange carrier in almost all of 
California. The telecommunications industry, 
with its deregulation, is going through tremendous 
change and when we talk about the impact of new 
technologies, we have to take this in context of 
everything else that is going on, including in the 
public policy arena. 

In this figure, XDSL is the direction that Pacific 
Telesis' group and a number of other large local 
exchange carriers in the United States are headed 
toward at the moment. We have a number of 
motivations to invest in this technology. We do 
recognize the market need for some of the tech
nology that we are willing to deploy. One of the 
issues we face today is the very long call holding 
times that data users need. Holding times have 
increased, maybe 20% a year on average over the 
last couple of years, and as there is greater pene
tration of on-line services, we are going to see 
those trends continue. Some of this really does 
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relate to regulatory and public policy issues. In 
California, for instance, there is unlimited free 
local calling, within twelve miles of the central 
office. That allows an on-line service provider to 
go out and place modem banks in selected wire 
centers. By covering less than 100 wire centers, 
you can cover almost all the population in Cali
fornia. These people are located in such a place 
that they would have unlimited local calling - no 
charge, no revenue. That makes for a strange 
business model when you consider that we are 
tying-up our central office switches with effec
tively free calls. Suffice it to say that we need 
some regulatory relief on that. We are also work
ing on terms of what technology solutions could 
be brought to bear. 

The architecture would allow us to use the exist
ing wire pairs to carry data as well as analog 
voice. We use FDM to put data in the spectrum 
above the POTS (the plain old telephone service, 
which is, say, 3300 hertz). At the central office 
we have a splitter which splits off that spectrum, 
and sends it to a channel bank (shown as an 
XDSL multiplexer). Then only the voice calls 
would go through the central office switch and tie 
up that critical resource. 

There is a great deal of concentration done in to
day's voice network based on the old Erlang 
model of three minute holding time per calls. 
There are a lot of challenges though, and that in
volves working through the outside plant. In the 
context here, the outside plant is the connection 
between the central office, a wire center, and the 
individual subscriber. 
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By going to some fairly old data, I have shown 
some statistics based on the old Bell System, the 
subscriber loop distribution. Not many loops are 
less than 18 Kft. If your modem technology could 
reach out to 18,000 feet and operate reliably, then 
you are going to cover over eighty percent of the 
subscribers in the United States. In different re
gions of the world, there are different loop distri
butions, but in general they have more wire 
centers, shorter subscriber loops, and therefore 
are easier to reach in terms of the technology you 
need for the modems. 

Twisted pairs have distributed capacitance be
tween the pairs of wires as they reach further out, 
and to keep the impedance constant inductors can 
be installed. They are distributed at set intervals 
throughout the outside plant. That loading of 
loops, is only done beyond 18,0(X) feet. Our basic 
analog phone requires a DC current to drive the 
microphone and the handset, and you get 20 some 
milli-amps, so we have a resistance design limit 
of about 1300 ohms in our longest loops. Depend
ing on the gauge of the wire, that is going to set a 
length limitation also. There are many different 
technologies being proposed for XDSL. The 
technologies we are intending to deploy initially 
are asymmetric digital subscriber line. There is a 
U.S. standard which ETSI in Europe also stan
dardized on a modulation scheme called discrete 
multi-tone and that is the direction we are headed 
as a company. 

We also have hybrid fiber coax. Pacific Telesis' 
group has launched an initiative to build out a 
consumer broadband network throughout the state 
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of California. We have wired 
past about 180,000 homes 
now but we have not turned 
all those customers up. We 
are in the process of putting 
both telephony and video 
services on that facility. We 
have two beachhead areas, 
one in San Diego, and one in 
the south San Francisco Bay 
area, particularly around the 
San Jose area. In San Jose, 
we have cable modem trials 
underway, and almost a hun
dred users, on their second 
generation cable modem. 

The architecture shown here 
is one typically used by 
MSOs or cable operators, and 
also by companies such as ourselves. From the 
central offlce out to the neighborhood node 
(called the fiber node), we use coaxial cables to 
go down through the local streets and connect to 
the premises. 

In our hybrid fiber coax, we are trying to integrate 
telephony onto that facility from the very start. 
Ours is not a plan to merely put in HFC, offer 
analog video, then later continue to use our 
twisted pair. Our architecture was to use voice 
from the beginning, so we constructed perhaps the 
best hybrid fiber coax networks that can be built 
today economically. 

It is possible for ingress to occur there and while 
impulse noise will not be a terrible problem to 
overcome, there are noise sources which can af
fect many of the upstream protocols used for a 
two-way service. Two way cable modems using a 
POTS return or a telephone return with high 
speed data downstream is probably a more prag
matic way to go. 

In our particular plant, we have done some things 
which we feel are giving us some advantage. It is 
still a challenge for us, operating cable modem 
technology. ISDN is happening and we do have a 
very active data market in California. We were 
forecasting over 50,000, new ISDN lines this year 
and we are running ahead of rate by about 30%, 
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SO I would project that if we can get the installs 
done, we will end up the year installing more than 
50,000 lines of ISDN just in our market. 

We have ISDN capability throughout California. 
We have trials today where we have tens of cus
tomers connected, running at 64 kilobits upstream 
and one and a half megabits downstream. Those 
installs have gone very well, but we do not have 
the infrastructure backhaul support in place to 
scale that into roll-out service right away. The 
practicality of the cable modem issue is that it 
takes a lot of capital investment to make the in
frastructure capable of supporting that in a robust 
manner. 

I anticipate the dollars will flow into that sort of 
an investment. 

GREG: Our next speaker is Steve Edwards with 
Northern Telecom. He is currently Assistant Vice 
President with responsibility for sales and market
ing for Nortel's Telco Broadband Networks and 
Application products and solutions to the North 
American telephone companies. He has respon
sibility for business management and develop
ment of broadband access solutions. 

STEVE: The local loop has been remarkably 
stable for well over a hundred years - it is still a 
twisted pair into the home, or into the business. 
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The bandwidth of that circuit has remained un
changed at less than 4 kilohertz of delivery. 
Clearly the bandwidth requirements on that access 
into homes, and small business are driven by the 
requirements for high speed data. 

What is driving this demand for high speed data? 
It is the growth of home PCs and there is tremen
dous growth in North America in both small busi
ness and home offices. There is a significant 
business opportunity for cheap connectivity for 
small businesses as well. Second, the massive 
acceptance of the Internet, explosion of usage of 
services such as America OnLine, and the in
creased desire to work at home. This is driven 
both by us as individuals and our companies who 
want to save on facility expense, and governments 
that want to save on transport, infrastructure and 
pollution costs. There are three drivers in that 
area and they are creating frustration for users 
with slow modems, downloading files, and tied-
up telephone lines. An independent estimate sug
gested that to actually upgrade the switch infra
structure in North America to support the longer 
holding times, would cost the local exchange 
companies $6 billion in equipment purchases. 
Chief financial officers do not like that business 
case, that is capital expenditure with no incre
mental revenue. There is a need to migrate the 
power users to high speed services. 

There are in homes and small offices in excess of 
20 million modems in use today in North Amer
ica. My current ISDN projection would suggest, 
that possibly there would be 500-600,000 lines in 
use by the end of this year. This is somewhere in 
the order of 45 million data access users, and 

Today, On-line Subscribers use Afocfems 
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about 35 million of them will be analog modem 
based. Our forecast suggests that ISDN may be at 
the 3 million level by then, and high speed access 
with ADSL might be around 5.5 million, with 
modem actually being stronger than indicated at 
around 2 million users. 

NorTel's high speed network solutions cover both 
coax and copper-based infrastructures. They in
corporate intelligent networking which is a key 
part of the overall service delivery and they are 
based on the notion of providing end to end ATM 
connectivity, which is very important to scale to 
mass market proportions. 

Copper or Coax Access 

HUK, I 

NORTEL 

An end to end service perspective is required for 
the service providers, whether they be companies 
like competitive local exchange carriers, inter ex
change carriers, or the cable companies. They will 
need to have a system perspective. It is not suffi
cient to just deliver high bandwidth, you have to 
be able to deliver services that work. 

Our approach here is what we call a four layer 
approach. It consists of the access network itself, 
both coax and copper access networks, using 
ADSL technologies. We are providing ATM con
nectivity from the home or small office through 
an ATM modem back into the network, through 
the SONET networks into the ATM (the back
bone) environment and then for connection to 
content there is a service intelligence layer. Then 
the application layer which is things like World 
Wide Web browsing, or work at home applica
tions etcetera. Focusing on the coax axis we have 
been proposing, and have deployed, a system that 
delivers 20 megabits of symmetric service to 
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anywhere from 50 to 250 homes in a shared bus 
environment. This is a symmetric approach, and 
we have been very cognizant of the issue that was 
talked about in telecommuting that one person's 
download is another person's upload into the 
network. We have tested this system under high 
bit rate transfer of 9 megabit files, 14 PCs doing 
that simultaneously. We found performance that 
was 40 times in excess of what you could achieve 
on a 28.8 modem. This solution set is in play to
day in New Brunswick Telephone, in eastern 
Canada. Consumers using the service for fast In
ternet access are very ecstatic about the solutions 
being delivered to them. We have many good 
comments about its use there. 

Moving onto to the copper access, we are working 
to deliver a system that matches very closely 
against the solution that Glenn showed in his net
work. ADSL technologies are ideal connectivity 
solutions for small companies that are buying T-1 
and HDSL solutions. If the tariff of Internet serv
ice rates is $30 to $50 a month, it is going to be 
easy migration when paying a $1000 today. This 
local loop is available to other providers, and 
what we are seeing is the competitive access pro
viders using it to gain access to service. Service 
control is very important, for the scalability of the 
service delivery networks and is providing both 
session and service control for the services being 
delivered to either the home, or the end user. 

NorTel's Solutions are based on delivering ATM 
to the home, for residential or small business use. 
We do support high speed access, both down
stream as well as upstream in coax based imple
mentations. These solution sets are ready for 
interactive TV, when that comes back. The notion 
of the service controller does provide a new way, 
to a new connectivity. Networks are proposed to 
provide ease of network management and offer a 
high degree of end to end security. They ad
dressed the fast Internet access requirements to 
ease the switch congestion and then creating the 
revenue opportunities, not providing more oppor
tunities for free local service. 

GREG: Our next speaker is Russ Johnsen, who is 
with Analog Devices. He is Vice President and 
General Manager of their Communications Divi

sion, based in Wilmington, Massachusetts. He is 
chartered with managing the youngest and fastest 
growing division with Analog devices. The com
munication division was established in 1994 to 
address opportunities in digital wireless commu
nications as well as broadband telecommunica
tions markets. His prior job was with National 
Semiconductor where he was General Manager of 
their Wide Area Networks Division, and he has 
held various roles, working in communications, 
microprocessors and out in South East Asia, with 
manufacturing as well. 

RUSS JOHNSEN: We have had in the last few 
years a lot of things that are really stacking up to 
provide a tremendous amount of opportunity for 
us in our industry. First, we have heard about a 
pent up demand, a tremendous amount of people 
that are focusing on Internet access. So we have 
market demand out there. 

Second, new transmission technologies, whether 
it be DMT, CAP, QAM, QPSK, or DWMT, vari
ous transmission technologies are coming down 
the pipe and lining up right now to provide the 
technology to conquer these problems with Inter
net access and also adding, enabling, new carriers 
in the local loop as well. 

The government is deregulating the local loop, 
deregulating the telecommunications infrastruc
ture all around the world, and that is putting new 
pressures on the phone companies. At the same 
time, it is breeding a lot of competition that is 
going to help enable a lot of the markets that we 
are talking about. Governments are working in 
concert with industry and markets, to be able to 
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provide a lot of new opportunities. 

There are a tremendous amount of choices: 
ADSL; HDSL; SDSL, which is symmetric digital 
subscriber loop hybrid fiber coax; VDSL, some
times called switch digital video coming down the 
pipe which will get network access up in excess 
of 51 megabit. Consumers want POTS, they want 
POTS access, they are going to want broadband 
data, they are going to want other new broadband 
services. When we started talking about broad
band into the home, we were talking about video 
on demand, and now it is Web access. 

There are a whole host of different delivery tech
niques. To start with, there are about 600 million 
lines of copper twisted pair that are already out 
there, on loops that already exist in the infrastruc
ture. They are being installed around the world to 
the rate that we should see 900 million lines by 
the end of the decade. Copper is here to stay, it is 
not going to go away. Ultimately companies such 
as PacTel and others are going to be putting in 
much stronger fiber infrastructure in addition to 
twisted pair. Technology such as ADSL can take 
advantage of the existing infrastructure and at the 
same time relieve the overly congested central 
office. As fiber is deployed around the world, 
companies can begin putting in VDSL, even 
higher speeds into certain selected areas of busi
nesses and consumers. Some of the satellite TV 
companies are talking about Internet access over 
DBS. In Europe, a new technology is being de
ployed called digital audio broadcast. Initially it 
is being set up for CD quality sound but it is a 1.7 
megabit per second wireline pipe that goes into 
mobile units. A lot of these solutions are going to 
co-exist. 

As a semiconductor manufacturer, I feel as if we 
are the tail wagging the dog. Which standards are 
going to triumph and how are we going to get at 
those? There is a very strong argument for coex
istence. It is not the technology that will answer 
the question on how it will be deployed. It will 
vary from coimtry to country and from country to 
county, it will get down to the local public 
utilities commissions in terms of how much 
money companies are going to be permitted to 
spend. We in the semiconductor industry will 

have to be prepared to answer a lot of these. 
Population demographics are going to be 
important too. Companies are going to have 
different levels of technology for different 
businesses and consumers. Timing is going to 
shift in terms of when all these things are going to 
roll out. ADSL and VDSL are going to come out 
a little later, there will be interim technologies but 
a lot of these things are going to co-exist well into 
the next decade as well. 

What are the applications that are going to be out 
there? Is it going to be purely Internet access, is it 
going to be symmetric requirements or is it going 
to be asymmetric requirements? Work at home is 
going to require a higher level of symmetry and 
the will be able to choose as time goes forward, is 
once again, leading credence to co-existence. It is 
a question of what makes sense where, within the 
local loop, or within the infrastructure. 
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It has to do with reach of the loops, what 
technologies can reach out to those 80% of the 
loops that are 18,000 feet or less, and how much 
does infrastructure have to increase and improve 
your as time goes forward? Voice band modems 
are already there, but even at 56 kilobit, it still 
takes a long time to download full motion video, 
which is going to be demanded by each and every 
one of us. Other applications are going to be 
needed. ADSL can service in the 6 or 8 to 10 
megabit per second range on the downstream side, 
rate adaptive ADSL can become symmetric in the 
3 or 4 megabit per second, depending upon loop 
lengths. VDSL is also very real and in areas that 
have fiber within 1000, 2000, even 3000 feet, of a 
business or residence, VDSL is going to be a very 
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real application that will start deploying in the '98 
to '99 timeframe and well into the next decade. 
VDSL is an asymmetric solution, very likely, 
although there are ways it can be made more 
symmetrical. It is going to have 26 to 51 megabit 
per second into the home, and six or eight 
megabits per second, depending upon what 
upstream technology is used going back the other 
direction. That is a lot of bandwidth that will also 
co-exist for a long, long time. 

Analog Devices is working on many of these 
applications right now. Whether it be ADSL, or 
VDSL, or hybrid fiber coax, there is going to be 
an evolution of this technology, there is going to 
be a lot of problems associated with deploying 
them. That is why the phone companies are 
putting together very close trials. Phone 
companies are going to have to learn a lot about 
their own infrastructure in order to fully deploy it. 
Deployment is going to happen; it is going to go a 
little slower, with more care than we thought, but 
there is going to be $50 to $100 of semiconductor 
content in each modem. It is a tremendous 
opportunity for our industry. 

Semiconductor companies are having to take a 
step more than in the past. You have to do, not 
only the systems on a chip, but you have to add on 
to it the systems architecture, the software that 
has to bundle around it, in order to create an 
entire solution. That is how you are going to win, 
and we hare an opportunity to do that. 

GREG: Our last speaker today is Bob Bailey. 
Bob is President of PMC Sierra which is a 
subsidary of Sierra Semiconductor. He is based in 
Vancouver, British Columbia, where he has been 
since November of 1993. PMC Sierra is a leading 
maker of broadband networking integrated 
circuits and with Sierra moving out of the modem 
business, this is now certainly akey thrust area for 
them. In 1993, PMC Sierra had revenues of $8 
million and this has climbed to the $40 million 
range as of 1995. Before working at PMC Sierra, 
Bob was VP of the ASIC Strategic Business Unit, 
at AT&T Microelectronics who are now Lucid 
Technologies. 

BOB BAILEY: Well, I got in very late last night, 
it was after midnight. This is my first visit to Palm 

Springs. When I got into the rental car and I 
noticed they had one of those global positioning 
things. It gave me different directions than the 
Avis guy did to get here. So I decided I was going 
to follow what the machine was telling me to do, 
and this robotic voice would say, "Turn right 
upl/10 of a mile." I accidentally made an honest 
mistake, went the wrong way, and it was telling 
me, "You're going the wrong way," and I was 
very impressed. So I turned around and I was 
going the right way, and as I was getting closer to 
the hotel, it told me to turn. I thought this was odd 
as it looked like a residental street, but it gave me 
the name of the street and again, it was very 
impressive. I was driving through and I said, 
"TTiis cannot be right!" Right, but you know it is 
run by a computer, it has to be right. So anyway, I 
go to this dead end and there was a wrought iron 
fence there and in the distance I can see the hotel! 
And then the machine said, "You have arrived." If 
I was a crowl had arrived. So I turn around and I 
am back tracking to get around and the machine 
kept saying, "You're going the wrong way, you're 
going the wrong way, you're going..." so I am 
arguing with the machine. 

This global positioning system with this satellite 
infrastructure, was put in place by the Department 
of Defence in the Cold War build up. They have 
to do something with these things, and there are a 
whole bunch of commercial applications. Here is 
an infrastructure with insufficient intelligence 
attached to it, which is exactly the opposite of 
what we have in the Internet, which is an 
overabundance of intelligence with insufficient 
infrastructure. 

We have to create this infrastructure for the 
digital age, and the opportunity is really 
unprecedented. There is a tidal wave of digital 
traffic building up and the information 
infrastructure, just cannot handle it. One study 
said in the next twenty-five years there will be 
over a trillion dollars in capital investment in the 
world to handle this infrastructure. Digital age is 
transforming our global economy where the 
product that is represented in streams of bits or 
bytes is transferred over a wire or piece of fiber, 
and will have a profound effect on all of our lives. 
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There is on-line ubiquity, we all hear about it how 
many people are getting on-line. It is getting to 
the point where even today, you cannot really run 
your business without being on-line. This is 
creating seemingly unlimited choice not just in 
products, but in information, in political 
candidates. Everybody's got a Website. Maybe 
you have a business that is very non-technical, 
and you do not want to know anything about a 
Website. If you type the basic text of what you 
want, and put it on a floppy in the mail, you will 
have a Website. The equipment is not even on 
your premises, so this is really pervading 
everything. 

A big opportunity is the merging of networks -
the cable networks, the regional Bell operating 
companies, the carriers, and this new entity called 
an ISP, an Internet Service Provider, that five 
years ago did not even exist. One networking 
executive told me that the cable companies are 
losing meu-ket share so quickly right now, to this 
direct broadcast phenomenon that if the current 
trend continues, within only two or three years 
their basic business model will not work. With the 
merging of networks there is going to be merging 
of equipment and chip people like that because 
our integration capabilities come into play. There 
is also massive restructuring of traditional 
distribution channels as a result of that, cutting 
out the middle man. This is direct mail in a turbo 
mode, which creates an incredible leap in market 
efficiencies. Everything is faster, better, cheaper, 
there is no room for inefficiencies. The 
government is trying to figure out how are they 
going to do the typical things they do to 
government that do not work anymore. 
Communist China has one approach: make the 
Internet illegal. That really is not going to work, 
but it is going to make things very exciting. 

One of the mega trends that are going on, on-line 
ubiquity, is going to become a necessity almost 
like a social security number, companies will 
increasingly leverage the Web with sound clips 
and videos to market their products on the Web. 
Everyone tries to do it, but it is not very feasible 
with the speed of the modem technology today. 

There are tens of millions of LAN connected PCs 
installed every year and that traffic has to be 
managed over the wide area network. There is 
U.S. telecommunications deregulations, and there 
is another thing going on, especially in Europe, 
and that is, corporate welfare, as it is called, is 
now unaffordable, which means the big vertically 
integrated telecommunications industries in 
Europe can no longer afford to be isolated from 
competition because they would rather spend their 
money on healthcare, and retirement pensions, 
and things that they are having a hard time 
supporting right now. That is going to open up a 
lot of competition. Vast repositories of 
information are coming on-line, and are going to 
make the whole thing come together. 
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This is the chart shows that the total number of 
client computers on the Internet will increase 5 
times from 1995 to the year 2000. The most 
prevalent modem technology used in 1995 was 
the 14.4. In the year 2000, some of the other 
forecasts show that something on the order of a T-
1 or a full speed ADSL modem will be prevalent. 
That is 1.5 meg, about a 10 times increase in 
bandwidth at each node, so that is a 50 times 
increase of traffic, and that probably does not 
include all the corporate networks. Video and 
sound is incredibly more complex, I think it could 
be at least a million times the traffic in just 5 
years and that is a big number. 
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So, what kind of technologies are being used to 
address this? There is C, which is internet 
protocol, switching or tag switching, from Cisco 
frame relay from companies such as Northern 
Telecom, Newbridge Networks, Stratacom, 
Cascade and others. ATM in the wide area 
network, the ISP carrier modem, DSP modem 
banks, and packets over SONET, which looks like 
an exciting application. 

Frame relay is incredibly popular and is growing 
at over 100% a year right now. One of the reasons 
is the cost of a frame relay switch has gone from 
about $3,000 to about a $100 a switch port in only 
about three years. The service for frame relays 
can be up to T-1 rates, 1.5 megabit per second 
rates, for only a $1000 a month. 

PMC has connected all its branch offices with 
frame relay and behind them, in the backbone, 
aggregating that traffic, are ATM switches -
ATM has already won. The old TDM, or time 

division multiplex switches are being transitioned, 
or overlayed, with ATM switches, and in the 
future they will be all ATM switches and 
everyone agrees on this, this is a consensus. The 
corporate world is connecting all their factories 
and all their places with frame relay, as opposed 
to lease lines, which were much more expensive 

PMC LAN Interconnect 
Frame Relay/ATM 
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and inefficient. 

Dataquest came out with this report on gigabit 
Ethernet, and said that gigabit was going to be a 
$2.9 billion equipment market by the year 2000. It 
shows ATM in the LAN, and in 1997, ATM will 
surpass FTDI in terms of switch ports shipped. 
FTDI had been pretty much, THE backbone 
technology. In 1999, it says that gigabit will then 
surpass ATM in terms of port shipments and in 
the year 2000, it will be slightly more. But if you 
look more at the investments that the Ciscos, 
Cabletrons, 3Coms and others are making, they 
are betting on both. ATM is growing quite nicely, 
even though there is this gigabit product being 
developed-as well, £ind is going to probably have 
first products out next year. 

I had heard that one of the big four, I do not want 
to give you their names, but in their first year, 
they shipped $100 million of ATM network 
equipment, in their first year. So, the answer is 
both, both win. 

If you look at all this modem traffic we talked 
about, and it goes into the public network, it is 
aggregated quite often on T-1 links, into the ISP 
and then aggregated through the Web, across 
sometimes IP or through IP routers, sometimes 
Cisco routers. There is big opportunities here as 
well in silicon, making all these interfaces 
happen. The new phenomenon is packets over 
SONfET. The ISPs are putting SONET equipment 
into interface to leverage the SONET 

infrastructure and the carriers. You can 
put voice over that, Internet data over 
the World Wide Web, IP can be over 
that, as well as ATM cells can be over 
SONET, so it is a universal transmission 
technology. 

Those semiconductor companies that 
best address the needs of those 
networking OEMs, with enabling 
technologies, will be the primary 
beneficiaries of the digital age and as 
we said, a trillion dollars of capital will 
be invested in the next 25 years to 
manage this tidal wave of digital traffic. 
Semiconductors will provide the tech
nologies to enable this digtial age. 

GREG: Of the technologies talked about to pro
vide these high speed services to the home, which 
one will be the most prevalent and why? 

RUSS: I can tell you what we are investing in 
and obviously that gives you some clues on what 
we think are going to be important markets. We 
are investing very heavily in inside analog devices 
and discrete multi-tone based ADSL. And that 
was what was referred to earlier, it is an ANSI 
standard. We think it is going to be deployed and 
why it will win as much as anything, is exactly 
what we have talked about, this congestion inside 
the central office on the voice band switches, as 
well as because Internet Web requirements are 
coming down very quickly. We are investing very 
heavily there, and in certain areas video cell fiber 
up to within 3,000 feet of a home or a business is 
going to start to be deployed although it is going 
to be well into the next decade before it is really 
ubiquitous. 

LISA: One of the things that I really like about 
the ADSL is that it separates the DSO channels, 
so you still have your voice call going over, and 
you are able to use your data and telephone over 
the same line which is not the case right now with 
the cable modems. When people are on their mo
dems, the average time spent is over an hour, and 
that is incredibly long compared to three or four 
minutes for a voice call. That is one of the reasons 
I think the telephone companies are very moti
vated to move forward with ADSL. 
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STEVE: I agree, but I would like to put some 
cautions on the table here. The technology has to 
prove it can deliver end to end service capability. 
There are some issues in home wiring that are yet 
to be addressed by the industry. Clearly we have 
not talked about interoperability. Although it is a 
standard, it is only a standard at the transport 
layer. We need to work through many probability 
issues so this industry can rise to the challenge of 
putting modems into circuit cities and consumers 
can buy them off the shelf, phone up their friendly 
service provider, and get service. There are some 
challenges that need to be addressed, but if ADSL 
does prove to be a technology that can deliver the 
goods on data delivery, and can migrate into some 
form of interactivity at the video level, solutions 
that require digging up infrastructure of North 
America will be hard put to displace it. That is the 
experience that you certainly had in San Jose, 
where there was a lot of push back from com
munities on digging up the streets to put these 
technologies in. The ones that can already use the 
infrastructure in place, or right over the ether, are 
the technologies that will win into the next cen
tury. 

BOB: We will never be able to deploy anything 
without your companies. Our economics are such 
that we do things in scale, we have to have for
ward pricing, and you do not get forward pricing 
until you get the chips. We are starting to see 
people building, they have the piece parts and 
they can btiild them in the systems. Many of these 
ADSL systems we are talking about actually 
could be providing ATM in-points, and the issue 
has been that there are not enough ATM in-points 
out there to continue some of the investments that 
corporations have been making. When you start 
counting in these access loops as ATM in-points 
the numbers start getting very intriguing. 

There is a great deal of business opportunity a 
few years down the road for figuring out a home 
gateway device and the internal network issue for 
inside the residence. But to try and actually an
swer the question, we are going to leverage our 
investments, we have that money sunk in the 
ground. The U.S. local exchange carriers have 
hundreds of billions of dollars basically tied up in 
this plan. That is our lifeblood and that is what we 

have to work with, so we are going to continue 
investing in that to the extent that public policy 
and the stock markets allow. I do not want to dis
count the difficulties that we foresee in rolling it 
out. We have to make the ADSL service simpler 
than ISDN and that includes the installation pro
cedures, etc. We also have to get to the point 
where we can get the low price customer premises 
equipment and that requires interoperability. Our 
company has joined together with three other re
gional Bell companies in going out for joint R&D 
for ADSL technology in trying to get forward 
pricing, and set a direction. I hope other compa
nies will step up and we can get the trend going. 
Right now, I think we are succeeding in that so 
far. We do see the ADSL as happening. 

BOB: The risk of the ADSL is, there is such a 
threshold and an upgrade to get there and by the 
time we get there, where it is pervasive, where it 
is easy to get, where if somebody picks the phone 
up and within at least 30 days they can get it into 
their home, that 1.5 meg asymmetrical will not be 
enough. That is the risk, and I am not talking 
about cable modems here, I am talking about an
other technology altogether where somehow you 
get Ethernet and voice on one line, and then a 
splitter once you get in the home. 

RUSS: By the way the ANSI standard is 6 mega
byte, not 1.5 ADSL. 

BOB: But the number of years it will take to get 
there, you will have to shoot for something that is 
moving and have to lead the target. It is going to 
grow and there is infrastructure that will be put in 
place but I do not know if it is going to be the 
panacea, or if it is going to pervade the whole In
ternet world. 

LISA: The forecast that we have for ADSL or 
XDSL, in the year 2000, only represents 2% of 
the PSTN lines in the U.S., so while our forecast 
looks very aggressive, it is still a small percentage 
of what is really out there. Another interesting 
number that came out of Bell-Cor was that 34% 
of all Internet traffic worldwide originates in Cali
fornia. You can see the demand is a little skewed. 
And 25% of Internet traffic originates in the Bay 
Area so when we are looking at deployment guess 
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where it is going to be. We can really see where 
certain pockets are going to move ahead earlier. 

GREG: There are several issues in ADSL that 
still have to be worked out. What are the most 
important hurdles? 

GLENN: There are physics issues on the outside 
plant about getting it to work. To us it is scaling 
this out to where you can get the installs done. 
We have a lot of systems issues, support to cus
tomer care platforms which actually gives us an 
advantage. The inside wiring issues we will ini
tially deal with that by doing direct wiring to the 
room in the home. We know how to do that quite 
well, we do that every day. For us it is a business 
case issues that gets back to willingness to pay 
and the penetration rates. There will be a certain 
level of penetration for a $30 a month service that 
you will not get if it is a $150 a month service. 
That has to do with this circular argument that 
goes around, that need the chips and we need the 
scaling to be able to do this in volume. The issues 
around ADSL, is we might have to go slower than 
faster to begin with. It is more important for our 
company to be able to reach more customers than 
it is to be able to go lickety-split fast. If you go to 
an ISP and say, "I am going to bring you a fire
hose and 1.5 megabit from all your subscribers," 
then ISP is going to go upside-down and the In
ternet itself would have tremendous problems. We 
are not the only game in town, literally, that has to 
get lined up in this process to succeed. I see it as 
an incremental step by step. We are looking for 
technologies that would eventually let us get to 
the place where we can do stream video, etc., and 
that is where these long term bets are. I really 
hope the DMT work you are doing is as promis
ing as we think it is. 

GREG: What are your expectations out of the 
semiconductor industry, the supplier? How can 
they best help you achieve your objectives in this 
area? 

STEVE: Clearly the expectation of our custom
ers, is that we will provide forward pricing' in 
many of these technologies so that we can stimu
late the economy of scale of these devices. What 
we are looking for is a rear view that there is uni

formity in the standards that are being proposed 
so the industry as a whole can take the steps that 
we need to take in integrating, fairly massively, 
devices into single chips so that the price points 
come down. I think that really is a challenge for 
all for us, settling on that standard. Glenn's com
pany along with the three other RBOCs have 
taken a good step in that direction to, getting eve
ryone's minds focused on. What the real problem 
is, and that is hitting a certain price point and do
ing it as quickly as possible. The only way to do 
that is to work in conjunction with your industry, 
so that we can drive the cost of material that is in 
those devices down to a point where it makes 
sense for us to build them. That is the fundamen
tal challenge: understanding what the end game 
is, bringing investments in, the integration of 
them, and getting on with the job. 

GREG: What do you think it takes for a semi
conductor supplier to be successful in this market 
space moving forward? 

RUSS: Just integrating hardware together is not 
cutting it anymore. Probably a third or a half of 
our investment in DMT is in silicons, systems and 
software. Integrating the hardware systems and 
software, optimizing the partitioning between the 
software and hardware, between analog and digi
tal has to be critically important. Unfortunately, 
these are long-term investments and by the time 
we anticipate seeing large-scale returns, we will 
be in our third or fourth generation of circuits. In 
1998, we will be in our third or fourth generation 
already and that is how we are going to get the 
cost up and we recognize that we have to do that. 

BOB: To be really successful as a semiconductor 
company in the communications and networking 
segments, it is very different from the segments 
such as the PC segment. In the past, the customers 
would tell the semiconductor companies exactly 
what they want and then we would develop that 
precise thing the way they wanted. With commu
nications and networking there are more stan
dards, so the customers expect products that 
adhere to those standards and are already com
pletely de-bugged, and will enable them to make 
their end product as a result of it. 
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Mr. Ford is responsible for conducting market research and 
analysis for the Semiconductor Application Markets group at 
Dataquest. He is a specialist on the end use or application of 
semiconductors with the scope of analysis including both 
economic and technical trends regarding the semiconductor 
content of electronic equipment. His work also includes 
contributions on client-specific corisulting projects. 

Mr. Ford is the program manager for the Consumer Multimedia 
Semiconductors and Applications program and also has primary 
responsibility for Dataquest research in wireless communications 

and mobile computing semiconductor applications. In addition, he 
contributes to the general semiconductor applications research. 

Before his current role, Mr. Ford completed major consulting projects in the 
telecommunications, mobile computing, and multimedia industries for 
Dataquest. His work included the development of forecasting models to 
project the development of new technologies and the growth of emerging 
markets. He also led the laimch of Dataquest's successful Teardown 
program where in-depth analysis is performed on electronic equipment 
mcluding PCs, workstations, cellular phones, set-top boxes, and video 
games. 

Before joining Dataquest, Mr. Ford was employed by Sun Microsystems in 
Its product marketing organization where he created and implemented 
marketing plans and joint development agreements with third-party 
vendors. Earlier, he was a design engineer working with real-time image 
processing technologies and computer-aided-engineering systems for Evans 
& Sutherland, a producer of graphics workstations and high-performance 
flight simulators. 

Mr. Ford has an M.B.A. in strategic management from The Wharton School 
Umversity of Pennsylvania, and a B.S.E.E. degree in electrical engineering ' 
from Bngham Young University. 
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Mr. Aidala is vice president and division manager of the Personal 
Mobile Communications Division of Mitsubishi Wireless 
Communications Inc., which develops and markets wireless 
voice/data telecommunications products and advanced mobile 
communications applications. He is responsible for the tactical 
marketing, product management, and sales of these products, 
such as the Mobile Access phone, as well as strategic plaiming for 
the development of new products and services. 

From January 1985, Mr. Aidala was employed by Mitsubishi 
Electronics America Inc.'s (MELA) Electronic Device Group. 

As vice president of marketing until 1992, he was responsible for 
semiconductor products ranging from DRAMs and other memory devices to 
laser diodes and gallium arsenide devices for telecommunications. In 1994, 
Mr. Aidala began and headed the MELA North American Multimedia 
Business Center, a business incubation group focusing on wireline and 
wireless multimedia business. Before joining MELA, the Los Altos, 
California, resident worked for nine years at NEC Electronics America, 
where he held product management positions in microprocessors and 
microcomputers. From 1970 to 1976, Mr. Aidala was a member of 
Arthur D. Little Inc.'s professional staff, consulting in the area of new 
products and systems development. 

Mr. Aidala earned a bachelor's degree in electrical engineering and a 
master's degree in business administration from Northeastern University. 
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Mr. Taylor joined C-Cube in 1992 as director of marketing for 
Broadcast Products. While at C-Cube, he has spearheaded the 
marketing activities for the company's MPEG-1 and MPEG-2 
encoders as well as its set-top decoders. His responsibilities 
include business and product management, market 
development, and product definition for the broadcast, video 
telecorierencing, and desktop video marketplaces. 

C-Cube lead the industry in defining and implementing the 
MPEG and JPEG standards, and is today the leading supplier of 
VLSI solutions for digital video applications in the consimier, 

communications, and computer markets. C-Cube has worked closely with 
many international broadcast and consumer electronics companies to 

^ develop MPEG-based products for videoCD, direct-broadcast satellite 
(DBS), digital cable, and the emerging market for digital video disc. 
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Mr. Taylor's career has been spent in the semiconductor industry focusing on 
both business and technical issues related to digital signal processing. 
Previous employers include C3q3ress Semiconductor, Zoran, and Advanced 
Micro Devices. 
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sales to the company's strategic accounts. 

Mr. Cuomo joined SGS in 1983 as a system testing engineer, and 
from 1985 to 1988 he held various positions up to marketing 

manager in the automotive, computer, and industrial product segments 
within the Monolithic Microsystems division of SGS-Thomson. 
Consequently, during this period, he accumulated a wide experience in the 
majority of semiconductor application segments. 

In 1989, when the division became the Dedicated Products group, changing 
its focus and identity to better suit the needs of the market and of its 
customers, Mr. Cuomo was placed in charge of strategy and market 
development with responsibility over strategic marketing and strategic 
planning. Since then, a special mission he covered was that of developing 
strategic alliances with top customers. 

Mr. Cuomo was bom in Milano, Italy, in 1954, and studied at the Milano 
'Tolotecnico" in nuclear sciences, with a special focus on analog electronics. 
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Mr. Oseth has over 16 years of experience in the computer and 
semiconductor industry. He is currently vice president of 
Biosiness Development for Sony's Information Technologies of 
America Division, located in San Jose, California. In this 
capacity, he is responsible for product planning, technology 
acquisition, and business modeling for Sony to maintain 
competitive advantages in the consimier computer marketplace. 

Before joining Sony^ Mr. Oseth was president of Enhanced 
Memory Systems, a subsidiary of Ramtron International, where 
he developed the first high-speed specialty DRAMs and 

computers that utilized the memory technology and established an 
international sales and marketing team. In addition, he worked as vice 
president of Business Development for Ramtron International where he was 
a business unit manager for ferroelectric nonvolatile memory, and assisted 
in raising capital for the company. 

Mr. Oseth was a founder of two different start-up companies that focused on 
software simulations of large software applications and computing systems. 
The first start-up specialized in the hardware super computers required to 
execute the software. He started his career with Honeywell's System and 
Research Center in Minneapolis, Minnesota, where he held various 
engineering positions arui became Honeywell's VHSIC Insertion program 
manager where he managed numerous IC and system product 
developments. 

Mr. Oseth has a bachelor of science degree in electrical engineering and 
computer sderuze from the University of Miimesota and a master's degree in 
business administration from the University of St. Thomas. He has 
published over 10 technical papers and has taught at the University of 
Minnesota and Johns Hopkiris Applied Physics Labs. 
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DALE FORD: On this slide, I have tried to repre
sent the flow of new digital content coming into 
our homes. We can come down here and on the 
right hand side here, you will see what I would 
term as the digital wave coming into the home 
laden with content. We have made significant ad
vances. On the upper end we have what is termed 
as fixed content, and in this fixed content we have 
moved from tape to optical. In between, we have 
gone through various other delivery forms, such 
as diskettes, and even prior to tape we had vinyl. 
We have also had, coming into the home, wireless 
delivery. We have gone from terrestrial-based 
systems to* satellite systems and back again to a 
more advanced terrestrial systems. In the cable 
world, we have cable, the Telco companies, and 

Pushing the Home 
Entertainment Experience to a 
Higher Level 
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even the utilities competing to deliver digital 
content into the home. 

With that digital wave coming into the home, we 
also have the digital surfboard: the television, the 
video games, the set top boxes, and video CD 
players, in the future DVD players, and Internet 
access devices, providing the platform where con
sumers will be able to view this digital content 
ranging from movies and videos, to audio sound 
entertainment, video games, and the Internet ac
cess appliances. 

In the consumer electronics world we have gone 
through a period of what might be considered a 
calm, even depressing, period of relatively flat 
growth in many mature markets, but if we look at 

I For Best Supporting Actor in the 
EntertmnmentIndustry, theEmmy 
Goes to...! 
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this new equipment as a digital surfboard, the surf 
is definitely up now, and we have new surfers 
ready to catch this wave, and ride it. Chip com
panies and content providers that are ready to go 
with it will reap great benefits. 

That really is one of the hidden stories behind all 
of this - the chip. Many consumers are familiar 
now with the term "digital," and many consumers 
now equate the term "digital" to "good," or 
"better," or "best," but those of us in this room 
know that behind that "digital" is a semiconduc
tor, and it is the semiconductor and the advances 
in the semiconductor that have enabled all of this 
progress. We have the opportunity, going for
ward, to reap the benefits that come from compet
ing in this semiconductor market. 

The Chip's Performance Will Be 
Rewarded with Strong Growth in 
Consumer Electronics Chip Market 
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This is an updated slide reflecting the most recent 
Dataquest" forecasts for chips consumed in con
sumer electronics equipment, and here we reflect 
the decline that took place in the market during 
1996. Much of the decline that took place in 1996 
came as a result of the drop in memory prices. 
Whereas in the PC we had bit flexibility, the abil
ity to add increased memory content into the PC, 
and buffer some of the blow from the drop in 
DRAM prices, that same flexibility in adding 
additional memory content does not exist in most 
of the consumer electronics equipment. Of the 
$1.9 billion drop from 1995 to 1996, $1.7 billion 
of that came as a result of the decreased memory 
prices. That came in the midst of this calm, almost 
mildly depressed, consumer electronics market, 
that remained essentially flat from 1995 to '96, 
growing only a billion dollars, from $170 billion 
to $171 billion. So it was very difficult to keep 

the growth path of chips going into this market, 
with the flat equipment demand, and the decline 
in the memory prices. 

The Chip Market for Next-Generation 
Consumer Electronics Will Hit $8.5 
Billion by 2000 
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The decline in memory prices came at a very op
portune time for this category of next generation 
consumer electronics. This next generation re
quires increased memory content and the high 
DRAM prices were creating a barrier to accep
tance of these products at an acceptable price into 
the home of the consumer. In a way, the decline in 
memory prices was good medicine for this section 
of the industry. It was needed medicine that will 
enable the industry to grow, based on the growth 
of the next generation, and the digitally enhanced 
products, as we move toward the year 2000. Had 
memory prices remained where they were, it 
would be difficult to keep a forecast as optimistic 
as the one that we have today, where we have the 
solid growth in place of over almost 12% com
pound annual growth, from 1995 to the year 2000. 

I will explain briefly the categories here. We have 
next generation consumer electronics, which 
consists of this new generation of equipment from 
direct broadcast satellites, digital cable, DVD 
players, video CD players, 32 and 64 bit video 
games, etc. There is also an important category 
called digitally-enhanced consumer electronics. 
These are products we are already familiar with, 
most of us have many of these products in our 
home, but now there are generations coming out 
that take advantage of the new digital age. So we 
now have camcorders that have motion compen
sation, and have digital zoom; VCRs that will 
come with video guide capability built in; televi
sions that have closed caption capability; and in 
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the future, even Vchip in the U.S. All of these 
products really represent the growth opportunity 
for retailers selling these products, and the growth 
opportunity for semiconductor suppliers, supply
ing chips into this arena. The traditional consumer 
electronics market represents an essentially flat 
market going forward, with the decline in chip 
prices and the way these markets are shaping up. 

To provide a little more detail on this category 
that I have called next generation consumer elec
tronics - in this category, we have all the products 
that I have mentioned previously. We more than 
doubled the revenue for semiconductors from 
1995 to 1996, going from $2 billion to $4.2 bil
lion in products. Much of that jump came from 
the direct broadcast satellite, and the 32 and 64 bit 
video game generation that was introduced with 
Sega and Sony leading the way, and now Nin
tendo coming into the market. Moving forward, 
set top boxes will represent an important market 
opportunity by the year 2000 - 41% of this $8.3 
billion pie. They will be followed closely by the 
32 and 64 bit video game controllers at 21%. 
Video CD players especially in the Asia-Pacific 
region, in Japan, will capture 13%. DVD players, 
we expect to ramp quickly, with 11%, and then 
other products, such as HD TV, digital cameras, 
digital camcorders, digital VCRs, DVD audio, 
will represent the rest of our forecast. 

Dwain Aidala, joins us from Mitsubishi Wireless 
Communications, where he is a Vice President 
and Division Manager of the Personal Mobile 
Communications Division of Mitsubishi Wireless 
Communications, which develops and markets 
wireless voice data telecommunications products 
and advanced mobile communications applica
tions. 

DWABM AIDALA: I have spent 17 years of my 
career on your side of the fence, marketing and 
managing of semiconductor products, but for the 
last three years I have moved over to run a North 
American multimedia business incubation organi
zation for Mitsubishi Electric, and today I am 
going to be talking to you as a customer, not as 
one of you, the suppliers of semicoi^uctors. 

We talk about consumer electronics and its 
movement to digital. There are two main changes 

that are ongoing at this point in time. One is the 
movement from analog to digital, and the other is 
the movement from stand-alone to network appli
ances. Just as the PC computer marketplace con
tinues to become more network oriented, that 
trend is starting in the consumer electronics mar
ketplace, so I have titled my small, short presen
tation as "The North American Multimedia 
Dilemma," because that movement from analog to 
digital, and then more importantly, from stand
alone to network, has very important ramifica
tions on what we need as an end customer, and 
what you need to supply as a semiconductor 
supplier. 

That movement from network digital could be one 
of the reasons for the flatness in the consumer 
electronics marketplace. If you look at the deliv
ery of interactive TV into the home, with the dif
ferent standards of DBS, switch digital video, 
HFC, and how those standards come into play, to 
some extent, come from who the players are. Is it 
a telco? Is it a cable company? Or is it a new in
dustry such as what has happened in direct broad
cast satellite? As well MMDS is coming into 
play. In those four areas of networked consumer 
electronics there are four major infrastructure in
vestments that are not only driven by semiconduc
tor content that is out there, but, more 
importantly, by people defining what the end con
sumer will pay for, and what will finance those 
infrastructures. 

Additionally, continuing the confusion factor in 
the North American marketplace is the battle that 
will be waged between the TV as the gateway and 
PC as the gateway; and the hybrid device that gets 
developed - an Internet TV or is it a PC TV? 
From the Internet side, in that network, do you 
start providing an Internet phone capability, or do 
you move into the wireless side? 

On the wireless infrastructure there are other 
buzzwords: TDMA, CDMA, GSM, PAK, FLEX, 
and many others. As you get into broadcast TV: Is 
it HD TV? Is it digital NTSC? All of these pro
vide very significant challenges and obstacles to 
the growth of our business. 
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What do these have in common? 

They are Digital They have 
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What do they all have in common? They all are 
digital. They all have fundamentally the same 
building blocks, and they all represent brand new 
business opportunities for integrating voice, data, 
and/or video for the consumer electronic market
place. It is a huge marketplace from end equip
ment, and therefore, from the semiconductor side, 
but they definitely have obstacles. 

What are the Semiconductor Barriers ? 
• Non-standard Networks and Protocols!!! 

K- Fragmented Target Markets 

• Long Life Cycle for Consumer Bectronics vs. 
Computer Industry 

• Fear of Technological Obsolescence 

The barrier to semiconductors is the non-standard 
standards of networks and protocols. This entails 
several things: one is a very fragmented market
place, and it also leads to a high confusion factor 
in the end customer. The life cycle for consumer 
electronics is significantly different than what has 
historically been in the computer industry, what 
has been primarily targeted at the corporate mar
ketplace. When we sell a large screen TV, we do 
not expect to see that customer for somewhere 
between five to seven years. Even audio equip
ment, that cycle is typically three to five years -
much different than the two-year, going to twice 
per year, type of product life cycles that we see in 

the semiconductor industry. Those things have to 
be taken into account, and our business planning, 
as we develop and build new equipment and even 
more important, business models for new equip
ment. Additionally, in the consumer marketplace, 
because of the rapid changes in the semiconductor 
side, there is a fear of technical obsolescence in 
the consumer and in fact, that also is a factor in 
retarding their purchase decisions. All of these are 
factors that we, as equipment suppliers, and you, 
as a component supplier, need to take into effect 
in your planning and in your product develop
ment. 

What are the Semiconductor 
Opportunities? 
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On the positive side there are definitely oppor
tunities. What we would be looking for from 
semiconductor suppliers, including our own in-
house capabilities, is integration of core compo
nents. The system on a chip, is definitely an op
portunity for the common parts. We have the 
ability to move out of the multiple devices, into 
continuous integration for the right set of compo
nents, and part of that is choosing the right set. 
Are you able to, in the set top box area for exam
ple, build a digital entertainment terminal, or a 
DET, with the ability to put network interface 
modules on the outside? There are opportunities 
in the integration of core components, and there 
are also opportunities of building plug and play 
modules in the consumer electronics area; again, 
carrying over some of the benefits of what we 
have learned from the PC and computer industry. 

One of those o^brtunities, is network interfaces. 
Another area which changes from component to 
component from the equipment side, is the en
cryption and conditional access capabilities. In 
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North America we have multiple standards. Other 
geographic regions such as Europe, have been 
working toward a more common standard. Fi
nally, the ability to take key technologies, such as 
storage, and move those technologies into a very 
modular approach at the end equipment side, such 
as the AV component side, whereas things like 
MPEG decode capability probably should be built 
inside the box. The message that I am trying to 
present here for you, as semiconductor suppliers, 
and for diskussion on the panel, is: How do you 
approach this diversity of standards in a way that 
is cost-effective, but still leads to a rapid growth 
in the marketplace? 

DALE: Our next speaker is David Taylor, from 
C-Cube Microsystems. David joined C-Cube in 
1992 as a Director of Marketing for broadcast 
products. While at C-Cube he has spearheaded the 
marketing activities for the company's MPEG-1 
and MPEG-2 encoders as well as its set top de
coders. His responsibilities include business and 
product management, market development, and 
product definition for the broadcast, video tele
conferencing, and desktop video marketplace. 

DAVID TAYLOR: While the end result of our 
products is typically semiconductors, we focus on 
some standards for video compression to provide 
products that compress and decompress video, 
usually motion videos, sometimes still-frames, 
sometimes video teleconferencing as well. We 
address markets like the broadcast industry and 
consumer markets like video CD, and the DVD 
market as well. We are very focused on those ar
eas, and in 1995 we had the fortune of getting 
awarded an Emmy from the Academy of Televi-
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sion Arts and Sciences for the work that we did 
on MPEG coding. 

Before I talk about MPEG, I wanted to bring you 
back in time and show how some consumer prod
ucts ultimately became adopted by the market and 
some of the timeframes that it took to achieve 
adoption. 
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We have to go back over 40 years to see the 
adoption of the North American color television 
standard known as NTSC. It took some fifteen 
years from that point until color televisions be
came even somewhat mainstream and it was into 
the '70s before there was dramatic penetration. 
We saw laserdisk products introduced in the early 
'70s, we saw VHS players introduced in the late 
'70s, all took a significant amount of time, and 
most have a market saturation at this point except 
for laser disks. Audio CD was faster when it was 
introduced in the early '80s but it still took three 
years or so before we saw a million units ship. A 
slightly different market, it was not necessarily an 
international standard; it was certainly a de facto 
standard. But it takes time for products like this to 
achieve mainstream success in the consumer mar
ketplace. 

In 1992 the International Standards Organization 
ratified a standard called MPEG-1. It took a few 
years before the first products were introduced 
using this technology. In fact, the first products 
that really have become successful in a fairly nar
row market - that being China, a large market, but 
a fairly narrow market. In 1995 there were some 
two million plus video CD players shipped into 
China. While 1996 is not yet over, we are expect-
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ing that perhaps 
something near seven 
million players will be 
shipped into China this 
year, based on this 
video CD technology, 
using MPEG-1. It turns 
out that these players 
are extensions of the 
concept of an audio 
CD player, except that 
they have video on 
these disks as well 
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The timeframe for 
adoption and the fmal 
numbers, become very 
large, very quickly 
with some of the new 
technology. People 
understand video to
day, people understand disks today, so some of 
the technological barriers, or even psychological 
barriers, are reduced. 

In 1994 ISO ratified what is known as the MPEG-
2 standard. MPEG-2 addresses a slightly different 
market. MPEG-1 addressed a low bit rate, CD-
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ROM Style market, 1.5 megabit per second, which 
is basically a CD-ROM data rate. MPEG-2 is de
signed to address markets that can handle higher 
bandwidths, say 2.5 to 3 megabits and on up, and 
it was intended for broadcast-style applications. 
There were 140 companies that ratified the 
MPEG-2 standard with zero abstentions and zero 

nays. It was 
probably one of the 
most successful 
standard activities 
ever. In fact, the 
same year that 
MPEG-2 was rati
fied, DirecTV be
gan shipping 
boxes, with the 
DSS system. It was 
reported at the 
time, to be the fast
est consumer elec
tronic product, to a 
million units of at 
least this caliber of 
product. There are 
some two million 
units perhaps for 
DirecTV in this 
year, and this year 
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perhaps four to five mil
lion set top boxes within 
the same mold as Di
recTV. It is clearly an in
ternational success story, 
not just a U.S. success 
story. 

DVD has not yet been in
troduced. Samsung in Ko
rea is planning to 
introduce boxes soon, but 
DVD is going to start in 
1997 so that will be the 
opportunity we have for 
this new technology. 

What is MPEG? It is an 
international standard de
signed to represent how 
you can compress video 
and audio information. MPEG defined a syntax so 
that everybody in the world, could build decoders 
and have them all interoperate. The decoders we 
build, and SGS-Thomson and LSI Logic, and oth
ers build, can all handle MPEG data and do so in 
a similar fashion. 

Its purpose is to allow us to now use video essen
tially as a data type. We are very visual people 
still. The ability to convey information in text 
form and video form is compelling. We can now 
do this in a lot of different ways, and MPEG pro
vides the baseline for that. It also has a significant 
future. MPEG is a steamroller as a foundation 
technology, and likely will still be here 20 years 
from now. NTSC has been around for 40 years, 
and the HDTV standard is based on MPEG-2, in 
fact, there is what is known as a profile, an ex
tension to the MPEG standard, for HDTV as well. 
The availability of digital NTSC, and the quality 
it provides, may have the effect of potentially de
laying any introductions of high definition as 
well. It is going to be around for a long time. 

What I have shown here are some boxes that do 
exist, and boxes that likely will exist, and some 
that might exist, as we look out over time. We 
certainly see video CD players today. We cer
tainly see DSS boxes, not just by RCA, but there 
are some eight or nine licensees now of the Di-

Consumer video evolution SP CXubt 
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recTV system. The disadvantage is, there is no 
local content. We are going to see some conver
gence, from playback boxes, to cable boxes, to 
Internet access boxes, as we look forward as well. 
It is hard to predict exactly the feature set and 
functionality of that integration, but we do expect 
it. 

MPEG-2 is a foundation technology on which a 
lot of new applications will be built It is the inter
active capability, as we look forward, that has 
even more significance, to allow us to meld Inter
net and other styles of interactive applications 
together as well. It is a very exciting future. There 
is dramatic semiconductor content within all of 
these, as we look forward. 

DALE: Our next panel member joins us from 
SGS-Thomson Microelectronics, Andrea Cuomo. 
Mr. Cuomo was called to become the Headquar
ters Marketing and Strategic Accounts Director in 
1994, and in this position he has responsibility for 
corporate strategic tnarketing, which identifies 
future semiconductor trends, and develops ad
vanced systems, as well as combining the diversi
fied know-how and wide range of technologies of 
the company. Mr. Cuomo also holds responsibil
ity over sales to the company's strategic accounts 
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ANDREA CUOMO: The real reason why Dale 
called me here is not for my job title, whatever I 
do in life, but just because I am an Italian head of 
a leading semiconductor company, and multime
dia is looking more and more like Italian politics. 
Everybody talks about it, few people understand 
what it is, all of us feel it when we have to pay 
taxes. Sometimes we can even smell it, and I 
know one can digest the noise which is built 
around it, multimedia is communication, and 
content. 

THE FIRST MULTIMEDIA 
IMPLEMENTATION 
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Look at this example. If both guys communicating 
are using different media, and one communicates 
only through CNN, and the other has no intention 
to listen to what he is talking about, there is no 
communication possible. In the same way, if we 
look at the old multimedia pictures, only Holly
wood, and-the network companies, will make it 
happen, and it will change our lives. Just think 
about one aspect of the revolution happening in 
this world. Today, each of us, with a $3,000 PC, 
can produce a movie featuring, for instance. Bill 
Gates kissing Princess Diana, and it would look 
authentic. It could even threaten the throne of 
England. This technology will change some of the 
roots of our lives, as we are raised knowing that 
what we see, is true. Modifying the basic psycho
logical world is going to be quite a challenge for 
everyone, and our role as semiconductor compa
nies is to fuel this revolution, first for the benefit 
of mankind, and as a side effect we would also 
like to milk every single dollar out of it. Over the 
past 20 years, the rules for semiconductors have 
been the same: cheaper, smaller, faster, cooler. By 
building cheaper and more integrated silicon 

chips, we have made possible the economy of 
scale that will bring multimedia to mass success 
in set top boxes, and here is an example. In two 
years, we at SGS-Thomson went from eight down 
to two chips, cutting costs by a factor of three, 
and helping the worldwide leadership of our part
ners. 

The real challenge for the semiconductor industry 
will be around the terminals, where most of the 
dollars are. Today we see DVD players, set top 
boxes, network set top boxes, digital VCRs, net
work computers, not to mention digital still cam
eras, digital VCRs, and the automotive car 
information systems. What will succeed is a good 
subject for a long discussion, and I am afraid it is 
not going to be any more productive than an ar
gument about the sex of angels. 

We are at the beginning of a new era, and differ
ent products will appear in the marketplace, and 
the consumer alone will, in the end, decide which 
one will win. Not forgetting that the consumer is 
not only the computer nerds, teammates I have in 
Silicon Valley, but also my old aunt, who lives in 
the country, and whose contribution to the inertia 
of the market goes often underscored. 

What can we do in this changing environment? 
First, we need to focus on key technologies, such 
as microcontrollers, MPEG decoders, analog sig
nal demodulators, signal re-creation algorithms, 
and embedded memories. Understanding eight 
years ago that MPEG was going to be one of the 
core technologies for the future, has led SGS-
Thomson to a focused investment, and it paid off 
a worldwide leadership in MPEG chips, which is 
in excess of 40%, and 70% on MPEG-2. 

Datacom technologies, including modems, ISDN, 
XDSL, ATM, wireless, and whatever is going to 
increase bandwidth and mobility will be the other 
key component for the success of multimedia, and 
we are back, once again, to the basic two tech
nologies, which are communication, and display 
content: two markets in which we have leadership 
by working closely with leading partners in the 
world. The second pillar is to have the most ad
vanced simulation tools, all the way from the 
systems, down to simulate the behavior of the 
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chip in the system, both the simulated system and 
the real system. 

These two elements, mastering the basic tech
nologies, and having advanced simulation tools, 
the ability to bring chips quickly to the market, 
together with heavy close links to customers, 
leads us today to have systems on the chip, and to 
lead the fast-changing market. We shall benefit 
from the early phase of new products, building the 
profit when it is there, at the beginning of the life 
of product, and rushing down the manufacturing 
learning curve, before competition can catch up. 
We have to tjike profit from the advantage, in or
der to kill our own products, and build new prod
ucts with more competitive devices, to 
continuously raise the standards of the race. 

This is the name of the game: accelerate, acceler
ate, accelerate, to be early in the market and 
maintain your competitive advantage. You need 
to have a lean and empowered organization, with 
a strong, unified strategic drive, a larger local 
economy, to keep pace with the market, and 
strong and entrepreneurial leaders, able to suc
cessfully take the lead and manage, in the new 
race, and we, in our company, are ready. We have 
the technology, we have the tools, we have the 
people. No industry in the world has the pace, the 
fierce competition, and the globality of semicon
ductors, so I am sure that when the challenge 
comes, our industry shall 
succeed, T© paraphrase John 
Belushi, 'when the going 
gets tough the tough go 
shopping,' and I will be glad 
to lead the happy crowd to 
the nearest mall to buy the 
latest multimedia product 
featuring the most unimag
inable semiconductor tech
nology. 

DALE: Our final presenter 
for this session is Todd 
Oseth, who comes to us from 
Sony Microelectronics. 
Todd is currently the Vice 
President of Business De
velopment for Sony's Infor

mation Technologies of America Division, lo
cated in San Jose, and in this capacity he is re
sponsible for product planning, technology 
acquisition, and business modeling for Sony to 
maintain competitive advantages in the consumer 
computer marketplace. He is also responsible for 
managing the marketing and sales effort of Sony's 
most recent introduction of a consumer PC. Prior 
to Sony he was President of Enhanced Memory 
Systems, a subsidiary of Ramtron. 

TODD OSETH: In the consumer market space, 
consumers require all the functionality that you 
can dream of, and they want it for free. We have 
to continue to fight that battle as we develop new 
and better products, every single time we go to 
market. Some of the new, next generation of 
digital consumers are people that have never ex
perienced the linear or analog worlds. They 
started with computers, and will start to represent 
and bring together new marketplaces and new 
types of products. While the semiconductor has a 
lot to do with the next generation display tech
nologies, we need to realize how much that will 
drive the future. We saw earlier that digital tele
vision and HDTV are some things that have been 
bogged down for years inside different political 
environments. There is a good chance that in 
1997, digital TV will finally get ratified as a stan
dard. With that, is going to bring a whole new 
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wave of new types of 
content, new ways of 
using the content, and a 
new experience for the 
users. 
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Let's quickly go through 
of a consumer products 
road map. We look at 
how long it takes to take 
a technology, move it 
forward. We see when 
CD audio was actually 
brought to market. We 
see when the actual CD 
got brought into the 
computer, in 1987 the 
response was: Every 
computer will have a 
CD-ROM. It was not 
until later in the 90s be
fore CD-ROMs actually got moved into the com
puter space. We also start to hear a lot about new 
technologies. We have CDR, recordable-type 
technologies that use the CD formats. Everyone 
has been awaiting the world of DVD ROM. Re
member that DVD ROM is a read-only material. 
Today it only does playback. The opportunity that 
this set in front of us is DVD RAM, which will 
not be available for another few years. This then 
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allows us to give the interoperability and the ca
pabilities of our existing systems, but on a single 
disk platform of 3.5 to 4 gig. 

One of the other major barriers that one has to 
deal with in the consumer space, is the media it
self. How much of it today is on traditional linear 
type technologies and tape? In the audio world, 
we have at least started to produce a lot of digital 
formatted content. Unfortunately, in the video 

side, the majority of the con
tent is still in linear-based so
lution. It will take a number of 
years for this technology to 
really gain the momentum, but 
during that time period, that is 
when all of these markets are 
going to expand. 

It96 OiMimtCbaftnm H«zl QwMMlaMi Di^kl Oautntr OKtario 

What does convergence mean 
in consumer products? Con
vergence brings out the con
cept of a new experience. How 
can you integrate between 
multiple different platforms 
and different pieces of hard
ware and software, and make it 
better for the user? That is one 
of the big challenges. 
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The keys to success, es
pecially from a semicon
ductor side or from a 
systems side. People do 
not expect machines, 
especially in the con
sumer world, to be re
placed every 18 to 24 
months. They expect 
them to be around for 
five or seven years. Un
fortunately, where the 
majority of that profit is 
to be made is in the first 
twelve months. So many 
of our older strategies of 
continually improving 
the costs are not neces
sarily going to help us in 
a rapidly changing con
sumer electronic envi
ronment. We are going to have to pick metrics 
that allow us to identify what is important to our 
consumer marketplace. We like to use "function 
per instruction per dollar," because at any one 
point in time, there are multiple different tech
nologies that are available, that can answer and 
satisfy a specific positioning. We need to make 
sure that when we develop these technologies in 
the semiconductor area, we truly appreciate how 
rapidly they have to be integrated. We cannot wait 
twelve to eighteen months for a new product to be 
developed. The system on a chip is a good idea, 
as long as it can be done quickly. If it cannot, we 
will find ourselves using alternative technologies, 
other semiconductor technologies, and building 
systems around them. Those technology bridges, 
whether it be Internet or MPEG, are very impor
tant to continue to proliferate through different 
types of products. That is one investment area that 
you can see and actually get a return on invest
ment for a much longer period of time. 

We look at the functions that consumer electron
ics take on. In the family room, what is seen is 
gaming, video, audio, and a lot of the underlying 
technology that you see are compression and en
cryption techniques. In the gaming side, we today 
have things like Sony PlayStation, Sega Genesis, 
and Nintendo. The types of 3D performance that 
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are required are staggering in order to make this 
experience real and reusable. The next generation 
of 3D technologies required for the consumer will 
be pushing the envelope further, upwards to two 
million polygons, fully filtered. We are talking 
about, in the next generation after that, by the 
year 2002, fully interactive 3D, and what does 
that mean? That means when you sit behind a ma
chine, you have actually joined the game. You are 
not in a static position, but you are interacting and 
it is taking your responses and you are living in
side of what that 3D experience is all about. 

In the world of video today, we have a lot of 
NTSC, but there is a huge retro market that we 
have to consider. Not everyone is going to buy 
new televisions, but there are some five hundred 
million televisions in the United States available 
to be tapped for this new digital revolution. We 
need to make sure that we can bridge that path. As 
we move into higher and higher technologies, 
SVGAs, digital TVs, the overall performance re
quirements that are going to be set forth, espe
cially for memory, in speed and access, as well as 
in density. The audio side - we have already 
found ourselves talking about Dolby AC3, sur-
round-sounds, 3D. All of these take up significant 
amounts of cycles, can be satisfied either with 
individual DSP-type functions on DSP chips, 
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Consumer Electronics Opportunities 
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and/or hard-wired chips. We have got to be pre
pared to do it all. 

There are actually a number of different perform
ance metrics that we use to say what can fit in a 
CPU, and what should not fit in a CPU. We go 
back to the world of function per instruction per 
dollar. The compression technologies we have 
heard a lot about: MPEG-1, MPEG-2. We also 
now have to start worrying about encoding tech
nologies as we start to get a more realistic experi
ence with some of the games. MPEG-4, as we 
start to move into the next generation of broad
cast. The metrics for the future - we are always 
continuing to identify new and better areas to 
evaluate. As a semiconductor producer you no 
longer can just worry about the cost of the chip? 
You have to worry about the entire system cost. 
What doe9«it cost to develop and what does it cost 
to maintain? You look at your assembly codes, 
you look at your high order languages. What can 
be done by CPU? 

In the diagram, you see kind of a broken out proc
ess of image processing, array processing, and 
data processing, and today we try to do too much 
potentially in one type of processor versus an
other. What we started back in the late '70s and 
early '80s, with DSPs, start to take on larger 
function in our overall scheme of things. We al
ready know that the data processor today, through 
software, is able to do a lot more functions than a 
while ago, but we need to make sure that we di
vide up our architectures, and make sure that we 
are getting the best function per instruction dollar. 

Semiconductor Opportunities 
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The opportunities - they are in the information 
pipe. These different pipes, whether they come 
from satellite, DVD, DVB, all require different 
mechanisms to actually transport mechanisms to 
be brought into the home. There are actually in
terface chips in front of every one of these big 
MPEG-2 decode capabilities, and those are all 
pure opportunities for you. We look at the home 
net. We have heard about wireless technologies. 
Most important that we get the same types of per
formance and speed in the world of wireless. 
1394 will be one of the major changes in the 
home that we have seen in a long time. 1394 is a 
new audio and video standard that a number of 
companies are starting to support, and it will be 
the way that we network our AV equipment, in 
and out of PCs, as well as smart televisions, digi
tal cameras, and digital camcorders. 

We cannot forget the gaming because the enter
tainment side is extremely important. There is a 
real opportunity for all of us, in the world of PC-
centered versus PC as a peripheral. Of course, the 
PC companies, of which we are now one, would 
like to see the world rotate around the PC as the 
center of the home, but I would sure hate to make 
a requirement, in order to pay for a $500 camcor
der, that you have to buy a $4000 PC. It does not 
seem to make a lot of sense. Smart televisions are 
going to be available starting in '97 and '98, 
where it can take on some of the networking 
functions. The Internet infrastructure has to be 
fixed. From a consumer standpoint, our customers 
expect going to web pages at the- same rate they 
go through channels of television. We are not 
even close. The overall media editing, the capa
bilities to take the pictures that you developed, 
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and put them into scrapbooks, and send them 
around to your family. All of these technologies 
have to be brought together. 

From our standpoint inside of Sony, we see that 
the DSP world is extremely important because of 
the functionality that it brings, and the overall 
performance, and the costs. FPGAs to allow us to 
rapidly get into the market, get through the prod
uct life cycle, through the profit life cycle, and 
then move into custom design if the product mer
its. We will continue to push the CPUs as far as 
we possibly can, and we will always be the ones 
that are pushing Intel to make even faster ma
chines. 3D graphics, communications - these are 
the areas that are going to make this whole mul
timedia consumer marketplace come together, and 
we hope all of you in the semiconductor arena, 
are able to provide some of those functions for us. 

Q: Will the market for digital video components, 
such as MPEG decoders, evolve as a commodity 
market, with many vendors providing components 
with little differentiation and low margins, or, as a 
more proprietary market with lots of product dif
ferentiation amongst vendors?. 

DAVE: The market will evolve in two ways. 
MPEG itself was designed to be a commodity so 
that all semiconductor manufacturers could build 
products that are consistent with the standard. But 
MPEG itself is worth 30 points of margin. That is 
very important in the sense that MPEG implemen
tation becomes a science, but the differentiation 
will be through adding features, that go around 
the components, that add value to the system. 
There really are going to be two paths there, but 
ultimately the value-added path is one of integra
tion and functionality beyond the basic definition 
of what MPEG is. 

ANDREA: I am in total agreement. We will see 
the two paths: the stand-alone MPEG, and we will 
see MPEG integrated with other functions as one 
cell of the library. There is a third path done by 
Microsoft, which is on the PC. MPEG would be
come just a routine on the main processor, so we 
will see different things in different applications. 
As usual, the application and the end market is 
driving the semiconductors. 

Q: We have been long awaiting the launch of 
DVD, and have had many promises over the year 
regarding DVD, and as we look at the future fore
casts, much of the future potential and growth 
will come when it becomes a true VCR replace
ment, which means it has recording capability. 
"When do you believe recordable DVD products 
will be available, and what has to happen in order 
for those products to come to the market?" 

TODD: Right now the DVD that are available, 
and realistic to have in the home, are two different 
questions. It will probably be available in the next 
year and a half. You will see DVD RAM. To 
really make it a consumer product, we are looking 
at late 1999, probably the year 2000. It will re
quire changes in the overall marketplace today, as 
we get over the political changes that we are still 
faced with. 

ANDREA: We will see it first in the PC. The 
most advanced work and closest to the market are 
people working in the PC area to use it as a mass 
storage device. 

DAVID: I agree with Andrea. In terms of DVD 
ROMs, we will see a lot in the PC space. The 
consumer space is where we are going to see 
video exploited on DVD first. Why? It is content. 
The DVD player is a known application. You put 
movies and audio on DVD, it is an easy playback 
mechanism. It does what CD audio did to the LP. 
It will be successful as a playback-only medium 
for the same reason that CD audio was successful, 
and DVD RAM will create new applications, 
maybe ultimately replacing just the playback 
application itself. Content is going to be a prob
lem in the PC space, short-term, because movies 
on PCs are not interesting. 

Q: As we look at MPEG-2, AC3, and, in general, 
the audio/video processing that is required in a 
DVD player and a digital set top box, when, if 
ever, do we get to a single chip solution for these 
types of products, or is it even an economically 
feasible solution to plan on a single chip product 
in these new consumer generations? 

DAVID: We will absolutely get towards single-
chip solutions. It is within the set top box arena, 
we are now integrating audio/video, transport 
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CPU devices, graphics, and that is the next gen
eration. That is coming out in the next few 
months from a variety of semiconductor compa
nies. In the DVD arena, we are one step behind, 
because the standards have been set a little bit 
later, but clearly all of my colleagues and com
petitors are also doing video and audio decoders 
that include MPEG audio, and AC3 audio, and 
DVD interface circuitry, and so forth, to the DVD 
ROM. If it is not in 1997, it will be the generation 
after, where 
everything will be single chip. 

ANDREA: If the application is static, next year 
we will have the single chips. If you start adding, 
for example, cable modems, if you start adding 
graphics to the set top box, it will not be single 
chip. A single chip solution for the present set top 
box will be available sometime by the end of next 
year. A single chip solution for the set top box, I 
do not know when. 

TODD: Right now one could take a high end 
Pentium and do a poor implementation of MPEG-
2, and still do some AC3, so maybe the answer is 
that it actually is available today, but it is proba
bly not a very realistic scenario in order to im
plement it. In order to get the kind of quality one 
needs, you cannot do that in the processor. Dedi
cated pieces of hardware will be required, and 
with that, probably both of them together in the 
next one to two years make an awful lot of sense 
for stand-alone consumer electronics. 

DWAIN: Our expectation is that the network set 
top boxes will evolve into probably a three-chip 
system: main data processing component, graph
ics audio processing component, and an interface 
component. We would expect that in the '98 time
frame. 

Q: Do you see the potential that we will have a 
situation where the U.S. has multiple standards, 
but the rest of the world comes around to one 
standard. DVB, much like it did on GSM? 

DWAIN: We have gone in our communication 
infrastructure, whether it is telephony or broad
cast, from a common standard that has driven the 
volumes into this fragmented capability where the 
market totally defines itself. We will suffer from 

that, and we do have a strong potential of DVB 
and GSM to be an overwhelming worldwide in
fluence that is not as strong here in North Amer
ica. 

DAVID: Excellent question. In fact, not all DVB 
is created alike either. DVB in Japan and DVB in 
Europe actually are implemented slightly differ
ently as well, and that is a problem. Certainly Di
recTV, EchoStar Dish, Alphastar, do not talk to 
one another. That is a problem. I do not know 
whether all of them ultimately will be able to 
survive. Interoperability, or lack thereof, between 
them is certainly a contributing factor. 

Q: We have seen the great difficulty of coming to 
agreement on one standard to launch a major new 
product, as we have observed the DVD process, 
and we saw that process drag out over multiple 
years, even after there was agreement that we 
would come to one standard. Does the experience 
in trying to launch DVD in the market tell us that 
it will be impossible in the future to agree on 
common standards to keep this growth going in 
digital consumer electronics, or can we overcome 
that with launching new products in the future? 

TODD: We can expect those standards to be 
generated, but continue to go through as much 
pain as we have in setting up the DVD standards. 
We are talking about hundreds and hundreds of 
billions of dollars of opportunity here. Everyone 
is going to have their own opinion on what is the 
precise mechanism in order to satisfy the re
quirements. I cannot expect it to be any different 
on the next generation as this, but we will con
tinue to have standards set, so that we all can 
serve those marketplaces equally. 

ANDREA: DVD has been an improvement. If we 
go back to camcorders, there were three different 
standards and one winning de facto. This time 
people have been discussing, have been trying to 
come to an agreement, and to come to one stan
dard. It is certainly going toward an improvement. 
The strong force here has been Hollywood, who, I 
am sure, do not want to set, put three or four dif
ferent products in the marketplace. That is where 
the standard would be driven, and where people 
would be forced to go to one standard. 
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Q: Will we ever get to an HDTV standard in the 
United States, or will we back off and move to 
more of an SDTV standard as they are pursuing in 
Europe? 

TODD: We will get to that standard in 1997, and 
it will be similar to what the grand alliance had 
proposed. The whole broadcasting scheme has 
made it so that much of the content that people 
receive today, they believe is a right, and in order 
to put in a standard that does not allow for any of 
the history of equipment that you have, is going to 
upset a very large part of the marketplace. While 
it may have some problems, we will have a stan
dard that is more similar to what the grand alli
ance has proposed, and we are hoping to see the 
White House back it up early in 1997. 

DAVID: While we may have an HD standard in 
'97, the existence of a standard will not guarantee 
its success in the marketplace. If you ask the aver
age consumer what the problem with television is, 
he does not say, "I sure wish I had a better pic
ture." He says, "I sure wish I had better pro
gramming." Once we are fully deployed with a lot 
of the digital NTSC systems, at 16 by 9 resolu
tion, and with dramatically better picture quality 
than today, most people are going to say, "Wow, 
that looks great," and the change-over to HDTV 
demands an economic model that I am not quite 
sure how it gets paid for at this point. 

Q: Is it really necessary for government involve
ment to take place to enable this digital TV era, or 
will the consumer market be able to drive this 
forward without intervention by the government? 

TODD: The consumer marketplace, with all of its 
market dynamics will allow, at the right price 
point, for all to come together. Unfortunately, it is 
going to be a very low price point in order to ac
cess a lot of the media that is out there today. If 
the government gets involved, it will not be done 
right, and we probably will find ourselves with 
the standard, not working. 

Q: If the PC does not become the center of the 
home entertainment experience, with the set top 
box, the DVD, the digital camcorder, etcetera, 
what does become the center of that home enter
tainment experience 

ANDREA: Why should there be a center? People 
often are underevaluating the inertia of the mar
ket. When I need to buy a new TV, I am buying a 
TV, not necessarily a new PC, so there will be a 
bit of everything, I think. There will be a possi
bility for the set top box to hook to the Internet 
and be able to communicate. We will be able to 
go directly into from a camcorder, to a TV or to a 
printer, and print images, and at the same time 
able go into a PC. We will see a bit of everything, 
as normally. 

TODD: I would agree. What happens is that the 
power is shifted from these boxes, or displays, or 
PCs, to the home net. The network itself is where 
the power resides and it may upset a lot of the 
people that either make the television, or the PC, 
or maybe both. The network, making sure that no 
matter what you purchase allows for easy access 
throughout the home, really becomes the avenue 
that we have to seek. 

DAVID: I actually tend to agree with both of the 
previous comments as well. When people talk 
about PC versus TV, you would naturally draw 
the conclusion, "Am I going to have a PC in my 
living room?" I think the answer to that, if we 
mean today's PC, the answer is absolutely, une
quivocally, no. In a new model, where PCs look a 
little different, and TVs look a little different, that 
is where potentially the convergence of that can 
draw. 

DWAESf: The opportunity is in a home network, 
without a doubt. There is also the recognition that 
there is, what we call, "near" content, and "far" 
content. There are family entertainment interac
tions that work in a large screen TV environment, 
there are individual activities, and content appli
cations that work in a more near-term PC. 1394 
was mentioned as a home network. There are op
portunities for home routers to take this informa
tion and spread it across multiple display, 
interactive platforms. 

Q: You have the involvement, with a new cellular 
telephone product that enables you to get content 
over the Internet, and as we look at these other 
Internet-enabled products coming into the home, 
we find that the most likely purchasers of those 
products are people who already have PCs. Per-
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haps we are missing that target audience that do 
not have a PC in their home. How do you see that 
we could enable this market to expand beyond the 
current PC-centric home? 

DWAIN: TCP/IP does enable various content 
providers to put information out to a variety of 
devices and platforms. What has driven the 
growth in the PC market is open platforms and the 
ability for developers to ride applications on mul
tiple platforms. The Internet, either on a wired 
form, or a wireless form, allows new devices to be 
developed, and move away from the graphic side 
of the web to where the information lies, which is 
in text, and move it outside of the pure PC mar
ketplace. That is one of the efforts that we are 
trying to do. The network computer is another 
play here, of taking advantage of the power of the 
network. So there are opportunities to move be
cause of price points, because of familiar form 
factors, to move away from the people that are 
knowledgeable of PC, but still give them plat
forms that can take advantage of the information 
that is on the network, whether it is the public 
Internet or private intranet type of networks. 

DAVID: DVD will have a consumer player bent 
to it where it will see success, but the technology 
is supportable, and will also exist in PCs. Content 
created for consumer players can play on PCs, 
and vice versa, and we are starting to see a great 
cross-breeding from a fundamental technology 
that will allow this technology to go well beyond 
just the PC-centric households that we have to
day. 

ANDREA: The set top box with DVD inside that 
allows you to play games, is Windows supported, 
will allow you to do your spreadsheets, will allow 
you to do some word-processing, and will allow 
you to do most of the applications on the PC. We 
are going to see different things in the market
place, different terminals, and I am not sure that 
would be a place for a low cost PC. I think the 
low cost PC and the high end set top box will be 
difficult to understand. 

TODD: Right now we are working with a lot of 
danger. If we were to get a lot of consumers on to 
the Internet today, their response would be, "This 
is ridiculous. Two and a half to three minutes to 

download a web page?" Unfortunately, the back
bone behind the web is not prepared to take on 
that level of responsibility today, and other tech
nologies do not hit until the year 2000, 2002. As 
Internet traffic continues to increase, we are going 
to find a more miserable experience on the Inter
net until we find another way to make it happen, 
i.e. things like direct PC, broadcasting, different 
ways to get the information. 

Q: On a different communications topic, 1394, 
Sony was one of the first companies to introduce 
a consumer electronics product with a digital 
camcorder that included a 1394 port. What has to 
happen to make 1394 a valuable standard in the 
consumer electronics world? 

TODD: 1394 will become more available on all 
of our AV equipment. Unfortunately, the digital 
camcorders, by themselves, are considerably more 
expensive than their predecessors, so the start out 
was at a $2900 to $3000 range. It does not make 
for a lot of volume at that kind of price. The real 
goal is to get the VCRs at the $200 to $250 range 
to have a 1394, and that is going to take a consid
erable amount, because there is not that much 
margin in today's cost of implementing 1394. But 
'97 will be a big year to get the interfaces. Ninety-
eight will be the year that you actually use a lot of 
the interfaces. 

ANDREA: The PC will start with 1394 quickly, 
everybody is working on it, and the consumer will 
like it. 

Q: What is C-Cube's position on the DV stan
dard, stating Sony will not license the hardware to 
Kodak, will C-Cube engage in development for 
DV? 

DAVID: 40% of the consumer camcorder market 
in Japan today is DV, and this new 1394 camera 
that Sony has, I saw in the street in Osaka for 
$1700. We are very bullish. From all of the com
panies we are talking to that is clearly a trend. 

THIS PORTION OF AUDIO NOT CAPTURED 
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TODD: . . . We will continue to push into other 
mariiet spaces just to make the overall market 
grow. We do need the competition. 

Q: The mini disk has had some strong shipments 
in Japan, and recently Sony has made a major ef
fort to reintroduce the product into the United 
States. Could you give us a status report on that 
and what will help make that a successful product 
beyond Japan? 

TODD: The mini disk has run into a lot of prob
lems in the United States, from a format, as well 
as a quality issue. With the quality of the audio 
that comes from a lot of the mini disks, people are 
not willing to pay significantly more for that type 
of format, so we have had a difficult time trying 
to sell the higher price point with greater technol
ogy. We are going to try to reintroduce the mini 
disk with some better compression technologies 
to get more and more content, but it will be an 
uproad battle for even Sony in this area. 

Q: What is the one most critical factor hindering 
the explosion of digital consumer electronics 
systems: content, media standards, delivery and 
infrastructure interactivity, cost, semiconductor 
components? 

ANDREA: Content. People buy content. ISDN 
has been here for years. There was no point in 
paying for a line at higher price than another line. 
When people needed bandwidth they just pur
chased bandwidth. This is the same. People will 
buy content. If the content is good, and is better 
than what is available today, people will buy it. 
When we go to the shop and buy, we buy the lat
est game, or the latest release of a new product. 

Q: As we move forward with these new con
sumer electronics products, will 0.8 micron tech
nology suffice, or what types of technologies do 
we have to drive into the fabs in order to deliver 
these products? 

ANDREA: The designs we are doing today in 
advanced consumer products is in 0.35, but you 
should not mix the advanced design and the vol
ume production. What we are producing now is 
what we designed three years ago, or two years 
ago, so it is obvious there is a lag. The other point 

is there are not only digital consumers in this 
world. There are not only PCs. There are many 
other technologies where you do not need to push 
the lithography to these limits, and where the 
applications still need - and we are still building 
fabs for - 2 microns and above. It does not make 
sense to build an audio amplifier with a lithogra
phy of 0.1 micron, when you are limited by other 
factors. Needs to be looked at, the whole spec
trum, of the application, of the market, and the 
lag. Today, these super-integrated chips in 0.5 are 
on the limit of competitiveness, and of margins. 

DAVID: As C-Cube's line is focused not nearly 
as broad as SGS-Thomson's, we do not ship any
thing in 0.8. We designed a lot of things originally 
in 0.8, and they have all been converted. Today 
we are shipping only half micron and two, three 
layer metal. New generation designs are a 0.35 
four layer metal, so even in very cost sensitive, 
consumer electronics markets, advanced process 
technology is very critical. 

Q: We see a new playing field starting to emerge 
in a competitive sense. Traditionally, the Japanese 
companies have been dominant in both the sys
tems, and even in the semiconductor side of this 
industry. But now we see many of the key core 
technologies coming out of Europe, out of the 
United States. How does the new competitive 
arena shape up with the new technologies emerg
ing as they are? 

DWAIN: Speaking from my semiconductor 
background, as well as my exposure in two major 
consumer electronic companies, it is a challenge. 
The move from analog to digital gets rid of an 
opportunity that we made use of -the concept of 
fidelity and differentiating on high end fidelity. 
Digital is digital, and you now have to switch to 
high volume, low cost, design time to market dif
ferentiations, and that will be an opportunity for 
change within the Japanese companies. Addi
tionally, the move to networking brings in more 
software than previously had been involved, and 
we are addressing those internally. 

DAVID: These consumer devices we are build
ing are pretty amazing, ranging from one to five 
million transistors on some of the more advanced 
things we have doing. They are all about architec-
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tures, they are all about signal processing, they 
are all about real time software. This sounds like 
something we would have discussed for the com
puter industry, or other high tech industries, a 
long time ago. It is a design process that, for some 
reason, we tend to be pretty good at here, and of 
course, Japanese semiconductor companies have 
done tremendous things with memories and so 
forth, but typically not in the areas of signal proc
essing architecture and software, and that is the 
name of the new game for a lot of these new con
sumer electronics products. We are going to have 
competitors out of the Japanese,- we have to. But 
right now there are going to be a lot of American 
and European companies supplying into Japan for 
the next few years. 

ANDREA: The Japanese have been late in identi
fying the switch from analog to digital consumer. 
I think they are counter-reacting. DVD is the first 
case, which is between Phillips and Toshiba, Mat
sushita, Sony, and others in Japan. I would be 
surprised if we do not face a very strong competi
tion from Japan in the next couple of years. The 
only point is how far our advantage today will 
allow us to keep going at a faster pace. They are 
getting ready, and they have everything to suc-
ceed-they have the strength; they have the intelli
gence; they have the end customers. So we will 
find them in the market. 

TODD: We have thousands of television engi
neers in Japan, and when we go into the PC busi
ness, which is probably 70% software engineers, 
and the rest are some other digital engineers, we 
cannot expect a lot of help there. Sony has de
cided to launch that effort. The PC company is 
based out of the United States, and it then dis
seminates bits technologies, and its products, back 
around the world, versus the traditional model 
that we would have had, where everything is built 
in Japan, and pushed to the rest of the world. We 
actually have counteracted it by putting it where 
the majority of the talent is. and the capabilities, 
and then making that the source. 

Q: There are many chip manufacturers that are 
developing what they call media engines, and 
bringing those to market, and, the first design op

portunities they are looking for are PCs, and get
ting into the PC enabling, and enhanced video and 
graphics capabilities. What kind of hurdles do you 
think that they would experience in trying to lev
erage that technology and that development into a 
consumer product? 

TODD: They are going to find that the software 
world that we deal with inside Microsoft, as well 
as the hardware world of Intel, have a squashing 
reputation that they have to compare with. They 
are going to have to make sure that the software 
development kits, SDKs, that they come up with, 
allow for system integrators to actually utilize 
their software, and do not expect to be able to 
provide an end solution. They are going to have to 
make sure that they are highly competitive and 
that they are well integrated into a Windows 95 
environment, or they will be left behind. 

ANDREA: On the PC, I think there is a window 
for these products. The window is before the next 
generation micros come out. Before the end of 
this century they will run at 1 gigahertz, so they 
will have enough power on the processor to suck 
all that is done today outside of graphics. There is 
a time window of a couple of years, and of 
course, the guy who is there will make money. 
The second thing is how to leverage this in con
sumer electronics. In consumer electronics it is a 
matter of cost. The reason we have been success
ful with MPEG is because we made the smallest 
and most competitive solution. If you are able to 
hardwire to the smallest solution, you will win in 
the consumer world. Some of these processors 
also need some backup from the host processor, 
so I think the consumer world would be more 
hardwired than programmable 

DAVID: I think it will be tough for the media 
processor guys. They have a window. I agree with 
that, but they have to be as fast as Intel. With gi
gahertz processing at the end of the decade, they 
are doing DVD and software, plus they are multi
tasking with other things as well. They have to be 
as fast, and stay two years ahead of Intel all the 
time. Part of the problem with that is their strat
egy is based on programmability, and those media 
processors are typically not easily programmed. 
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Session #9: LAN Switches, Round Two 

Dr. Prabhat K. "P.K." Dubey 
President & CEO, MMC Networks Inc. 

GENE NORRETT: Before joining MMC Net
works Dr. P.K. Dubey was Vice President and 
General Manager at AT&T Microelectronics, re
sponsible for the Wireless and Messaging DSP IC 
Division. Before that he worked for NEC Elec
tronics as the business operations manager in the 
Microprocessor Strategic Business Unit. He has a 
Ph.D. in Physics from Indian Institute of Tech
nology in Delhi, and an MBA from the University 
of Western Ontario. 

P.K. DUBEY: Networking is a very exciting in
dustry. I will share with you what is happening in 
the networking industry, giving you details of the 
infrastructure which is the key to the next two 
decades. The first thing to note is that the net
working industry is a high volume and high 
growth industry. 

This year we will see more networking nodes in
stalled than modems bought. Dataquest forecasts 
150 million PCs will be bought and sold in the 
year 2000. The networking industry is growing 
rapidly, according to Dataquest projections, some 
42% per year. The second thing you will see is 
the networking industry going through a massive 
change. 

Networking Industry Environment 
Rapid Growth 

tMiT 

great bottleneck. Bumper to bumper traffic, exits, 
and accesses are blocked. Data networking is the 
same. Latencies are getting bigger, the effective 
bandwidth per user is now roughly 1/1000 of the 
wire speed. In other words the networks are very 
clogged. 

In future Networks, you see switches have been 
installed. Switches deliver to the user bandwidth 
on demand on an asynchronous basis. Instead of 
sharing wire, a user is in command and control by 
using a switched connection as opposed to a 
shared connection. The switch industry has gone 

This diagram shows the way ex
isting networks are built. Per
sonal computers and 
workstations are tied to Synop
tics hubs, which is a shared 
scheme, and backed by Cisco 
routers. Problems with this archi
tecture developed with the large 
number of people on the network 
who want to communicate 
graphics and image-rich files 
with each other. 

Think of networks as a shared 
highway. When the highway is 
used by a few drivers it is the 
greatest thing, but when millions 
of people use the highway it is a 

Networking Paradigm Shift 
Existing istetworks Future Netvroria 
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from almost a billion dollar industry to $7 to $8 
billion sales this year. In the next five years, the 
bulk of the industry will be built with switches 
replacing hubs. 

The LAN switch industry, from '95 to 2000, will 
grow by more that a 100% per year and will be a 
big industry by the year 2000. 

Another trend in the LAN data networking side of 
the equation is the Ethernet going from 10 Mbps 
speed to Fast Ethernet, which is 100Mbps speed, 
to the emergence of 1000 Mbps, for the Gigabit 
Ethernet. The third trend you will see is the emer
gence of a new protocol called ATM. 

ATM stands for Asynchronous Transfer Mode. 
Two factors driving it are higher bandwidth on 
demand and multimedia applications which are 
video-rich-and voice-rich. 

ATM is being installed in the backbone very rap
idly. 
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The gigabit industry will also grow, you will see 
gigabit installations as well as ATM installations. 
Drivers for gigabit are higher bandwidth to the 
desktop, solving the congestion problem in the 
backbone, and ease of migration to the Ethernet 
world. 

The high level trends are, the networking industry 
is a high volume and high growth industry, 
changing from shared network to switched net
works, Fast Ethernet switches are rapidly being 
adopted, ATM switching in the backbone is 
emerging, and Gigabit Ethernet is going to 
emerge in the backbone towards the later part of 
the 1990s. The key to networking technology, to 
delivering bandwidth on demand, to delivering 
high bandwidth on demand, to delivering voice-, 
video-, and data-rich contents on demand, is 
switching technology. 

Looking at the ideal attributes of switching tech
nology four things come to mind. The first is 
scaleability, the switching technology should be 

Emergence of Gbit Ethernet 
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Switching Technology 
Must Dehver 

/
t I Lagscv 

Scaleable Capacity, 
Features 

Cost Backward 
& Forward 

Compatibility 

scaleable from low to high end, so that the 
equipment maker does not have to reinvent tech
nology. The second trend is that as more people 
get on shared networks there is a need for 
switched networks with higher capacity switching 
engines. 

Compare the switching technology to automo
biles. The switches today are delivered without 
many features, the same way Ford introduced the 
model-T car, it was essentially an engine and 
transmission, without air conditioning, air bags, 
and so on. The same way the next generation 
switching technology must provide extra features 
in the switching box. 

Cost must come down faster. Switching technol
ogy must preserve the legacy LAN investment as 
well as he future proof. Nobody wants to buy 
something now and throw it away in two years. 
Technology must be ATM and gigabit compati
ble. 

In the switch box vendor environment, two di
lemmas are evident. One, switching technology 
could not be bought from outside. A supplier built 
his own or did not participate in the market. 
Building your own requires 18-24 months and a 
lot of manpower. 

Developing switching technology which is tested 
thoroughly and is bug-free, takes a lot of engi
neering manpower and money. When it comes to 
high capacity switching technology, it is fairly 
risky, so you may not succeed even though you 
spend millions of dollars, and twenty-four 
months, in that development. At the same time, 

Equipment Vendors' Dilemma #1 
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you get a point solution, which is not as scaleable, 
which means that you either get a low end, or a 
medium end, or a high end switching technology. 
When your marketing department says that 38% 
of the users require such and such capacity of 
features, you generally have to re-do all these 
things. 

The second dilemma is that while the equipment 
makers are very concerned with developing 
switching technology, they find themselves faced 
with a different dilemma when dealing with the 
rr buyer and IT user. The end users purchase cri
teria is based on features. Back to the automobile 
example, we buy an automobile on the basis of 
styling, features, and comfort factors. Few buyers 
today buy an automobile because it has an engine 
implemented a certain way, or transmission im
plemented a certain way. With switching equip
ment, the purchaser's criteria are features, port 
configuration, up links, diagnostic features, 
maintenance features, LAN emulation, policing, 
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accounting, etc. The equipment vendor spends 
more time on developing switching technology, 
and less time on feature development. This is 
where MMC comes in as a vendor here. 

You see very high growth in traffic and heavy 
congestion in the corporate network environment 
today. While switches are being touted as the 
elixir to all these problems, the shift to switches 
creates new challenges. 

The challenges that a network administrator faces 
is to make sure that the client-server traffic, which 
is the dominant traffic in the networks today, is 
decongested. The bulk of the traffic is from user 
to server, rather than user to user, so the server 
traffic must be fed in a fat pipe. The backbone 
traffic, where everything aggregates, must be a 
fatter pipe. Adequate bandwidth to the desktop, 
depends upon the application itself. Switches 
need to be installed and managed to ensure they 
perform various functions such as moving/adding/ 
deleting users, troubleshooting, doing perform
ance analysis, and securities. Shared networks do 
have one important attribute which is the observ
ability of traffic. Sharing a wire makes it very 
easy to observe the traffic flows and pattern by 
attaching a monitor and analyzer on a shared wire. 

Troubleshooting is simplified. Switched traffic, 
by definition, is like tic-tac-toe. This tic-tac-toe 
behavior destroys the observability making trou
bleshooting a challenge. Other challenges are: the 
cost must be low enough; the right sort of equip
ment needs to be selected based on the horse
power of the switch; the flexibility in different 
ports for different users; and adequate features. 

BW stands for the aggregate bandwidth or capac
ity. The number of desktops connected to the 
switch at the speed of either 10 Mbps or 100 
Mbps. Most traffic to servers should be high 
speed type, either a fast Ethernet (100 Mbps) or a 
gigabit (1000 Mbps) connection. Because it is for 
both bandwidth and distance, it needs to be a full 
duplex connection, so whatever number of servers 
you have, you just simply multiply by two. 
Switches take you to the wide area network side, 
therefore, there must be some backbone connec
tion. Take the number of backbone connections, 
either have ATM 155, 622Mbps, or a gigabit con

nection and to make it full duplex. Let us take an 
example of an average to network see what hap
pens to the capacity requirement. 

Ninety desktops are connected by the old Ethernet 
way, and ten desktops are at Fast Ethernet band
width. This network has six servers, which are 
full duplex Fast Ethernet connections with one 
ATM backbone connection. Plug in these num
bers, you see that the switch with adequate ca
pacity, which will guarantee non-blocking of the 
traffic, requires 3 to 4 Gbps capacity. 

Legacy LAN Switches Today 
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From this chart, you will see in the box labeled 
low-low some 100 vendors and very few vendors 
on the high feature or high capacity side. There is 
virtually none in the adequate capacity and ade
quate features side, in the upper right hand comer. 
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A similar situation exists with the ATM LAN 
switches today. There are very few vendors, their 
costs are very high, and it is mostly on the low-
low side. 
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It is clear that the current LAN switches do not 
have adequate capacity or features to solve the 
network administrator's problems we have just 
been discussing. So what is the round 2? 

quarters in a row. To get additional information 
on our company, you are welcome to check our 
website at mmcnet.com. 

LAN Switch Migration Path 

Round 
Two 

• High Capacity 
• Rich) in Features 
• Extensive Networl< lUeuiagement 
• Scaleed>le/Stacl<able 
• Integrated Switch-Router 
• Affordable 
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Round One 

Round 2 of LAN switches require adequate 
horsepower, adequate high capacity, must be rich 
in features to allow troubleshooting, 
move/add/delete, performance analysis, etc. It 
must have extensive network management capa
bility, it must be scaleable, and it must be afford
able. 

I believe that round 2 of LAN switches must have 
capacity scaling to 20Gbps in the corporate use 
environment, flexibility as different users will ask 
for different port configuration. V-LAN (virtual 
LAN) will simplify the network administration 
providing security, some firewalls and improving 
the efficiency of the network. Round 2 must have 
RMON (a remote monitoring capability), for 
troubleshooting and management. We are entering 
a period where there is a need for the observabil
ity delivered by RMON. 

Now this is where MMC Networks comes in. 
MMC invented a switching technology called 
ViX technology, a switching routing architecture. 
We focus only on the switching routing area of 
the problem. We have expressed the ViX archi
tecture in an Ethernet packet, or Fast Ethernet 
packet, or gigabit packet, and ATM cell switch
ing, and these two platforms are now in produc
tion. 

We are a company based in Sunnyvale, backed by 
venture capital, we have been profitable for three 

LAN Switches, Round Two 
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The two switching platforms that we have intro
duced fit in the high capacity, high feature box. 

Our packet switch platform has a capacity of 4 
Gbps which is roughly ten times the capacity of 
the normal switches available today. It provides 
ATM uplinks and every port is configurable. 
Many features are supported and it is cheaper; it 
allows our customers to differentiate their systems 
at the feature level and at network management 
software level. The ATM product is applicable up 
to 40 Gbps bandwidth which is more than ade
quate bandwidth in the corporate backbones. It is 
a complete ATM switching platform. Our 
switching platform plus 20 nanosecond static 
RAMs is the entire ATM switch hardware. 

It is scaleable to 40 Gbps, the ports are flexible 
and we have completed numerous feature chips to 
make sure the LAN switches of tomorrow are 
here today, and it is a dramatically lower cost of 
switching. The cost of ATM connection, if you 
throw in the adapter cards and all the network 
management software, is roughly $2,500 for con
nection. Imagine buying a PC at $2,000 and pay
ing $2,500 for a network connection. Clearly if 
ATM is to become widely popular, the cost must 
be brought down by a factor of 10. In the world of 
Ethernet, in 1987, once the costs were brought 
down to less than $300 for a connection, Ethernet 
took off like a rocket. 
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In summary, the current switches that are avail
able today do not have adequate horsepower, nor 
do they have adequate features. Our company is 
enabling the round 2 of cheap, high bandwidth 
feature switches. 

Q: Is the world going to be different five years 
from now? Does P.K. see Gigabit Ethernet ever 
being used on the desktop, or will it always be a 
backbone technology? 

P.K.: Gigabit, starting out, is going to be a back
bone technology. The majority of users in the 
next five years do not need 1000 gigabits for a 
desktop. I see this as a technology for backbone 
and for server links, rather than desktop. 

Q: Your diagram showed ATM to the desktop. 
Do you believe ATM will come to the desktop? 

P.K.: If multimedia applications to the desktop 
become mainstream, then you will see the quality 
of service which is the main differentiating factor 
between ATM protocols versus Ethernet proto
cols. ATM will become a mainstream desktop 
technology. 

Q: What is the semiconductor content of a 
switch, ATM switch measured in dollars, number 
of devices, and silicon squcire inches per switch? 

P.K.: Cisco has an ATM LAN backbone switch 
family call Lightstream 1010. It has 32 ports, 
meaning 32 users can get ATM 155 installed in 
the backbones with a 5 gigabit switch. This 
switch has a total semiconductor of about $3,000. 
If you have a bigger switch you will have more 
content, and if you have a smaller grade switch 
you will have less content 

Q: Will more than one of the big four networking 
companies acquire the switching technology; will 
it remain somewhat independent or be dominated 
by one player? 

P.K.: I am a contrarian at heart, most of the in
dustry gurus are predicting the industry will 
consolidate. My view is that industry will decon-
solidate. Many new things are happening at a 
much faster pace. I do not think it is possible for 
any one, two, or three companies to be a cham
pion at everything. 
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Session # 10: Embedded DRAM Technology: The Next Major DRAM 
Technology? 

Prakash Agarwal 
President, Co-Founder & CEO, NeoMagic Corp. 

GENE NORRETT: Prakash Agarwal is President 
and Co-Founder of NeoMagic, a company that is 
focusing on the portable market. He has had a 
number of different, exciting positions in the in
dustry, for the last 17 years. The last position he 
had prior to founding NeoMagic was Vice Presi
dent and General Manager of Cirrus Logic's Port
able Products Division. He has a master's and a 
bachelor's degree in electrical engineering from 
the University of Illinois. 

PRAKASH: Gene asked me to talk about embed
ded DRAM technology, and especially the topic: 
"Is it going to be next major DRAM technology?" 
Is it really next major DRAM technology, or is it 
going to be next major semiconductor technol
ogy? 

I will talk about why embedded DRAM technol
ogy is so important, the benefits, the challenges, 
the challenges ahead of us, and the NeoMagic 
experience for the last three years. 

What are the applications? At NeoMagic we are 
focused on a few applications. There are many 
other applications. We will talk about that, and 
the future direction of embedded DRAM technol
ogy, what we should look forward to, and sum
marize it. 

I claim that system on a chip cannot be imple

mented unless you are using embedded DRAM 
technology. I will focus on what is a system, and 
why embedded DRAM technology is so important 
to achieve system on chip. 

What is a system, or a subsystem? It contains 
logic modules, memory modules, some analog 
pieces, and industry, has been implementing more 
and more logic functions into a single chip, and 
has been, including more and more memory ca
pacity from 1 megabit DRAM to 4 megabit 
DRAMs, to 16 megabit DRAMs, and beyond. 

T R U E SYSTEM O N C H I P 
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For true system on a chip, you have to integrate 
logic, memory, analog, all in a single chip. If you 
do not have that, you are not implementing a true 
system on a chip. 
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If you look at the traditional integration approach, 
you take a bunch of logic blocks, 100,000 gates, 
200,000 gates, or 1 megabit DRAM to 16 megabit 
DRAMs. That has been the approach, where 
people have been incorporating more into a single 
logic chip, or single memory chip, and with that 
approach you do get the integration. You can re
duce the number of components. You do get that 
benefit. But you do not really see a major per
formance enhancement, nor do you see much of 
the power reduction. 
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J Embedded DRAM technology not only gives you 
performance, it also reduces the power consump
tion in a big way. Form factor: that goes without 
saying. Thermal: some of the experience we have 
had we will share that with you. At the same time 
that it reduces the EMI, system on a chip also 
helps from the economic side. 

What improves performance? In any system or 
subsystem, the most obvious performance bottle
neck is in the memory bandwidth. If you can 
solve the problem of memory bandwidth, you can 
improve the performance. You can have faster 
buses, or wider buses, or you could have both, 
and this is where the whole industry has been 
moving, from 8 bit, to 16 bit, to 32 bit, and even 
64 bit. When you go wider you get the perform
ance. 

The problem is, as you go wider, or faster, it takes 
more real estate to implement the system. It in
creases the complexity of the board design. It 
takes more power consumption, and costs more, 
with more components, more pins, more real es
tate, more EMI, and the real solution is embedded 

DRAM. When you combine DRAM, you are no 
longer restricted by any of those problems, be
cause you get the widest bus. You are not re
stricted by how many pins you have to dedicate. 
Is it 32, or is it 64? You can make it as wide as 
you want, because it is all internal. 

What saves power? Low voltage operation, power 
management, slower clock operation, narrow 
buses, fewer I/O pads. Industry has made a lot of 
progress in low voltage operation, going from 5 
volts to 3.3 volts, even getting down to less than 
3.3 volts. Same thing goes on power management. 
If you slow down the clock, or have narrow buses, 
the problem you have is lower performance. Em
bedded DRAM gives you the widest bus with zero 
I/O pads switching simultaneously. Power espe
cially in CMOS, is consumed at the I/O pads, be
cause they are designed to drive very hefty 
printed circuit traces on the motherboard. When 
you eliminate that by combining DRAM and logic 
into a single chip, you have eliminated the most 
power hungry circuits in your chip. 

Form factor: NeoMagic is focusing on the graph
ics side. Take today's comparative graphic solu
tion, the 256-pin BGA, and two megabytes of 16 
DRAMs. That is five chips. You can eliminate 
basically five chips with a single chip. The result
ing chip is not only a single chip, but a smaller 
chip than the 256-pin BGA. That chip is only 176-
pin. 

Cost benefits: Any time you have a single chip 
versus multiple chips, you reduce the manufactur
ing cost. It is so much simpler for the manufactur-

FoRM FACTOR 
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ing , the testing, and more importantly, granularity 
savings. Take graphics, for example, let's say you 
want to run 1024, 768, or 64 thousand colors. 
Let's say the next application requires 1.1 mega
bytes of memory, you are forced to go to two 
megabytes of memory, you have no choice, that is 
how standard DRAMs come. They come in half a 
megabyte, one megabyte, or two megabytes of 
memory. That 900 extra kilobytes of memory, 
which you do not need is wasted. When combin
ing embedded DRAM to logic, we put in 1.1 
megabyte, no more, no less, and that way, you 
save on the granularity side. You see the simplic
ity I talked about, fewer wiring layers, less inven
tory, and that translates to ease of use, and time to 
market. Time to market is so important in this 
business, if you can save three months off your 
design cycle, you can be ahead of millions and 
millions of dollars. 

What are the challenges? Why hasn't anybody 
else done it, though people have been talking 
about it. There is actually more talk about it now, 
than when we started the company. We really 
have to understand the dynamics of memory and 
logic. 

There are two different industries: memory is 
component-oriented, whereas logic is solution-
oriented. For the logic side you have to provide 
complete solution, demo boards, BIOS, drivers, 
software. 

Memory is manufacturing intensive, in order to be 
successful in the manufacturing business, you 
must lower your cost, and increase capacity. That 
is what some of the Koreans did in the last four or 
five years, became number one. Samsung became 
a number one player from nowhere. Logic is de
sign intensive, the more you innovate, the more 
successful you are going to be on the logic side. 

We are a fabless company, so we work with major 
DRAM suppliers, that also have the logic groups, 
too. But the memory groups do not understand 
logic, and logic groups do not understand the 
memory side of the business. Once you start 
combining them, design complexities exist be
cause you need to run logic and analog on the 
commodity DRAM process. 

Testing is a big issue, but DRAMs are tested on 
giant gang-testers, where you test hundreds at one 
time to bring the test time down, whereas logic is 
done one piece at a time. How do you resolve 
some of those issues? Bum-in requirements: 
DRAMs are such that, if you have any soft errors, 
and if a bit flipped, there goes your bank account, 
and you have to pay attention to that too. 

The biggest fear in this industry has been dealing 
with yields because the DRAMs are repaired by 
laser. They are compacted so much that they have 
redundancy in their design so they test it, and then 
they do laser repair. With logic you do not. Once 
you bring that logic with DRAM, are you taking a 
yield loss because of that integration? You have 
to pay attention to that too. When we started the 
company, DRAMs were at their height, very ca
pacity constrained; 16 megabit DRAMs were 
selling at $50 plus. How do you work out an eco
nomical, profitable model with your DRAM 
supplier where it becomes a win-win? Those are 
some of the challenges that one has to face. 

NeoMagic experience: We have three products in 
production now. Our first product came out in 
December of '94, and since then we have added 
two more products. 2070 MagicGraph 128 is the 
first product. It is designed for notebook comput
ers: graphics controller for notebooks - our bus 
interface between controller and memory is 128 
bit wide. That is the beauty of integration. You no 
longer are restricted by 32 bit or 64 bit interface, 
and that gives us more than RAM bus type of 
memory bandwidth, without having all of the is
sues related with it. It has been a very successful 
product. This was done on 0.45 micron commod
ity, 16 megabit DRAM technology. It is about 
20% bigger than the standard 16 megabit DRAM. 
The 128V: we took an M2070 and added video 
acceleration to it. With that product you have full-
frame, 30 frames per second, MPEG-1 playing in 
software with a 100 megahertz Pentium. You do 
not need MPEG-1 in the hardware. That control
ler working with the Pentium gives you all of that. 
Same technology, 0.45 micron technology, and it 
is about 20% bigger than the first chip. The third 
chip, we added zoom video support, and TV-out. 
There are also analog blocks, RAM DAC and fre
quencies synthesizer, and a small RAM for TV 

10-3 



Session #10 

support. The interesting thing is, and this is where 
the three years of learning has paid off quite well, 
it is the same technology, and we have 20% more 
gates in this chip than 2090, yet die size turn out 
to be the same. 

The graphics market industry has been going from 
16 bit, to 32 bit, to 64 bit which takes more board 
space. It used to be only 2 square inches, now at 
64 bit, it takes 4.5 square inches. What is next for 
them, if we are not embedding DRAM? Going to 
128 bit, means that your square footage may go 
up to 8 square inches. The power consumption 
has gone from 1 watt to 2.5 watts in the case of 64 
bit, and over four watts for 128 bit. At NeoMagic, 
based on the embedded DRAM solution, power 
consumption is less than 400 milliwatts and board 
space is less than one square inch, for the 128 bit 
bus. 

We have announced quite a few good customers: 
Acer, Compaq, DEC, Dell, HP, Hitachi, Mitsubi
shi, NEC, Sharp. These are all the people that are 
shipping the product now, and there are quite a 
few more customers we have in place, that will be 
announcing their products in next three to six 
months. The support we have gotten from our 
customer base, can be attributed here, what they 
are saying about our technology, our product, and 
our support. 

David Altounian, who is a Director of Portables 
Marketing at Dell, who had been our first, and the 
number one customer: "NeoMagic's technology 
not only offers much higher performance, but also 
reduces power demand. No other technology has 
been able to do so." That is a true statement. 

Ronald Chwang, President and CEO of Acer 
America: "By incorporating the NeoMagic 
graphics and video in our newest notebook com
puters, we have been able to provide state of the 
art multimedia capabilities while increasing the 
battery life over previous solutions." You must 
have heard about the Nuovo notebook, which they 
announced at PC Expo. This notebook has 10.5 
hour battery life. We are adding about one to two 
hours extra battery life in that machine. A com
pany called Veritest provides the battery test in 
the notebook, and when they ran their benchmark 
test on this machine, it broke after 8 hours be

cause they never thought any machine could run 
beyond 8 hours. 

Rod Schrock, VP of Presario Business Unit at 
Compaq: "The innovative technology of Neo
Magic's video solution provides a breakthrough 
combination of exceptional performance and very 
low power consumption." No one talks about 
form factor because at machine level, what they 
had been able to do was put more functions on the 
motherboard, because the board space we saved 
for them enabled them to put PCI logic and other 
functions on the motherboard. 

We started NeoMagic in July of 1993. Our first 
$3 million round was led by Kliener Perkins, the 
Sequoina capital, and was joined also by U.S. 
venture partners. The second round of funding of 
$6 million, in June of 1994, was led by Jafco, the 
Japanese venture capitalist firm. In December of 
1994 we had the first functional silicon which we 
started sharing with our customers. In March of 
1995, we introduced introduced MagicGraph 128. 
In July, Roger McNamee of Integral Capital, led 
the round, and we raised $8 million of funding, 
and that was the last round of funding we have 
done. Since Ql of this year, we have been volume 
shipping to those nine customers. In June of this 
year we introduced the MagicGraph 128V, and 
ZV, and both of these products are in production. 
In July we announced a lot of customers, and we 
are approaching very close to one million units in 
shipment very soon. That is a very good milestone 
for a company that has only existed for three 
years, went after a unique concept, and in the first 
year of production, will be shipping close to one 
million units. 

Besides graphics the embedded DRAM applica
tions can be classified into three different catego
ries: performance-driven, battery-operated, or 
cost-driven. You can apply this technology into 
all of these areas. Some of the semiconductor op
portunities in those areas are 2D/3D graphics ac
celerators, audio/video, compression and 
decompression engines, video conferencing, DVD 
controllers, CPU and DSPs, and etc. 

The mobility aspect of information technology is 
going to increase by 30%, because all of these 
new applications, like multimedia and video-
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conferencing. Multimedia 
is presentations, training, 
entertainment, education, 
and what that means, is 
portability. I am able to do 
this presentation from my 
notebook, because my 
notebook can do quite a bit 
of graphics, text, and 
video type of presentation, 
which makes me more 
productive and allows me 
to give a better presenta
tion and training. 

With embedded DRAM 
technology, we need to 
add a third metal, or even 
beyond that. The 64 
megabit DRAM technol
ogy, that is coming will 
allow more memory to come in (because multi
media requires lots of memory and requires a lot 
of gates), so 64 megabit DRAM technology will 
enable us to put more functions, more features, 
and more memory into embedded DRAM appli
cations. The DRAM technology is basically poly-
driven, poly-silicon driven, it is not so much op
timized for metal, so to get the speed out of your 
logic, you need to have tighter metal pitches. 
DRAM takes 23, 25 mass set compared to only 13 
to 15 on the logic side. It has a longer production 
cycle, and, being in the PC industry and how fast 
the market moves, we really need a shorter cycle 
time. The key thing is you want to do all of that 
on a commodity DRAM process. You do not want 
to build a specialty DRAM process to do embed
ded DRAM, because you want to leverage the 
cost and technology of your commodity DRAM. 

There is a lot of interest in embedded DRAM 
right now, probably due to what has happened in 
the commodity DRAM market. I believe this 
technology is going to be a major semiconductor 
technology, providing us with this system on a 
chip application. It should be focused from that 
direction. Those who have been focusing on long-
term vision for the commodity DRAM process are 
going to be very successful. 
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Q: Is there a concern about embedded DRAM 
foundry capacity and prices? 

A: There is always that concern, because industry 
goes through the cycle. When we started three 
years ago, DRAMs were in a very tight capacity. 
Prices were very high. The key thing here is it 
must be planned properly. If there is a value 
proposition, there will be solutions, and those 
who see it are busy solving capacity problems and 
pricing problems. Those who do not will be left 
behind. 

Memory process drives semiconductor technol
ogy. Memory technology drives the semiconduc
tor cost. If you combine those two, long-term, you 
will have the technology and the pricing you are 
looking for. 

Q: What do you look for in a manufacturer foun
dry? 

A: The key thing we look for in a DRAM sup
plier is do they share the same vision as we do 
because in the long-term relationship if we do not 
have similar vision, we will drift apart. Then we 
look at their technology and their road map to the 
future. 
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Q: There are quite a few questions related to 
manufacturing, and how long it took us to get the 
things going. 

A: We have targeted all of our logic and analog 
blocks to work on a DRAM process. We have 
created a unique standards set library for that 
DRAM process. That takes us from foundry to 
foundry. We are working with two foundries right 
now: one in production, and one will be coming 
on in second half of next year, from four to six 
months. 

The way we work with our supplier, we do not do 
a memory design ourselves, because we do not 
want to take the risk. We want to take the com
modity DRAM block, and have them modify it for 
our 128 bit interface which took them from three 
to five months. You can go from one supplier to 
another supplier, technically, in about four to six 
months. 

Q: What, PC system company has been most re
sistant to using embedded DRAM, and why? The 
question should be: Why not? 

A: When we started working with system com
panies, they said, "Great story, if you can do it, 
we will use it. We do not think you can do it, and 
we are not going to risk our billion dollar product 
line, because it takes only one component on a 
notebook, to hold up the whole production." 
Companies like Dell wanted to take the risk. They 
said, "We believe you guys can do it, and we will 
take the risk," and they are the ones who are 
shipping hundreds of thousands of units every 
quarter, based on this technology. Dell has in
creased their notebook market share by 2% since 
they announced the machines based on the Neo-
Magic controller 

You have to show the value proposition, and 
make it work for them, when customers announce 
machines, and other customers see the ads, see the 
benchmarks done by PC magazine, all of a sudden 
they say, "Boy, you know, I have to use the Neo-
Magic controller, too." Right now we see no cus
tomers saying, "We do not want to use embedded 
DRAM. 
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Dr. Hsu is currently Chairman and CEO of Mosys Corporation. 
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Dr. Hsu received his Ph.D. in electrical engineering from the 
University of California at Berkeley. 



Ultra High Speed DRAMs: Unlocking the Potential 

Session # 11: Ultra High Speed DRAMs: Unlocking the Potential 

Fu-Chieh Hsu, Ph.D. 
Chairman and CEO, MoSys Corporation 

GENE NORRETT: The next speaker is Dr. Fu-
Chieh Hsu, "Ultra High Speed DRAMs: Unlock
ing the Potential." Fu-Chieh has spend some time 
at IDT, along with Knights Technology, and was 
a project leader at Hewlett Packard labs, and he 
has a Ph.D. from Cal. He is here to talk to us 
about ultra high speed DRAMs. 

Fu-Chieh: In my presentation, I will take a 
slightly different look at the DRAM and particu
larly the special niche application segment of the 
DRAM. MoSys's vision is to exploit one of the 
potentials that exist in advanced DRAM process 
technology but so far has been underutilized, the 
ultra high speed DRAMs. 

What is speed? Speed has been talked about by all 
the various people, various groups, various appli
cation areas. Is it bandwidth? Is it latency, or is it 
throughput? Our view is that speed is all of these. 
Speed is access time. This is probably one of the 
oldest definitions for the 30 nanosecond SRAM 
(the "S" is the latency time), the speed is defined 
by the latency time. For traditional 60 nanosec
ond, fast page mode DRAM, or EDO, the 60 
nanosecond is the row access time of the memory. 
Speed is also bandwidth. At this conference, over 
the last several years there has been a lot of talk
ing about bandwidth. What people are talking 
about is actually the peak bandwidth, which is 
usually defined as the width of the data path times 
the clock rate, the frequency. The speed is also 
the throughput, which takes into consideration the 
reduction in the usable bandwidth due to the ac
cess latency. 

With all the different attributes of speed, we think 
speed is really an application-specific concept, so 
with that, how to optimize the 'speed' is really 
dependent on a specific application environment. 
Speed is a figure of merit based on all those com
ponents that made up the speed concept - a 
weighted average of all those factors that are rele
vant, and which is application-specific. 

Speed as defined by bandwidth, and this term is 
mostly used in the graphics or multimedia related 
applications because in those applications, the 
graphics pipeline needs to handle a lot of data 
traffic. Usually, in those systems the memory data 
bus has a fairly high to almost full utilization, and 
the efficiency of actual data transfer, depends on 
the access latency. The graph at the bottom of the 
slide shows that most applications in today's com
puting environments are multi-process, or multi
tasking. There are multiple tasks that have to be 
interleaved to access a shared memory system. 
With the advanced pipelining capability, the task 
may be queued for a relatively long period of time 
before it is actually executed, this is what we call 
a task latency. Between tasks, when the transition 
is going from task to task, this is the access la
tency, which defines the time from the time when 
the previous trjuisaction is executed (or the previ
ous task is completed), to the time when data 
transfer can start for a new task or a new transac
tion. In those applications the task latency may be 
relatively long and the utilization, or the effi
ciency, or the throughput, of the system is deter
mined by the peak bandwidth as well as the 
access latency. 

In another application, specifically the level 2 
cache type applications for the processor, or the 
communication, or other similar type of applica-
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tions, the speed means latency. In those applica
tions very short latency is required, and in gen
eral, the bandwidth requirement is moderate. The 
bar at the bottom of the slide shows a typical ex
ample of this kind of access. Ideally the task la
tency is equal to the access latency, and this 
latency has to be short to prevent stalls at the 
processor level. So far today, most of the systems 
with this type of application have relatively low 
bus utilization, typically 50% or lower. 

Using a relatively simplistic view to look at the 
graphics or multimedia applications, one of the 
common perceptions is that the peak bandwidth is 
the most important parameter. The reason is that 
pipelining can eliminate practically all access la
tency concern. The task latency itself is relatively 
unimportant in this application, but the access 
latency is still very important. What it essentially 
does is reduce the usable bandwidth of the sys
tem, the memory the system can deliver. This 
peak bandwidth requirement, so far, has driven 
many of the new DRAM developments. As a re
sult, much of the advanced DRAM memory today 
has very high peak bandwidth, such as a synchro
nous DRAM or RAM bus DRAM. However, the 
relatively long access latency lowers the effi
ciency of the data transfer on the memory system, 
so the actual net improvement is less than desir
able. 

On the cache application side, a simplistic view of 
the application requirement has always been that 
only SRAM's random access latency can meet the 
requirement, and that is the most important pa
rameter. Today, these so-called "fast" SRAMs 
actually have a fairly low peak bandwidth capa
bility, and this is primarily tied to the internal ar
chitecture that the data transfer frequency is 
determined by the internal memory access time. 
We believe improvement in even the traditional 
fast SRAM is needed to allow the much higher 
data transfer frequency, and with that, the new 
architecture is needed. 

What is the driving force for speed? Certainly one 
of the most obvious parameters is the CPU per
formance. CPU performance continues to increase 
at a very fast rate, and then, to allow for balanced 
system performance, the memory has to perform 

in a proportional fashion. From the process tech
nology point of view, certainly today's advanced 
process technology is capable of delivering 200 
megahertz, or faster, CPU or microprocessors, or 
DSP engine, or any media processor, or any type 
of the processing logic circuits. The speed of 
those circuits will be at 300 megahertz, 500 
megahertz, and before long, will exceed one giga
hertz operation. That is certainly proof that the 
basic process capability is fully capable of sup
porting devices or circuits at those speeds. From 
the memory architecture point of view, innovation 
is definitely needed to match such explosive per
formance increases for the various processor 
technologies. One of the techniques already being 
used fairly successfully, is to decouple the access 
bandwidth from the internal memory access time. 
This is evident in the specification of the device 
of the synchronous DRAM or the RAM bus 
DRAM. However, improved access time is 
equally important. So far this aspect has not been 
addressed by the majority of industry suppliers. 

Why DRAM technology? DRAM traditionally 
has been viewed as low performance, but low-cost 
technology. At MoSys we believe that the DRAM 
processes fundamentally are not different than the 
logic processers used by the advanced microproc
essors or the various DSP, or media processors. 
The process technology is fully capable of operat
ing at whatever frequency the processor is capa
ble of. The DRAM, with its one transistor cell 
and the smallest area per bit of all the memory 
type, promises to be the lowest cost memory 
technology today, and perhaps for the next several 
generations. From the bandwidth point of view, 
there is really no limit on what DRAM memory 
devices can achieve, provided the right architec
ture is being used. From the access time point of 
view the DRAM internal access is always a two-
step access, so by definition, it is always going to 
be somewhat slower than the high speed devices 
such as SRAM. However, this internal, inherently 
slower access time can be compensated by several 
techniques such as clever circuit implementation 
techniques used in the MoSys Mcache product 
line, or clever partitioning as used in the MoSys 
MDRAM product line, which statistically equals 
the performance of the synchronous SRAM. 

11-2 The 22nd Annual Semiconductor Conference 



Ultra High Speed DRAMs: Unlocking the Potential 

t 
^ { ^ Single Bank Memory Access 

MOSYS 

' 512 Words 

512 

Rows 

TypcM Rnd 
orWini 4-8Wardi 

Oelobtr 34/33 1996 Ultn Hifk Sptd DRAMi - MoS^lBapeitfad Pi(ilO 

To look at the multi-bank concept, this shows a 
fairly traditional memory partition, a DRAM 
memory block, or memory bank, or memory array 
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the applications, whether it is graphics, multime
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With a single bank type of memory device, the 
DRAM device, when the access is changing from 
task to task, the probability is such that the ma
jority of the time the DRAM has a page miss. 
Even though the memory itself has a fairly high 
data transfer rate or the peak bandwidth, most of 
the time the memory bus is idle while the memory 
is performing precharge RAS and CAS access 
operations. 
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In a multi-bank memory architecture concept, the 
same memory array is partitioned into logically 
multiple, large number of small banks, so with 
that we can accomplish a statistical advantage. 
While all tasks are being executed by the mem
ory, there is multi-tasking, the complex switching 
from task A to B to C to D, there is a high prob
ability that when the task return to A, the page is 
still effective. Even in the cases where the data 
does not locate on "the right page," the multi-
bank operation allows for very efficient overlap 
operation, thereby hiding most of the precharge 
and RAS operation inherent in the DRAM opera
tion. With that, the memory subsystem is allowed 
to work most of the time, and is transferring data 
most of the time, achieving high efficiency, while 
still retaining and utilizing the same basic DRAM 
array. 
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The multi-bank concept was specifically devel
oped and engineered for the multi-processing en
vironment. Repeated access to the same area of 
the memory ensures a high hit rate of the memory 
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access, and this is resulting (statistically) in the 
memory with the multi-bank concept to deliver 
SRAM performance, because the majority of the 
access is the page access. 
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Today the MDRAM delivers the highest peak 
bandwidth memory at the 660 megabyte per sec
ond. We believe the multi-bank technology is 
fully capable of delivering the peak bandwidth at 
one to two gigabyte per second, or beyond. 

A single chip, the MDRAM, has the bandwidth 
capability of one to two gigabytes per second over 
time, but one of the things that is most intriguing 
is that in the embedded application, there will be 
no limits on the I/O capability, or any bandwidth 
limitation for the multi-bank operation because 
every single memory bank operates independ
ently. The performance capability potential on a 
chip is really one to two gigabytes per second per 
bank. This kind of capability provides almost un
limited bandwidth when it is used in embedded 
applications. 

The multi-bank architecture provides a statistical 
advantage to take performance of a DRAM device 
and then effectively deliver the SRAM type of 
access, and data efficiency, by eliminating or 
hiding the majority of the row access and the pre-
charge operations inherent in the DRAM devices. 

MoSys announced the MDRAM product at last 
year's COMDEX show, and we started shipping 
the prototype in the first quarter of this year, with 
production shipping in the second quarter of this 
year. We shipped our one millionth unit within 
four months of our production starts. In the most 

recent PC World magazine, of the top 10 graphics 
cards being evaluated, the MDRAM-based solu
tion won first place, second place, fourth place, 
and eighth place. We think that our MDRAM so
lution, being an application-specific, niche prod
uct, optimized for graphics and multimedia 
applications, has been relatively successful. 
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The second product family MoSys has developed 
is what we call the MCache product. This is the 
first DRAM memory that is directly a plug-in, 
drop-in replacement for the high speed, synchro
nous SRAM devices. On this product we apply 
both the multi-bank technology and clever circuit 
techniques so that we achieve the deterministic 
SRAM access performance with much higher 
bandwidth capability for future growth. 

f 
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Today, the first generation MCache MPEG is of
fered with 66 megahertz and 75 megahertz opera
tion for drop-in replacement for the Pentium class 
PBS RAM, at the 256K byte and the 512K byte 
configuration. Our MCache technology can be 
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extended well above 200 
megahertz operation and is 
suitable for most of the tele
communication, data com
munication, future 
workstation, processor, and 
the PC cache requirements. 
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MCache technology not only 
delivers the same perform
ance as a high speed synchro
nous SRAM, because of its 
inherent DRAM design, but it 
has much lower power than 
the comparable SRAM de
vices operating at the same 
frequency. The active power 
is one-third to one-fifth that 
of a comparable SRAM de
vices. In addition to the po
tential cost advantage and the integration advan
tages, this is a much more environmentally 
friendly device solution for the notebook or port
able products. 

This chart is by Steven Przybylski. It lists a com
parison of all the existing and emerging DRAM 
devices and technologies. From the more tradi
tional DRAM memory to the very advanced new 
memory devices, the memory system frequency 
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has improved dramatically. At the same time, the 
row access time, or the basic access latency for 
most of the memory are relatively unchanged. 
Even though the peak bandwidth, or the maxi
mum sustained bandwidth, can be quite high in 
most of those memory subsystems, the average 
sustained bandwidth can still be relatively low, 
even with very high peak bandwidths. 

On this chart, I combined the data from the 
DRAM devices with the data from the SRAM 

devices. The horizontal axis 
shows the peak bandwidth, or 
the data transferring capabil
ity of the various memory 
devices, while the vertical 
axis shows the inverse of the 
latency, which gives a rough 
indication of the random ac
cess capability or bandwidth 
of the devices. The line in the 
middle demarcates the 
DRAM devices at the bot
tom, and the SRAM devices 
on the top. The figure of the 
merit on this chart is better 
on the upper right top comer, 
the comer indicate the best 
memory devices, having the 
best overall speed capability. 
The EDO DRAM, the syn-
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chronous DRAM, the RAM bus DRAM, and the 
MDRAM (the multi-bank DRAM), is shown in its 
native mode, or the standard DRAM mode. There 
can be a tremendous improvement in the peak 
bandwidth, but in terms of the random access 
bandwidth, there is only limited improvement you 
can achieve. 

Using the multi-bank architecture changes the 
picture to make the effective random access (the 
latency), of the MDRAM equal and comparable 
to that of the standard SRAM. The other case is 
that the MCache product, being a direct plug-in 
replacement for the PBS RAM, is exactly the 
same as the performance capability of the PBS 
RAM. With this chart, from MoSys' perspective, 
although DRAM is inherently slower than SRAM, 
with appropriate architecture and circuit design 
techniques, DRAM can be very high performance 
memory, suitable for almost any applications ex
isting today, whether it is served by DRAM or 
SRAM devices. 

Speed is an application-specific concept. We cer
tainly believe that DRAM devices should be ap
plication-specific. With that, we have the 
flexibility to optimize the DRAM circuits, the 
DRAM memory array to deliver the highest per
formance possible, for that particular application. 
Many other side benefits go with that. DRAM 
technology always has the lowest power of mem
ory devices that operate at a similar speed. It has 
the lowest cost. It can deliver the same or better 
performance because the small cell size of the 
DRAM allows much more flexibility and capa
bility in terms of higher level of integration, 
leading to possibly a single chip solution, and 
embedded solutions. The MDRAM and MCache 
products are only examples of application specific 

implementations that take advantage of the latent 
performance capability of DRAM technology. 
This application-specific concept, using a very 
high performance DRAM core, can be adaptable 
to any system partition and requirements. 

Q: The previous speaker from NeoMagic indi
cated that using a commodity DRAM process was 
the way to go in building an embedded DRAM 
product. Do you agree? 

A: Yes, we agree. 

Q: How many MCache products have been 
shipped, and when were they introduced into the 
marketplace? 

A: The MCache product was announced in April 
of this year, so we are just starting prototype 
shipment in the late second quarter and the third 
quarter of this year. We currently Have three de
vices, 32K by 32, 64K by 32, and a 32K by 64 
which covers the desktop applications. The 32K 
by 64 is particularly interesting. It is what we call 
the mobile MCache, or the green MCache. It re
quires less than one-fifth of the power of the 
SRAM, the comparable similar solution. 

Q: Can you tell us a little bit about the manufac
turing technologies required to build the 
MDRAM? 

A: There are actually not very many require
ments. Our first MDRAM implementation was 
done on the 0.7 micron technology with a 1 
micron transistor. With this generation of tech
nology, we have achieved 150 MHz (or 300 
megahertz data rate operation), and so far, most of 
the technology migration we are accomplishing 
are primarily the cost down. 
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communications industries. 

Before joining TCSI, Mr. Graham was corporate vice president 
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Telecom where he is recognized as the principal in Stanford 
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communications sjonposium sessions, and has been featured as a leader in 
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the invention of architectures for direct digital synthesis, programmable 
logic device, digital filtering, forward error correction, spread spectrum 
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Session 12: How to Win ttie Digital Communications Race 

Hatch Graham 
Senior Vice President & General Manager, Personal Communications Group, TCSI Corporation 

GENE NORRETT: We are pleased to have with 
us Hatch Graham, who is Senior Vice President 
and General Manager of TCSI. Not only is he in
volved in helping the customers, he has actually 
done a lot of inventing. His patent activities in
clude the invention of architectures for direct 
digital synthesis, PLDs, digital filtering, forward 
error correction, spread spectrum communications 
and cable TV. 

HATCH GRAHAM: I have a unique perspective 
of the changes in semiconductors for digital 
communications, because I belong to a company 
that has two businesses. One is providing semi
conductor architectures and embedded software. 
The other is network and business management 
software for all the big PTTs, RBOCs, big service 
providers who are building this new wave of in
frastructure. I think it will have much more of an 
impact on semiconductor manufacturers in the 
future, more than in the past. I think what I can 
present to you is a need for semiconductor manu
facturers to be prepared to change, and change 
quickly, and maybe some of the components and 
types of technologies that you might keep in your 
arsenal to prepare for this sort of change. 

We are going through a change where we have 
access to products, whether we are mobile or at 
home. We have different issues'related to net
works and how they provide services to us. It is 
becoming more and more convenient and we are 
able to get more and more information than we 
ever have before. Imagine the concern within the 
Pony Express Marketing Department as word of 
the telegraph spread. We saw the courier give way 
to the telegraph, the telegraph gave way to the 
telephone, and we had audible information. The 
telephone gave way to television and we got vis

ual information. Now we have everything coming 
to us. Right now we are between the future and 
the past, we are integrating voice, data, and video, 
and we are getting pretty good at it. That is going 
on now. 

We still have the mailman driving his Jeep to drop 
off the mail. Things like this did not go away, 
they just took a different form. We still have the 
need, but the means have evolved. 

Communication is all about access to transfer in
formation from a source to a destination. From the 
beginning of time the goal has been the same, 
only now we are packing in more information and 
again, we are getting pretty good at it, but there is 
a long way to go. 

A few years ago, digital communication came 
around. Digital communications is expanding the 
limits. What the 'digital' does is increase capac
ity, quality, efficiency, and performance. The 
choice now becomes how to address consumer 
decisions so semiconductor manufacturers have to 
study the changes in digital communications to be 
ready for it. 

A few of the benefits are information throughput, 
more data, higher speeds - achieved with semi
conductor advancements and applied theory. 
Bandwidth optimization (I call it transmission 
density), are modulation techniques to pack in 
more information per bandwidth, per hertz. In a 
certain amount of bandwidth, there are different 
techniques that give a very robust signal, but if 
you have a very clean environment you can ac
tually enhance the number of bits per hertz that 
you send and again, you have to weigh these 
trade-offs. Hybrid fiber coax cable TV has some
thing called Ingress or impulse noise. There are 

Graphic materials for this speaker were not available at the time of publication. 
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different ways to guard against that than in certain 
other applications, so these are the decisions that 
have to be made. 

Quality, we all hear about forward error correc
tion such as Reed-Solomon coding, and Viterbi 
decoding. These are basically ways to get better 
signal performance, or better bit error rate per a 
given signal to noise ratio. Spread spectrum is a 
different technique to guard against interference. 
Take all the energy in a certain bandwidth, and 
spread it across a wider bandwidth so if interfer
ence comes in and punctures a certain area, you 
have only destroyed a small percentage of that 
signal. There are ways to improve the quality and 
immunity to interference. Privacy, same sort of 
thing. Lower battery power needs, error correc
tion helps you transmit at lower power because 
you can pull a weaker signal out. These are all 
benefits of digital communications and the archi
tects that are working on these semiconductors 
architectures need to take these into account for 
the given applications. 

Here I made a pretty bold statement. "The prog
ress and commercialization of Digital Communi
cations coupled with continued semiconductor 
advancements represent a change to commerce as 
significant (and similar) as prior milestones in 
communications." 

I know we have not invented anything new. We 
are only integrating instant literal information, 
and instant visual or audible. We are making it 
affordable for the consumer to get information, 
whether they are mobile or not. 

Integration of the three C's: computers, commu
nications and consumers. Twenty years ago, 
50,000 computers were sold, now 50,000 are sold 
per day. More money is spent on PCs than TVs. 
By 2000, over a 100 million cellular PCS phones 
are expected to be sold. 

By the end of the decade, over a billion people are 
expected to be on the Internet. Everybody knows 
they are affected by communications today. Fi
nally the consumer can be much more proactive 
and interactive. We have gone from the choice of 
two channels on TV to being able to make the 
choice of a little satellite dish and get direct 

broadcast satellite, a VSAT dish, or we can have 
hybrid fiber coax cable TV. There are all sorts of 
different techniques to give you a choice to be 
able to select what you want to see and where you 
want to see it. Service providers are competing to 
get you to select their service offering. 

In the future, any product may have (and need) 
affordable, interactive access to a network. You 
as a consumer, either at your home or on the road 
will be able to buy any form of information, on 
any product, provided by many companies out 
there. I am not saying that every product is going 
to be integrated to offer everything that can be 
offered, but the capability will be there. 

There are very complex value chains emerging, 
equipment system manufacturers, providers of the 
service, and service providers. Worldwide deregu
lation is causing competition among these com
panies like never before. They are doing what 
semiconductor manufacturers have done for quite 
some time, striving to become more competitive, 
improving customer care, and reducing time to 
market. 

Integrated service management can be broken 
down into four parts: business management, 
service management, element management, and 
then managing the elements is the network man
agement. Service providers now have an in
creased capability at the service centers to man
age all of this equipment out there, change it in 
some cases, to provide you what you want, upon 
your demand. For example, if you want ISDN to 
your home today, you can make a phone call to 
your telephone company, they either have that 
service in your area or they do not. If they do, you 
wait a couple of weeks and they will come hook it 
up for you. In the future you will be able to call 
your telephone company, and without speaking to 
anybody push a few buttons and have your home 
provisioned to have 128 kilobytes from 9:30 to 
10:30 Saturday morning when you need to 
download a big file. You will then be billed for 
that hour, and you will turn it off. That is the fu
ture. 

This will be based on proactive consumer in
volvement, you pick what you want. That is what 
digital signal processing and these advancements 
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in semiconductors will enable you to do. Another 
example is cellular phones. You could have the 
ability to push a function button on your phone 
and have premium service, meaning if you wanted 
to spend $3 a minute instead of 22 cents a minute, 
to have the best possible phone call, to be handed 
off between base stations at exactly the right time 
so you do not have a weak signal, so you have top 
priority, to allow you to have software down
loaded to your phone to improve the equalization 
scheme to get better performance in your signal 
processing. All of these things are possible. All of 
these things can happen in the future. That is 
what networks are preparing to do, to bill you for 
services that you choose. 

Business management includes financial control, 
marketing, payroll, service management, and 
billing. Billing is a hot topic. Companies do not 
like giving consumers something without being 
able to bill them. You need to be able to request 
the service you want and not be stuck with it 
when you do not want it. Element management is 
basically all of these networks you read about 
every day, broadband, PCS, cellular. Plain Old 
Telephone (something you have had for quite 
some time), as well as SONET, ATM, SS 7. 
These are all networks that make signal process
ing more convenient. 

These networks really do some tough work. Fault 
management is used if there is a problem today. 
Error flags come up in service centers, there can 
be several hundred errors show up that have to be 
audited individually, logged in, and corrected. 
One part of the network going down can cause 
days of work. 

The sophisticated software nowadays can take 
care of these problems. Companies have to revise 
their entire outdated infrastructure. The reality is 
they handle five million events per day, thousands 
of events over just a few minutes, so these are 
very complex issues. As this access comes to con
sumers, and as these services are used more, sys
tems have to get better and better. 

Involved in the challenge of migrating from leg
acy systems, called "spaghetti" code in software 
development, they keep writing code and writing 
code and putting in patches. Now we see frame

works and application frameworks where 80 per
cent of that software package is already done. 
Then they build framework packages and appli
cation packages to do different things like 
SONET, like billing, each one of these is a differ
ent object, a different package. In summary, for 
these networks it is an increase in service man
agement capabilities, so they can change easier, 
so they can manage these services as independent 
accountable objects, and they can upgrade them 
independently without affecting the rest of their 
network. They can change equipment in the in
frastructure using graphic user interfaces. They 
can see the geography and literally dive all the 
way down into the map to the actual piece of 
transmission equipment, look at it and correct a 
problem from thousand of miles away, or dispatch 
somebody to fix it, or provide additional services 
to the consumer. 

Service access expands with each new network 
that comes up. Each of these access points, to 
each piece of equipment, is different. That is the 
key because for a semiconductor manufacturer to 
be able to have product and content in each one of 
these products you will have a slight variation. In 
some cases it will be dramatic and in other cases 
it can be something that you can set up and pre
pare for. The majority of these are point to multi
point systems, essentially a point that distributes 
information to several other points, effectively an 
operation maintenance center. Then base trans
ceiver stations finally send signals out to hand
sets. 

I broke communication access down to something 
that has five blocks of an access from an antenna 
to a consumer. There is a conversion process that 
takes a signal from a carrier frequency and brings 
it down towards the baseband that you operate the 
signal processing in. There are different ways of 
doing it: stopping in an intermediate frequency 
and picking up digitally from there, or take it all 
the way down to baseband. Modulation is QAM, 
BPSK, QPSK, even something called 'spreading,' 
and that is CDMA, spread spectrum. In some 
cases you pick up the signal from the conversion 
at a point that you can do digital signal processing 
in a DSP chip, or in some cases you need to dedi
cate circuitry. Error correction is the decoders and 
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Reed-Solomon coders. Compression is something 
that has really enabled digital signal process to 
help the consumer. Compression in video, MPEG, 
JPEG audio compression, VCELP, PSI CELP, 
different ways to compress a signal that you can 
hear so you essentially get more signals within a 
given capacity or improve the quality of the voice 
or the audio. Basically you have a stream of data 
at a certain point that you need to turn into some
thing that can interface with the network or the 
consumer - I call that formation. Some people 
call that media access control, interface, I just 
blocked it out as formation. Remember that these 
are certain areas that just about every network, 
every point to multi-point network has to address 
and its content is all semiconductor based. 

As these networks succeed, standards emerge. I 
used to claim that you did not need a standard to 
sell a lot of chips but to have high volumes there 
has to be something that is a target. It has to be set 
by some standard and even if it is created as a 
proprietary architecture, to be successful it has to 
finally give way and become a standard. Then 
there can be competition and there can be again a 
still target but as soon as these standards are set, 
they evolve rapidly. In some cases before the 
standard is even agreed on, there is the next evo
lution of that standard which affects those five 
blocks in different places. 

Semiconductor manufacturers must plan to opti
mize this change process, these standards. All 
these new ways of having access to a consumer, 
all these new networks, are all going to be a little 
bit different. There has to be a game plan that 
says we can adapt to just about any new access 
type as rapidly as possible so that we can be in the 
market and be selling products before anybody 
else. There is always going to be an improvement 
on capacity, quality improvements, throughput -
all of these things are going to be very important. 

So what can change? Across the life of a stan
dard, typically, this carrier that I talk about, the 
RF point, will stay set. If it does change, it 
evolves to become a new standard but through the 
life of that particular standard, that RF circuit can 
remain fixed. The modulation scheme, the process 
of timing recovery, and some of the carrier track

ing specifics remain the same. Error correction 
needs to be a little bit more dynamic. There are 
always trade-offs between bandwidth optimiza
tion and correcting the signal but the real change 
happens in compression algorithms. This is where 
in every standard there is always a push to get 
more people per given bandwidth, to get better 
quality, but keep in mind that there is always a 
change needed in the compression schemes, there 
is always an advancement coming along, and it 
will be called a different standard that usually 
falls within a major category. 

I show an example of digital voice for cellular. 
This is an example of compression evolution in 
cellular telephone. North American IS 95 is 
CDMA and Japan is personal digital cellular. 
Each one of the four primary digital cellular tech
nologies has evolved in voice coding almost be
fore they have been adopted. If you look at IS 
136, its predecessor was IS 54 which was again 
North American TDMA. IS 54 came out and it 
had some issues with it, with the Raleigh fading 
characteristics, with the hand-off from base sta
tion to base station. IS 136 emerged as the brand 
new standard that replaced it for cellular, and it 
had improved quality through a digital control 
channel. 

Once it was set, it evolved in voice coding from 
VCELP to ACELP, to a different rate of ACELP, 
and now there is a half rate in process but less 
than 5 million of these phones sold. GSM is an
other good example, going from full rate to half 
rate, to enhanced full rate, and as this cellular 
version of GSM splits off and becomes the PCS 
upbanded GSM version, again there is an oppor
tunity for change. 

Actually, this is a bit exact architecture that 
comes out with full quantization, the bytes being 
exact to the bus structures. Effectively it is a new 
standard. The next chart shows a relationship 
though in that yes, it is new but you will see that 
several of these standards have a relationship 
between them which makes things a little bit eas
ier. You have to prepare for the change but if you 
know a little bit about the basis of the change, you 
can prepare. 
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These are all versions of a certain voice coding 
algorithm that was developed at the University of 
Sherbrook (Nokia was involved in this), and ef
fectively the voice coding standard for several 
different cellular applications is very similar and 
comes from the same root foundation. In effect, if 
you build one of these boxes you are only about a 
month or two away from recoding to get to the 
other rectangular box. As a game plan, if you 
have the right semiconductor foundation, you can 
make changes quickly and address several differ
ent markets without having to repeat the same 
amount of work that you did the first time. 

The first thing in preparing for this continuous 
change inside of these access channels is the 
adoption of embedded processors. Some of these 
things can be cores, they can be library cells and 
nowadays these cores are becoming more and 
more optimized for the application. For example, 
the DSP core from my company is basically dedi
cated toward signal processing type applications, 
especially wireless. It has certain features built 
into the instruction set that make it easier to do 
algorithm coding than if you did it from scratch. 
Once you integrate this and do the layout and tar
get it to your technology, as a semiconductor 
manufacturer, you can use it as a cell. When new 
voice algorithms come out, you can literally make 
the changes in software and it becomes a ram-
mask change or if you have memory outside, it is 
essentially no change at all. But this cannot han
dle the RF sections (what I called conversion) and 
it cannot handle some of the modulation portions, 
but in most cases, it can handle the error correc
tion and the voice coding. In many cases, it can 
handle all of the modulation, too. 

The second thing is something that is evolving in 
the base station sides of things, more than it is the 
handset, and this is what I call embedded accel
erators. Do not give up on custom, or hard ASIC 
logic, because in many applications there is a 
need to have a certain type of function that could 
be dedicated to a hard accelerator, and leave a lot 
more room in these embedded processors. I show 
a chart that has many different functions and it 
has basically the number of cycles needed for a 
certain piece of a function. If you have an appli
cation, maybe an Internet access where you need 

to do FFP (fast forward processing), you might 
want to have a dedicated FFP accelerator married 
with a DSP core that picks up voice compression 
and other modem functions. This is another thing 
I think you need. 

We just cannot seem to get away from A to D and 
D to A converters. These bring analog techniques 
and mix them up with digital techniques. There 
are many companies that have A to D and D to A 
converters, but in signal processing this is a must. 
To have either as a cell, or as a very valuable 
supplier in bringing a signal from the RF to the 
digital domain, you have to have good perform
ance at low cost in your A to D and D to A tech
nology. This is something necessary. 

As more networks come in with more access to 
products, there will be more software coming 
from a network to a product. So there will be a 
need for more memory on chip. I believe there 
will be more memory within products. I also be
lieve that there will be a need for reconfiguring. If 
you have more access types that share a common 
RF, conversion can be made the same but they 
have a different modem structure. 

By loading different information into your mem
ory and reconfiguring the processor or the actual 
instruction set, you could literally have multi-
mode technology. This is coming. You could have 
a phone that addresses one sort of standard that 
immediately, on the fly (or on your demand), be
comes adaptable to another standard. To do this, I 
list flash memory for example. Reconfiguring on 
the fly has to be something that is thought out. If 
you are going to dedicate your chip to an applica
tion, be prepared to throw it away as a standard 
evolves. This is a technique to basically prepare -
as the cost of flash comes down, it will be much 
more attractive to have multi-mode products. 

Mapping these functions to the needs again, you 
still have the logic I like to term as accelerators 
because I am becoming a believer in DSP cores 
and what the generic nature of a DSP can do for 
you. You have to have the A to D and D to A 
technology. The RF integrated technology is still 
an art that lies on its own technology platform, 
and will be its own chip. It is not yet integratable 
to the digital signal processing and CMOS. RFIC, 
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RF components are obviously something that you 
should consider too, but I wanted to focus on the 
areas that can be integrated together. 

In summary, there is a proliferation of networks. 
All of the big RBOCs, PTTs are all essentially 
revising their systems to offer you more services, 
and that means that the products you buy will 
have access to any kind of information, whether 
you are moving around or sitting still. There is 
going to be an endless change to the service 
needs, and there is a similarity to the access of 
this communications. I believe it provides an op
portunity for semiconductor technologies to be 
balanced out, optimizing cost, performance, con
figurability, and time to market, as these new 
networks come up, and as these new access points 
are integrated into the products. 

Q: What type of MCU cores, the microcontroll-
ing units, are suitable in these applications? 

A: In a lot of cases, depending on the architecture 
of the signal, the modem, there is a lot of set-up 
that goes on. When you receive a signal, whether 
it is wireless or across a cable, you have to ac
quire the signal, then you have to track, so the call 
processing that goes on is held in microcontroller 
units. These are not the same as the actual DSP 
processors so typically, in the cellular phone, 
there is a DSP core that is used for the physical 
layer, the modem, the error correction. That DSP 
core is crunching out that data. Then there is a 
microcontroller unit that handles the call process
ing. What microcontrollers units are suitable? 
Well these things do not typically need to be more 
that 16 bytes, they can be 8 bytes, but there are 
applications that are driving them to more resolu
tion. There are several companies that offer suit
able controllers, but these are not what is perform
ing the DSP functions but rather the protocol of 
call processing and set up. 
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Session # 13: DSP Chips: The Hottest IC Segment in Sight 

Joseph Grenier 
Vice President and Director, Semiconductor Device and Applications Program, Semiconductors 

Worldwide, Dataquest 

JOSEPH: I am going to talk about the coming 
DSP revolution. 

My goal at this presentation is to raise your 
awareness of DSP, its many applications, and the 
importance DSP will play as an enabler in com
munications, consumer and PC multimedia. 
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The pie on the left shows that, in 1995, $151 bil
lion semiconductor market DRAMs and compute 
microprocessors got about 36% of the revenue. 
The pie on the right shows DRAMs and micro
processors get all the press and publicity in the 
media. 
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Microcontrollers or MCUs do not get much at
tention either. 

I am going to show you some interesting facts on 
MCUs that you might not be aware of. 

In 1995 the compute microprocessor market, 
which is mostly X86 type processors, totaled over 
$12 billion. The MCU market is over $10 billion. 
The three billion MCUs shipped in 1995 dwarfs 
the 72 million MPUs shipped. Motorola has fore
cast, by the year 2000, there will be more than 
200 MCUs in the home. 

This shows you the MCUs forecast. Today they 
are around $10 billion. There will be a slight 
pause, then a continual growth reaching $20 bil
lion. 
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Let's get back to DSPs, the main topic of discus
sion. 

Why don't DSPs get much attention? People have 
no idea what DSPs do. Even folks in the semicon
ductor industry have to struggle to define DSPs. 

I suspect a lot of you are secretly wondering, 
"Yeah, just what does a DSP do?" This is what a 
DSP does. 
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Unless you are a chip designer 
or a programmer this graphic 
does not help you very much. 
This tends to scare people 
away from understanding DSP. 

Time-Frequency Transformations 

Soucs 1 Domain TachralaglM Inc. 
M7}« 

A good example of an applica
tion that requires Digital Sig
nal Processing is an 
automotive noise canceling 
system. Ambient analog noise 
is picked up and digitized with 
an A/D converter. A digital 
noise signal is then processed 
and sent to a D/A converter, 
where a process noise signal is 
converted back to an ambient 
audio cell or an ambient analog 
sound. That feedback should 
perfectly cancel the original noise signal. What 
you will hear if everything is perfect is silence. 
One characteristic of digital signal processing is 
that it is real time processing, no delay. To do real 
time processing DSPs have to be very fast. 

The second characteristic of digital signal proc
essing is that it usually deals with real world sig
nals, analog signals that either originate or 
terminate in the real world. A third characteristic 
of digital signal processing is that it is very math 
intensive. In this application, creating another 
noise signal exactly opposite in phase and ampli
tude to the original random noise signal is very 
complicated, but this is what DSPs are best de
signed to do. 

Itaoil 

s: 
n ^ 

Inmtm. 

Km 

Tsr 
h ^ 

IWdn 
• ^ 

Taa 

b 

M i M 

t U K 
1. 

U M * 
t 

hMk 

>-^m 

k 

H B V 

* 

* 
TMiAt 

k 
M l * 

tttmititntitmu 

• 

'k-i-j*'^'^"* 

«a4 

rV;' -^ 
HI). ^ 2 * " 

l » — l ) » l » M 

*srt 
ifi'fi [ i;(/w**v 

-*yit 

*•» ffiS 

A, 

DataQuest 

^Hl 
•SB 

Digtal Signal Processing 

Real-time processing of signals that 
originate in the real worid 

BM 
Dlf*W 
i igm 

frHHtInf 
ItlUMn 

- ^ WO 
CpnvMtv 

iuvaltins ^ 
tftMitW* V 
• ev ^ ^ 

AmMwitnotti 

Automotlv* Ne(nOnc«lllna Syit*m 

Applications are very math-intensive 
Dalaqyot 

Digital Signal Processing— 
The Inside Story 

Rail waiM Ilgnali 

j ™ lanilan 

. - - • • • ' • • . . V 

(DIglU) 

Naw llamli Entv 
Rati waiia 

[Anilid 

% 

DIP AnHyiaa. RknIpulttM, 

Kaai-wana Ilgnali 
mRaalTlma 

'••'"J 

nataquatf 

Here are some of the things that digital signal 
processing does. Analog signals that originate in 
the real world are digitized. The digitized signals 
are processed and then converted back to analog 
signals for presentation back to the real world. 
Not all digital signal processing deals with analog 
signals, this is a simplification to help you under
stand the process. 

We refer to DSP chips and to digital signal proc
essing solutions. What is the difference? There 
are a number of ways to implement a digital sig
nal processing solution. As shown here, they 
range from discrete logic implementations to host 
MPU signal processing, to digital signal process
ing done with MCUs and MPUs, to a program
mable DSP chip, to an ASIC with a DSP core, and 
finally to fixed function DSP chips. 
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Digital Signal Processing 
Solutions 
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The automotive noise canceling system the box 
was labeled digital signal processing solutions. In 
theory, that particular solution could be imple
mented in a number of different ways. Each type 
of solution would have different cost performance 
characteristics and some may even be impractical. 

A fixed function DSP is one that is designed to do 
a specific task. It cannot be reprogrammed to a 
different task. On the other hand programmable 
DSPs are general purpose DSPs that can be re-
programmed to do many different tasks. Only 
fixed function programmable DSPs are consid
ered to be DSP ICs. 

H^at Is a Programmable 
DSP? 

A microprocassor thet is very spacializad to do 
very specific arithmetic operations very fast 

The DSP can be programmed for different 
sequences of arithmetic operettions (algorithms) 

depending on the specific application. 

ble DSP is a microprocessor 
specialized to do fast arith
metic operations. Here is an 
analogy that you may find 
useful. A DSP is to a micro
processor what an Indy race 
car is to a high end luxury 
car. For instance, a high end 
luxury car is a general pur
pose car that can do many 
things, is comfortable, has 
many features and can go 
quite fast. An Indy car on the 
other hand, is very special
ized, and designed for one 
thing - speed. This is a pretty 
good analogy, except when it 
comes to cost, the analogy 
breaks down. Indy cars cost 

more than luxury cars as they run about a half a 
million dollars a piece. 

Another characteristic of programmable DSPs is 
that they can be programmed by the user for his 
own particular math-intensive application. 

Now that we know what DSP solution is, let's 
take a look at some DSP applications. These ap
plications require very compute intensive real 
time processing. DSP has long been used in mili
tary weapon systems. Notice the words 'vision', 
'imaging' and 'pattern recognition' in several 
applications. DSP excels in these areas because of 
its ability to process real world images. Food in
spection is a good example. Fruit on a conveyor 
belt passes video cameras at several feet per sec
ond. Images of the fruit are processed to be 
passed or rejected based on attributes such as 
color, size and texture. This system eliminates 
human inspectors with great savings and makes 
less mistakes than human operators. 

While not the high growth areas or high volume 
products, I mention them first because they are 
some of the more traditional applications of DSP 
and they do indicate the range of interesting math 
intensive real world DSP solutions. 

Programmable DSP chips are a very high growth 
area for digital signal processing. A programma-
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Communications is a leading appli
cation segment for DSP chips. Half 
of all the programmable and fixed 
function DSP IC revenue results 
from sales to communication appli
cations. Modems, fax machines, and 
cellular phones are the leading com
munication application segments for 
DSP chip revenue. For instance, 
many of us have 28.8 modems, but 
soon 56 kilobit modems will be 
available. You will not have to throw 
your old modems away. To change 
from the 28.8 to a 56 KBs modem all 
you will need is software that will 
reprogram the programmable DSP. If 
your modem is by U.S. Robotics, 
they will probably make that software available to 
you. 

Communication applications require real time 
compute intensive functions, such as voice and 
data compression and encoding, carrier modula
tion and demodulation, speech recognition, and 
text to speech conversion. Notice the words 
'voice' and 'video' throughout these applications 
- more examples of signals that originate in the 
real world. 

Here is a partial simplified block diagram of a 
cellular phone, indicating why DSPs are used in 
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some of these communications devices. The 
speaker's voice is digitized with an A/D con
verter, the digitized signal is compressed, the 
compressed digital signal is encoded and en
crypted for the transmission protocol, and then 
sent to the RF system for transmission. Upon re
ceipt of the signal the process is reversed. 

Here we are dealing with analog signals that 
originate in the real world. Digitized signals have 
to be processed with high speed, in real time. 
Compression, coding, and encryption algorithms 
are very math intensive. The DSP solution has to 
be low power to prolong battery life, and low cost 

because cellular phones are be
coming consumer devices. Cur
rently phones may use one DSP 
chip for encoding and decoding, 
another DSP core on an ASIC 
chip. In the future, in order to 
reduce cost, probably all of these 
baseband functions can be com
bined on a single chip. 
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11 traffic on the information super 
highway will be digital. Not only 
will it be digital, but it will also 
be compressed with digital signal 
processing. Why compression? 
Because bandwidth is both lim
ited and costly on a super high
way. Compression is required to 
pack the digital traffic more 
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densely to take better advantage 
of system resources. For in
stance, video data requires more 
compression than any other. 
Transmitting uncompressed 
video data requires a huge 
amount of bandwidth, about 216 
megabytes per second. That 
same video data compressed 
requires six megabytes of 
bandwidth. 

DSP Applications in 
Automobiles 
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Digital compression is a key 
enabler of both tomorrow's 
communications, the super 
highway, and communications in 
what I call the 'wireless' super 
highway, such as direct broad
cast satellite TV and direct 
broadcast radio. Digital compression will be vital 
in the success of PC multimedia, video conferenc
ing, interactive video training, games, and digital 
consumer products, such as digital camcorders. 
Digital compression requires fast, low cost, real 
time number crunching capabilities to execute the 
compression routines, or the algorithms. Today's 
DSP chip technology along with industry com
pression standards, or algorithms, like JPEG and 
MPEG, can make this happen. 

Here are some applications in PC and multimedia 
that will require digital processing. Some involve 
audio and video digital signal processing, which 
will require digital compression in intensive math 
calculations. 3D audio requires some pretty hefty 
mathematical manipulations to create the 3D 
sound we hear. Continuous translation is real 
time, continuous translation of speech to text and 
is another example of intense real time mathe
matical processing of an audio signal. 

PC fax modems are already a very high volume 
application of DSP chips. Another example is 
disk drives, traditionally MCUs have been used in 
hard disk drives but for the new high end drives 
MCUs are beginning to run out of steam. Seagate 
has recently introduced a 2.5 GB hard drive, 
which uses a custom DSP chip, integrating a DSP 
core with logic and flash memory. In this applica
tion DSP provides better performance. The MCU, 
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using past designs, is a DSP processor that is ideal 
for executing the complex position algorithms 
that are required to quickly position the rewrite 
head over the track. 

Today's autos already have several microcontrol
lers. DSPs will also find their way into cars, in 
those applications that require fast real time proc
essing. We have already mentioned noise cancel
ing systems, some cars already have DSP 
controlled automatic adjustment of the suspension 
system for smoother rides. Hydraulic systems are 
used for power steering. With the new DSP de
signed for motor control, we may see the pump 
and belt systems replaced with direct drive mo
tors. Another example is Jaguar cars. Jaguar, in 
conjunction with TI, has developed a night vision 
system that uses a near infra-red camera to allow 
drivers to see objects in the dark that would not 
be visible using normal headlights. The range of 
the near infra-red system is far greater than that of 
standard headlights. DSP is used to process the 
images detected by the IR camera. 

In consumer electronics DSPs will be used 
throughout the new wave of digital electronics 
which is now emerging. DSP will be used wher
ever there is a need to process audio, video and 
other images like photographic images. You have 
already heard the terms AC3, MPEG-1, MPEG-2, 
JPEG, these are basically just algorithms for the 
digital processing of audio, video and images. 
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While not a particularly high volume application, 
restoration of Hollywood films is certainly an in
teresting example. The restoration of Snow White 
took 18 weeks, 60 workstation operators using 40 
workstations, working three shifts, seven days a 
week. Using digital signal processing the restora
tion could be done in much less time with much 
less money and operators. 
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DSPs are also finding their way into arcade games 
as motor control chips, into power tools, and 
home appliances, replacing MCUs in some cases. 
Sega's new Indy 500 arcade game uses two ana
log devices. Shark DSP chips. Shark is the fastest 
floating point programmable DSP on the market, 
capable of 120 million floating point operations 
per second. The Indy 500 game is capable of ren
dering about 300,000 polygons per second. 

DSP in Motor Control 
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Canv«t«r 

Here is a simplified block diagram of a DSP con
trolled motor. Real world analog current signals 
are digitized and processed by the DSP. Advan
tages include more precise control, faster re
sponse time, the use of lower cost motors, less 
power consumption, less heat dissipation, and 
elimination of belts, pulleys and hydraulics. DSP 
motor controlled systems will find their way into 
automobiles, heating, ventilation, air conditioning 
systems, blowers, compressors, and other indus
trial uses. Office products like printers and copi
ers are other applications. Home applications will 
include refrigerators and clothes washers. 

Systems that use DSP motor control can reduce 
power consumption by as much as 40%. When 
you consider that over 10 billion motors are 
shipped every year and motors account for a huge 
fraction of the earth's energy budget, then such 
savings will make a huge impact on the overall 
energy requirements of the population. MCUs are 
and still will be used for motor control, but they 
are running out of steam as they cannot keep up 
with the increasing mathematical demands re
quired by advanced motor control. 

Clothes washers with direct drive motors con
trolled by DSPs are already on the market. In the 
Bay area, PGE will give you a rebate if you buy 
one of these machines, but they are horrendously 
expensive, even though we say the motors will be 
cheaper. Not only is power consumption reduced, 

but these washers run quieter, use 
less detergent, and can ramp up 
more smoothly to fast spin cycles, 
reducing instances of imbalanced 
distribution of clothing. 
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What is driving all these diverse 
applications? Collectively, they are 
all being driven by the three main 
characteristics of DSPs. In the past 
DSP applications were limited be
cause low cost and low powered 
DSPs were not available and what 
was available was expensive. 
When DSPs were first introduced, 
back in the early '80s, they cost 
about $200 per MIPS. Today, the 
going price is about a buck per 

13-6 The 22nd Annual Semiconductor Conference 



DSP Chips: The Hottest IC Segment in Sight 

MIP. Thus the availability of low 
power, low cost, and low cost per 
MIPS DSPs are causing the explo
sion in the DSP market. Each of 
these characteristics are creating 
new markets. 

This chart, courtesy of TI, shows 
our DSP product portfolio. Unlike 
microprocessors which are generally 
high performance, high cost prod
ucts, DSP manufacturers are evolv
ing their product lines to meet a 
very wide spectrum of applications 
ranging from low cost, low per
formance, products costing a couple 
of bucks, to high cost, relatively 
high cost, high performance prod
ucts such as the TI products here and Shark, the 
analog device, which is about $200. It is this 
spectrum of products that are needed to meet the 
diverse applications that we have talked about so 
far. 

Here are the top ten suppliers of programmable 
DSP chips. The market is dominated by only a 
few players. Heading the list is TI with 38% mar
ket share, followed by Lucent with 31% share, 
and Motorola and Analog Devices. Together these 
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Who Are the Programmable 
Pickers? 

T*xat Instruments 
AT&T 
Motorola 
Analog Devices 
Zilog 
NEC 
Fujitsu 
Toshiba 
Hitachi 
IBM 
Others 

Total Market 

DSP 
(Millions of Dollars) 

Percentage Market 
1996 

636 
610 
178 
117 
59 
49 
46 
28 
13 
10 
26 

1,670 

Change 

69 
86 
18 
37 

NA 
22 
28 
76 
47 

NA 
38 

62 

Share {%i 

38.0 
30.6 
10.7 
7.0 
3.6 
2.9 
Z8 
1.7 
0.8 
0.6 
1.6 

100.0 
Data Quest 

four companies account for more than 86% of the 
market and all are U.S. companies. I want to em
phasize this is programmable DSP, it does not 
include fixed function DSP chips. TI, earlier this 
year, announced that they would be making a 
1996 capital investment of about $2.3 billion and 
90% of this investment would be for DSP capac
ity. Clearly TI intends on keeping or expanding 
their #1 position. Another point is the relatively 
low growth of Motorola compared to the other 
three top players. 

Programmable DSP 
Application Segments 
Control 

M50 

*'™ I Stnra 

'Clx 

'C2x 

Communications 
(Audio) 

"̂ raxi 

Source Texas Indiunarts 
««7MD 

Performance DataQuest 

The 1995 market grew 
62% to reach more than 
1.6 billion. What does 
the future look like for 
programmable DSP? 
Here is the forecast. We 
expect a programmable 
DSP market to reach 
nearly $7 billion by the 
year 2000. This repre
sents a compound annual 
growth rate of about 
32% over the forecast 
period. For 1996, we 
expect a market to grow 
33% and to reach over 
$2 billion. The 1996 
growth of 33% is less 
than the 62% of 1995, 
but this does not indicate 
a slowdown of growth. It 
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B Programmable DSP Forecast 
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is the law of large numbers beginning to apply. 
When coming from a small base like DSP has 
been doing, you cannot continue with these high 
growth rates. 

This chart shows the microprocessor market for a 
10-year period when MPUs were just starting to 
ramp up. This is the period of 1982 to 1992. DSPs 
are just now beginning their growth. The chart 
also shows a DSP market for a 10-year period, 
starting in 1990. Note the striking similarity be
tween the early growth years of both MPUs and 
DSPs. The compound annual growth rates for the 
10-year growth periods are almost identical or at 
least forecast to be identical for both products, 
whereas MPUs literally exploded off this chart 
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after 1992. What would DSPs do after the year 
2000, when its initial growth phase is over? 
Would DSPs show a like explosion? As someone 
once said, "If Intel made DSPs there would be an 
Intel DSP on every motherboard." There probably 
will be anyway, but it will not be provided by In
tel. 

n I 
1. 

2. 

3. 

4. 

6. 

6. 

HIH* 

Hz)^Pver5Uf 

I 
Ttx i t InotFumsnto 

AT»T 

Motoral* 

Aiwlog Dovlcn 

ZIlog 

fCC 

MCU 

1996 
DSP 

Rovtnut 

(36 

610 

178 

117 

60 

49 

1996 
MCU 

Ftevtnu* 

169 

1,838 

71 

1,664 

1996 
MCU 

Rmklng 

17 

1 

ao 
2 

lUtuswit 

Here are the MCU market leaders compared with 
the DSP market leaders. First, the DSP market is 
considerably smaller. Second, the market leaders 
in DSP and MCU are different, no company is a 
strong player in both categories, with the possible 
exception of Motorola. However, Motorola's 
growth last year was only 18% and had lower 
growth than the other DSP players. Was this be
cause Motorola was making all of their invest
ments in MCU capacity? NEC is the number two 
company, and MCUs are not a major player in the 
DSP market. Most of the market applications for 
DSPs and MCUs are not overlapping. There are 
some applications that already do overlap - hard 
disk drives and motor control. It will be very in
teresting to see how the DSP and MCU markets 
evolve in the coming years and how they may 
begin to significantly affect one another. 
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Java versus Intel: And the Winners Are ... 

Raj Parekh 

Chief Technology Officer, Vice President and General Manager, 
Embedded Products Group, 
Sun Microelectronics 
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Mr. Parekh, 43, brings more than 20 years of engineering and 
management experience to Sun Microelectronics. As chief 
technology officer, he oversees the division's research programs, 
international R&D, architectural innovations, and Internet-
enabling components to support Java and other network 
technologies. As vice president and general manager of the 
division's Embedded Products Group, Mr. Parekh will oversee 
the proliferation of 32-bit SPARC and Java processors into the 
emerging embedded network marketplace. 

Most recently, Mr. Parekh was vice president of engineering and 
chief technology officer for Sun Microsystems Computer Corporation where 
he was responsible for the computer system strategy, technology, and 
international design and development. Before that, he was vice president of 
the company's Advanced Workstations Division. 

Before joining Sim, Mr. Parekh spent 10 years in various engineering and 
general management positions at Silicon Graphics Inc. 

Mr. Parekh holds a master's degree in electrical engineering from the 
Polytechnic Institute of New York. He received a B.E./B.S. in electrical 
engineering from the L.D. College of Engineering, India. He also holds U.S. 
patents for a bias control circuit for a substrate bias generator, EPROM 
reliability test circuit, and a segmented channel field-effect transistor. 
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Session # 14: Java versus Intel: And the Winners are ... 

Raj Parekh 
Chief Technology Officer, Vice President and General Manager, Embedded Products Group, 

Sun Microelectronics 

JOSEPH: Our first speaker is Raj Parekh. Raj is a 
Chief Technology Officer, Vice President and 
General Manager, Embedded Products Group, 
Sun Microelectronics. Mr. Parekh brings more 
than 20 years of engineering in management ex
perience to Sun Microelectronics. As Chief Tech
nology Officer he oversees the divisions research 
programs, international R&D, architectural inno
vations and Internet enabling components to sup
port Java and other network technologies. As 
Vice President and General Manager of the divi
sion's Embedded Products Group, Mr. Parekh 
will oversee the proliferation of 32 bit SPARC 
and Java processors into the emerging embedded 
network marketplace. 

RAJ PAREKH: Every time a new market 
emerges, a new paradigm shift takes'place, it cre
ates some opportunity for new winners and new 
losers. If it is not taking place it is very hard to 
take the incumbent out. When the transistor was 
invented, the computer became reality. Without 
the tuning capacitor the radios and TVs were not 
reality, but as soon as that happened it became 
reality. At this point in time with Internet, World 
Wide Web and the emergence of Java it creates 

the paradigm shift. As it creates the paradigm 
shift it creates the new opportunity. 

One of the problems of this presentation is, I have 
tremendous respect for Intel. The title itself of my 
presentation says I must say otherwise. So I will 
be very careful about not hurting Intel because I 
do have a lot respect for them. With this new 
change of paradigm, let's look at Intel's view of 
the world. It is extremely straightforward, it is 
very easy to understand. They are going after the 
PC, the desktop, and the laptop. That was very 
good for them, they did an excellent job in stan
dardizing as well as creating a very high gross 
margin business for themselves. As far as Intel is 
concerned it was an excellent model for them. 

However, as we look at Java's view of the world, 
it is much broader. Of course we are worried 
about the desktop, we are looking at the Net com
puter, but the overall breadth Java can provide is 
far beyond just the desktop. It is into the network
ing world, the switches, hubs and routers, the 
communication world, the telephones, the enter
tainment industry, it is in the automobile and it is 
in the consumer. All of those industries can take 

advantage of Java and throughout my 
presentation I will be going into more 
detail about it. 

With this size and shape of the world, 
what kind of a potential market does Java 
exhibit? The emergence of the market is 
measured in millions and millions of 
units, far larger than Intel, or any CPU, 
MPU, individual DSP, or any other prod
uct can really exhibit. Because of the 
wideness of the market, from the pagers 
to the games to the set top boxes to the 
net computer and enterprise and control 
side, it becomes an extremely interesting 
and dynamic market. 

14-1 



Session #14 

What are the key success factors? 
How can we really penetrate such 
a market? We think that one of the 
key aspects is the universality of 
the application. Universal applica
tions run on any computer. It is 
highly modularized, so you can 
actually merge multiple different 
applications together. Telephoning 
is a well understood market and 
PCs are also a well understood 
market. 

The Java Virtual Machine 

"WRITE ONCE" 

Java Source 

Applet.jax-j 

written in Java 

That is the combination of the dif
ferent technologies and Java has 
become an excellent way to pro
vide that combination. The issue is 
how do we take multiple applica
tions, integrate them together, and 
make it available from multiple different compa
nies because that is the only way we are going to 
get a tremendous amount of innovation on one 
side and very effective price and cost control on 
the other side. 

How can we remain evolving and not get stagnant 
with a single architecture or a single way of doing 
it? How do I take it advantage of it? These are the 
success factors for Java. We are hitting all of 
them and that gives us much more confidence that 
it will become extremely pervasive into the mar-

Java applicatioits aie 
compiled to run on liie 
aichitectuxe-neutial 
"Virtual Machine" - a 
universal specification of: 
Vlnftruction let 
>datB typM 
>cxecution environzncnt 
>da(B ateu ("heap'') 
> file format 

SHUDŜ SUU 

"RUN ANYWHERT' 

Sun 

picoJava I core vs. x86 
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Cost 

Power 

Business model 

Fnttue potential 

nmltiple souices 

power ToanA gemen t 
uidt 
flexible for vendor 

modular 

atnlity to innovate 

single source 

fixed power 

fixed design 

fixed aichitecture 

ket. 

Java's way of doing business is rather interesting. 
We are not going for single source, we are going 
for multiple source in almost every geography of 
the world. There will be some sources who can 
produce this product. They can produce the prod
uct in the area of expertise they have, rather than 
making just one generic part and trying to com
pete with each other. It allows people to do the 
innovation and make their products available all 
over the place. 

Because of the nature and modularity the chip has 
achieved you can actually operate at 
much lower frequency and optimize 
power quite significantly so that if it 
is in your pocket the batteries will 
last literally forever. In case of a 
desktop where you demand tremen
dous performance, it can really scale 
up extremely easily because all 
those thoughts had gone into it when 
we created the architecture in the 
first place. In the business model the 
multiple source creates a rather in
teresting way to deal with it. It also 
creates the modularity. That certain 
segment of the market can be han
dled by certain key suppliers. Other 
segments of the market can be han-^Sun 
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died by somebody else. 

The picoJava we have designed, which is a core, 
will be available for licensing. Sun will create the 
product based on that, but many other people will 
also create the base on this. The span of this 
product is from the simplest pager to the most 
complicated Net computer and everything in be
tween in multiple different dimensions. The rea
son we were able to do it this way is this is not a 
general purpose processor. Think of it as a DSP 
for Java. This processor executes Java netively, 
all the instructions of Java netively and we took 
care of the legacy core issue by adding the ability 
to execute C in this processor. 

The primary design cycle and the primary dimen
sion for this product is the world's best execution 
of Java. In this particular core we are talking 
about 60,000 gates. We do not measure ourselves 
in how many millions and millions of transistors 
there are. We do not take pride in making it big
ger or more complicated, we take real pride in 
making it the simplest, easiest way to use with 
flexibility so that people can scale it up, down, 
run different applications, and integrate other 
functions with it. That is the only way to create a 
minimum cost product. PicoJava has achieved 
that particular goal for us. 

All of these products are in design. This is a very 
impressive list and today they are not all designed 
by Sun. They are designed by many of our part
ners. These products will start rolling out in the 
calendar year 1997. Some of them may come out 
even before Sun can have a product and that is 
perfectly acceptable to us. They can create next 
generation and the generation after without help 
from Sun. That is also acceptable to us. While we 
continue to provide the technology, they can also 
continue to innovate. 

If one company is falling behind, another com
pany will be waiting to take over that particular 
marketplace from them. It goes beyond the Net 
computer, the Java Processor will touch your life, 
in one way, shape, or form, in the near future. 
Some of the partners we have include NEC, Sam
sung, LG Semiconductor, Mitsubishi. NorTel has 
already announced their intention to make the 
chip, use the chip, and create products based on 

this. As you can see these are not small compa
nies, they are all industry giants. They are ex
tremely serious about this product all the way up 
to their chairman level, everybody understands 
what they are doing and why they are doing it. 
Many other companies in the near future, in the 
next six months, I believe, will announce what 
they are going to do as well. 

Nothing happens unless we have a very signifi
cant performance advantage. There are two ways 
to upgrade the interpreter as well as the just-in-
time compiler and this is a different trade-off. 
One makes it more general purpose but has a 
slower interpreter. The just-in-time compiler is 
somewhat faster, but it takes more memory and it 
is very specific to an individual processor. With 
picoJava running at the same MHz clock rate and 
with 60,000 gates, we should be able to run a lot 
faster. Nevertheless, at the same clock rate, we 
are experiencing, at this point, a five times advan
tage over Pentium, running the fastest thing 
known called 'Jit Compiler.' 

Many of the species are coming from the lan
guage, that it is platform independent, it is dy
namic, it is highly secure and object oriented. 
That is why many companies are extremely inter
ested in Java as a language. Under the Java lan
guage there is a server at work where Write 1 
takes place, there is a climb side to it, where being 
able to run anywhere comes into play. The com
munication between the server and the client is 
very fixed, it is very dedicated. By virtue of that, 
what happens is that anybody can replace the 
CPU operating system and not break the applica
tion. That is an extremely powerful piece. What 
we have done is the communication of Java applet 
class or Java byte code, which is highly com
pressed, we take that directly into picoJava and 
execute. Period. Nothing is needed in between. 

That is why it creates the lowest cost solution, not 
only at the chip level but also at the system level. 
The memory requirements and other requirements 
start to go down. With this power of the language, 
what it has created is a rather interesting momen
tum in the field. I do not know whether I should 
call Netscape an operating system or not, but look 
at the other numbers. The number of programmers 
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working on Java already 
exceeds 200,000. At its 
peak, Windows program
mers were noted at close 
to 400,000. Java is already 
halfway there and growing 
very rapidly. Fifty-seven 
colleges and universities 
are offering Java classes 
and claiming that most of 
them are so full that stu
dents are on waiting lists. 
One hundred and fifty 
books were published in 
one year, so somebody is 
reading. 

picojava I Performance 
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This is rather amazing, 
80,000 web pages running 
Java already. That is the 
power of the language. We 
take that power and say we are going to do mun
dane things, we're going to just focus on a chip 
technology, which actually helps this Java lan
guage by delivering much higher performance, 
much better costs, 60,000 gates versus millions of 
transistors. You can give that to any foundry and 
they will tell you that it makes a huge difference -
the ability to control power and the size of the 
chip as well as change the configurability so that 
it can adapt to different markets easily. 

Who are the winners? Intel or Java? I don't know, 
but I believe that the emergence of Java is break
ing the paradigm that you have to have one op
erating system, or one CPU architecture. That 
particular phase has changed and with that 
change, I believe consumers are the true winners 
of this particular paradigm. 

The ability to seamlessly integrate different tech
nologies and different applications, of evolving 
particular universal applications, has become an 
extremely powerful way to deal with it. On top of 
that we have created a business model which 
makes a huge difference for us. 

You have to ask yourself a very simple question. 
Is Internet important to you? If so, can you live 
without Java? Once you go to Java can you live 
with low performance? Or do you have an infinite 
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^Sun 
amount of budget? If you are on a budget, if it 
makes sense to reduce the cost and increase the 
performance, then a Java-based product becomes 
a very natural selection not only from Sun, but 
from many other people as well. 

Q: How does Sun make money from Java and 
picoJava? 

A: We will sell licenses, chips, and operating 
systems and each one of them has a profit associ
ated with it. However we also sell systems and 
servers and every time there is a thin client a fat 
server is needed. We have a large share of fat 
servers, but we really believe that if the market 
truly opens up there will be many winners, includ
ing Sun, and that strong belief is driving us and 
we believe that we will be fme as a company. 

Q: What is the danger that Microsoft will seize 
control of Java? 

A: The issue is that there is something called a 
compliance test suite that they license. We have a 
compliance suite, which is available openly on the 
Net and every application developer writes to the 
compliance suite which is a common API com
mon protocol. One of the conditions of the license 
is that they must also remain compliant to that 
open standard. By virtue of that, we think that no 
one company, including Sun, will have total con-
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trol over Java. 

Q: Will you be licensing the picoJava core to 
independent semiconductor manufacturers? 

A: At this point in time we are licensing picoJava 
to the people who are also creating systems solu
tions. We want to make sure that the initial round 
of picoJava licensees are indeed the companies 
who have both system and semiconductor opera
tions, and they will use it in real applications. As 
time goes on we will also make it available in a 
selective way to the right semiconductor compa
nies. 

Q: Does your solution for making money in In
ternet reinforce the concept that only hardware 
will make money? 

A: We think that the solution makes money, not 
hardware, not software, not system integration, 
not manufacturing, no distribution channel indi
vidually makes money. How we attack the total 
solution for the customer is where the difference 
is and our focus is exactly on that. That is also 
reflected in our licensing, that we are looking for 
partners to also look at all the aspects and deliver 
excellent solutions. 

Q: Sun claims that Java is architecture independ
ent yet you say that it runs best on your own, so 
what is going on? 

A: Java truly is CPU independent. The Java byte 
code is universally defined and always consistent. 
Any CPU, any operating system can take it, 
through the interpreter or a just-in-time compiler, 
can word into the native operating system, operat
ing commands for the CPU and execute that. The 
difference with picoJava is that our natural in
struction set of the chip itself is the same, or very 

similar, to the Java byte code so we do not need a 
translator in between, that is the difference. 

Our SPARC product which is made by Sun will 
need an interpreter, as will the X86 CPU, but pi
coJava is the only product which does not require 
an interpreter in between which is why the per
formance is in a different matrix. Everyone is 
comparing their CPU through an interpreter or 
just-in-time compiler and saying "I am 10% faster 
or 20% slower." What we are talking about is 
several times difference as long as you are run
ning Java application because we actually execute 
it in the hardware itself. 

Q: Who will ship the first Java processor, what 
will the price be and what will be the first appli
cation? 

A: I would like to have one of the other compa
nies who is our licensee answer this question. I 
would say that typically a smaller dedicated ap
plication will be the first one in this arena 
whether it is PDA or a set top box, but I do not 
know exactly. In terms of price, 60,000 gate de
vices are less than $10.00, so the cost is fairly low 
but typically people will put the complete appli
cation on a chip rather than just have a Java core. 
We are looking at a solution on a chip and the 
price varies based on the solution. In my opinion, 
the price will be $10 to $20. 

Q: Is Intel a Java user? Or can they be? 

A: Our policy is not to disclose any user unless 
they prefer to disclose, so I cannot say whether 
Intel is user or not. Can they be? Of course they 
can. It will augment their situation, they have a 
very good product in certain areas and I am sure 
they would like to expand in other areas and Java 
would be a very interesting vehicle for them. 
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Mr. Walsh is senior vice president of America Online Enterprises 
and a corporate officer of America Online Inc. He is responsible 
for developing and executing the companjr's entry into business-
to-business services. 

Mr. Walsh has been actively involved in information, database, 
and entertainment services throughout his career. Before joirung 
AOL, he was president of Genie, the consumer online service 
owned by GE. He was also president of Information Kinetics 
Inc., an interactive information and database publishing 
company focusing on the job and emplo5nnent marketplace. 

IKI was funded by major U.S. venture capital firms. Before IKI, Mr. Walsh 
was the vice president and general manager of Interactive Services for 
c u e International Inc. He was in charge of all aspects of CUC's interactive 
information businesses, which included shopping, travel, automotive, 
dining products, and membership services. He originated CUC's 
involvement in virtually every online, interactive TV, and screenphone 
platform in the United States. Mr. Walsh has also served as a maiuging 
director of a direct-marketing firm specializing in cable television; was head 

: of telemarketing and special projects for Home Box Office; and, directly out 
of college, was an on-air news anchor and news director for a CBS Television 

^ Affiliate. 
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Mr. Walsh served as the chairman of the Interactive Services Association, a 
1 330-member company trade association focusing on the consumer market 

for interactive and online services. He has been a frequent speaker at 
information industry, direct marketing, cable television, and newspaper 
publishing conferences and conventions, and has been widely quoted in a 
variety of business, trade and industry publications. He is on the Editorial 
Board of Online Access Magazine and Interactive Television Report. 

Mr. Walsh is a graduate of the Harvard Business School, where he was editor 
in chief of HarBus News (school newspaper), and Union College in 
Schenectady, New York. He is a former member of the board of the Informa
tion Industry Association and a recipient of its 1992 Leadership Award. He 
is a former board member of the New York Theater Workshop, an "Obie" 
award-winning theater group, based in Manhattan. 
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Session 15: The New Paradigm for On-Line Services 

Mark Walsh 
Senior Vice President, AOL Enterprises, America OnLine Enterprises 

Moderator: Mr. Walsh is the Senior Vice Presi
dent and Corporate Officer of America OnLine. 
He is responsible for developing and executing 
the company's entry into business-to-business 
services. Mr. Walsh has been actively involved in 
information, database, and entertainment services 
throughout his career. Before joining American 
OnLine, he was president of Genie, the consumer 
on-line service owned by General Electric. He 
was also president of Information Kinetics, an 
interactive information and database publishing 
company focusing on the job and employment 
marketplace. 

Mr. Walsh served as the Chairman of the Interac
tive Services Association, a 330-member trade 
organization focusing on the consumer market for 
interactive and on-line service. He is also on the 
editorial board of Online Access Magazine and 
Interactive Television Report. 

MARK WALSH: We are a company that has 
enjoyed explosive growth in the last two or three 
years, and because of that growth, a lot of indus
try analysts, fund managers, and other large inves
tors from Wall Street and the global investment 
community, have made AOL stocks a bell-
whether holding. Those stock holders were very 
excited at $70 a share which was our price in 
June, and are less excited at $25 a share, which is 
our price today. It is still about a thirty to one 
multiple over our JPO price in '92, but, as is true 
here in the Los Angeles, Southern California area, 
you are only as good as your last movie. In the 
investment community you are only as good as 
your last stock price 

I am the business-to-business guy at America 
OnLine and the cynic would say that is like being 
the electric car guy at GM, in that GM knows it is 
going to build electric cars someday, but it still 
likes building gas guzzling cars. AOL is so far, 
the world's most successfiil consumer orientated 
on-line service. Because of that, I sometimes find 

myself at meetings within the company, selling a 
little bit harder and describing the future a little 
bit more dramatically that I would in the outside 
world where the obvious is more intuitive. What 
is obvious and intuitive, to a lot of the world right 
now is that a platform called America OnLine has 
penetrated many homes and desktops and in fact 
is being used by a significant portion of our mem
bers for business purposes. 

I was asked to talk about a new paradigm is 
emerging. I felt that perhaps AOL was the best 
model to spend a few moments on because AOL's 
migration, and experience by having the Internet 
impact the whole marketplace is a very good ex
ample of the experience that the marketplace is 
going through right now. 

J. Robert Oppenheimer was the chief scientist of 
the Manhattan project, the group of scientists in 
World War 11 that invented the atomic bomb. Af
ter six months of work in Los Alamos, Oppen
heimer and his team had successfully created the 
first atomic bomb, and had a prototype called 'Fat 
Boy' which they were going to detonate in 
Alamogordo in a test. A bus circulated the Los 
Alamos facilities gathering all the scientists to
gether to take them out to Alamogordo for that 
initially detonation at 6:00 am on that fateful 
morning. Oppenheimer noticed that the mathe
matician, Dr. Brock Johnson, was not on the bus, 
and he said, "We have to have everybody," and he 
went to the bungalow, knocked on the door, and 
when Dr. Johnson came to the door in his bath
robe, Oppenheimer said, "Come on, you've got to 
come with us. We've all worked so hard for six 
months. This is an amazing creation that we've 
successfully completed. It's a whole new age. 
We're going to change the world. Come on out 
with us!" The mathematician said, "No, you don't 
understand. If I got the math wrong, none of you 
is coming back." 
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We got the math wrong in this business, all of us 
did. I know we got the math wrong, on the low 
end, at how successful this would be, how fast. 
Nobody thought it would be this big, by now. My 
chairman, always felt it would be a large con
sumer medium with millions of households, but I 
think even he, in his most private moments, ad
mits that this hockey stick curve growth of mem
bership and usage is amazing, stunning and 
unexpected. 

Now we have the math on the high side on how 
much commerce, transactions, shopping, stock 
buying, EDI, and all that stuff would happen, how 
rapidly. It was always the business of the future, 
and always would be, was the old saw about the 
interactive commerce business. We kept expect
ing that interactive shopping, both on the corpo
rate and the personal environment, would take off 
but it really has not. It certainly has not in the cal
endar we expected. It seems to be taking off now, 
but that delay is how we got the math wrong. 

AOL some details 

o 6Million+ members.....40% business 
o Number one source of internet traffic 
o Number one & three most lased internet 

site 
<3 Billion $ company, 2Billion '97 
o Microsoft, AT&T Worldnet, Java deals 
o UK, Germany, France, & Canada launch 
o Japan deal... Mitsui.. Nikkei 

Some quick details about my company, we have 
almost six and a half million members today. 
Forty percent of our usage is business related. We 
are the number one source of Internet traffic to
day, globally. We own the number one and three 
most used Internet sites. That is an arguable 
statement that Netscape would contend is wrong, 
and they are certainly welcome to contend that. 
We are a billion dollar company, just linishing 
our fiscal year July 1 at a billion dollars and our 
run rate for '97 will be two billion. We have suc
cessfully completed some interesting technology 
deals with Microsoft, AT&T, Worldnet, Java, and 
a number of organizations. We now are a global 

company with AOL services, in the UK, Ger
many, France, and Canada. We have linked a deal 
and announced it four or five months ago, to 
launch AOL Japan. Our partners there in a joint 
venture are Mitsui and Nikkei. 

Internet access on AOL, over thirty percent of our 
gross usage is Internet. In fact another ten percent 
or so comes through hybrid forms that are actu
ally accessing websites, but it looks like you are 
still on America OnLine. 

How many people here belong to America On
Line today? Can I just see short show of hands? 
Maybe 10%. How many people have ever be
longed to America OnLine? About the same. How 
many people here have not received an AOL disk 
in the last thirty days? I am always interested in 
this statement, I ask people how many disks they 
think AOL mailed in the last nine months or so. 
Typically people say five, fifteen, thirty, forty-
five million disks. That is the typical range, from 
forty-five to fifty million to maybe fifty five mil
lion, and the answer is a hundred million disks in 
the last nine months. 

We currently offer HTML authoring capabilities 
for our members. The new version of our AOL 
client uses Internet Explorer IE, for both Apple 
and Mac. We also offer Netscape's browser runs 
over our link. The Winsock compliance is now 
complete. We get about 70 million hits a day on 
our home page. We do over 7 million pieces of 
Internet mail. That is mail out from our service 
daily. 

We are today a feeder, a supplier, a supporter, an 
access provider, a standards creator and enhancer 
for the Internet. We are not a foe; we are a friend 
of the Internet. I think what you find, from the 
most professional and savvy media observer or 
analysts down to the least observant or least 
aware citizen in the U.S. or the globe, that there 
often is this positioning of AOL aS a closed pro
prietary service, and the Internet is something 
separate. In fact, we are the Internet to a lot of 
people. But the Internet has forced us to change 
our paradigm a lot. 

The Internet is a pipe. It is not a place today. It is 
an access. It is not a destination. 
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There is today, no there, there, as Gertrude Stein 
once said. There is no thing called the Internet 
that you buy. There are no brands, no organiza
tion, no editorial, no sifting today, and I keep 
saying today because it is happening faster than 
even we expected. We got the math wrong again. 

There is no there, there. 

No brands, no organization, no 
editorial, sifting, 

ZAGATIZATION yet... 

Many of you who are from the East Coast or from 
major cities might know the restaurant guide 
called 21agat's Restaurant Guide. It is in about 
twenty major cities. I am an old friend of Tim Za
gat, who is either the luckiest or the smartest man 
on the face of the earth. I do not think he is both, 
but what he figured out in New York in the early 
'80s was that instead of having a book that man
aged the 35,000 restaurants in New York and 
Manhattan specifically, there is probably about 
1,000 restaurants that really mattered. He was a 
wealthy lawyer, and he got all his rich friends to 
go to the various restaurants and gave them a 
form after they went to rate it. He brought all the 
forms together, made a little book, and then sold it 
back to his wealthy friends. One of the greatest 
closed loops of information generation and pur
chasing that I have ever seen. 

Now he has a lovely business because in fact this 
is the self-referential element of rating. More im
portantly, nobody cares about 35,000 restaurants. 
They only care about the thousand or so that 
matter, and in fact, they really only care about 40 
to 50 restaurants in Manhattan, where the major
ity of the impact, and frankly the majority of the 
revenue, as far as the high end is concerned, is 
generated. But there is no "Zagatization," there is 
no segmentation between various sites and the 
web yet and people buy brand names. The Inter

net is a vacuum of brands and nature abhors a 
vacuum. 

The greatest example of people buying brands, 
that I ever personally experienced, was in south-
em California. I used to work for a company 
called c u e International, which, among other 
things, had an on-line auto buying club. On that 
club you could log on, and get a quote for the 
value of your used car. To get the data of used car 
valuation, I went to a used car evaluation com
pany here in southern California. It is called Kelly 
Blue Book. I mean no disrespect if a relative of 
Mr. Kelly is in the crowd. It is a great business, 
but I met with old Mr. Kelly who was the son of 
the old, old Mr. Kelly, that started the Kelly Blue 
Book. Many of you in the audience will know 
Kelly Blue Book. It is the book the dealer uses to 
say your trade-in is worth $7,000, or the pur
chaser of a used car might say its worth $9,000 
book value. 

I visited with old Mr. Kelly all day. We did our 
deals so you could get a used quote on-line, and 
then at the end of the day, I sat down with him. 

The entire operation that this man ran, was equal 
to one of the sectors of this room, bunch of cubi
cles, people typing, a few computers. I said, "You 
know, you have a fantastic business. You put out 
this book that values Miami cars versus Minne
sota cars, that goes to all the auctions, gathers all 
this data of price points of cars by year, by model. 
It forms a giant database, does regression analysis 
of the valuation, puts out the mean valuation for 
good and bad condition. Incredible. All this data, 
putting out the book, where, how do you do this 
business?" I was saying, "where" do you do this 
business? 

Old Mr. Kelly looked over his shoulder conspira-
torially and said, "You know Mark, we just make 
it up." Completely straight-faced. I said, "Well 
what if you are wrong?" He said, "Well we are 
never wrong, but if we are, we just change the 
number and then we are right again." I said, 
"What is the difference between a Minnesota and 
a Miami car?" He said, "Ah, we knock fifty bucks 
off the Minnesota car." I said, "That is a great 
business." You make it up. Then you sell it. The 
essence there is the brand. The brand is what 
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matters. You not buying what old Mr. Kelly made 
up, but you are buying the brand name, the refer
ential validity of what that brand does. 

You have all heard this joke. I will go through it 
quickly. The two campers, bear coming at them, 
one drops his pack, starts putting on his running 
shoes. The other camper says, "You can't outrun 
the bear." The other camper says, "I don't have to 
outrun the bear, I just have to outrun you." 

The reason I suggest this is that there are few 
paradigm shifts occurring in the Internet service 
space today. There are lots of people running 
with, ahead, or against the Internet. If the Internet 
is a bear, we think there are a lot of campers out 
there, because the Internet is consuming so many 
people today, people that wear ties, people that do 
not, people that are retired, people that work, kids. 
It is a tsunami. 

What is next in this business? We think that our 
brand will become larger and larger. We expect to 
have 10 million members by the mid to end of 
1997. Some of our competition will stay with us 
or perhaps grow as big or larger than we will. We 
think that the connectivity side of the on-line 
business arid the content side will become more 
and more separate, much as it did in the cable, 
broadcast television, and other media businesses, 
even the movie business. We think that Internet 
weaknesses will become more and more glaring. 

We think that the Internet's going to break. The 
perception of the consumer is that the Internet is 
slowing down. Whether it is true or not becomes 
immaterial. 

My example of perception versus reality is Andy 
Grove and the Intel Pentium chip. It had a calcu
lation flaw that occurred once every few billion 
times. This audience is probably stupendously 
sensitized to its flaw, but the world out there did 
not care. Yet on the Internet, the awareness, the 
existence, the validity, and the danger of this flaw 
became a cause c61ebre. Suddenly all of us were 
worried about our Pentiums failing as if this were 
going to truly change the way we played F-14 
Strike Commander on our computer. Now, I knew 
this became an issue larger than Andy Grove 
could ever contain, when I opened the New York 

Times one morning to the sports section and the 
headline of the article said "Nets (the New Jersey 
Nets) ~ Nets Play Like Pentiums, Still Win." I 
knew he had a real problem because the word 
"Pentium" was becoming synonymous with 
"crappy." Perception, reality and the Internet's 
perception now of its flaws becoming more glar
ing, is starting to become truth. 

Transition: WWWeb 

• Closed (rainman) TO 
• Open... (the net) OR 
• Closed to Closed (Booklink to IE, NS) 

My company is a company in a series of transi
tions today: transitions that are both painful, ex
citing, expensive, wasteful, exhilarating, and 
many more adjectives I might suggest. We are 
transitioning to the world wide web and to becom
ing the world's largest Internet access provider. 
From a closed set of production tools called 
Rainman, that make the screens you see on 
America OnLine, we have migrated to an open 
system of tools and sites we point to and aggre
gate for our members called The Net. In fact, we 
went from a closed to a closed system. We bought 
a browser company called Book Link that was the 
original browser we used in AOL about a year 
and a half ago. Now we buy and use browsers 
from Microsoft Internet Explorer and Netscape. 

I would contend they are as closed as the old 
closed proprietary on-line systems. Open is good, 
yet the battle is to own the proprietary code for 
browsers. I think the war going on is not about 
being open, it is about being closed. A transition 
in our revenue model is from an hourly, metered 
service where you pay a flat fee to get in, and then 
after you use up your free hours you are on the 
meter. We were motivated to keep you on-line for 
a long time. Now, since flat-rate pricing has 
clearly taken hold in the consumer, and frankly 
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Transition: Ottier revenue 

• No advertising... TO 
• Lots of advertising 
• Not to much Commerce.... TO 
• Lots of commerce 
• No Daytime... TO 
• Lots of daytime 

the business marketplace, you will see AOL be
come far less metered, far more oriented towards 
flat-rate pricing, become more oriented to sur
charging access for certain parts of its system. 

Other revenue AOL used to have no advertising 
on it, now you are going to see lots of advertising. 
AOL did not used to have much commerce but 
you are going to see a much higher stress of buy
ing things on AOL - trading stocks, buying roses, 
buying records, buying business information, 
buying cars, buying insurance, buying travel, a 
wide variety of parody products. 

We did not used to have much daytime use, in 
fact my whole team has been hired to do nothing 
but drive daytime use, by building private AOLs 
for companies and corporate users. 

Our connectivity - we used to have outside sup
pliers, Sprint, BBN and others, who were our 
networkers. Forty percent of our revenue dollars 
went to outside connectivity companies. We had 

Transition: Content 

• Reseller... no real VAR... no equity TO 
• Owner, w/equity, joint ventures on the 

web, etc. 

to buy our own company, ANS, to get into our 
own hosting business, to control our cost struc
ture. The marketplace forced us to. 

A transition in marketing - probably many of you 
have seen on television, our new many millions of 
dollars branding campaign. We are much more 
involved in sponsorship, in more mainstream 
media, to brand our company's products, not to 
give you a sampling of them. 

A transition in geography - we used to be simply 
U.S.-centric, look at the name, America OnLine. 
We have launched global joint ventures where we 
have kept the three initials AOL (just like AT&T 
used to mean American Telephone and Tele
graph), but people knew it globally as AT&T. We 
think that will occur with our brand as well. 

A transition in content - we used to be a reseller. 
We took news feeds or other sports news £ind we 
added no real value. We had no equity in this 
content. We were just a repackager, a recommu-
nicater. Now through our joint ventures, through 
our venture capital fund, called Greenhouse, we 
are owners and equity owners in a wide variety of 
content plays. 

A transition in audiences: we used to be solely 
consumer. We were the cool alternative to Com
puServe and Protegee. We were very much night
time oriented; in fact, the joke was that loneliness 
and boredom were our best salespeople. To the 
new transition of a balance of consumer and busi
ness to business orientation of content and users, 
we are simple, we are reliable, we are integrated, 
we are cheap, we are multi-platform, and that is 
becoming more and more appealing to businesses. 
In fact, we think that simple wins in the business 
marketplace. 

Just because something is hard, does not mean it 
is good. Just because it is easy, does not mean it is 
childish. Lotus Notes is like every button on your 
VCR except play and rewind. You know they do a 
lot, you can never figure them out. I routinely go 
into executives offices, at a wide variety of levels, 
in a wide variety of companies. I walk up to their 
telephone, and I say to them, "I dare you to tell 
me what more than four buttons on this phone 
do," other than the digits, obviously. "I dare you 
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to explain what any of these buttons do. I will 
give you four but on the fifth, I bet you cannot do 
it," and I have never been beaten. Nobody ever 
learns their phones, nobody ever learns and never 
uses staggering amounts of the robustness of what 
we buy. 

Productivity is still elusive and difficult to prove 
in many of these products. Most importantly the 
business marketplace is adamant about not being 
Beta-maxed again. They are adamant about not 
investing in platforms, in hardware and connec
tivity, in content, in services, in packaging, where 
you will tell them in a few years, "Oops! Got to 
upgrade. Sorry." It is not going to happen. That 
demand for flexibility, we think, puts my com
pany and some others, in some interesting places. 
AOL is in a marketplace that is morphing daily. 
Our partners are morphing daily. 

We have an interesting dance of love and hate in 
every meeting we go to where we are a partner, a 
supplier, a customer, a competitor, a litigant, all 
these roles in one room. The same is true when 
we visit Disney, or Viacom, or Netscape, or Lo
tus, or IBM. All of us are very wary of each other. 
It is an interesting time. There is no proven 
model. However, we know that this business, be it 
business-oriented or consumer-oriented must be a 
religious conviction. 

If your company considers on-line or interactive 
services a marginal play to protect some franchise 
you already have, or to extend and protect some
thing you already do, you will fail. Dow Jones 
had one of the first, largest, on-line services called 
'Dow Jones News Retrieval,' now it is marginal
ized. Reader's Digest owned something called 
'The Source' at one point in the eighties, the sec
ond largest on-line service in America. It is dead, 
bought by CompuServe. Genie, owned by General 
Electric, at one point the second largest on-line 
service in the world, with tremendous consumer 
reach and business reach with its corporate par
ent, is sold and dead. Sears and IBM owned Pro
tegee, dumped over a billion and a half dollars 
into it, sold it to a Mexican company for a lot less 
than a billion and a half dollars. Many think it has 
lost its ability to survive in this niche. H & R 
Block owned all of CompuServe Information 

services, the largest on-line service provider in the 
world. It is now struggling to find itself, and in 
fact, announced record quarterly losses by its 
CEO just a week ago. MCI News Corp. bought 
Delphi. Delphi was the third largest on-line serv
ice in the world. They announced great plans. A 
year later, they sold it for nothing. 

All the regional Bell operating companies in the 
U.S., and many worldwide have tried to get in the 
on-line business. They are trying again with Inter
net access provision deals but all of them, at least 
in the past, have been quite sour. 

In this business you've got to eat it, you've got to 
sleep it, you've got to breathe it, and you've got 
to live it, and you've got to die by it. We think 
that marginaiization for larger companies is very 
difficult to do. 

What is really going on in this business? I am 
reminded of a great line I heard from Albert Ein
stein, who said that there were probably only five 
or six people on the face of the globe who truly 
understood his theory of relatively. "But," he said, 
"I am not one of them." If somebody claims that 
they know what the future of the interactive serv
ices business is going to be in the business or the 
consumer space, you should brand them a liar. 
Nobody knows. We are making this up and I am 
the first to admit it and everybody that is in the 
business, is in the same boat. 

What is going to happen in the future? More pipe, 
more bandwidth, more content, we will get way 
deeper into the education business, which is a 
fantastic market, which is always slower to adopt 
than it should be. You will see the adoption of 

Future: 

• More pipe 
• More content 
• Deeper into education.. 
• Earlier in life 
• Webaddress at birth 
• Commerce migration 
• Business... inmates run asylum 

15-6 The 22nd Annual Semiconductor Conference 



The New Paradigm for On-Line Services 

these products earlier in life, earlier in your busi
ness career, earlier in your physical life on the 
face of this planet. I predict that by the end of this 
decade and this century that you will receive an e-
mail address or a URL at birth, like you do a so
cial security number. You will have a lifetime 
URL. 

Migration of commerce will occur fast. When it 
finally happens, it will occur real fast. I would 
suggest the MIS function of America's and the 
global corporations, that are important to all of us 
as customers, is under severe duress to prove its 
value, under severe duress to address this rising 
tide, which rises all boats, called the Net. 

Continuing changes in my brand and the Internet 
- more women are using it, which is very encour
aging. At AOL today, over 30% of our users are 
female. That is up from 5% not that many yejirs 
ago. You will see more business on America 
OnLine and more business on the Net. You will 
see more purchases from the business platforms; 
EDI will finally work. My joke is that EDI will 
work because the manager will go home and be 
using Intuit to pay his or her bills and say, "How 
come I can't do this at work?" EDI will finally hit 
and consumer use will drive it. 

You will see far less platform dependence, and 
frankly, far less chip dependence, we think, in 
future applications, be it the network computer, 
set top devices for televisions using coax, the X2 
modem doubler from U.S. Robotics, or ISDN, or 
ADSL. Whatever pipe is going to happen, it will 
mean less chip and less platform dependence for 
services and programming like AOL. In fact you 
will see more programmed services. I know it 

Continuing Clianges.... 

• More women 
• More business 
• More purchases 
• Less platform dependence 
• Less chip dependence 
• More "programming" 

sounds suspiciously like television, but it will be a 
lot like television. 

F. Scott Fitzgerald, the author, was once asked 
what it was like to become poor because he died 
penniless. He said, "You know first it happens 
very slowly, then it happens very suddenly." That 
is what has happened here. We burbled along in 
this thing for decades. Many of you probably 
were using the Internet in the '70s, and the '80s. 
You called it other names back then, but it hit, 
and it hit big, and I think that whatever you think 
it is going to be, you should double or triple it, 
because we are seeing evidence that this is an in
credible paradigm shift. 

I would conclude with the following phrase that I 
think sums it up - shift happens. Shift happens, 
and it is happening more rapidly than anybody 
would have ever predicted because we got the 
math wrong. With that, I thank you for your at
tention and take some questions. 

Q: Do you have any suggestions for recycling 
these hundred million disks that you have sent 
out? You know nobody throws them away, they 
just accumulate in our offices and bookcases. 

A: There is actually a web site on a hundred and 
one things to do with your used AOL disks. It is 
very inventive. A guy I worked with said he knew 
we were becoming a national brand when he went 
to a cocktail party and somebody was using AOL 
disks as coasters. 

Q: As more people go on-line who will become 
responsible for upkeeping and growing the Inter
net? 

A: There is no simple answer. It used to be the 
government. Now it is not. Everyone in the con
sumer world thinks it is free. It is not. The Inter
net is truly a network of networks, as you know, 
and it is as weak as the weakest point. What we 
think is going to happen is that there will be new 
sub-Internets, but they will call themselves the 
Internet. We think there will start to be perform
ance guarantees routinely issued by Internet pro
viders, because they are effectively not going to 
give you access to the Internet, they are going to 
give you access to their Internet. 
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In fact, At-Home, which is the interactive service 
that TCI is touting it will offer to cable subscrib
ers, be it at business or at home, is really building 
the Internet for its own use. So the Internet, as we 
know it, I think will break and die, and you will 
see vulcanized versions of the Internet that are run 
by brand name companies who guarantee per
formance. So the short answer to your question is, 
who is going to be responsible for upkeeping and 
growing it? Companies with three letters in their 
names, like AT&T and GTE and IBM and AOL. 

Q: How important are the new 56K modems to 
AOL and other ISPs? 

A: We are one of, I think 30, signatories to use 
U.S. Robotics 56K modem as soon as it is de
ploy able and replicable. We are galactically ex
cited by this kind of development. The single 
most common complaint by people who cancel 
from our current membership is "too slow," the 
single most common complaint. 

Many of you probably do not realize, but AOL is 
available now over your LAN. Any TCP-IP con
nection can get into AOL. You can go in your 
corporate LAN, boot up an AOL disk, and choose 
TCP-IP link, and off your LAN use AOL, and 
when it i that fast, it is great. Instant on, every
thing comes down, all the graphics instantly. It is 
a much more appetizing visual experience, and a 
much more satisfying way to use it. You do not 
feel like you have to wait. So anything that makes 
it faster we are whole-heartedly in support of. 

Q: Do you see Java playing a role in AOL's fu
ture? 

A: The answer is yes. I am not educated, in
formed, or at liberty to say much more, but yes, 
Java apps, shock wave apps, anything that makes 
the experience richer, robuster, and more visually 
appetizing is in our interest. 

Q: What is the life of a subscriber? What per
centage of new subscribers come through your 
relationship with Microsoft and then his most im
portant question, any regrets? 

A: Well you can't not do a deal with Microsoft 
and be in this space, is what we concluded. The 
percentage of our members that come through the 

Microsoft bundling deal: we are on the Windows 
'95 desktop now. It is, so far, relatively unimpor
tant, but we think this Christmas push that is just 
starting now - our acquisition ramp is starting to 
go real strong again - will be far more important. 
There are no regrets, just like there are no regrets 
that I breathe to keep myself alive everyday. It is 
intrinsic in behaving in this space. 

Q: What percentage of time spent by AOL users 
is in chat? 

A: North of fifty. A lot of those chat rooms are 
not Mistress Helga's Leather Room. A lot of chat 
is extremely meaningful. I will give you a quick 
example. I was in Washington D.C., a little over a 
year ago, in Union Station at 7:30 in the morning 
the day of the Million Man March. I think I saw 
all million men come off the trains to go to the 
mall for that amazing day. At around 2:30 that 
afternoon, I went back to my office, and at 7:00 
that night I logged onto an AOL chat room in an 
area call Net Noir. It is an investment AOL made, 
and a company that runs an area on AOL that is 
African-American-centric information, chat, bul
letin boards, purchases. I am in the Net Noir chat 
room, and it is about that day's event, the Million 
Man March. Now a typical chat room on AOL 
will have anywhere from 10, 25, maybe 30 people 
in physical screen names in that chat room, talk
ing to each other through text, and we are talking 
unformatted text on a computer screen. The 
world's most emotion-free medium. In this chat 
room in Net Noir that night there were 1,700 
people - live. The text was spewing up the screen. 
They did a state check, and all 50 states were rep
resented. In fact, many nations outside of the U.S. 
were represented. There were many people that 
were at the march talking; many people that were 
not at the march asking what it was like. In this 
most emotion-free medium, I seriously had one of 
the most emotional experiences of my life. It was 
staggering to read, how these people were relating 
to each other what had happened, sharing the joy, 
sharing the pain, sharing the moment. You do not 
get that in a lot of other ways that we interact. So 
this idea of chat, I think, got a bad moniker when 
it shouldn't. It can be amazing for a wide variety 
of reasons. 
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Q: Why has your cost of gaining new subscribers 
increased so much? Cost of the free disk, or high 
level of people dropping AOL, so low net in
crease? 

A: The cost of the free disk has gone down. The 
cost of gaining new subscribers has increased for 
several reasons. The first is that as you go deeper 
and deeper into an audience of early adopters, 
which was our typical sweet spot, you find the 
less and less convinced, i.e., you find people who 
are more "show me" orientated than the original 
group. 

Secondly, the idea of flat-rate Internet access by 
local ISPs, although numerically not a huge 
problem for us, philosophically and cyclically is a 
bigger problem. What we found is that a lot of 
people perceive their AOL bill to be way larger 
than it actually ended up being. If you ask people 
what a lawyer cost, they routinely suggest that a 
lawyer would be way more expensive than law
yers actually are. There is that huge gap of per
ception and reality, once again of expense, and I 
think we suffered some for that. 

The third reason is that there is a bit of a "wait 
and see" attitude. We think, in this Christmas and 
next Christmas, it will start to come back 
stronger, with "What is the next chip? What is the 
next modem speed? What is the next service? Do 
I have to commit now?" Somebody paid $800 for 
a Bromar-brain four-function calculator. We kept 
seeing calculator prices going down and VCR 
prices going down and I think there is a "when do 
I get on the carousel" perception for one of the 
next sets of waves of consumers. What will they 
buy? How cheap will it be? Will this network 
computer from work really exist? Will I have a set 
top device? And that confusion I think sometimes 
hampers our acquisition efforts. 

Q: I no longer purchase floppy disks as I receive 
a steady supply from AOL. I promise to subscribe 
if you could ship future disks blank to simplify 
my use of them. 

A: I wish that we did not have to pay for all these 
disks, but it is quite funny to see people's reac
tions to these disk mailings. Most of them ask, 
"How come you can't purge me off your list?" I 
have never responded. Some of them say, "I al
ready belong and I keep getting disks," which is 
true. It is actually cheaper to mail than to try and 
figure who does and does not have this stuff we 
think the disks might have run their course. MSN 
didn't mail any disks. Gee why? They had the 
operating system on their PC. They didn't need 
to, but CompuServe, and Protegee, and WOW 
from CompuServe, or our product from GNN, cind 
a bunch of others are mailing disks. So the differ
entiability of our disks has been reduced to almost 
zero. In fact, maybe the way we differentiate our
selves is by mailing blank floppy disks and say, 
"Go to the Net and download our new client," 
which is available at, by the way AOL.com. 

The idea of disks as a trial medium to get the un
initiated to try this product out worked well. It 
was a pretty smart stroke by Steve Case, the guy 
who runs my company. The next step is to make 
us into a lifestyle, or a business, or a content 
choice. You choose to buy the Wall Street Jour
nal. The stock price for IBM is the same in USA 
Today as in the Wall Street Journal, but which 
would you rather be caught looking up a stock 
price in? It is a choice of branding for the same 
data. You will see multiple brands from my com
pany to make ourselves a choice of a product that 
is branded. The migration by us to a branding 
strategy is, I think, our next big paradigm shift. 
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Mr. Morris graduated, summa cum laude, with a B.S. degree in 
finance from Indiana University and earned an M.B.A., with hon
ors, from the Stanford University Graduate School of Business. 
He received the Alexander A. Robichek Award as the No. 1 
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Mr. Tarn is senior vice president and general manager of Motorola Asia/ 
Pacific Semiconductor Products Group. One of his objectives is to bring the 
most advanced semiconductor technologies to the Asia/Pacific region. He 
spearheaded the establishment of advanced integrated circuit design centers 
in Hong Kong and Taiwan; two fully automated assembly and testing plants 
in Hong Kong; three advanced facilities in Hong Kong (Silicon Harbour 
Center—A/P Semiconductor group headquarters); Tianjin (operational 1993); 
and Singapore (Innovation Center—operational 1994; including IC design 
center). Mr. Tarn is also the leader who champions and encourages numerous 
revolutionary devices in Motorola, among which are the "DragonKat" 
microprocessor, which received the Hong Kong Governor's Award for 
Industry in Machinery/Equipment Design in 1989; and the "Poc Set" chipset, 

«m iimovative system for pen-based palm-top computer with communication capabilities. 

Mr. Tain began his career teaching for two yeai's and joined Motorola Semiconductors Hong 
Kong Limited in 1968 as an applications engineer. He gained a wide spectrum of expertise 
in the company through different positions in engineering, sales, marketing, and product 
management. Mr, Tarn was general manager for Motorola's Asia Pacific Marketing 
Operations and has accelerated the establishment of a strong regional organization through 
decentralization. His responsibilities were further expanded in 1982 witti the opening of a 
facility in Hong Kong that houses an advanced testing plant. In 1984, he was appointed vice 
president and general manager for Motorola's Asia/Pacific Semiconductor Division, the 
first Chinese to achieve regional responsibilities in the corporate history. In November of 
ttie same year, he was elected as one of the Ten Outstanding Young Persons of the Year in 
Hong Kong. He was promoted as corporate vice president in 1988, and further promoted as 
senior vice president in 1991. In ttte 13 years since Mr. Tain headed the Asia/Pacific area, 
sales have climbed to over 16 times the 1980 level. In 1992, two significant events marked 
the milestones for the Asia/Pacific regioiu the division's 25th Anniversetry, and the elevation 
of the division to group status. In addition, the company received measures of accords over 
the years. 

Mr. Tarn is active in Hong Kong community activities and is a board member and committee 
member of several electronics and business associations. In recognition of Tam's 
contribution to the commimity, he was granted the Young Industrialist Award by the 
Federation of Hong Kong Industry and the Courvoisier Award for Business Excellence— 
Industry, both in 1988, In 1992, he was appointed by the Hong Kong Governor as Non-
Official Justice of the Peace and later honored by her Majesty the Queen as the Most 
Excellent Order of the British Empire (MBE). Again, the same year. Tarn was awarded the 
Executive of the Year, Hong Kong Business Awards sponsored by DHL and SCMP. Again 
in 1995, he was elected as one of Asia's Top Ten Executives by Electronic Btisiness Asia. 

Mr. Tarn graduated firom the University of Hong Kong in 1966 with a B.Sc. (honors) degree. 
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CD. Tarn 
Senior Vice President and General Manager, Asia/Pacific Semiconductor Products Group, Motorola 

JOSEPH GRENDER: Our next speaker is CD. 
Tarn of Motorola. Mr. Tarn is Senior Vice Presi
dent and Group General Manager of Motorola's 
MCU Technology Group worldwide. He spear
headed the establishment of advanced integrated 
circuit design centers in Hong Kong and Taiwan, 
two fully automated assembly and testing plants 
in Hong Kong, advanced facilities in Hong Kong, 
Tianjin and Singapore. Mr. Tarn is also the leader 
who champions and encourages numerous revo
lutionary devices in Motorola, among which are 
the DragonKat microprocessor, which received a 
Hong Kong Governor's Award for Industry in 
Machinery and Equipment Design in 1989, and 
the "Pock Set" chipset, an innovative system for a 
pen-based, palm-top computer with communica
tion capabilities. 

Mr. Tarn joined Motorola Semiconductors Hong 
Kong Ltd. in 1968. In 1984, he was appointed 
Vice President and General Manager for Mo
torola's Asia Pacific Semiconductor Division, the 
first Chinese to achieve regional responsibilities 
in the corporate history. Among his many awards 
is the "Most Excellent Order of the British Em
pire" awarded by the Queen, and in 1995 he was 
elected one of Asia's Top 10 Executives by Elec
tronic Business, Asia. 

CD. TAM: I am honored to be here speaking at 
this Dataquest conference to share with you all, 
some of our outlook in Asia Pacific, particularly 
that of China. 

Motorola Inc. revenue was $27 billion U.S. last 
year, and 37% of this revenue came from the 
USA, which is obviously the biggest country in 
term of sales ranking for Motorola Inc. Which 
country occupies the No. 2 ranking in our corpo
rate revenue? That is the combination of Hong 
Kong and China, which represents 12% of our 
entire revenue. Eight years ago our business in 
China was virtually zero, for the corporation. 
Even this year, when there has been some slow

down in some regional business temporarily, the 
business in China continue to grow. 
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So let us get on to Asia Pacific. It is not a secret 
that electronic production in the world has been 
shifting towards Asia Pacific for many years. 
Historically this was driven by the lower manu
facturing cost in Asia Pacific. What I want to talk 
about today is about a real paradigm shift. The 
real reason for producing continuously in Asia 
Pacific is to also serve the increasingly large do
mestic consumption markets created by improving 
the living standard of a large population base of 
over 2.5 billion people. 
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Eventhough 1996 Is a Slow Year, 
Electronic Equipment Volume 
Production Continues to Grow! 
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Even though 1996 is supposedly a comparatively 
slower year, electronic equipment unit production 
continues to grow in Asia Pacific. This year many 
of the major production segments such as pager, 
cellular phone, notebook PC, monitor, printers, 
continue to grow quite well. 

What about semiconductors? After many years of 
35% annual growth, the Asia Pacific semiconduc
tor consumption market does have a recession this 
year, primarily caused by the falling prices of 
DRAM. This adjustment is the first time in 11 
years. However at non-DRAM semiconductor 
demand continues to grow at a 9% rate, even 
through this so-called recession. 

In 1996, for semiconductor suppliers, there are 
problems. First of all, at the beginning of the year 
there were high component inventory at most of 
the customers. The second one is because of very 
fast build-up of fab capacity, ASP does drop sig
nificantly. DRAM of course, led the pack with an 
80% drop. Some of the more mature commodity 
prices also drop. But on commodity semiconduc
tor price actually only decrease at about the 
learning curve rate. This semiconductor recession 
is not a general economic recession, as the econ
omy in Asia Pacific continues to boom. This is an 
excessive capacity-induced recession and there
fore collectively we should be able to correct it in 
due time. 

Definitely, there is some slowdown in the rate of 
wafer fab capacity investment in Korea, Singa
pore, Taiwan for the short-term. Raising funding, 
in the private sectors, has become a bit more dif
ficult than before. There is still plenty of money 
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In 1997, A/P Region Still Has Most of the New 
Semiconductor Capacity 
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around in Asia Pacific but the investors are more 
critical and more choosy. 

Is it really that bad? Not exactly. There are delays 
and scale back, but some of the delays are basi
cally 6 month push-out. Construction of new fa
cilities is still ongoing but at a slower pace. 

The investment momentum of the past two years 
still means Asia Pacific would have the highest 
percentage of new wafer fab capacity coming on 
stream in 1997. We estimate this to approach al
most 34% of all the new capacities next year. The 
government in Asia Pacific, such as Taiwan, Sin
gapore, and Korea, would get into the act in order 
to maintain the country-level competitiveness 
during this slowdown. For example, in Taiwan, 
the Taiwan government recognizes that since the 
private semiconductor sector, through their own 
effort as well as strategic alliances with foreign 
company, are closing the wafer processing tech
nology gap in manufacturing with U.S. and Japan. 

They surely do not want to see this momentum 
being lost. So a little series of financial incentive 
has recently been announced during the Taiwan 
Semiconductor Conference last month. As an ex
ample, in total 17 intelligent industrial parks are 
planned to attract foreign investors and to estab
lish the island to become a high-tech island, be
fore the year 2000. 

These intelligent industrial parks will be catego
rized as science-based, technology-based, soft
ware, aerospace, biotech, incubator, and research-
based. Special operation zones have been planned 
to allow the enterprises stationed within the zone 
to enjoy zero tax, freedom to hire foreign workers 
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(because Taiwan actually ran out of workers), 
direct transportation with mainland China, etc. 

In fact there will be new incentive programs for 
companies within these intelligent industrial 
parks, five years exemption of tax, shareholder 
investment credit, acceleration of machine depre
ciation, joint venture with funding from Taiwan 
government, the interest rate 2% lower than the 
typical interest rate from bank.Taiwan has suffi
cient capital resources at the government level 
because of the U.S. $19 billion foreign exchange 
reserve. When thing start to slowdown quite a lot 
of governments in Asia Pacific are jumping into 
the act. There are not letting the country lose 
momentum in the electronic and semiconductor 
arena. 
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1997 & Beyond: TAM by Region 
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From Asia Pacific semiconductor manufacturing 
to consumption, look at each of the geographical 
market trends. America will maintain the No. 1 
spot in the semiconductor consumption market 
ranking, in the run up to year 2000. The question 
is therefore: When will Asia Pacific overtake Ja
pan? Because of the weakening of the yen, there 
is some thought that the overtake time will be ex
tended to the year 2000. However there are other 
thing which are happening within the region, such 
as some domestic markets in Asia Pacific, like 
China, that will mandate in-country production. 
That could move the year to 1999. 

This is a major paradigm shift that will happen 
within Asia Pacific in the next several years. 
There is sufficient to say that Asia Pacific would 
reach the number 2 ranking, give or take one year 
difference. 
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In 90's & Beyond, A/P Is Being Driven by 
NOT JUST ONE MARKET SEGMENT. 
BUT... 

Semiconductor growth in the '60s, was very much 
driven by military, U.S.-led. In the '70s, driven by 
mainframe computer, again U.S.-led - primarily 
IBM. In the '80s, the semiconductor market was 
driven by consumer products, and globally led by 
Japan. 

In the '90s, Asia Pacific is being driven by not 
just one market segment but seven personal com
puter, wireless communication, automotive, tele
communication networking, multimedia, smart-
card, and energy and environmental control. 
Every one of these market segments has increas
ing semiconductor content. 

Asia Pacific also sees another phenomenon. The 
creation of domestic consumption markets have 
accelerated dramatically. I will use the pager as an 
example. In 1990 (about 6 years ago), there were 
23 million pagers around the world, over half of 
which were in the USA. By last year the pager use 
had grown to 95 million and Asia Pacific was al
most 60%. In the span of 6 year, the Asia Pacific 

Global Growth Trends -
Subscriber Pagers in Service 
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market is already bigger than the USA market. 
The USA market took 15 years to be created, and 
many of these pagers are in China. Think about 
the implication of the creation of a domestic mar
ket in Asia Pacific within a five to six year cycle, 
to a size that is bigger than the USA market. 

Obviously, the China factor cannot be ignored 
because there are 1.2 billion people. As soon as 
living standard continue to improve, the buying 
power becomes higher and higher. 

There is another thing that has been going on 
called the Hong Kong/China transition and its 
impact. There are two typical misunderstanding 
about China. The first one is that China does not 
have enough money. Second, China state-owned 
enterprises are inefficient and therefore there is a 
wrong conclusion that the entire China electronic 
industry is inefficient. Thus the impact to the 
world will be small. 

Let me explain some of the things that have been 
happening in the last eight to ten years. The world 
does not understand the Hong Kong/China fac
tors. Since the opening of China in the early '80s 
rich overseas Chinese have been channeling in
vestment through Hong Kong to China. In fact, 
over the past 10 years, 80% of the foreign direct 
investment in China came from overseas Chinese, 

Itsia Padte and Citinx Looking Altead to 1991 
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in Hong Kong, in Taiwan, in southeast Asia, 
channeling through Hong Kong. 

The 20% foreign direct investment in the past 10 
years came from USA, Japan, and Europe. For 
example. Motorola's half a billion dollar invest
ment into China, is part of the 20%. China has 
found a way of getting capital and investment 
when they need them the most, which was about 
10 and 5 years ago. Now, of course, everybody 
more or less invests in China. So that takes care 
of the so-called "China does not have enough 
money to build some industry." 

Hong Kong has been moving low and mid-range 
manufacturing across the border. Today four mil
lion people in China, across the Hong Kong bor
der, are working for Hong Kong companies in 
factories there. Efficient factories and manage
ment were introduced in the south by Hong Kong 
and Taiwan companies, and this has moved across 
the country. Thus the Chinese have a whole new 
breed of factories, which are different from the 
less efficient state-run factory. This is what cre
ates the large export surplus for China. Obviously 
most of the profit does go to Hong Kong, Taiwan, 
and overseas Chinese. The result is that per capita 
GNP in China significantly jumped, in quite a 
number of locations. 

Thus a domestic con
sumption market emerges, 
so it is not surprising that 
they will buy more pagers 
than USA. The Taiwan 
government has a foreign 
exchange reserve of al
most $90 billion U.S., and 
would use part of them 
for their building up the 
industry into the ftiture. 
The Hong Kong govern
ment has $70 billion U.S. 
foreign reserve and do not 
know what to do with it. 
That is the difference 
between the Hong Kong 
government and the Tai
wan government. So all 
the previous investment 
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into China, by overseas Chinese, actually comes 
from the private sector. Some of this $70 billion is 
now getting used, more or less like Taiwan. 

This is the interplay between the semiconductor 
and the electronic end product in the Hong 
Kong/China border. Most Hong Kong companies 
keep the marketing, product design, and material 
sourcing in Hong Kong, but have all the end 
product manufacturing, like PC board assembly, 
system assembly, just across the border. The most 
sophisticated components are done in Hong Kong, 
or Taiwan, Korea, and Singapore. 

Now that China has a dependable manufacturing 
base new policies are put in place, like the Tai
wan, Korea, and Singapore governments have 
been doing for many years. The difference is that 
China has a large domestic market to use as lever
age. For China, in the '96 to 2000 five-year plan, 
their top priorities are: reinvigorate agriculture, 
development of some of the more interior poor 
parts of China, inflation control, and reform some 
of the state-owned enterprises by learning from 
the foreign companies. 

The five-year plan for electronic industry focus is 
on strategic development in semiconductor, com
munication, transportation, distribution channel, 
software, audio/video, and medical. 

There are three gold projects: golden bridge, 
golden card, and golden tax. The leist one is more 
important as quite a lot of people try not to pay 
tax in China. They want to automate it, and com
puterize it. In the ninth five-year plan for China, 
for the electronic industry, their goal by year 2000 
is to achieve an annual growth rate, at about 20% 
plus. The total electronic industry will reach 
about $75 billion. As a comparison, last year the 
Taiwan IT industry production was about $20 
billion. 

They would like to export about $25 billion out of 
the $75 billion production, so the remaining $50 
billion worth of production would translate to 
production of sales of about $63 billion domesti
cally. What do all these numbers really mean? 
There is a certain implication. What it really 
means is that at least $63 billion worth of elec
tronic end products, or semiconductors, they will 

not be importing. They will be trying to build it 
themselves. Either through 100% foreign-owned 
company through JA'̂  or through China domestic 
enterprises. 

So import of finished end-products from other 
countries, say Japan, would be much reduced in 
the future. Since end product production will be 
in China, semiconductor consumption will also 
shift there. That is why, even though the yen has 
been weaker, there is a popular belief that Japan 
factories moved to Asia factories. But they have 
not, because of the domestic market requirement, 
and government mandate. These are important 
paradigm shifts to observe. 

There is always the impression that Chinese 
worker cannot make sophisticated products or 
engage in production that requires great attention 
to detail, so they may not be able to build all these 
things. I want to share with you some of our ex
perience in Motorola, in China. In the Motorola 
factories in Tianjin, GSM and soon CDMA digi
tal cellular phones are being manufactured. Mo
torola makes some of the smallest and most 
sophisticated cell phones in the world. There is no 
problem making them in China. 

What is the scenario for the China electronic in
dustry? Foreign investment is being encouraged, 
for certain leading edge technology areas like 
semiconductor and other designated sectors. They 
are preferential policy for these sectors. For ex
ample early pioneers can have 100% foreign 
ownership and still have access to China domestic 
market. If you do not want to invest 100% your
self, say for advanced integrate circuit manufac
turing, China will be willing to put in money and 
operate like a foundry. 

Investing in mature industries, like color TV, then 
there will be an export requirement, while you 
can sell domestically. The more mature the seg
ment, the higher the export percentage for new 
factories built to serve those mature segments. For 
the mature product, if you want to access the 
China domestic market, you also have to export. 
The semiconductor consumption is not just for 
product built for China consumption, but also 
those built for export. This will have an impact on 
countries like Malaysia and Thailand. Malaysia 
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and Thailand do not have a big domestic market 
as compared to China, so there will be manufac
turing resizing going on in the next 5 to 10 years. 

Continuing with the China electronic scenario, 
government will also try to support the creation of 
large conglomerate groups. This is like the Korea 
model. Basically the China government wants to 
help create or merge something like 30 large 
conglomerate groups with about 10 billion RMB 
annual sales by the year 2000. 

The ideal complement: China offers lowland, 
low-cost labor, potential market, and in certain 
high technologies China will also make capital 
investment. Foreign companies contribute some 
technology, capital, and job opportunity. There is 
a word of caution. You really have to know 
China, China's culture, and the negotiating tech
niques, and build a strong relationship before you 
can really achieve the ideal complement. I am not 
trying to say it is easy, but it can be achieved. 

At the current economic growth rate the total 
GDP of China will exceed about one trillion dol
lar by the year 2000. How do you really go after 
China with such a large geographical spread and 
huge population? I will share some of our experi
ences with you. You don't; you pick targets. You 
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look at per capita GDP (measure in purchasing 
power parity, which is PPP measure) and go after 
the cities and provinces that have high per capita 
GDP, on a PPP measure, that means Shanghai, 
Beijing, Tianjin, Guangdong province and so 
forth on the chart. In fact, some cities like Beijing, 
Tianjin, and Shanghai are almost as significant as 
an entire province. 

Where do we stand in Motorola semiconductor 
investment in China? By the middle of next year 
Hong Kong will be part of China. This map 
shows our semiconductor sites in China. In Tian
jin, the northern part of China, our assembly and 
test facility alone produce about 500 million inte

grated circuits a year 
in assembly and test. 
The product will in
clude microcontrol
lers, so it is not 
simple logic or ana
log devices at all. 
The facility actual 
reached 6 sigma 
quality level after 
startup in less than 
one year. Why? Be
cause even a techni
cian in the 
production line has a 
bachelor's degree, as 
you can hire directly 
from university. No 
other country, and 
Motorola has many 
plants, has every 
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technician having a bachelor's degree. 

Our wafer fab called M0S17 is under construc
tion. It is also in Tianjin and it will be the first 
eight inch wafer fab in China, at the 0.65 micron 
level, and with some staff changes it can handle 
finer geometry. The type of product that can be 
made and will be made are smart mouse type of 
devices, MCU, as well as IC mouse. 

I hope this give a quick overview of Asia Pacific 
and China, even though this year is a recession 
year for the semiconductor industry, and again 
recall that most of the product outside of DRAM 
are still growing, and there is tremendous market 
possibility. 

Q: How will China control inflation while 
achieving 20% profit growth rate? 

In the last few years, the China government has 
been putting a lot of control into the inflation. 
China inflation, this year, has been running at 
about 11% and lower, and the electronic growth is 
in the 25% growth rate. In fact, they are running 
at 31% growth in the electronic industry. They 
have been able to control the inflation rate. The 
economists in Motorola have been tracking this 
for years, because we have, of course, a lot of 
vested interest in trying to understand China, and 
they have been able to do something which most 
other countries have not been able to do, 

Q: How do you suggest U.S. 
companies balance their desire 
for profit versus China empha
sis on long-term development 
before profit? 

A: The Chinese have always 
been capitalistic. That is why 
the overseas Chinese are so 
rich, because the Chinese have 
always been a capitalistic cul
ture. They do not think that 
long-term development means 
low profit. It is a negotiation. If 
you understand that you always 
have to give and take some
thing, to be able to share the 
profit, okay. When you achieve 
synergy, then both side will be 
profitable, and that is the secret. 

You do not go after a project that you end up 
having to do 10 years of investment, and never 
expect much return. Why should you? The Chi
nese government do not expect that to be the case. 
There is no harm for them to ask, just like there is 
no harm for you to say no. You are dealing with 
Chinese who are very capitalistic. They call the 
factory "profit-buildings." Most of the people that 
you will be dealing with just run the company, but 
they really want to make profit, so a balance is 
possible. 

Q: Please comment on non-transferring business 
practices. 

A: There are two questions here. One, I presume 
he means is there a lot of bribery? Does it require 
kickback,? The answer is no because if you do 
things above-board, you do not see bribery and 
kickbacks. Remember that people get shot there if 
they are caught. You have to always do things 
above-board. 

Now, the other thing called "non-transferring 
practice" comes in. There are hidden taxes, or 
charges. These are all legitimate, except you do 
not know it right up front. You have to look for 
more than your contract. Ask somebody who has 
been there, and if you ask for those to be ex
cluded, they will exclude it, and you do not have 
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to pay it. I am just sharing some information out because they want to do business with people they 
of experience. know. They have this mentality, "I am going to 

buy from somebody anyway. I better buy from 
Finally, the most important thing is the relation- somebody I can trust, and can have a relationship 
ship. If you build a relationship, you will find ^4^^.- Once you master this, it is not difficult. 
doing business with the Chinese are pretty easy, 
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Session # 18: What Do the Users of Technology Say? 

Scott Winkler 
Vice President and Research Director, Platforms and Operation Software Technology, Gartner Group 

JOSEPH GRENIER: Manny Fernandez in his 
opening talk mentioned the huge increase in dol
lars that will be spent over the next several years 
by the information technology industry. To ex
pand on that, we have Scott Winkler from the 
Gartner Group. Scott is Vice President and Re
search Director, Platforms and Operation Soft
ware Technology at Gartner. Mr. Winkler brings 
18 years of computer industry experience to Gart
ner. His research area is in platforms and operat
ing systems, and involves some 65 Gartner 
analysts. Before joining Gartner Group, Mr. 
Winkler was Director of Systems Marketing at 
Sequent Computer Systems, where he was re
sponsible for communications, operating systems, 
systems software, and hardware technology di
rections. Before that, he held a variety of man
agement positions in sales and marketing at IBM, 
including responsibilities for mainframes, com
munications, personal computers, and UNDC sys
tems. 

SCOTT WINKLER: I would like to shift from 
the supply side to the demand side, and talk to 
you about the users of technology. At Gartner 
Group we have relationships with many thou
sands of user organizations, and provide them 
with advice and counsel about their information 
technology investments. In doing so we are able 
to collect some very interesting information about 
who is buying what, why, when, and how. I would 
like to share some of that with you. 

There are two types of users we deal with at Gart
ner Group and the users themselves fall into the 
category of end users in the business units of or
ganizations, and the Chief Information Officers, 
the so-called CIOs, who are centralized buyers or 
standards setters. There has been some flux be
tween both camps with respect to power in the 
buying decisions, and technology setting deci
sions in large organizations. Let's start with the 
CIO. 

The chief information officers of large to medium 
sized organizations are in a squeeze - they are 
being asked to do more with less. They are being 
asked to take on more responsibility, and some
times with dramatically less authority. We see a 
trend which is not working in their favor. The half 
life of a CIO these days has decreased to about 18 
months and is still decreasing. The likelihood of 
them holding onto their jobs two years hence is 
very low, the turnover is very high. There is a vast 
supply of CIOs in the world and smaller demand 
for them. Running scared as they do they are of
ten in a position, in large to medium sized organi
zations, and they are looked upon around the 
executive table where someone turns to them and 
says, "You and your organization are the reasons 
that the business cannot advance. We are trying to 
do new things, yet our technology is in the way." 
That is the position no CIO wants to be in, but 
unfortunately, too many of them find themselves 
there. Their number one goal therefore is to en
able their businesses to get things done. To absorb 
new technology though, is not anywhere near 
their number one goal and in many cases absorb
ing new technology is the last thing that they 
would like to do. 

I would like to cover five points about what they 
have told us in this tour and it is all very interest-

TheCIO View of Technology 

• Not so fasti 
• User perception is reality 
• Keeping up with the consumers is tough 
• Prove to me the benefits of early adoption 
• Internet: business enabler or cyber water-

cooler? 

Gartner Group sim 
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ing, however it is not very positive. They want to 
slow down the pace of technology, but they do 
not really mean it, so let's explore what they are 
saying and what they mean by it. They will talk 
about speed, saying "not so fast," and deal in 
technological obsolescence. They will speak 
about the users. The CIOs that are speaking about 
users are talking about business organizations, 
departments, divisions, business units. What they 
believe to be true is the reality of the CIO and 
they are influenced by the suppliers of technol
ogy. They are finding it very difficult to compete 
with the consumer business. Now position the 
CIO who has end-users who, during the day, are 
business users, and during the evenings and on 
weekends, are consumers, and therefore they are 
greatly influenced. The CIOs are asking for pre
science, they are asking for us at Gartner Group to 
help them understand which technologies are go
ing to give them benefits. If they are going to be 
the early adopters, they do not want to adopt those 
technologies that are going to fizzle out or be
come fads. They want to know about Internet, and 
they want to know why Internet is a technology 
enabler for them and why it is not a productivity 
drain. What they see too much today is a lack of 
productivity associated with Internet as opposed 
to a boost. 

Let's start with speed. The latest technology for a 
CIO is nowhere near the highest priority. They 
frankly do not care - unless that technology can 
be translated into a business advantage or an op
portunity for one of their business users to do 
something they could not do previously. CIOs 
want release schedules to be tuned to business 

Not So Fast! 

• The latest technology is not the highest 
priority 

• Release schedules must be tuned to 
business priorities - do not let features 
"dribble out" 

• We know obsolescence is you business 
model; impress us by subjugating it once in 
awhile 

Gartner Group aifM 

priorities. For example, they do not want technol
ogy to be released by technology companies when 
it is ready. They would much rather it wait and be 
packaged up in more consumable pieces and 
therefore receiving a steady stream of technology 
over a year is much less desirable than receiving 
one big package of technology on an annual basis. 
The CIOs play this back to us a number of times 
telling us, "We just cannot afford to upgrade very 
often so therefore we need to make bigger jumps 
less often than small, smooth, incremental 
jumps." Now, of course, they have heard for years 
about the up-ensuing and up-coming technologi
cal marvel of things like object-oriented tech
nologies, that will allow them to make smooth 
upgrades as they go. Frankly, they are very skep
tical. They do not believe that will ever come to 
pass and the more the technology industry tells 
them the component architectures will make up
grades more smooth, they tend to focus on the 
unmanageability of thousands of components. 

It is not a winning game and those technology 
companies who have reoriented themselves to the 
business user and said, "I get it, and I am going to 
give you a big upgrade every year, versus a small 
upgrade every month" have won the reverence of 
these users. The final point is a quote, I have this 
is straight from a large CIO in Europe, who said, 
"We know obsolescence is your business model. 
Please impress us by subjugating it once in a 
while." They were speaking directly to the tech
nology vendors and recognizing that there is a 
push and a pull here. That is, it is important for 
technology to keep moving. There are many times 
when things are working wonderfully and yet they 
become obsoleted by the next generation and they 
sit back and ask themselves, "Why did I move? I 
moved to stay current. I did not move because I 
had a business reason to move." They are willing 
to accept some of this because the CIOs, although 
not all of them are technologists, if they survive, 
tend to be people who understand the technology 
industry and recognize it. There is some balance 
there, and if more moves going forward are just 
for staying current than for getting real value, the 
users will then revolt. 

The CIOs view of the end user is also something 
that is in play here. They believe that the users 
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have the money, and therefore they have the 
power, and therefore their perception is the reality 
of the day. Five, six, and seven years ago, there 
was a user/end user revolution. The CIOs lost a 
dramatic amount of their power and many were 
washed away in a major trend. The users believed 
they could do everything faster, cheaper, more 
productively, and much more in tune with what 
they needed to accomplish at their local level, 
than their large, monolithic, centralized IT infra
structure could deliver for them. While they were 
correct in assessing that their centralized IT in
frastructures were not getting the job done, they 
were incorrect in believing that they could do it 
all themselves. So there was a vast sweeping 
change to the end user, to the departmental level, 
ergo, the growth in business of the personal com
puter and the local area network, and all the ac-
couterments that go with that. In the end, the user 
organizations found that they took on more than 
they wanted to, they were creating their own, 
small rr departments. They had tremendous or
ganizational inefficiencies. They did not know 
how to own or operate their IT, and frankly it 
wasn't their business calling, and within the last 
three years we have seen the pendulum swing. 

We have seen it swing back to an era of organiza
tional, centralized authority to some degree, con
trol to a lesser degree, influenced to the highest 
degree. So the new generation CIO is one who 
works for the end users. He does what the users 
want him to do, to operate the systems, make sure 
they are backed up, make sure they are available 
24 hours a day, 7 days a week, and to integrate 
those systems both internally and for the rest of 
the world. Whatever the users desire, the users are 
going to get. 

There are very few organizations we have met, 
less than 5%, where the CIO can make things 
happen and make decisions stick, technically, re
gardless of user input. In the end, what is happen
ing now, is very different, even though we have 
gone through a re-centralization, in that this re-
centralized world is one where there is much less 
centralized power. One thing that the CIOs have 
told us universally is that the users are influencing 
technology, because technology decisions are 
coming through the consumer channels. 

Thirty-two bit operating systems for personal 
computers is very topical among these users, 
whether they be Windows 95, or Windows NT on 
the desktop. Still, the vast majority of business 
users are running PCs with 16 bit Windows op
erating systems. It will be two to three years be
fore we see it turning over to being a majority 
position of 32 bit operating systems in the in
stalled base. 

User Perception is Reality 
• Users believed they could do IT: 

-Faster 
-Cheaper 
- More productively, and 
- In tune with business priorities 

• Now users want the CIO to: 
- Operate our systems 
- Integrate our systems with the corporation and 

the world 
Gartner Group aim 

However, of those who are moving quickly from 
Microsoft Windows to Windows 95 or Windows 
NT, we still find a small portion of them with a 
true business reason to do so and who are build
ing a business application on top of the new plat
form that exploits the new platform or buying one 
that exploits the new platform. This is fundamen
tally a situation where the organizations are both 
staying current as well as responding to user de
mand. Because the users run their PCs at home, 
and what runs on the PCs at home is Windows 95. 
The level of noise that is heard in the CIOs office 
about, "Why do we have this archaic operating 
system called Windows on our production desk
tops when we have this new operating system 
called Windows 95 running at home. I upgraded 
in two hours. Why can't you?" This is just too 
much noise for the CIOs to stand. So what this 
creates is something of a backlash effect, where 
the CIO feels under duress from companies that 
go end-around, and market directly to their end 
users. This is not going to stop. The two compa
nies that are leading the charge in end user mar
keting are both Microsoft and Intel; clearly the 
ones who have the most to gain by such an up
grade. It creates a question for the CIO about 
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which of those trends are the ones that are neces
sary and which ones are just trendy. 

The ones that we see being adopted less consis
tently are multimedia and things like Internet at 
the desktop for business users. Although these are 
technologies that have blossomed in the consumer 
space, in the business space the CIOs are much 
less aggressive on the acceptance of multimedia 
for lack of business justification. Therefore it is 
our expectation that these types of technologies 
are going to continue to be led at the consumer 
level and only creep into the business space when 
there is an application that justifies them. 

CIOs are not afraid to be first. They believe that 
being first will provide them benefits. However 
they must generally have an over-justification for 
early adoption. There are too many examples of 
adopting technologies first, only to find out that 
they did not provide benefit or that the benefits 
they provided were short-lived because the tech
nology didn't last in the marketplace. The second 
point is one that CIOs tell us most often, that 
skipping technology generations lowers their risks 
and saves them money. Therefore they must have 
an understanding of what they are going to get 
before they are going to accept it and they are 
slowing down as we speak. We have found in the 
last six months CIOs are once again slowing 
down their willingness to accept new technologies 
into their organizations because of a lack of fun
damental justification that they can understand. 

There is also a growing reticence to accept any
thing new. Release 1.0 of any operating system, 
or any major subsystem, or new hardware de
signs, is going to be avoided by the vast majority 
of organizations, even if they call it something 
like Release 3.1. These organizations are becom
ing much more savvy and understand that the first 
release of anything is to be avoided. In fact what 
we are finding here is an over-justification and an 
over-reaction to this concept. To this day we are 
finding organizations who are being conservative 
about the adoption of technology that was proven 
to be effective many months and sometimes many 
years ago. Once the technology takes on a reputa
tion of being new or buggy, it takes a very long 
time for it to be washed out of the market. We are 

finding that organizations are being slow and con
servative and willing to wait. The number one 
influencer of these organizations is still the 
popular press and the trade press. They continue 
to read and look at the sensational stories of what 
does not work and be less influenced by those 
stories of what does work. We expect that is go
ing to continue as well. Ultimately what they are 
trying to separate are fads from trends, trying to 
understand that if they invest dramatically in one 
direction, their investment will pay off over the 
long term. 

The one area of the most heightened interest to
day is the so-called area of groupware, where for 
some time there were organizations adopting 
groupware strategies, which three years ago 
meant they were adopting LotusNotes. The most 
common reason that Notes was adopted was be
cause everyone else was doing it, and it became a 
fad long before it became a business value for 
many of the organizations who adopted it. Some 
who adopted it paid a fairly large sum, not only in 
the software license fees, but for upgrades to their 
Local Area Network infrastructure, and upgrades 
to their personal computer infrastructures, then 
turned around and asked themselves just six or 
nine months ago, "Did I go in the wrong direc
tion, because of the explosion of Internet and the 
Intranets that are available for similar types of 
activities?" 

Keep ing up with consumers 

• Why do we need: 
- Windows 95? 
- 32 tats? 
- Internet access? 
- Multiniedia? 
- P C telephones? 

iUACBOMEU«,: 

Gartner Group eim 

We separate those users into generally two camps. 
Those who had a business application for which 
Notes was the right answer, and for which Notes 
and its capabilities was a good investment. There
fore they are doing something for their users to-
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day that they could not have done without an en-
abler like Notes. Those organizations are doing 
fabulously for the most part. They are growing, 
and they are living off of that investment. 

Alternately, those organizations who tossed in the 
technology because it was trendy did not do much 
with it other than using if for bulletin boards and 
casual conversation, and have found that they 
could have gotten away a lot cheaper if they had 
not reacted so quickly. It is that type of lesson that 
gives everybody a pattern to match to in the fu
ture, asking themselves once again the question, 
"What am I trying to accomplish? Have I got a 
business goal that I am trying to achieve with this 
technology investment, or am I just upgrading 
because it seems like the right thing to do?" We 
expect that that will continue. 

Why be first? 
• CIOs (generally) believe: 

- Eariy adoption must be "over-justified" 

- Skipping technology generations saves money 
and lowers risk 

- Release 1.0 of anything will be buggy - even if 
you call it Release 3.1 

- Only some fads develop into trends 

Gartner Group oiw 

The big question of the day revolves Internet and 
Intranet. In many ways the extraordinary explo
sion of Internet and Intranet news and technology 
has been negative for technology adoption. It has 
slowed people down dramatically. Many existing 
plans of CIOs have been altered, have been 
slowed down, have been dropped, and have been 
changed because of the emergence of Internet. 
Part of the slowdown that many of us have felt 
this year is attributed to the boom of the Internet. 
It has both effects concurrently, both a booming 
effect as well as a slowing effect. These organi
zations take a step back. 

A lot of money that was going to be targeted for 
solving some business problems is now being re
targeted to solving the infrastructural issues for 

Internet and Intranets in large organizations. It is a 
shift of emphasis and a shift of investment. 

However, a higher priority still remains, the worst 
computer virus of all time, the year 2000 problem. 
As we speak to CIOs, they are now understanding 
the magnitude of the problem. Many have been 
through a test cycle where they have looked at 
their existing IT infrastructure and asked the 
question methodically, "What will happen to our 
applications, and what will happen to our busi
ness processes, when the clock turns over in 1999 
to 2000, or actually before that, and what impact 
will it have on our business?" The result is so pro
found, the year 2000 problem is so enormous, the 
spurious results, system crashes, and unavail
abilities that will occur in many businesses and 
organizations, are so significant that there is 
nothing that can have a larger priority. Therefore 
we are now beginning to see, after two, three, four 
yejirs of talking about it, CIOs shift their invest
ments dramatically towards solving their year 
2000 virus problems. This is going to slow down 
purchases in other areas. It is going to be an in
hibitor to some degree, for the next couple of 
years, something that we have to grow over. 

One good news factor here, though, is that the 
year 2000 problem has received enough publicity 
now that smart CIOs are able to go to their Presi
dents, Chairmen, Boards of Directors and say, 
"You understand the year 2000 problem, don't 
you?" If they do not, they can bring in outside 
experts to help them understand the magnitude of 
the problem. They can help them understand that 
it is not just their problem but everybody's prob
lem. Nary an organization in the world is exempt 
from a year 2000 issue. What is happening is we 
are seeing incremental funding being given to IT 
buyers for solving the year 2000 problem. 

I had one CIO tell me, "I have been working for 
years to try to get a justification for a new net
work infrastructure here. Every time I go to the 
well to get this new network infrastructure funded 
I don't get anything coming back. I am trying to 
cobble together systems to meet user demands 
and no one user project has enough money to jus
tify a new network, there is no funding mecha-

18-5 



Session #18 

nism inside the company to get all these monies 
together to support the new network." 

This CIO used the year 2000 as a catalyst, an op
portunity to visit the highest levels in the corpo
ration and the Board of Directors, and cry, "Fire, 
something bad is going to happen here, if you 
don't fund something new, and fund something 
that's going to fix this problem," and he tucked 
the funding for the new network infrastructure in 
the year 2000. 

We have surveyed CIOs and asked them publicly, 
"How many of you have done this?" Publicly 
none of them agree that they have done it. Pri
vately many say that they are doing this, that they 
are using the year 2000 awareness to help fund 
technological infrastructure investments. So while 
they are fixing the problem they're buying and 
building some infrastructure, which is a good 
thing. 

Now finally there is two points to be made. When 
new technology comes along this causes pause 
and re-evaluation of what is going on. So there is 
both a good news effect to new technology and a 
bad news effect, as it relates to the human experi
ence of planning. I am going down one road and 
I'm going to spend some money, then something 
comes along that's new and different. I was not 
aware of it and it is a big discontinuity. It is very 
exciting. It will cause me to stop and wait and re
evaluate. We would perceive that in the industry 
as a bad thing, because people are not spending 
their money. In the end what it does is cause un
certainty and delay. What is necessary to avoid 
those uncertainties and delays is to provide more 
of a continuity, as opposed to a discontinuity. 

However, there are exceptions and the disconti
nuity itself provides a clarity of value when the 
new technologies come along. It is so clear to the 
user organization what they are going to get, 
when they know it, when they can see it, and they 
are going to be able to do something they will 
jump all over it. I'll go back to my groupware ex
ample. There were many organizations in the 
world, and there are many today, who are 
disabrogated, who are global and worldwide, and 
are having an extraordinarily difficult time run
ning meetings, doing data interchange, doing 

knowledge interchange, for whom the concept of 
groupware is an extraordinarily clear value. They 
know what they are going to accomplish. It is 
very easy for them to see and then they reorient 
their companies to be able to take advantage of 
the technology itself. 

I will also point to another provider of technol
ogy, at one of the higher levels in this chain, at 
the application level, and that is in the manufac
turing space and process control space for SAP 
Germany - their R3 product. Once again, a prod
uct that costs a fortune. Many millions of dollars 
of implementation go into an SAP R3 project. 
However the clarity of the value to some organi
zations is so precise. It is so clear what they are 
going to get, from being able to run their busi
nesses more efficiently and deal in a process of 
new manufacturing that they are willing to spend 
anything to get there quickly. That has been 
shown to be the case over the last couple of years. 

There is also the opportunity to bring forth killer 
applications, but they come along just every once 
in a while. We have met a lot of technology pro
viders who hope that their product will enable a 
killer application, but in the end the killer appli
cations are not so clear as they are after the fact. 
We are seeing Internet at a business level, busi
ness to business, growing. There are very few 
companies who are not ^raid to avoid Internet 
and be able to see their customers, but to them its 
a marketing expense. 

Internally the Intranet phenomenon is one that is 
information decimated oriented. You see a tre-
mendous investment today, by organizations who 

A Balanced Internet Strategy 
• Nearly all enterprises will re-evaluate its 

technology plans in deference to the 
influence of internet/intranet technologies 
- Some existing plans will be altered or slowed 

• Some additional resources will be put into 
IT to capitalize on, or exploit internet 
- After Year 2000 costs aie budgeted 

• CIOs remain concerned about fad, over
investment, and misuse 

Gartner Group euw 
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recognize that if they have something to say to all 
of their employees, the easiest way to say it is to 
publish it on the internal Intranet private home 
pages of departments, corporations and organiza
tions. This is a very powerful phenomenon. It 
substitutes a very simple and clean methodology, 
the home page, for a very difficult problem, inter
nal communications. We expect the vast majority 
of these organizations to take advantage of that 
simple and easy method for promoting informa
tion throughout their organizations. 

Discontinuity 

• New technology directions lead to: 
- Re-evaluation 
-Pause 
- Uncertainty 
- Delay 

• Rapid adoption requires: 
- aarity of value, or 

- The killer application 

Gartner Group o«» 

We also expect them to take a big step backwards 
after that and say, "Okay, how else might I use 
this?" and not be so aggressive in assuming that 
their entire IT infrastructure is going to be re
placed by Intranet technologies. There are some 
interesting promises, platform independence, pro
ductivity, etc. But we would not expect CIOs, 
from what we have learned from them over the 
years, to be very excited about exchanging the 
technology they have today for something new 
and different. If they are going to get somewhere 
from here, it is going to be slowly and gradually, 
as opposed to quickly and abruptly. 

Q: "Are CIOs moving towards fewer vendors in 
favor of several strategic solution-providers? 
What are the pros and cons of this trend? 

A: Yes. CIOs are moving directly towards fewer 
vendors. Those vendors who are providing a more 
integrated solution are doing better. We are not 
moving back towards the time when there was 
one supplier for large organizations but we are 

moving from an era of multiple suppliers to fewer 
hardware vendors, system software vendors, ap
plications vendors, and services vendors. That is 
four. It is not 45, as people might have thought it 
would be two to three years ago. The pros of that 
trend is management of vendors and management 
of complexity. The cons are concentration of 
power in the industry. The users understand the 
pros and cons but they are less concerned about 
the concentration of power. What they tell us is 
they want lots of competition, but they want 
somebody else to foster the competition. For 
them, they want simplicity. 

Q: Internet access is becoming ubiquitous in the 
business office at large companies and e-mail is 
the killer application. What makes you believe 
CIOs can or should delay this inevitable move to 
business Internet access? 

A: I would agree that e-mail is becoming ubiqui
tous. However, we have a different view of Inter
net access at large organizations. We see Internet 
access at large organizations being tamped down 
upon. There are many companies who made In
ternet available to many or all of their PC users, 
who have backed off tremendously, who refer to 
it as the cyber water cooler, a place where people 
can spend time and waste time. They are worried 
about what are they doing surfing the net, when 
they are supposed to be getting a job done. 

Now, that might be an over-reaction in many 
cases. However, even Scott McNealy of Sun Mi
crosystems, at a Gartner Group conference last 
year, said that he shut down external access to the 
Internet at the end of every quarter, so they can 
get their books closed. Now if Scott admitted that 
the Internet was a bit of a productivity drain we 
would recognize that most CIOs think that the 
Internet can be a productivity drain. E-mail can be 
a productivity drain. No one is turning off e-mail. 
There are lots of heads being scratched about 
what to do about nuisance and annoying e-mail 
though, both from the external world and all the 
SPAMs coming, but also just internally. As e-mail 
becomes part of culture, how do people spend less 
time in their day going through what turns out to 
be less interesting e-mail? 
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NATHAN: As we go forward over the next cou
ple of years, we have recognized a need for in
cremental processor performance, especially to 
handle several new applications - multimedia, 3-
D, and so forth. There are a lot of different ap
proaches that vendors have taken to providing 
those extra cycles. 

We are going to try to sort out which of those ap
proaches might have certain advantages in par
ticular environments, and which of them might 
actually over time be more or less useful. 

We have brought together experts in microproces
sor design, media processor design, graphics ac
celerators, software, and PC technology, to help 
you with that and we will introduce those people 
as we go on. 

Why MMX? Basically I am just going to look at 
the challenge that the industry faces, and how In
tel fits into that, to the extent that the industry and 
Intel might have slightly different perspectives on 
it. 

The challenge for the PC semiconductor industry 
is really very straightforward. Dataquest has said: 
"Go forth and grow at 17-20% per year between 
now and the year 2000, and if you do not do that 
you will answer to us." So in order make our 

forecasts come true, vendors are looking for 
growth opportunities. 

The challenge facing Intel is a little bit different. 
As the major industry leader with the most R&D 
dollars to spend, and the most clout to set a lot of 
standards, they have more responsibility to drive 
that growth forward. They also have a selfish 
greedy reason, typically whenever anybody buys a 
PC, $200 dollars or so of that purchase price goes 
into Andy Groves' pocket, and he has every in
tention of keeping it that way. 

The other final factor here is that Intel has made a 
massive capacity bet on the growth in the per
sonal computer industry going forward. Their 
challenge now, especially as die sizes shrink, is 
how to keep their fabs full. I think you will see an 
awfiil lot of Intel's actions on many different 
fronts associated with creating demand for PCs 
because as long as Intel can find - or Intel the 
X86 community can find - 10 million give or take 
new buyers every year, then everything goes fine 
and the semiconductor people will be happy, and 
all the component suppliers will be happy, and the 
software suppliers will be happy. If that should 
stall out for any reason, in other words, you go 
home at the day and you say, "Gee this machine is 
fast enough, I do not need a new one," we are all 
in a lot of trouble. 
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Forecast of WWx86 Shipments 

This is the Dataquest forecast for worldwide 
shipments of X86 over the next five years. We are 
going to be breaking through 140 million units by 
the year 2000, to support the growth of PCs over 
that interval. I have also tried to give you an idea 
here, of this transition changes from the current 
Pentium to the Pentium Pro, or sixth generation, 
and to the Merset, or seventh generation products, 
over time. Basically in two years the Pentium Pro 
will be the mainstream processor, or sixth gen
eration products, I should say, in order to make 
that a cleaner kind of definition. We really do not 
see the seventh generation having any significant 
impact in this decade. 

Forecast ofX86 Revenues 
(WW, Confute) 

^$m ISM 1996 

This is on the basis of units, and if you translate 
that to dollars, you can see we are going to be ap
proaching $30 billion in X86 revenues, by the end 
of the decade. The total microprocessor market in 
this period grows to about 33 billion, and there 
are people in embedded applications, and in risk 
compute applications, who are fighting over $4 or 
$5 billion, it is really a very lopsided structure. 

One of the reasons is it is real hard to get into the 
X86 marketing business as several companies 
have shown. 

Intel needs to have lots of new compute-intensive 
applications show up, that use lots of data and 
have broad market appeal. Their problem, histori
cally, has been that compute-intensive applica
tions have very limited market appeal. 

The candidates for this include 3D games, 3D 
entertainment in the form of movies, MPEG de
coding, video teleconferencing, and then finally, 
making the machines easier to use, speech inter
pretation, and so forth. 

When they look at these increased requirements, 
they look at the platform and ask: Where are the 
roadblocks to going ahead? They try and incorpo
rate features, such as adding things to the silicon 
so that they can maintain their ASP, and expand 
and have the products fit a new market. Some
times they add features that might allow external 
acceleration, as is the case with a lot of server 
products. They also look at the technological, ar
chitectural, economic, and infrastructure barriers, 
and try and influence that. 

MMX falls into the category of: How can we 
make the computers better at working in image 
and audio streams, and video streams, where one 
of the characteristics is, you are working on a lot 
of relatively small pieces of data in parallel? You 
know, every Pentium chip that has ever been built 
has a lot of area dedicated to 64 bit data paths, to 
work floating point, and nobody really uses 
floating point, except for a few scientists and en
gineers. It is really, and of course it created a little 
bit of a problem for them, when they discovered 
that sometimes you do not even get the right an
swers. 

One of the major things that MMX does is enable 
you to use 64 bit wide data paths for things that 
might apply to typical applications, like bringing 
in dual audio streams, or 4 or 8 pixel streams. It is 
an example of how to make the processor work 
smarter, rather than harder. We are not quite sure 
how this is all going to play out, but it does not 
look like it costs very much from the silicon per
spective to add it, so why not. 
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MMX Performance Benefit 
Varies By Application 

This chart shows you that Intel estimates that the 
MMX extensions can provide anywhere from a 
factor of 4 to a factor of 1.2, depending on the 
nature of the application. (I have added the cate
gory of 'Personal Productivity Applications' to 
this chart). Froni that standpoint, if you are 
building a new product that is not oriented to any 
of these new media streams, then MMX is not 
going to have any impact on you at all. 

The balance sheet for MMX: it brings several ad
vantages over the alternatives including what I 
would call ubiquity. That is a common architec
ture that everybody can count on, or ISVs can 
count on, appearing in all microprocessors, from 
all vendors, starting in 1997. It will be in Intel's 
products, AMD's products and Cyrix's products. 
It is a common target for ISVs to develop and in
corporate into new software packages, although 
clearly, there is still going to be 160 million PCs 
at the end of this year that will not have MMX, 
and so ISVs will have to be selective in how they 
choose to implement that. 

The disadvantage is that there are bandwidth is
sues and data size issues that keep this from being 
a superb solution across the price performance 
spectrum. In general we feel it will be better for 
low-end products, although it is going to be intro
duced initially in high-end products. 

How do we see this playing out? We think it will 
enable new applications, it will cause ISVs to re
think what they can do, and how to make their 
applications faster. They will create new prod
ucts, which will create new demand. Some of 
those products will undoubtedly fit very well with 

MMX, and people will go, "Boy, I wish they had 
thought of that sooner." Others will basically still 
be too slow, and will create opportunities for ex
ternal hardware accelerators and therefore, oppor
tunities for media processors, and PGA 
accelerators, and so forth, going forward. There 
will be a lot of opportunities created by MMX, 
and by the new facilities it introduces into the 
X86 architecture. 

Our next speaker is Carl Stork. Carl has been at 
Microsoft for 15 years and is the director of 
hardware platforms for Microsoft. 

CARL: Well Nathan, I will be sure to point that 
out to Bill. I know he will appreciate the input. I 
knew that when I came to the Dataquest semicon
ductor conference that it would be a learning ex
perience. I am not really a hardware guy, but what 
I have learned the most is what you really think 
about Microsoft. It is enough to make you perhaps 
think, "Oh boy, am I at the wrong company," but I 
can tell you, having worked at Microsoft for a 
long time, while it is certainly a company full of 
smart and ambitious people, it is people that 
really are trying to do the right thing, and improve 
computing. One does not like to hear it all the 
time, but we go on, and hopefully continue to 
build better software and better products. 

One other thing that I just wanted to point out, I 
actually read the title of the presentation in the 
notebooks and on the agenda, and it said: 
"Mainstream Multimedia: Which long distance 
approach will win?" I could not figure out if this 
was about. Sprint versus AT&T, or what exactly 
that question meant, and we will see if any of the 
panelists can answer that for me. I am going to 
talk about multimedia and the operating system 
and the issue of MMX versus media processors 
versus fixed function accelerators, how I see that 
playing out. I have a lot of slides and we will go 
through most of them very fast. I will be taking a 
little bit more of a software view. I handed out 
copies of some of the slides, to some of the peo
ple in the room, and there are more in the box 
here, if you did not get one and want need them 
for any reason. 

First of all, I do want to sort of mention the his
tory, if you look at what has happened in PCs 
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Evolution 
Of The PC 

1996 

^1975 

over the last, depending on when you want to be
gin counting, 20 years or 15 years, I certainly re
member my first IBM PC with 16K memory, and 
a cassette recorder, and a monochrome non
graphic display. Over the course of the last 15 
years, PCs clearly have become much more mul
timedia. Color is a standard part of PCs now, 
graphics have at least a VGA resolution level was 
a standard part of PCs, things like CD ROM 
drives and audio have become very high volume 
as well. 

Multimedia is becoming an expected part of the 
PC platform. Initially PCs were used for informa
tion processing, for doing word processing, 
spreadsheets, databases. Over time, PCs have be
come much more interactive, and even informa
tion consumptive, meaning that you sit back and 
watch something, you sit back and just experience 
something. The software, the hardware, our whole 
model of working with PCs, really has been fo
cused on the data processing or information crea-

Evolving Use Of The PC 
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tion side of things, up until fairly recently. The 
area where we have a lot more work to do, is in 
the areas of communication, interactivity, and 
entertainment. Multimedia clearly plays a big role 
there. 

Another trend that is happening outside of the PC 
space, is that more and more media are becoming 
digital in the consumer or electronic space. That 
started with audio CDs, although while the way 
audio information is encoded on a CD is digital, 
up until recently, they have been analog devices 
in most people's entertainment centers. The de
vice itself is digital, but it had an analog audio 
output, and it really was an analog component for 
all intents and purposes. That is starting to change 
now, as we see connections like toss link, and 
SPDUF appearing on high end CD drives, so that 
the audio information is now leaving a CD player 
or video disk also in digital form, and is being 
processed in higher quality audio components. 

This trend is clearly continuing with devices like 
DVD, DSS broadcast, which is digital obviously, 
and then in Japan, these DVC (which stands for 
Digital Video Cassette) camcorders and cameras 
now exist that use the 1394 interconnect. We are 
on the verge of a lot more digital multimedia in 
the consumer electronics space, and I think that is 
going to open up a lot more interaction between 
consumer electronics and PCs. 

Microsoft launched an effort that we call Simply 
Interactive PC, or SIPC, which has the goal of 
making PCs become great for entertainment and 
communications. There are a lot of elements to 
this including driving ease of use, and an appli
ance experience, getting rid of the whole process 
of booting and making these machines always on. 
The WDM driver architecture, I do not think I am 
going to spend too much time on here; digital 
pipes, meaning a way for it to get digital informa
tion in and out of PCs easily. USB is a fairly low 
speed digital pipe, USB is the Universal Serial 
Bus. 

The IEEE 1394 standard is a very high speed 
digital pipe, that in today's version of the stan
dard, goes up to about 400 megabits per second 
and there is work on extending that well above a 
gigabit per second. That kind of bandwidth is go-
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clock rates, their caching strategies will improve, 
their pipelines are being tweaked even as we 
speak. So if you got a processor and never 
touched the MMX features, you would still see 
overall performance improvements of 10 to 15% 
in many cases. 

CARL: It is my expectation that the marketing 
messages around MMX will not be very clear to 
end users. The message will be, 'MMX is better 
than non-MMX. You want it.' 

Q: How does your upside-down PC differ from a 
Sega/Nintendo or other advanced game station? 

MARTIN: The fundamental premise is that it 
includes basic X86 compatibility. That means that 
all those X86 games that are out there, and things 
like Microsoft Works, are available to run on this 
system, so fundamentally, it is much much more 
compatible than any of those products. 

Q: But from an architectural standpoint in term 
of the way the graphics and sound are imple
mented? 

MARTIN: It is a PC. It is a small subset of a PC, 
with a much smaller processor. 

Q: The upside-down PC? 

MARTIN: Yes. Big multimedia, small processor. 

Q: Can you describe Chromatic's license and 
manufacturing strategy? 

WES: Our idea has been to focus our efforts in 
the areas where we can really add value with ar
chitecture and software. So we have licensed the 
chips to LG and to Toshiba - they are building the 
chips and selling them. That gives us access to 
their best process technology and the lowest cost. 
I think it is what Martin was saying about 3D, that 

when you are pushing performance like this, we 
need the best process technology we can get. It is 
typically not available from foundries, so we have 
to make our living by providing the software that 
makes the media processor do its functions. 

Q: The decision making process for multimedia 
peripherals of PC manufacturers is segmented. 
Audio, graphics, modem, each occur in different 
groups. Given that the decision making process is 
fragmented, how can you convince a PC system 
vendor to use a media processor? 

WES: That is a real issue, and it involves a lot of 
extra work in the early stages, it involves a lot of 
coordination in companies across organizations 
that are not normally in close communication. It is 
one of the challenges. 

Q: Martin, you deal with a lot of PC system ven
dors, what is your experience in this regard? 

MARTIN: This really has to be rolled up through 
the product manager, the person in the company 
who is responsible for the development, imple
mentation, and success of that particular PC prod
uct. He still has to go fight all these battles, but 
that is where you have to concentrate the effort. 

PRAKASH: What we see is that there is no issue 
with the graphics, video, and audio. On the com
munication side there is a lot of reluctancy to 
combine that together, because communication is 
just a pipe. It solves a pipe problem and as new 
technologies are coming up they get very reluc
tant to get that integrated as part of the media 
processor. I don't think that we will see a lot of 
that in coming years. But communication will be 
part of the same solution. 
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MARTIN: The problem with UMA is you end up 
with all that frame refresh bandwidth polluting 
your main memory. 

ROBERT: There are advances though in memory 
compression techniques that are being employed 
and that will really grow over the next couple of 
years to help augment that bandwidth problem. 

WES: It certainly would help but from everything 
we see bandwidth is the whole issue in high qual
ity displays, high quality multimedia, and we can 
use every bit of bandwidth we can get, so to think 
that we are going to share that with the processor, 
we could also be easily starved for bandwidth. It 
does not seem to be the right way to get the per
formance that people are looking for. 

Q: One of the arguments for going back to the 
UMA scheme is that the granularity of memory 
chips is going to force frame buffers to be ever 
bigger in order to provide enough bandwidth for 
access to the frame buffer. Is there any solution in 
sight for that other than a UMA solution? 

PRAKASH: AGP solves part of the problem. 
Even if you are talking about 3D applications you 
could have a lot of your texture memory require
ments put in the system memory. So the way that 
we see it, AGP is the best way to do the UMA 
type of implementation. The way that UMA was 
defined it was not going to work and I do not 
think that we are going to see that again. 

WES: With the evolution of demands that we see 
for media processors there is no particular chal
lenge in being able to utilize the 64 meg frame 
buffer memory and 256 meg is stretching it. 

Q: Given the economics of embedded DRAM, 
which tend to make it fairly expensive compared 
with commodity DRAMs which we know are be
coming very inexpensive, do the benefits of inte
grating the DRAM with the graphic controller 
offset the cost penalties that putting those two 
guys together impose? 

PRAKASH: We believe embedded DRAM is a 
cost comparative solution to non-integrated solu
tions for many reasons. If you look at the cost per
formance, or cost per megabyte of memory 
bandwidth, there is no comparison. More impor

tantly those who own fabs can appreciate that we 
are talking about five chips. In a two megabyte 
graphic solution, we are talking about four mem
ory chips right now and one controller. At least 
30% of any chip is the overhead of the I/O pa-
dring. So you have 30% overhead in five chips 
versus 30% overhead in a single chip. If you add 
the silicon area used in every wafer you will see 
that the embedded DRAM approach will be a far 
more cost effective solution than processing five 
chips. There is no comparison there. 

Q: Isn't MMX good for anything? 

ROBERT: The experience we have had at Cyrix 
is with the MPEG-2 algorithm which is part of the 
DVD specification and without MMX we would 
not be able to do that. I believe that is true for In
tel as well. Even in their climate and the future 
products they are coming out with in 1997, they 
would not be able to do that type of processing 
without MMX. It has some great benefits for 
parallel processing in terms of audio and video. 

CARL: The types of instructions we are talking 
about are the SIMD instructions (which stands for 
Single Instruction Multiple Data), which are very 
specialized and you have to have specialized al
gorithms that that will apply to. It is not going to 
improve the performance of an operating system 
or word processing document or spreadsheet. So 
there will be certain classes of algorithms that 
will benefit fairly substantially, which is the num
bers that Intel showed you, and those are probably 
the highest payback uses. 

Q: Does this mean that Office '97 is not going to 
support MMX? 

CARL: I cannot see how, for most mainstream 
things like PowerPoint, Excel, or Word, MMX is 
going to make much of a difference. However, the 
MMX enhanced processors will nm Office faster 
than the non-MMX enhanced processors, because 
of the other improvements in the processors. 

Q: Clearly what is going to happen is processors 
are going to get better on many dimensions over 
the next two years. One of those dimensions is 
MMX, and if you use that you might see benefits 
in selected areas. They will also get higher in 
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of 1998, and for most mainstream software appli
cations, it has to work on the installed base. You 
cannot target a very small subset of the base. 

Q: Intel, at one point, had talked about where 
MMX gets introduced, the bottom end or at the 
high end. I think that the decision is coming in, 
that it is being introduced at the high end, as a 
performance extension at the top. Initially it will 
be a high end feature, not a low end feature, 
which is a little bit strange because the multime
dia functions that MMX enables, will not neces
sarily be higher performance than hardware that 
MMX might displace in those systems. 

MMX will increase total system performance be
cause there are some architectural improvements 
in the CPU, so the operating system and the word 
processor, and so on, will run faster as well. 

Q: What is the impact of multimedia on system 
memory requirements in terms of size, bandwidth, 
technology, and that concept called unified mem
ory architectures? 

PRAKASH: Like I talked about you have text, 
graphics, video, audio. So far, all of that media 
has been sitting with different memories, proc
essed by different controllers, and is accessed in
dependently. As they start integrating it, you need 
to process and access at the same time, whether it 
is done at the CPU, the controller level, or proces
sor. You need very low latency, high memory 
bandwidth buses to do that. An embedded DRAM 
type of approach allows you to do that. It is very 
critical that your memory architecture supports 
that. 

Q: Do you think as these applications get bigger 
that they will require more memory than you can 
get on a single chip? 

PRAKASH: Memory technology is going from 4 
meg to 16 meg to 64 meg up to 256 mega bursts 
sooner than we imagine. 

Q: Will you be able to put all the logic that you 
want on there? 

PRAKASH: Absolutely. 

MARTIN: One of the things that we see coming, 
perhaps by the end of the decade, are LCD panels 
with resolutions of perhaps 3000 by 2400. That is 
about 8 million pixels with 3 bytes per pixels. We 
are looking at about 24 megabytes in the frame 
buffer. Are you sure about handling those, 
Prakash? 

PRAKASH: 24 megabytes of what? 

MARTIN: Of memory in the frame buffer. 

PRAKASH: What type of panel are you talking 
about? 

MARTIN: For high resolution 3000 by 2400 
LCD panels 

PRAKASH: We are talking about notebooks here 
and PCs. 

MARTIN: 
see that. 

I am talking about PCs, yes. We will 

PRAKASH: You have to look at the mainstream 
applications. Right now portables are 800 by 600. 
In '97/'98 they will be 1024 by 768 and the focus 
would be about 16 bit per pixel, 64,000 colors. 
Beyond that we will have 1280 by 1024. If we are 
really talking about 3000 by 2000, you probably 
will need some different technology. 

MARTIN: There are alternate solutions, you can 
work the two together. 

PRAKASH: We are talking about mainstream 
multimedia here, not something which Hollywood 
or somebody else will use. 

MARTIN: That is right and in 1990 if you told 
me you were going to have 32 megabytes in your 
PC in 1996, everybody would have said no. 

Q: You have all ducked the issue of unified 
memory architecture. Are we going to see that 
rear its ugly head again? 

CARL: The AGP, the advanced graphics port 
that Intel has announced, may open up an oppor
tunity to have a shared memory architecture be
tween devices on the AGP port and system 
memory. UMA as it was detined by the VESA 
committee we do not expect to see. 
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It is easy to make us think that perhaps everybody 
wants this, when in fact they do not. 

We do not see interactive television as something 
that is compelling in an entertainment sense. That 
is where the upside-down PC comes in. This is a 
device that we see having more multimedia sili
con, if you like, than processor silicon. An Intel-
type processor, with a multimedia processor from 
Chromatic, or Samsung, or Philips, that drives 
things really aimed at entertainment and not pro
ductivity. So, HDTV, we think, would be a func
tion of this kind of box. DVD, games (the same 
games that you can play on your big PC), and 
some limited Internet. Primarily this is a device 
for passive viewing. That means it has to cost 
$500 or less. It has to connect to a TV set, and it 
probably has to include exotic features, like AC3 
sound decoding. We think this could represent the 
third wave of home computing. This becomes a 
device like a VCR, that sits in the stereo rack, that 
drives all these advanced entertainment features. 
It could be a very high volume application, as we 
get into the next decade. 

It is very difficult to compete in 3D graphics if 
you do not have a fab. Ultimately, the quality of 
your 3D graphics depends on how many, and how 
fast the transistors are that you can deliver. That 
depends on how much you can charge for the part, 
therefore, it is ultimately dependent on your cost. 
We think it is very important to have a fab, or a 
zero cost adder when you are building these chips, 
to compete. The biggest challenge is that Intel is 
coming to this market. Intel is not a great graphics 
company, they have already failed twice at it. I am 
not sure they will fail a third time around. 

Talisman, Microsoft's new 3D architecture, is 
exotic to watch and very compelling. It has five 
very large chips, a media DSP, a compositor, a 
polygon object processor, a smart DAC, a big 
buffer, 4 megabytes of DRAM and it is very ex
pensive to build today. We believe that a lot of 
the ideas from Talisman will find their place in 
the market, but at the moment it is fundamentally 
a well supported unknown. With Microsoft be
hind it, that is a lot of pressure. 

Can MMX displace media processors? We think 
MMX performance will roughly double every 

year and a half or so. We think media processors 
can stay ahead because media processors are 
much easier to scale. When processing these 
video streams, as a processor, you know where 
you are, you know where you are going, there is 
no need to have good predictors in there. You 
know where your next piece of data is coming 
from, and you know where the next piece of data 
is going to. That means it is relatively easy to 
crank up the clock speed, and as long as you have 
the bandwidth into the media processor, you can 
deliver scaleable performance. Ultimately, MMX 
will win if there is enough performance. If the 
MMX enhanced X86 processor can do all of these 
things, then there is no point in having a media 
processor. 

We think 3D can take as much as you can throw 
at it.Video compression is another major chal
lenge and other applications will keep media 
processors ahead of the MMX curve. The proces
sor then, has to find something else to do, we 
think the big one there will be speech recognition. 
To do speech recognition without an algorithmic 
breakthrough, you need a bigger processor, bigger 
hard drive, more memory to make it all work. So 
we think media processors have a way to go yet. 

In the long run, we think that the media proces
sors will ultimately become the video controller 
of the PC. In this part, we see integrated memory 
to deliver very high bandwidth. We expect to see 
AGP, Intel's high speed bus, delivering high 
bandwidth for large objects, brought from main 
memory to the graphics subsystem. Integrated 
DAX for audio and videos becomes a very simple 
subsystem, and may be the place for 1394. In the 
long run, I see media processors as the dominant 
solution for multimedia in the PC. 

Q: What benefit is MMX to low end systems, if it 
comes out first on high end microprocessors? 

CARL: Nathan, in his presentation said that one 
of the advantages of MMX was going to be 
ubiquity. From the point of view of a software 
developer, MMX will not have that advantage for 
quite a few years yet. Because even with a very 
rapid ramp, in MMX-enabled processors by Intel, 
at best they might have 10-15% of the installed 
base by the end of 1997, perhaps 30% by the end 
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This chart shows how the PC market split in the 
U.S. in 1995. Of all computers sold, 18% were 
portables. Those computers go primarily into the 
business market. That leaves 49% of all comput
ers were desktops, sold into the business envi
ronment. The balance therefore, is 33% of all 
computers sold to the home. One of the things we 
saw over the last few years, is business buyers, 
when the economy goes a little sour, do not nec
essarily back away from buying PCs. They like 
the productivity, the benefits they bring, and in
deed, the PC market has been fairly recession-
resistant over the last few years. 

On the other hand if home buyers feel insecure 
about their jobs or their future, when it comes to 
Christmas, it is not PCs, its ties and slippers 
again. If the economy turns down, we can expect 
to see the PC market take a hit, but I cannot pre
dict when that will happen; when it does, we will 
see this downturn. 

Next is the overall size of the PC market. We are 
a little less aggressive on the content of Pentium 
class products in 1999. A lot of the reason for that 
is many of those processors are perhaps not going 
into what we would consider to be a PC. 

Something else that I would like to draw your at
tention to is universal serial bus. This is a PC 
technology, any of you designing devices or 
semiconductors for communication, where you 
need a simple serial interface that can carry high 
speed data, need to look very hard at USB. It is 
going to be very cost effective and absolutely 
ubiquitous within the next few years. 

The Total PC Market 

Thoinwidt or urtti 

Another question that keeps coming up is the 
$500 PC. We are not that aggressive on the $500 
PC. There are two points there I want to bring up. 
Users are very much in control. If you, as an FT 
manager, deploy Internet computers around the 
office that do not have the features these people 
expect, six months later, you will see PCs sitting 
by the network computers that you bought them. 

Deploying network computers to productivity 
workers is fraught with risk. For the home users, 
people say, "Well, if we could give people a $500 
computer to take home, and surf the Internet, then 
we could get all these people connected, without 
them having to buy an expensive PC." That is 
another flawed argument because most people 
that have a PC at home today are not connected to 
the Internet. Although there are lots of them, it is 
still a relatively low penetration. The assumption 
that we can get more people on the Internet, with 
an inexpensive device, is unnecessary and proba
bly wrong. We in the PC industry are very blink
ered by the fact that the Internet is so wonderful. 
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rate, to increase the memory bandwidth. Once you 
bring the memory inside, you can make that inter
face as wide as you want, or you can clock it even 
faster because it is all inside the chip. 

It does offer the battery life, especially in CMOS, 
because most of the power consumed is in the 
input/output paths. In the multimedia applica
tions, whether the user is doing anything or not, 
the screen, the display, has to refresh at 75 Hertz 
per second. That means if you are using 1024 x 
768, 8 bit, one megabyte worth of data has to be 
accessed from the memory, and sent out to dis
play, 75 per second. That is a lot of data being 
accessed, lots of input/output parcels switching, 
burning lots of power. If you bring the memory 
inside, you eliminate those I/O paths, and you can 
cut down the power. 

F O R M F A C T O R 

Form factor: any time you take four chips, five 
chips, or memory chips, and bring them to a sin
gle chip, you solve the form factor problem. Cost: 
you have heard that any time you take multiple 
chips, and put them in a single chip, it helps on 
the cost side. Memory comes in configurations of 
half a megabyte, 1 megabyte, 2 megabytes, or 4 
megabytes. If your application only requires 1.1 
megabyte then you only integrate 1.1 megabyte in 
you chip, no more, no less. The simplicity, ease of 
use, ease of manufacturability, and ease of test
ability, all translates into time to market. 

The key thing here is, you get the benefits of per
formance and battery life with no compromise. 
With traditional technology so far, you get per
formance at the expense of battery life, form fac
tor, or cost. You cannot achieve all those 
functions at the same time, unless you are using 
embedded DRAM technology. In our experience, 
embedded DRAM technology is the only semi
conductor technology which can offer you all 
those benefits at the same time. 

On the graphics accelerator side the performance 
of the competitive solution has been 32 bits wide 
or 64 bits wide, and that relates to memory 
bandwidth. NeoMagic MagicGraph is 128 bits 
wide, which gives much higher performance and 
the benchmarks at the system level show a differ
ence of anywhere from 45% to 80% higher per
formance. 

Power consumption: the competitive solution 
takes 2.5 watts of power. Our solution is less than 
400 miliwatts. At the system level, that translates 
into anywhere from one hour to two hours extra 
battery life which is very signiflcant. Form factor: 
five chips versus one chip. So, which long dis
tance approach will win? Multimedia accelerators 
based on embedded DRAM technology. 

NATHAN: Our final panelist is Martin Reynolds. 
Martin is Vice President of Dataquest, and Direc
tor of the PC Technology Directions Service, 
which keeps an eye on what is happening in all of 
the component technologies that go into personal 
computers. 

MARTIN REYNOLDS: I would like to start off 
by answering a couple of questions about the PC 
market that keep popping up. The first one is: 
When will it slow down? Everybody wants to 
know when the PC market is going to slow down, 
and while I cannot predict the future, I have a 
chart here that might help you understand what 
the driving factor is going to be. 
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level of multimedia perfomiEince, at the right cost 
point. That should help to drive some new appli
cations for the PC and help to expand the market. 

NATHAN: Our next speaker is Prakash Agarwal. 
Prakash founded NeoMagic, which is a company 
that has integrated DRAM and a graphics control
ler onto a single chip, and has found a home for 
itself in many portable applications. 

PRAKASH AGARWAL: The question is: Which 
long distance approach will win? I think what we 
mean by that, talking about mainstream multime
dia, is which type of solution will win in the long 
term? Before we can answer that question, I think 
that we should answer: What is multimedia? 

Multimedia is not application, it is a combination 
of the following technologies: text, graphics, 
video, and audio. When you start combining all 
these different media, that becomes multimedia. 
The application of these combinations of tech
nologies is presentations, training, entertainment, 
and education. What is important to notice here is 
they all require portability. 

How often do you get presentations at your desk? 
You go to conferences, you go to conference 
rooms, which means that you need a tool or a 
system that is portable, that you can carry with 
you. Same thing for entertainment. I do not be
lieve I am going to watch an MPEG movie at my 
desk. I am probably going to use the TV, VCR, or 
DVD. But if I have a portable computer, then I 
can carry a movie, a portable DVD, that I will 
watch the next time I am going to Japan. Take 
that 12-hour flight, watch two or three movies. 
Again, that requires portability. 

Education. If students have computers that they 
can carry to their classrooms they are going to 
benefit a lot. That also requires portability. I be
lieve multimedia requires a lot of portability. So 
which solution will win? The one that is simple, 
and solves the portability problem. 

Portable computers have not offered as much per
formance or features as their desktop counter
parts. Their battery life is not as good as is needed 
and they are too bulky. 

We find that consumers are not happy with the 
performance and features of their notebook com
puter compared to their desktop computer. The 
reason they do not bring their notebooks is be
cause they are not happy with the battery life, and 
with the size of it. I am driving this presentation 
from an HP notebook that is a 133 MHz Pentium, 
800 by 600 TFT, 1.4 gigabytes of hard disk drive, 
16 megabytes of memory, 256 kilobytes of cache. 
With this computer, I can do anything I can do 
with my desktop computer. As that starts happen
ing, people will have one computer as a primary 
computer, and if you can bring the multimedia 
functions into that computer, that is when you 
will start seeing multimedia become really inter
esting. 

If we look at the overall solution we talked about, 
Carl gave you the perspective of the operating 
system, Robert talked about the CPU side of it, 
Wes talked about the multimedia processor. In my 
opinion, if you look at that architecture, there will 
always be a multimedia chip. I do not believe, as 
multimedia functionality gets more complicated, 
that the CPU alone would be able to do that. You 
need an integrated multimedia chip, where you 
know you have access to memory, and can do a 
lot of those things. 

It has to offer the performance, it has to offer the 
battery life, form factor, cost, and more important, 
simplicity. The reason a lot of people have prob
lems, integrating graphic, video, audio, and 3D is 
because, right now, it is being offered by different 
vendors, different software drivers. When you 
start looking at plug and play, it becomes a big 
problem. Once you start integrating them to
gether, whether it is a multimedia processor, or 
multimedia accelerator, you are solving that 
simplicity problem. 

Embedded DRAM technology, which NeoMagic 
has pioneered, does offer performance because 
the biggest problem in dealing with the multime
dia applications is memory bandwidth. Once you 
bring the memory inside, you are no longer re
stricted by how many pins you need to dedicate 
on your chip to talk to memory. People have gone 
from 8 bits to 16 bits to 32 bits to 64 bits, or they 
have gone from 50 MHz to 250 MHz on the clock 
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done up to now clearly has an advantage. They 
are high performance, they can do high concur
rency, but they also have the highest cost. They 
have the highest obsolescence rate because they 
are fixed in functions, and the cost of integrating 
these various function with the hardware and the 
drivers, are non-trivial. In fact, some of the cus
tomers that we are working with have found this 
to be a tremendous obstacle in putting a lot of 
multimedia functions into a box, and making them 
cooperate and work together. 

There are other bottlenecks in the system, beyond 
what the chip itself can do. The PCI bus can be
come something of a bottleneck, drivers can bump 
into each other and cause conflicts, and the lack 
of a real time operating system on the host can 
also be an issue. 

Media processors are, as the name implies, proc
essors. They are programmable, in our vision they 
are dedicated to PCs, so they are capable of deal
ing with the legacy issues, graphics, and audio, 
for example. They are very high performance, 
they have to be able to deliver multimedia func
tions concurrently, at very high quality. They are 
not DSPs, although there are a number of DSP-
like architectural features. They are optimized for 
the PC. They work on the PCI bus, they deal with 
these legacy issues, as we said. 

They are programmable, so they are not just a 
collection of multifunction ASICs put on the same 
piece of silicon. In our view, they 
are certainly not general purpose 
CPUs. The chip we have designed 
was developed to work in coopera
tion with the X86. A lot of the soft
ware that we are writing runs over 
on the host processor because, 
frankly, it is done more efficiently 
there. 

host-based cycles, or from DSPs. Because they 
are programmable, they are very flexible; that 
means that we can respond to changes in evolu
tion - 56K modems is one example. It also allows 
the users of these devices to differentiate their 
products. Because we have a software-based so
lution, we can do a fair amount of load balancing 
between what takes place on the media processor, 
and what takes place on the host. If the host is 
MMX equipped, then we can use those resources 
to further improve the concurrency or the quality. 
The biggest issues for media processors are the 
same ones that affect any new technology and it 
takes a lot of software to provide the critical mass. 
We do not have a media processor solution until 
we have 2D graphics, 3D graphics, the basic 
audio functions, the modem, and MPEG video. 

The requirements for multimedia include pro-
grammability because that is how we get the 
flexibility that we need, and they also include 
high performance and low cost. Media processors 
are the best solution to this set of constraints. The 
size of the media processor market is expected to 
be about 9.5 million units next year, growing to 
over 55 million by the year 2000. We are the first 
to nrmrket, but we are not going to have this mar
ket to ourselves. NEC, Philips, and Samsung have 
all announced products in this market space. 

We think that media processors, working together 
with the host CPUs, are going to deliver the best 

The advantages of media processors 
are they are the lowest cost solution 
to deliver the full range of multime
dia functions. They are also very 
high performance, and you can see 
in this graph that the performance is 
well above what you can realize to
day or in the next generation, from 

Media Processors 

• Plus 
- Lowest cost 
- High performance 
- Flexibility 

-Responae to changes 
-Product diffarantlatlon 

- Load Balancing 

* Minus 
- New technology 
- Software "critical mass" 

/frtB^ar Onarattem nar Secend 

@ @ 

' — I— 

Mt »• * tiMa 

19-9 



Session #19 

that concept, or working with its partners to ship 
that concept, a few months ago. 

WES PATTERSON: The chart about the evolu
tion of the PC was pretty well covered in Carl's 
presentation. The thing that is important for the 
opportunity we are discussing here is that this 
change is in the function of the PC, from being in 
effect a computer, to being something that is 
looked at as a source of entertainment and com
munications, is that the data types are changing. 
In my experience, there is really no precedent for 
this. The computer industry has evolved over a 
long period of time, there have been changes in 
performance and architecture, but they have all 
been aimed at, fundamentally, the same data 
types. When we move to entertainment, there is a 
new kind of data, and that makes newer architec
tures appropriate because there are better ways to 
do computing on video, graphics, and audio data 
types. 

Obviously, Intel recognizes this. This is their 
chart, they show the split in computing demands 
between so called "conventional computing" 
shown in the lower bars, and the upper part of 
these bars show their estimates of multimedia 
demands. If high quality DVD is a reality next 
year in the market, then the multimedia demands 
will be far in excess of what you see on this chart. 

Multimedia Compute Demands 

Multimedia Computing 

10,000 MOPS 

1.000 MOPS 

' " ' Mainstream Usage 

There is really no upper bound for multimedia 
computing requirements because no processing 
capability translates to better quality. Whether it 
is audio, video, graphics, or communications, we 
are going to see a steady pressure to put more 
computing cycles on these problems. For audio, 
video, and graphics, that will show up as better 
quality. For communications, it will show up as 
higher bandwidth. 

We do not think that we are anywhere near a 
point of saturating, or completely meeting the 
needs of the user for computing cycles. We can 
see a requirement, looking forward just a few 
years, for something in excess of 10 thousand 
MOPS, to solve all these problems with reason
able degrees of concurrency. 

In the PC, there is going to be 
traditional computing, and Intel 
and others seem to own that 
space pretty clearly. For the 
multimedia portion, there are at 
least these three alternatives. We 
have talked a little bit about 
what Cyrix, and Intel, and AMD 
are doing with extended instruc
tion CPUs, there are dedicated 
peripherals in their media proc
essors. Some multimedia func
tions require real time response, 
and the host side solutions do 
not have good access to a real 
time operating system. 

Dedicated peripherals - the con
ventional way that this has been 
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GX processor, where we integrated the memory 
controller. With that memory controller onboard, 
we have bandwidth as good as 3D graphic cards. 

NATHAN: So, you think that bus, that very wide 
bus, that connects the CPU and the main memory 
is also a very busy bus, and it is got a lot of traffic 
that has nothing to do with multimedia going 
across it. Wouldn't it be better, if we could take 
the stuff that is easy to offload from that bus, and 
put it on something separate, like a media proces
sor? 

ROBERT: If you needed to, yes, absolutely. But 
with some of these new applications that are 
coming out, with the bandwidth that is capable in 
these processors, we can still meet all the re
quirements to do things like MPEG-2 decoding. 

Obviously there are applications that consume the 
CPU, there are not enough cycles available, 
memory bandwidth is a problem. In the future, as 
those applications become more mainstream, CPU 
architectures are going to be focused, they are 
going to be looking at addressing that. So, I think 
that the bandwidth issues that you see will be al
leviated with some new architectural enhance
ments. There will be new media processing 
capable engines added to the processors to ad
dress that. 

The CPUs today are typically 6 to 8 million tran
sistors. Over time that is going to grow to huge 
numbers, and the frequency is going to go up, and 
that will give us more capability to address, to do 
multimedia processing, as well as have cycles left 
over to do other things. If an application or num
ber of applications outpace what a CPU can do, 
then there is a real need for a media processor to 
help out. 

NATHAN: Do you have any theories as to when 
the processors will be fast enough? 

ROBERT: Today, with the applications that are 
out there, there are not a lot of problems, other 
than in 3D, where there is not enough cycles left 
over to do the job. 

NATHAN: Now, one of the interesting issues 
with MMX is thitt Intel initially tried positioning 
this as an alternative for low end 3D. From what 

you know of having implemented MMX, do you 
see it providing a big assist there? 

ROBERT: In terms of 3D, I do not see it as being 
a big assist. The large problem there is there's a 
pipeline involved with 3D. There is a floating 
point part, and there is a rendering part. The 
floating point part is typically done by the host 
processor, but in order to do the floating point, as 
well as the rendering both by the processor, that is 
a real tough job. So I certainly see in the 3D 
arena, where there is clearly an insatiable appetite 
for more processing cycles in that rendering stage, 
where that media processing capability will most 
likely be in a separate unit, maybe external to the 
processor, maybe not. 

NATHAN: So fundamentally, if we had kept the 
3D story out of MMX at the beginning, it might 
have been a slightly cleaner story, not that it is 
Cyrix's fault. 

ROBERT: Yes, that is Cyrix's position, right 
now. 

NATHAN: One final question for you, Robert. 
You have implemented both the MMX type ex
tensions and taken more liberties with microproc
essor architecture, adding features to do graphics 
and sound, in a slightly more direct fashion in 
your GX product. Between those two approaches, 
which one do you think has more merit from a 
technical standpoint? 

ROBERT: It really depends on the market you 
are going after. I really see the two as being quite 
separate, both have obvious benefits and disad
vantages. We solved some of the bandwidth 
problems that are inherent with the host CPU do
ing a lot of the work, with our GX processor, in
tegrating that memory controller. With MMX, we 
clearly get a higher computational throughput, to 
do the computational algorithms, that are part of 
those media applications. Combined together that 
could be a real powerful product. 

NATHAN: Our next speaker is Wes Patterson. 
Wes is the President and Founder of Chromatic 
Research Company, that introduced last year, the 
concept of a media processor, and began shipping 
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ware implementation between different PCs. 
There is also a hardware abstraction layer that lets 
a given piece of software run on multiple plat
forms. 

DirectX queries the hardware to find out what the 
hardware can accelerate, and if it can, it makes 
use of the hardware function. If it cannot, then 
DirectX emulates the hardware function and 
software. These DirectX emulation pieces can be 
written to take advantage of things like the MMX 
multimedia extensions that Intel is introducing 
next year. 

The question that I am trying to answer is: What 
do ISVs want? If ISVs select a certain approach 
and write applications that are dependent on a 
certain approach, that will almost certainly de
termine which approach wins. What ISVs really 
want is a common platform. They want a single 
interface, a single view of the system that they 
can write to, and not have to rewrite their appli
cation or their game for every single platform. 
They definitely want rich, pervasive multimedia 
functions. They want high level APIs, they want 
hardware independence. They also want the abil
ity to understand and adapt to the performance of 
a given platform. I want to be able to write my 
game so it looks decent on whatever level of per
formance you have in your system. Now, that may 
mean that in order for the playability and the re
activity of the game to be good, I need to have 
much simpler 3-D graphics, I can throw out some 
shading, I can throw out detail, there is a lot of 
things I can throw out, or maybe I do not do as 
good audio or I do not do any audio, if you do not 
have a certain level of capability. 

I can adapt what my application or my game does, 
based on the capabilities of the hardware. ISVs 
also want enough CPU cycles left, on the main 
CPU, so the game is playable. They do not want 
to use the majority of the CPU cycles to do audio, 
or 3D rendering, or MPEG decompression, or 
modem function, if they want to be able to have a 
good gaming experience. 

Lastly, ISVs do not want to place a bet among the 
different approaches. In most cases ISVs will be 
working through libraries and other software 
packages that actually implement functions. Then 

ultimately, it will be up to customers to decide 
what combination of hardware capabilities, price, 
and so on, sell the most. 

NATHAN: Our next speaker is Robert Maher 
from Cyrix Corporation. Robert is the VP of En
gineering at Cyrix, he is also the designer of the 
MMX extensions that Cyrix is including in the 
next generation processor that they intend to 
launch early next year. 

My first question is: How do you see MMX fit
ting in, overall? 

ROBERT: In terms of MMX, and the advantages 
it gives, it does provide an added benefit for the 
PC platform. Number one, it provides a baseline 
capability for the PC to do some of these multi
media applications. 

Without MMX on some of the next generation or 
the processors that are going to coming out in 
1997, we would not be able to do MPEG-2. 
Sound-blaster type audio is easily handled with 
MMX instructions. There are a few applications 
like video encoding and 3D audio that it does not 
cover, but it really does take us to another level. 

NATHAN: You were careful to say 'sound-
blaster' type audio, is that to suggest FM as op
posed to wave table? 

ROBERT: Right now, FM is the mainstream, but 
it will help with wave table as well. Wave table is 
more memory dominant, it is going to be more 
memory intensive. 

NATHAN: One of the big problems for multi
media solutions is bandwidth, and bandwidth 
between the processor and the memory system. 
One of the arguments for putting this stuff out
board is, you can get a lot more bandwidth be
tween an outboard processor, and an outboard 
accelerator, and button memory than you can 
between the CPU and the main memory. How do 
answer that? 

ROBERT: I do not necessarily agree with you. 
The largest bandwidth, the biggest bus on the per
sonal computer is the bus that interfaces to the 
processor. There are issues with latency, which is 
a big problem, but we have solved that with our 
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ing to be needed to get in and out of PCs. Higher 
quality audio and video: audio quality in PCs to
day is poor, the signal to noise ratio, the speakers, 
etc. We see that as an area where the audio proc
essing is likely, over time, to move outside of the 
physical PC box, and the PC is likely to emit 
audio in digital form to another device that does 
the processing, where there is cleaner power. 

I threw in one obligatory Windows family slide, 
just to say, " Hey, we have two members of the 
Windows family, as far as desktop systems go, 
Windows '95 and Windows NT," and we see two 
versions of Windows extending out for some pe
riod of time, with the Windows '95 stream aimed 
at consumer small office, home office kinds of 
uses, and Windows NT aimed at corporate and 
large organization uses. 

We will, over time, share more and more technol
ogy between the two operating systems and we 
will be taking more technology out of Windows 
NT into the Windows '95 product stream. In the 
long term, there is a technology convergence, but 
for the next several years, Windows '95 is not the 
end of life for Windows, and Windows NT is not 
going to take everything over in the next year or 
two years. These two products will coexist in the 
marketplace. 

What are all the different multimedia software 
pieces? For Microsoft, they fit into four major 
groupings. The DirectX, APIs and driver inter
faces, which provide relatively low level abstrac
tion of the multimedia capabilities; Open GL, 
which is a high-level 3D modeling language; Ac
tive Movie and ActiveX animation, which deal 
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with media streams, and then some research in
vestments that have had the code name of Talis
man, all built around the Windows base. The key 
thing that most ISVs are going to look at when 
developing titles that are multimedia is: What are 
the APIs, and what are the standard interfaces that 
I write to. 

This chart attempts to show the multimedia archi
tecture that is part of the Windows family (both 
Windows '95 and Windows NT) with a hardware 
layer, with hardware interfaces, DDIs, the "hows" 
that are part of Direct X, and the interfaces that 
the Win32 driver model will provide. Above that 
there are low level APIs including the Win 32 
GDI, the DirectX APIs, and then the Win MM 
subsystem. Some applications will talk at this 
level, others will use higher level interfaces in
cluding things like Open GL and Active Movie. 
The bottom line is that, in general, most Windows 
software does not talk directly to the hardware; 
most applications talk through APIs that abstract 
the actual hardweu-e. 

Active Movie is a media streaming API that is 
useful for things like video capture, video play
back - it is a configurable connection architec
ture. The first version of Active Movie ships with 
Windows '95, service release two ships with In
ternet Explorer, and it is being incorporated in 
Windows NT as well. 

DirectX is a low level API for games and things 
of that nature that abstracts the hardware at a 
relatively low level. It provides a consistent set of 
multimedia functions, so that applications can be 
written to a single APR regardless of the hard-
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Session # 20: Sync or Swim: The DRAM Bandwidth Challenge 
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Jim Handy 
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Vice President of Marketing for Memory Products, Samsung 
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Senior Vice President, Research and Technology, S3 Incorporated 
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JIM HANDY: I'm Jim Handy and I am hosting 
this panel called "Sync or Swim: DRAM Band
width Challenge." We are going to be talking 
about the need for improved bandwidth in 
DRAMs. 

With DRAM bandwidth, what kind of speed do 
you really require? Some needs in DRAMs are 
very random. Cache line refills and general CPU 
accesses require very low latency. High band
width requirements and little concern about la
tency apply to some graphics operations and 
video output. Different types of DRAM architec
tures satisfy different sides of that. Random ad
dresses need very fast first accesses, streaming 
does well for video output, but there is no such 
thing as a solution for all kinds of problems. 

We see a lot of system approaches for getting the 
bandwidth out of the system that can take advan
tage of lower costs, lower DRAMs, and we also 
see more varieties of DRAMs being aimed at 
these problems. 

Names like Wide Words, UMA, Interleaving, that 
apply to the architecture, and the DRAMs will be 
going through in the discussion. 

Finally we have the people who are subject to 
everything that is going on in the world. They are 
subject on one side to the constraint of ever-
increasing needs from the user standpoint, and on 

the other side from DRAMs that are becoming 
more dense with very low pin counts to get the 
data out. A myriad of solutions rather than a sin
gle uniform solution to solve all these problems. 

These people are Avo Kanadjian, who is VP of 
Memory Marketing for Samsung. He just recently 
joined Samsung from Toshiba and has worked for 
13 years in memory marketing. Avo has also 
worked at Xerox as a memory systems staff engi
neer. 

Neal Margulis is Senior VP of Research and 
Technology at S3. He has been at S3 since 1989, 
during the initial phases of the company, and be
fore that he worked at Intel in applications and 
support for high end microprocessors. 

Tom Dye is the Director of the Austin Design 
Center for Cirrus Logic and is their Chief 3D ar
chitect. He has been responsible for the develop
ment of the Laguna 3D multimedia accelerator, 
was a director of multimedia at Dell Computer, 
and also worked in graphics PC architecture posi
tions at Nth Graphics, Motorola, and Texas In
struments. 

Dr. Mike Nielsen is the Director of Engineering at 
Silicon Graphics. He is responsible for the sys
tems architecture and definition of the Indy-
follow-on projects and has been a chief designer 
of the unified memory system there. He also was 
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at MIPs Computer, responsible for systems archi
tecture, and was at DEC as a chief architect and 
designer of DEC station MIP space workstations. 

AVO KANADJIAN: I want to say that more 
memory is always better. For example, the-state-
of-the-art notebook that has only 16 megabytes of 
memory would operate 41% faster with 32 mega
bytes of memory. That is the result of a recent 
benchmark that we did. The idea of a synchronous 
DRAM was suggested to us by system engineers 
who wanted to improve performance by having 
accesses happen during the precharge period, so 
we developed an internally double-banked mem
ory architecture. We have inputs and outputs that 
are controlled by the master clock, we designed 
the part and brought it to production. The only 
thing that is not synchronized is the fact that a lot 
of the controllers, the ASIC core sets, are not out 
in the market, in order to take advantage of the 
performance improvements of a synchronous 
DRAM, with the exception of companies that 
have control over the development and production 
of their own chip sets. 

In 1996 approximately 10% of Samsung's DRAM 
production will be synchronous DRAM. As these 
new chip sets become available, in early '97, we 
anticipate that, by the end of '97, as much as 50% 
of the total DRAM production will shift over to 
synchronous DRAM. By 1998, that percentage 
will increase to 70% and over. We think that syn
chronous DRAM is a revolutionary solution, but 
once it is implemented it will have incremental 
improvements in performance, such as putting 
four banks instead of two, improving the proc
esses, and getting higher performance parts alto
gether. Synchronous DRAMs will definitely be 
the solution for a lot of the new applications that 
are coming on line, such as multimedia, multimas-
tering, and AGP. We are ready, from a production 
point of view, to transition the market from stan
dard DRAMs to synchronous DRAMs. 

JIM: Next we have Neal Margulis. 

NEAL MARGULIS: S3 is a graphics company, 
but when looking at memory and different mem
ory choices, we really have to consider system 
memory first because that sells on the order of 6 
to 10 times as much as graphics memory. On the 

system memory side, we definitely agree with the 
observation that the industry is moving towards 
SDRAM for main memory. It is higher perform
ance, with clock bursts, and is easier to design 
with. 

One of the other reasons we see this as a good 
step for the industry is it is very well suited for 
SMA (shared memory architectures), not to be 
confused with UMA, which tends to denote sepa
rate chips for graphics and core logic. With SMA 
we have redefined the term to refer to an inte
grated memory subsystem including an integrated 
controller that controls one set of system memory. 

S3 is pioneering SMA as the architecture for cost 
effective entry level segment one, PCs, and some 
of the emerging markets for PCs. SMA has a 
higher level of integration and cost savings than 
AGP, where the entire frame buffer is moved into 
main memory. SMA provides integration, cost, 
and flexibility advantages. The memory can stay 
in one place, it does not have to be bused around 
the system to different memory subsystems. Es
pecially for multimedia data which tends to be 
streaming-oriented, there are performance advan
tages to dealing with one pool of memory. 

Because the graphics controller is integrated into 
the main memory controller, you can do a better 
job with system memory arbitration and reduced 
latency. For graphics memory subsystem, S3 be
lieves that EDO has another year of dominating 
the percentage of the systems that go out. SG 
RAM needs to perform at a significantly higher 
megahertz rate to match EDO's performance, be-
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cause EDO has lower latency. The products we 
are bringing to market now are an EDO version 
and an SGRAM version. We do not feel that 
strongly about it, but the overwhelming majority 
of our customers are choosing to deploy their 
systems based on our chips with faster EDO 
memories, rather than SGRAM. In the future, we 
do see the path to above 100 MHz requiring syn
chronous memories. Over 1997, EDO will far 
outship synchronous memories. 

A trend that S3 finds a little disturbing is this uni
versal appeal of AGP and the universal dismissing 
of SMA as AGPs from Intel, such as, "It is the 
way to do high performance, and it is a great 
thing, and SMA, because of some anomalies of 
the past, is an inherently bad thing." If you look at 
a 3D graphic subsystem, AGP is really one step 
towards what a SMA architecture provides. In 
AGP, the texturing and Z buffering is done out of 
system memory, while things like 2D and 3D, and 
screen wrap refresh, are done out of a private 
frame buffer. With SMA it is all done out of sys
tem memory and with the traditional systems it is 
primarily all done out of the frame buffer. 

High performance 3D, texturing, and texture 
fetches are more demanding than screen refresh. 
It is almost an anomaly to say that AGP will not 
have the CPU suffdr from accesses, yet SMA will 
be bad because refresh happens from it. It is just 
simply not true, they are very technically similar, 
and we believe that, for the entry level SMA will 
win out. Then for the high end, traditional sys
tems with larger frame buffers are the highest per
formance way to go for 3D graphics. 

JIM: Our next speaker is Tom Dye from Cirrus 
Logic. 

TOM: I wanted to talk about our memory selec
tion criteria, because ultimately people look at 
that as the ultimate judgment. It is difficult to look 
into the future, when you have a new memory 
architecture coming down the pipe, or a number 
of new memory architectures, and your design is a 
year out, and you have to pick the right one. You 
will lose if you do not pick the right one. We have 
noticed that the VRAM is not applicable any 
more for the mainstream market. There are a few 
high end niche players that use VRAM for spe

cific applications but it is a little too costly for 
mainstream. 

Over the long run, the second half of '97 into '98, 
the EDO will not compete with new memory ar
chitectures. EDO is a good burst RAM, it has the 
capability of doing fast burst page fetches that are 
nonsequential, while SGRAM and SDRAM do 
not, so there is some advantages. As you bring the 
frequency of a synchronous memory up above the 
point the EDO will run, the synchronous memo
ries have an advantage in bandwidth. 

SDRAM, as we see it, is good for system mem
ory, but it does not compete well in the main
stream. SGRAM competes much better with its 
special features, the block clear, and the mask per 
bit functionality, and allows a simple lower cost 
3D accelerator to work fairly well. Another ob
servation that we have at Cirrus, is that there will 
be a period of time where the system memory 
evolves from EDO to SDRAM. The belief is that 
the system memory will then have to switch to a 
protocol-based memory, or something that allows 
a much higher frequency, to get the bandwidth, 
because of the difference between going with 
more pins and more switching outputs versus less 
pins and higher frequency. It is our belief that the 
frequency will win out in that scenario. 

My personal belief is that SGRAM will continue 
to evolve and SDRAM will continue to evolve. 
Manufacturers will have to pick up transmission 
theories required to have lower voltage swings, to 
be able to run these memories at higher frequen
cies. For 3D graphics. Cirrus Logic picks the 
RAM bus implementation or DRAM, for its latest 
3D graphics accelerators. There are some definite 
advantages for mainstream controllers in the PC 
with RAM bus. Basically the RAM bus protocol 
allows you to have nonsequential accessing of 
memory. When you read textures, or are doing the 
mapping, you are usually not placed into a se
quential fetch. The fetching is usually random, 
and what you need to do is stay in a page and be 
able to randomly access the memory. With an 
SDRAM or an SGRAM you basically do a row 
selection, and then are required to read that data 
sequentially in order. 
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A lot of 3D graphics do not apply to that rule -
triangles are drawn from multiple directions, 
which means that you have to be able to fetch 
data in different orders. The faster, not wider, is
sue is going to be a trend in memories as RAM 
bus has pioneered the transmission line memory 
at 600 megabytes per second. That is a good clip 
and requires swinging a voltage of less than a volt 
to keep the noise down and the speed up. I believe 
that will be a trend in memories. 

Another feature that is good for RAM bus and 3D 
is the protocol concept. In a protocol you can em
bed a packet of information which is then trans
ferred over to the memory, and the memory can 
decode that packet and do special features, which 
everyone would like to see in future versions of 
memories. There are a lot of functions that would 
be better placed in the memory. As time goes on 
the protocol technique means we do not have to 
relay out a board, or change a package to add a 
pin, to get another function. 

What is it that motivates this criteria selection of 
memory choice? One of the first things that we 
look at is the cost performance ratio. The cost 
performance ratio is critical for us, and there are 
certain application markets where the cost is more 
important than performance, and vice versa in 
other ones. 3D is a good example of where we 
need the most performance. You may have to pay 
a little bit more to get it. 

The second criteria is availability. A lot of our 
system manufacturer customers will not go Off 
single source solutions. They just will not take 
that risk. They expect to see at least two or three 
memory vendors with compliant solutions. An
other is market acceptance. The story that RAM 
bus is difficult to sell to our customers is true. 
Initially, the onslaught of customers were skepti
cal about RAM bus, it scared them, the frequency 
was too high. SDRAM and EDO are solutions 
that are very comfortable. They run the same 
voltage swings with the same address data tech
nique. In recent months, we are starting to see the 
acceptance of this higher frequency memory de
vice, and it no longer becomes an issue. Market 
acceptance is an important criteria that will ulti
mately drive cost. 

The design and implementation costs are impor
tant. Certain memory devices require more design 
costs and have a longer lead time to market, and 
the benefit of that (you would hope), is higher 
performance. Another is future growth path. I be
lieve that a protocol-type memory is the type of 
memory that will ultimately win in the future. 

JIM: Our last speaker is Mike Nielsen, from Sili
con Graphics. 

MIKE: If you look at SGI's product line there is 
no one solution for us. We have everything from 
the very low end systems like the Nintendo 64 up 
through super computers. In each of the various 
bands that we target, from embedded consumer 
applications, low end workstations, mid-range 
workstations, high end workstations, there are 
different trade-offs in selecting the DRAM tech
nologies. For low end systems like Nintendo 64 
where there is a very limited amount of memory 
but still high bandwidth requirements, a technol
ogy like RDRAM has been selected because it 
provides that trade-off. 

An entry workstation, like the 02 product an
nounced earlier this month, is a single memory 
system architecture with 2 gigabytes of memory 
bandwidth that is applied to both 3D graphics, 
screen refresh, CPU, and all the VO. All these 
things contend in this one memory system, but on 
the other hand, it is a memory system which is an 
order of magnitude higher bandwidth than you 
would have built if you had made many different 
separate memory systems. Things like rendering 
for 3D graphics and texture map fetching, far 
outweigh activities like screen refresh. For that 
class of workstation, where the main focus is data 
visualization, there are minimum memory re
quirements, typically 64 megabytes of memory. 
The aggregate bandwidth that you get out of the 
minimum number of synchronous DRAMs is 
more than sufficient to provide the bandwidth that 
that total system needs. 

A mid-range system is based on RDRAM because 
it is a graphic subsystem, and systems can be 
configured with one or more of those subsystems 
so there is a different trade-off in terms of mem
ory capacity versus bandwidth that is needed. A 
high end machine, where there is a tremendous 
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amount of memory capacity in the system there is 
maybe over 1024 bits per pixel, and 500 mega
bytes of texture memory. Again, it is a case where 
synchronous DRAM provides the aggregate 
bandwidth that is needed. 

When we use synchronous DRAM, we do not 
take advantage of things like burst features. We 
do access them, supply a new address every cycle, 
because rasterization is not a sequential process. 
You are rasterizing a 2D space. We may not use 
synchronous DRAM in main memory in the same 
way that a mainframe or a PC would, but it is still 
a high bandwidth solution for providing the 
graphics memory. As we go forward, DRAM la
tency and bandwidth is the limiting factor. With 
the rate of improvement in ASIC technology, a 
talented design team can put just about as many 
gates as you need to saturate the memory system 
and the fundamental performance becomes lim
ited by what the DRAMs can do. 

We are always looking at what is going to be the 
next high performance standard. In order to keep 
improving performance at the rate that we need, 
the memory has to follow this 18 to 24 month 
doubling in bandwidth. We expect synchronous 
DRAM, which is just now coming to market, is 
certainly going to be dominant in the two-year 
timeframe. They then either need to continue to 
evolve in bandwidth, or sync-link, enhanced ver
sions of SDRAM, a variety of technologies are 
being proposed, evolutions of RAM bus. There 
will be a choice for the systems that are being de
signed for the year 2000 timeframe in the tech
nology that is going to be the most cost-effective 
in each of the various market bands. 

We favor mainstream DRAMs because of our 
focus at the higher end of the workstation market, 
where we have so much DRAM in the system that 
we are very sensitive to the price per component. 
In a very small frame buffer of a couple mega
bytes, if the DRAM is a bit more expensive per 
part, that may be a good trade-off. For tens, hun
dreds, or thousands of DRAMs in a system, that 
price premium adds up to a substantial amount of 
material cost. That is why we favor driving stan
dard commodity DRAMs. 

To choose sourcing there are the customary moti
vations such as quality, reliability, availability, 
and for a company like SGI which does ship 
worldwide, local content issues. Besides the tra
ditional issues, we are trying to pick the next 
emerging standard. We select a DRAM technol
ogy before it actually physically exists. We need 
to have a vendor who is willing to work and take 
feedback. In the typical standardization process in 
the industry they have focused on protocol and 
pinouts, but not necessarily on electrical specifi
cations. There is a tremendous amount of effort in 
working with the vendor to really hammer out 
those issues that make the DRAMs useable at a 
system level, not just as components. There are 
long lead times to change DRAMs, they are very 
difficult parts to produce. Partnering with vendors 
willing to invest a tremendous amount becomes a 
crucial aspect to us. 

All current generation shipping systems in SGI 
are based on synchronous memory, either RAM 
bus or synchronous DRAM. For all next genera
tion systems, that trend is going to continue for 
the products that are now being conceived, out 
into the '98-'99 timeframe. 

JIM: The first question that I have is about the 
video RAM, I noticed that Tom said video RAM 
is dead. Nobody else mentioned video RAM but 
Samsung, although not a supplier of video RAM, 
does supply windows RAM. Where does such a 
beast fit in today's world? Where does a part like 
that fit in? 

AVO: Samsung does make and sell 2 meg and 4 
meg video RAMs. When we look at the spectrum 
of applications, this year the 256K by 16 EDO 
DRAM has the lion's share for graphics applica
tions. We estimate about 65% of that market are 
serviced by the EDO. The remainder of that mar
ket is split between video RAM, window RAM, 
and RAM bus technologies. Next year we antici
pate the SGRAM, which is best suited for the 
graphics applications, for its synchronous version, 
to grow and become the most significant share. I 
estimate that to be about 50% by the end of next 
year. Video RAM will become less of an attrac
tive solution. Window RAM, which is the only 
remaining dual port cost effective part, will 
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maintain its market share, and we estimate that to 
be about 10%, including designs wins. 

JIM: I heard you say some time before this pres
entation the reason why people want that is for 
high performance, because of the fact it is dual 
ported, is that correct? 

AVO: That is correct, this is for the high end. 

JM: Mike says that for high end systems you do 
not need any of this exotic stuff because you have 
such huge DRAM that you get off-band what you 
want to out of just having wide words, is that cor
rect? 

MIKE: In general. 

JIM: Will you be inclined to use the windows 
RAM in any new designs at Silicon Graphics. 

MIKE: We are not currently looking at it.' 

JIM: So, where does it fit in? 

AVO: It fits into the PC industry, in particular for 
high end graphics. There is a new design win that 
you will see come out in production next year, 
and it will sustain the run rate, I estimate through 
1998. 

JIM: Do you two see any particular place that it 
fits in PC graphics? 

TOM: There is one particular place, and that is 
high end CAD/CAM application boards, add-in 
boards. Any design that requires an external DAC 
on the board, is a high end resolution type prod
uct. A windows RAM can work very well and 
replace a VRAM in that socket, because a win
dows RAM is designed to be more cost effective. 
I believe that there is a market for that particular 
device. The size of the market is really what we 
are looking at, and I believe in the mainstream 
graphics and video market, the windows RAM 
will play. 

AVO: I do not believe video RAM and window 
RAM will play and because of its cost efficiency 
the window RAM will win out, over the next 
couple of years. 

NEAL: This year VRAM out-shipped window 
RAM, S3 sold well over a million controllers that 
supported VRAM with our 968 product, which 
uses an external RAM DAC and was targeted at 
the high end of the market. We recently started 
shipping the Verge VX which also supports 
VRAM, and includes an integrated 220 MHz 
RAM DAC, so for the top 15% of the market, the 
160 by 120 market, or the 24 bit per pixel market, 
at 1280 by 1024, VRAM is still a key product. It 
certainly is not the volume but it is very profitable 
for our board level add-in card customers. 

JIM: It sounds like Silicon Graphics is using syn
chronous DRAM for both the low end and the 
high end, and for mid range you are using RAM 
bus. If you look at high end PCs as being the mid 
range represented on this panel, then windows 
RAM, or the video RAM, would be an attractive 
solution for the high end PC, which is the mid 
range of what is being represented here. Would 
you agree with that? Response: As an added cost. 

JIM: What is likely to be an architecture for the 
mid range in the future? Like synchronous 
graphics RAM. Is that likely to be something that 
solves problems at the middle of the spectrum but 
not at high end and not at the low end? 

AVO: I firmly believe that SGRAM, because of 
the block write and the write per bit, is quite at
tractive for many graphics system design engi
neers. 

NEAL: I would agree that for the mid range and 
high end SGRAM will win. I am not so convinced 
it will be because of those two features as much 
as the configurations memory vendors are offer
ing in the 256K by 16, and the 256K by 32, that 
happen to be SGRAM, not SDRAM, but in any 
case that configuration will win. Single port is 
clearly the trend. 

MIKE: Single port is the trend, the wide configu
rations are tending to show up first in SGRAM 
and that is why they are attractive. For the ma
chines that SGI builds there is at least a byte per 
component, so the write per bit features are not 
really that useful. Even the block clear is marginal 
because generally speaking we are filling with 
textures and things like that. 

20-6 The 22nd Annual Semiconductor Conference 



Sync or Swim: The DRAM Bandwidth Challenge 

NEAL: Block write - you have taken the fastest 
thing that you can do in SGRAM, or in a memory 
system, clear a big chunk of memory and you 
have made it faster, so that is not where the bot
tleneck was to begin with. 

AVO: Every time we try to eliminate SGRAM 
we get arguments against that, but since you are 
customers I will not argue this point. 

JIM: Also the SGRAM is burdened with extra 
features so there has to be some trade-off that 
makes it worthwhile. 

TOM: It is a marketing bullet. A lot of folks put 
the highest fill rate, based on a block clear, on 
their marketing sheets and for some reason that 
tends to sell. 

JIM: It sounds like there is no easy answer. 
There are going to be certain places where 
SGRAM is right, just like there are certain places 
where video RAM and windows RAM are right. 

MIKE: The features are fairly minor, so it comes 
down to the premium. A negligible premium is 
attractive, but at a 2X premium, it is not going to 
be used. 

JIM: The issue of granularity probably has no 
easy answer. Silicon Graphics has shipped a fair 
number of systems based on a unified memory 
architecture machine. Is that another place where 
you have to make a decision system by system on 
where UMA makes sense? 

NEAL: Clearly there are some barriers to doing 
SMA. UMA got a bad rap last year because peo
ple were shipping 8 meg systems, Microsoft did 
not want to run Windows '95 in 7 meg which was 
a viable argument for last year. This year and next 
year, when people are shipping 16 meg and 32 
meg systems standard, Microsoft is perfectly 
happy running Windows '95 in that amount of 
memory minus 1, 2, or 4 megabytes for the frame 
buffer. The only issue left is in the PC space, Intel 
has 90% market share in the core logic. To do a 
SMA graphics controller you need to wrestle 
away market share from Intel. 

JIM: But a one or two megabyte frame buffer is 
insufficient for 3D, isn't it? 

NEAL: Sure, but for the additional texture mem
ory needed, you have a more flexible approach 
with SMA than any other possible approach. 

MIKE: How much memory there is for the sys
tem is always an issue. On the other hand, at least 
in my product band, the memory configurations 
are so much larger to start with that the amount of 
memory used for 3D graphics, which for us is 
typically something like 16, 17 megabytes, is still 
not significant relative to a 64 meg entry machine. 
Our machines are configured with 128 megabytes 
of memory. The other point is with shared mem
ory architecture, you only need to dedicate that 
memory when you are actually using it. In our 
case, when one application is running it may need 
hundreds of megabytes of texture memory, then 
five minutes later it is not running and all that 
memory is available to the system. One of the at
tractive features about shared memory architec
ture is that you dynamically use the memory in 
the machine as needed for the current app, rather 
than using dedicated memory to handle your oc
casional peak demand. 

JIM: So UMA would make a lot of sense, even 
for a very high end system. 

MIKE: The distinction between the mid range 
and high end Silicon Graphics machines is not 
only their inherent performance, but also their 
modularity and expandability. It may be very 
common to have two or three graphics pipelines 
added on to a high end machine. In that case you 
really cannot unify that directly with the CPU and 
I/O memory. There is a distinction that when you 
get past a certain class of machine, where you 
want multiple displays, multiple pipes, you have 
to go to a different architecture. But for our main 
volume systems where there is only one display, 
one pipeline, it is the most appropriate architec
ture now. 

JIM: What is the appropriate type of DRAM in a 
UMA type system? 

NEAL: SDRAM is lowest cost per bit. 

TOM: There may be some issues with that too. A 
core logic device trying to run all the buses pres
ent in the PC, plus memory in an interface to the 
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local CPU bus results in a pin limitation without 
going to a very large package. Any time you run 
into a pin limitation and you need high bandwidth 
memory, then a RAM bus is a very good solution. 

JIM: I know Mike will agree with that because 
Silicon Graphics uses RAM bus. 

MIKE: Yes, but on the other hand, because of the 
price band we are selling into (we typically have 
ASICs that are up in the 600 pin count), so sup
porting a 256 bit memory world is not a problem 
for us. From our market segment, SDRAM is the 
most cost effective solution. 

JIM: S3 is the only company here that does not 
have anything to do with RAM bus, at least not 
publicly anyway, and I wonder, Neal, if you could 
explain what your stand is on RAM bus. 

NEAL: Publicly we have no plans for it. 

Q: When does the panel think that Intel will in
crease the PC system bus speed, prompting the 
move to SDRAM, sync-link, or RDRAM, as the 
main memory of choice in the PCs? 

AVO: End of '97. This is my opinion, not any
thing based on any discussions whatsoever. 

NEAL: 
66. 

The VX already supports SDRAM and 

JIM: I guess I should ask Avo what is going to 
make people start using SDRAM with the Triton 
VX chip set. 

AVO: The answer is simple. There is no price 
premium. One of the conditions for using syn
chronous was no premium for synchronous over 
standard DRAM, and once you have the right chip 
set you immediately achieve a 20% or more im
provement in performance. Very simple. 

TOM: The other issue is the way the data types 
are being bused around the system they are very 
bursty in nature. In SGRAM, SDRAM solution 
for packets that are sequential burst, that are 
cache fills, are very effective. 

JIM: The way Dataquest sees it there is no cus
tomer pull from the purchasers of PCs, requiring 
the PC manufacturer to switch over. Until that 

exists there is no reason for PC manufacturers to 
go from something that is extremely widely sup
plied to something that is supplied only by the top 
DRAM vendors. There is always going to be a 
cost premium on something supplied by a limited 
set of vendors. 

Q: Can anyone comment on the merits of sync-
link versus RAM bus DRAM? 

TOM: RAM bus is here in production today 
simply because sync-link is at least two, if not 
four, years out. Something needs to emerge be
yond the bandwidth levels that are currently pro
posed for SDRAM, but it is a long ways out. 

AVO: I agree with that, we are producing RAM 
bus and sync-link is really still at the conceptual 
level. 

JIM: What is the road map to incremental im
provements in SDRAM performance for the fu
ture? 

AVO: The incremental performance improve
ments will be achieved with multiple internal 
banks - we are going from two banks to four in
ternally. That will give an incremental perform
ance improvement. We will also have faster 
speeds because of finer processes. Just as the 
DRAM evolved from page mode, to fast page 
mode, to EDO, the synchronous will have the 
same incremental performance improvement. 

Q: When will you change voltage levels? At what 
frequency? 

AVO: We are concerned about maintaining con
sistency in voltage, because it also has to do with 
the ability to go from 16 MB technology to 64 
MB technology, so that transition has to be 
planned today. I believe that synchronous started 
with 3.3 V and will stay with 3.3 V even at the 64 
MB level. 

Q: But will you get to the 143 MHz at 3.3 V. 

AVO: The answer is I think so. 

MIKE: I think that there is a defined road map 
for how SDRAM evolves, both through JEDEC in 
terms of pinouts and number of banks, and from 
every single vendor there is a roadmap of moving 
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to SSTL interface from 125 to 133 MHz and 
above and road maps for 143 MHz, 200 MHz 
parts. There are parts that will be 2X the band
width per pin, in the late '97 timeframe they will 
be ready for markets. The question is really: What 
trade-offs do you have to make when you get to 
267 or 300 MHz and does SSTL 2.5 interface 
come in or does it turn out to be some other inter
face at that point? 

JIM: Designers resist change in the way they do 
things, and when they are comfortable using 
SDRAMs, they will stay with them for a while, 
which is a more painful direction for them to 
move, towards a higher frequency (RAM bus or 
sync-link), or towards a logic level they are un
familiar with. 

MIKE: It will be difficult from a customer per
spective because it will be harder across genera
tions of machines to have interchangeable parts. It 
is most likely that every generation will have in
compatible parts, as we go forward at the high 
end. 

TOM: That is one of the advantages of the proto
col memory. 

MIKE: Nevertheless it is getting harder at the 
rate things are scaling to have an interchangeable 
platform similar to that in the PC industry. 
SIMMs have gone back for many years as a least 
common denominator. From that point of view, 
the voltage changes that will happen and protocol 
changes that will happen, whether it is in 
SDRAM or other forms, is a case where every 
two plus years, there will be a mandated voltage 
interface change, just from a semiconductor proc
ess point of view. 

AVO: I think that you will have two generations 
which will coexist. Today we have five volt and 
three volt that coexist, and they address two dif
ferent types of applications. The market decisions 
that you make are more concerned with standards 
and availability. Others are more aggressive in 
their specifications and can produce add-on cards 
that can be put into installed base systems, giving 
more performance over time. 

TOM: The typical engineering community has to 
start facing the facts of higher and higher fre
quencies. Transmission line theory and a lot of 
the ability to run those frequencies will be com
monplace. It will have to be accepted. 

JIM: Neal, your position is that EDO is right. 
You have also said EDO is something that you are 
going to plan to use through 1997. 

NEAL: People are pushing EDOs to 80 MHz and 
because of the advantages of lower latency and 
random access, 85 MHz EDO significantly out
performs 100 MHz SGRAM. 

JIM: Does that mean you will probably be stay
ing with three volt synchronous DRAM longer 
than people would imagine? 

NEAL: For the SMA market, clearly that would 
be the case. S3 is a volume supplier so we cannot 
shift too far out of the mainstream and keep the 
company running. 

JIM: You have to make sure you are in sync with 
the people who make the majority of the units too. 

NEAL: Sure. 

Q: In the NeoMagic presentation Prakash Agar-
wal shared a Tai photo where 50% of the area was 
embedded DRAM. Is embedded DRAM a real 
trend? If so, are current DRAM manufacturers 
positioned to participate, and third, what are the 
potential implications for logic venders? 

AVO: I think embedded DRAM is something 
that we definitely need to explore. There are 
definite performance improvements by integrating 
the memory with the peripheral circuitry. For it to 
become a cost effective solution, some serious 
challenges need to be addressed in terms of manu
facturing yields. When you put that much memory 
with circuitry on board, test vectors and yields 
become very big challenges. Over time, we are 
headed in that direction, but there are some les
sons to be learned along the way. 

JIM: Does anyone else have any comments on 
the NeoMagic approach? Where it fits in? 

NEAL: Embedded DRAM is a premium type 
product today. There is no way to justify it on a 
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cost per bit basis. However some segments of the 
market, power sensitive notebook computers, are 
willing to pay a premium for that. It is just a 
question of how big the segment of people willing 
to pay premium per bit is. 

Q: Is 3D the wave of the future for PCs? 

MEAL: The design cycle for embedded DRAM 
controllers is longer, and despite the fact all that 
bandwidth is available, it basically increases your 
design cycle, probably another six to nine months. 

JIM: I was talking about how bad the DRAM size 
was for 3D. 

NEAL: There are two issues, one is lining up 
your feature set for something that is going to take 
so long. The current NeoMagic chip, despite all 
the theoretical advantages of embedded DRAM 
bandwidth, it is a 32 bit controller, it under-
performs products that we had on the market two 
years ago. However, it sells well in certain seg
ments because of the power. For 3D, the market is 
the feature set, the performance, all those are 
moving so fast it is going to be really tough to 
intersect the right features of 3D with the right 
amount of memory on board. Then you still have 
a tremendous issue of the onboard memory uses. 
If you use it for the frame buffer and take the 
texturing from somewhere else, then your biggest 
bandwidth consumption, the texturing, does not 
take advantage of the onboard DRAM. There is a 
real system partitioning issue once you start talk
ing about 3D, and you will not have the 8 or 16 
meg required for 3D on one chip. 

Q: What would be a reasonable smallest size 
DRAM you could use on a chip for 3D? 

NEAL: I think someone mentioned they would 
probably go with just the frame buffer on chip, 
say 2 meg, then try texturing over AGP, which is 
a very medium range to low end 3D approach. 

JIM: Once again, it just appeals to low power 
types. Would you agree with that? 

MIKE: Yes. here is also the issue that with the 
processes currently available, you can get good 
DRAM and lousy gates, or you can get good gates 
and lousy DRAM, and 3D wants good gates and 

good DRAM. From that point of view the inter
sect does not happen until there is a generation of 
unified process. I have not seen a road map for 
that. 

Q: Any comments from Cirrus? 

TOM: I agree. 100%. 

Q: If Intel backs RAM bus, can the sync-link ef
fort catch up? 

AVO: No, there is no way the sync-link effort 
can catch up, because RAM bus is here now and 
is a reality. It will find some applications both in 
graphics, it is already designed into a lot of 
graphics and main memory applications. Sync-
link is a concept that will be talked about for 
some time, and hopefully we will come to an 
agreement in terms of what the real advantages 
are, and whether or not it provides any benefits 
above and beyond what we have today. 

Q: I need a 64 bit data interface but today I have 
to pay a penalty in pins, connectors and granular
ity. Is there a way to have 64 bit performance and 
no cost penalty? 

NEAL: That is the whole beauty of shared mem
ory architecture. You pay for the pins once, for 
system and graphics, and use as much memory as 
you want for graphics, have the flexibility you 
want for MPEG one minute, for 3D textures the 
next, and for high res 2D after that. So SMA is 
exactly addressing that concern. 

TOM: There also is an advantage for RAM bus 

JIM: Yes, I was thinking that any of the existing 
architecture ought Xo be able to do that. 

TOM: RAM bus is available today in that form 
factor to do that. 

Q: What will four banks in an SDRAM be for 
performance? To increase performance. 

MIKE: It depends on your application, more is 
better. 

JIM: This is just a straight interlinking question. 
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TOM: They are probably talking about concur
rent operation. Where you can precharge multiple 
banks, more banks than two. 

MIKE: In applications, particularly like 3D 
graphics, where you may have to simultaneously 
access texture memory, depth buffer memory, and 
color buffer memory, having more banks, so that 
you can keep as many different data structures in 
page mode at once, is very desirable. 

TOM: It will help with core logic that controls 
AGP buses. The AGP is highly pipelined, which 
allows you to go to different pages and pipeline 
the operation, so if you can precharge multiple 
banks out of your DRAM, it will give a more ef
fective bandwidth. 

JIM: This sounds like an argument for MoSys. 
They do something similar to that, don't they? 

TOM: Yes. 

JIM: What is keeping MoSys out of the main
stream? 

MIKE: It comes back to cost. There is a die area 
penalty for banks, and that is why the SDRAM 
road map is moving slower in terms of adding 
banks than I might prefer. It is ultimately cost-
driven. Two worked well at the 16 meg density 
level, four works well at the 64 meg level. Be
yond that you start to pay a premium in terms of 
the overhead of banking. 

TOM: There is a certain number of banks where 
you have already reached your 90% effective rate 
and that additional percentage does not really buy 
you much as far as the cost differential. 

JIM: It is almost like cache design. How many 
ways of associativity do you need in something 
like that. If Samsung increases your SDRAM mix, 
then you will have a higher proportion of TSOP 
packages, but a lot of OEMs do not like using 
TSOP packages in their systems, so how is this 
going to affect SDRAM acceptance? 

AVO: I very much disagree with that statement 
because our industry is shifting right now from 
SIMMs to DIMMs. When you go to DIMMs it 
basically is by 64, by 72, by 144 organization. All 

of those modules use TSOP. A supplier in our 
industry that has not increased and invested in 
additional TSOP capacity does not know what is 
going on. My feeling is TSOP helps us streamline 
the number of parts that we supply into the mar
ket. All the portables use TSOP, all the new 
DIMMs use TSOP. We would like to see TSOP 
take over, so we can do away with SOJ the way 
we did away with DIPS. 

JIM: Apparently there is a package called TSOJ. 
What is the implication on TSOJ? 

AVO: TSOJ is a package that has been requested 
by some customers who are interested in higher 
reliability. They think that because of the shape of 
the lead, TSOP is not as reliable in some of their 
high density boards. 

Response: TSOP is also used for simplified 
stacking of DRAMs. 

AVO: That is right, so it provides those two so
lutions. 

Q: Is stacking going to go into the mainstream? 

MIKE: I doubt it. 

Q: Who would use it? 

MIKE: High end workstations and servers. 

JIM: I thought that high end workstations were 
not under size constraint, and isn't stacking only 
for.. . 

MIKE: No, fixed size box customers always 
want more memory capacity in the same volu
metric box. From the point of view of driving 
buses in terms of minimizing parasitic capacitors, 
from connectors, traces, DIMMS and such, it is 
advantageous. 

AVO: I do not agree with that statement. I think 
most people who need high density and high reli
ability, if they use stacking, use it as a band-aid 
approach for as short a period as possible, then 
shift over to the 64 megabit density. Reliability 
becomes a concern when you are stacking parts. 
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JIM: That same thing happens in SRAMs where 
every time a new generation comes out, the next 
generation is available as a module. 

Response: It is most attractive at the middle of 
generations. 

Q: Will the 64 meg generation be 100% SDRAM 
in 1998? 

AVO: 64 meg density will be close to 100% 
SDRAM in 1998, because performance require
ments are steering it in that direction. Upwards of 
70% of the market will require SDRAM in 1998, 
and of that, practically all of the 64 meg density 
requirements will be synchronous. 

JIM: For a long time Dataquest has been saying 
the 64 meg is going to ship in appreciable units in 
its lifetime that are synchronous parts - maybe 
5%, maybe less. But that is looking over the entire 
life cycle. The bulk of what ships now is asyn
chronous, and probably is not going to take too 
long to shift over to being the bulk of synchro
nous. 

TOM: It is hard to say exactly what the system 
memory of choice will be in '98. It very likely 
will be SDRAM. One large manufacturer of all 
the core logic can turn that around on a dime. 

AVO: But whenever there is a performance im
provement that justifies it, like 20% improvement 
in performance, it is better than upgrading a CPU. 

JIM: Can you convince PC buyers that is true? 

AVO: We have been doing a lot of benchmark
ing, and a lot of visual demonstrations, and we 
have hired independent labs to demonstrate that. 

TOM: So you produce RDRAMs and SDRAMs 
now? 

AVO: Yes we do. 

TOM: And you have done performance analysis 
of both those types of memories? 

AVO: We have not done the benchmarking yet 
on the graphics area. AVhat I was addressing is the 
synchronous in the main memory transition. 

JIM: There has been a big study done on how 
much main memory is the right amount for Win
dows '95, and surprising enough, Samsung has 
found more memory is better. 

AVO: Interestingly enough, it was shown that 
cache was the number one upgrade to make, be
cause cache memory in itself gives a 20% im
provement in performance. Increasing the 
memory from 16 to 32 gives you the next greatest 
improvement in price performance, and third is 
CPU upgrade. 

NEAL: Whenever we do that independent study, 
changing your graphics card to a faster one al
ways comes out first. 

JIM: They told us it was our disk drive. 

NEAL: It really does not matter how long system 
level things take in the background. What really 
matters when you are interacting with the PC is 
those milliseconds where the graphics really 
count the most, and the perceived speed of the 
system, which is most highly dependent on the 
graphics. 

Q: Which of the large DRAM manufacturers, 
domestic and foreign, do you think will not be 
ready for the 1997 to 1998 introduction of 
SDRAM? And why? 

AVO: I think that most, if not all, DRAM manu
facturers will be able to make the transition. From 
a process point of view, it is not a very difficult 
shift. From a test point of view, and yield point of 
view, there are some challenges ahead of them. 
The technology itself is not exotic. Some of them 
clouded their thinking with things like burst EDO 
before they started developing their synchronous 
SDRAM, so the time delay between different 
manufacturers has to do more with their road 
maps, and less with their ability to technically 
bring the synchronous DRAM to market. 

Q: When does the 64 meg cross over in price? 

AVO: It is my estimate that the 64 meg density 
will become a volume runner as we introduce the 
2 meg by 32 organization. 2 meg by 32 granular
ity for main memory applications is very critical. 
Today's 64 meg production consists of 16 meg by 
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4, 8 meg by 8, and 4 meg by 16, which addresses 
the high end spectrum of applications, all the way 
to notebooks. The 2 meg by 32 granularity is es
sential because two pieces make up for 2 meg by 
64 which is 16 megabytes of memory. We need 
that kind of granularity and configuration in order 
to give the upgrade path to the largest user of 
DRAMs, which is the PC segment. That organi
zation will be available in the second half of '97 
and price parity between the 64 and the 16 we are 
estimating at this point will be in the first half of 
1998. 

JIM: I think that Toshiba already has that part. 
Something that is interesting about crossovers, 
and I always like to point this out to anybody who 
talks about price per bit crossovers, is that the last 

time we had a tidy crossover, from one generation 
to the next, in price per bit, was at the IK to 4K 
bit transition which was 1975-76 or something 
like that. Ever since then, two generations of 
DRAM prices have tracked each other for any
where from three to six quarters. The 16 meg and 
4 meg first reached price per bit parity around the 
middle of last year. They are still at price per bit 
parity and it looks like they are going to go out 
this year with price per bit parity, so a crossover 
is never a really tidy thing. If you ask me when 
the 16 to 4 meg price per bit crossover was, I 
would say it happened sometime around 1995, 
1996, 1997. We suspect the same thing will hap-
pen with the 64 meg, and with all successive gen
erations, just because the two parts can be used in 
the same socket for a long period of time. 
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Dr. William M. Beckenbaugh 

Vice President and Director of Sector Technology, 
Advanced Interconnect Systems Laboratories, 
Motorola Semiconductor Products Sector 

Dr. Beckenbaugh is vice president and director of the Advanced 
Interconnect Systems Laboratories in Tempe, Arizona. In this 
position, he is currently responsible for Motorola's Sector 
Technology packaging research laboratories with R&D projects 
related to advanced design and manufacturing technology for 
new silicon and GaAs packaging systems. 

Before joining Motorola in 1985, Dr. Beckenbaugh was a research 
leader at the AT&T Engineering Research Center in Princeton, 
New Jersey. 

Dr. Beckenbaugh received his Ph.D. in physical chemistry from Rice Univer
sity in 1972 and held postdoctoral positions in physical chemistry research of 
the Swiss Polytechnic Institute (ETH) Solid State Physics Laboratory, Zurich, 
Switzerland (1972) and Ohio State Uiuversity, Columbus, Ohio (1973). 



Panel: 
Packaging Performance Breakthroughs: 
Is the Industry Ready? 
Barry Lieberman, Ph.D. 

Engineering Manager, 
Intel Test Tools Operation, 
Intel 

si"- :/•'. . 
. - ^ ^ :•] ^y-. 

WM 
W-'4) 
• • # • 
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Dr. Lieberman is presently engineering manager of the Intel Test Tools 
Operation. He is a member of a Sematech Project Technical Assessment 
Board chartered with developing new solutions and infrastructure for 
wafer sort and wafer probing. 

Dr. Lieberman has 20 years of experience in the semiconductor and related 
industries and has worked both in the technology and product 
development areas. During his career, he has worked in the fields of 
electron beam lithography, magnetic bubbles, multichip modules, 
microprocessor development, and test technology development. He has 
published 12 technical articles and holds one patent. 

Dr. Lieberman earned a B.S. degree from Caltech in 1968; an M.S. degree 
from UCLA in 1970; and a Ph.D. from UC Santa Cruz in 1975, all in physics. 
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Packaging Performance Breakthroughs: 
Is the Industry Ready? 
Michael J. Cadigan 

:: General Manager, 
I Pachzging Group, 
I IBM Microelectronics 

Mr. Cadigan is currently general manager of Packaging Group, 
IBM Microelectronics and IBM East Fishkill senior location 
executive. He is responsible for the development and 
manufacture of semiconductor packaging products at IBM 
locatioris in East Fishkill and Endicott, New York, in addition to 
his senior location executive duties in East Fishldll. 

Mr. Cadigan joined IBM in 1979 as a quality engineer at Endicott, 
where he assumed his first management post in quality 
engineering in 1982. In 1985 he became technical assistant to 
IBM's Systems Technology Division president. He was named 

panel operations manager in IBM Austin, Texas, in 1986. He became 
manager of Electronic Card Assembly and Test (ECAT) operatior\s in IBM 
Charlotte in 1990, and ECAT plant manager in 1991. He was named general 
manager, IBM PC Company, in Austin in 1994, and RISC System/6000 
director of Worldwide Manufacturing, Austin, in 1995. He was named IBM 
senior location executive in Endicott in September 1995. 

A native of Buffalo, Mr. Cadigan holds a bachelor of science degree in 
mechanical engineering from SUNY Buffalo. 
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Panel: 
Packaging Performance Breakthroughs: 
Is the Industry Ready? 
R.P. St. Clair 

Engineering Manager, 
Systems Development Engineering, 
Memory Test Division, 
Teradyne Inc. 

St. Clair is currently in the Memory Test Division of Teradyne as 
engineering manager of the Systems Development Engineering 
organization in Agoura Hills, California. In addition to system 
responsibilities, this group has a charter to participate in the 
development and evaluation of any new technologies that may 
be suitable for probe cards or contactors. These technologies can 
then be used with the next-generation VLSI and Memory test 
systems for both high-performance and high-density 
applications. 

After receiving his electiical engineering degree, Mr. St. Clair was 
employed by another ATE company before joining Teradyne in 1969. Since 
joinmg Teradyne, he has served as applications manager and final test man
ager on some of Teradyne's DC Parametiic and DC Functional test systems 
as well as Pulse Parametiic test systems. He then assumed the role of 
engineermg manager on botii Memory and VLSI test systems 
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Packaging Performance Breakthroughs: 
Is the Industry Ready? 
Igor Khandros 

President and CEO, 
FormFactor Inc. 

S^" - : "E^^ • • . ^ " - ' Dr. Khandros is the president and CEO of FormFactor Inc., 
founded in 1993. FormFactor is bringing to market products and 
technology for silicon back-end packaging interconnection. 

Dr. Khandros' career history includes managing a packaging 
interconnection group at IBM Research Division, and the 
cofounding of Tessera Inc. 

Dr. Khandros earned a Ph.D. in material science from Stevens 
Institute of Technology. 
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Session #21: Packaging Performance Breakthroughs: Is the Industry Ready? 

Moderator: 
Nader Pakdaman 
Principal Industry Analyst, Semiconductor Equipment, Manufacturing, and Materials Program, 
Semiconductors Worldwide, Dataquest 

Panelists: 
Ray Bryant 
Manager of the Profit Centers, IBM Micro Electronics 
Barry Lieberman, Ph.D. 
Engineering Manager, Test Tools Operation, Intel 
Reed Bowlby 
Interconnect Technology Planning Manager, Motorola Semiconductor Products Sector 
R.P. St. Clair 
Engineering Manager, Systems Development Engineering, Memory Test Division, Teradyne Inc. 
Igor Khandros 
President and CEO, FormFactor Inc. 

NADER: The panel members have come to us 
from different sectors, both as end users and pro
viders of packaging and test technology. 

The presentation by Ray Bryant from IBM, will 
set the stage, Barry Lieberman from Intel will 
follow. Reed Bowlby is a replacement for Bill 
Beckenbaugh who both work at Motorola. R.P. 
St. Clair. R.P. is the manager for the memory 
group at Teradyne Inc. From FormFactor, we 
have the CEO and president Igor Khandros. 

Where do we need to go? Where do things need 

Application and Packaging 
Road Map 

rf.r Sfrte 
1906 1990 1996 2000 

to develop? Who is going to take ownership? 
Who is going to actually manage to keep the cost 
performance where it is required, for this market 
to grow? 

This is a general point of view packaging appli
cation road map. It takes different types of pack
aging and puts them together where there are 
areas of coverage and what kind of applications 
will be driving them. In the upper right hand cor
ner are the very high speed, high performance, 
very high lead count packages. With the seller, 
you obviously do not have the same lead count 

but you do have the requirements and 
the growing need for increased per
formance. We are seeing more and 
more applications as semiconductors 
go into different types of applications, 
and different types of ICs, both the de
mand for lead count and performance 
are increasing. 

This block shows where the MCM 
realm is, and where some of the other 
packaging types and packaging formats 
actually would either be alternatives or 
would be used in conjunction with 
MCM. 
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B Emerging Packaging 
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What is shown here is the lead count increasing 
from top to down. The lead spacing is actually 
going down. There is 2.5 mm lead spacing going 
all the way to the extreme low 0.5 mm and with 
the lead count increasing. The market, in terms of 
applications, is actually here. The low lead counts 
may be as high as 200 but are probably below 
100. This is where you will actually be heading. 
With such a phenomenal upswing in technology, 
in terms of the number of leads which has direct 
impact on cost and direct impact on test (actually 
the technology and the design issues that are in
volved going from what packaging was an after
thought), the chip is built and then handed over to 
someone else and you have the luxury of test and 
the afterthought of packaging. 

What will happen in this realm? Who is going to 
take ownership and how are we going to manage 
the industry and the infrastructure for that?' 

Looking at the SIA road map on the same thought 

Package Pin-Count: SIA's 
RoadMtq) 
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line you see the number of pins, an exponential 
growth, especially for the high performance. This 
would include the ASIC and the microprocessors. 
For the commodity we do not see the same type of 
growth. There is an increase in the number of pins 
and increasingly complexity. 

What does that mean? Where is the cost and the 
cost centers, where are the bottlenecks and who 
pays for what? In a very generic sense you can 
take the cost per pin, and multiply by the numbers 
that you saw in the previous slide. Some time in 
the next decade, we will talk about $120 pack
ages. Obviously if we stay on the same road map, 
somebody has to make sure that that cost fits not 
only the performance but the viability of the busi
ness. We can do this same thing shifting gears 
into test. If we remain in this neighborhood of 
about $14,000 per pin, and we go out to the 4,000 
pin microprocessor or an ASIC, we will have a 
$70 million piece of equipment. 

A major semiconductor manufacturer mentioned, 
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that their cost for test equipment in the past cou
ple of years has been in the same realm and re
gime as lithography steppers. So how will we go 
through this exponential growth drop? 
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Being from the semiconductor and equipment and 
capital spending group, I wanted to show you 
capital spending figures and the impact of DRAM 
pricing. Prices of DRAM go down as technology 
transitions happen. Every time we head for a 
technology transition, we are doing the spending. 
Every time we go down, and prices of DRAM go 
down because of higher availability, we go 
through a period of slowdown in capital spending. 

I Capital Spending, Fab and Test 
Equipment Correlation 
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Capital spending, wafer fab equipment, front end 
equipment , and test equipment actually follow 
the same trend. We did not see the same growth in 
'94 that we saw for fab equipment and capital 
spending. It was at the expense of test equipment 
that the front end equipment actually out-paced 
the growth for capital spending. There is defi
nitely a pattern here which reflects itself in front 

end equipment and the test equipment. A migra
tion of technology and volume and the capital that 
is needed to put the capacity in place. On that 
note, I would like to have our next panel member 
come up and give up a perspective, from IBM's 
point of view. Ray Bryant is going to discuss his 
perspective, both in terms of the user and also as a 
provider of high end packaging to the semicon
ductor community. 

RAY BRYANT: Nader has taken you through 
some of the specific numbers: the trends in the 
SIA road map, the size and increase in the I/O, 
and what the cost is going to be doing. I want to 
put in behind that some of the specific items that I 
think are going to be important, so that when we 
look ahead at what packaging has to do, over the 
next three to five years, and the goals that each of 
us must look at, we can have a discussion on that 
in the panel. 

Clearly there are three major drivers that are tak
ing place in packaging today. One is the increas
ing function that the SIA road map and the 
product menus would show over time. Decreasing 
cost is a key piece of that. Those two are very 
similar to the front end, where process materials, 
semiconductor equipment, any specific aspect of 
the industry try and achieve that goal. One thing 
that is starting to show up as a significant differ
ence though, is this transition that is taking place 
in the way we are interconnecting the die to the 
package, and the package to the next level of as
sembly. This transition is going to cause some 
discontinuities that provide an opportunity for any 
particular provider to either do well or not, de
pending on how we collectively manage that 
change. 

The SIA road map shows increases in power, 
increases in speed, increases in I/O. There is 
clearly a directional trend taking place. One of the 
areas not focused on beyond the immediate met
rics, is what the pitch changes are going to be 
driving, the pitch of the chip level, the pitch at the 
substrate to module level. What that may provide 
as a cost reduction opportunity to achieve these 
long term changes, and also what the increased 
power requirements that the device is going to 
drive will force us to do at the package level, and 
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force some changes in the way the business is run 
between the silicon designer, the package pro
vider, and the system menu user, who puts this 
out to the market. 

There is also taking place a significant prolifera
tion of package types. Nader showed all kinds of 
different package families, with different changes 
over time. They are being added to almost every 
week it seems and it certainly is not clear which 
one, or which few, may become significant vol
ume drivers in the industry. 

One thing that is very clear is that old packages 
never die off We are continuing to use package 
technology from 20 plus years ago. What has 
typically happened is they just shrink down to a 
slightly finer pitch or a little bit higher function
ality, but the number of options out there, are not 
going down. They are going up significantly. One 
of the challenges to the packaging industry is how 
do we take this list of options, which are very 
nebulous and which are very ill-defined in any 
specific application, and help the silicon designer 
and the package user at the system level find a 
solution which is the best choice to met their cost 
constraints. 

We talk about decreasing package cost, the silicon 
integration going up, when you go from 0.5 to 
0.35 down to 0.25 micron and below, at the litho 
level, is driving an increase in functionality that 
the package has to be able to support. It also 
drives increases in mechanical and thermal prob
lems now, as you start to take that package and 
shrink it down, and have the silicon play a more 
dominant role in the mechanical aspects of the 
package. When you look at packaging as a space 
transformer, from the silicon function down to the 
card, it is clear that you have to have a robust 
package. You need an ability to support that, and 
it has to go through a much wider range of appli
cations and environmental stress than ever before. 
One of the drivers that has to be looked at in this 
cost equation is the cost per I/O is shrinking. Oth
erwise, you will see package price going up dra
matically beyond what anyone can support. 

How do we take cost out of the total system be
tween the silicon, the package and the system 
user? It has to be eliminated. It has to be taken out 

of the system completely. This reduction in pack
age size and increase in functionality is driving 
significant cost challenges at the board level. In 
order to put fine pitched devices down in fine 
pitch packages, we are driving either increased 
layer counts or tighter lines, tighter spaces, finer 
drilled holes, or photo-defined holes at the board 
level, which is also part of that total cost equation 
that we have to step up and figure out how to 
eliminate. 

The interconnect transition gives a set of chal
lenges which may be the biggest driver over the 
next two to three years. The infrastructure today, 
in supporting pin products and lead frame prod
ucts, is now being stretched dramatically, when 
you look at ball grid arrays and flip chip packag
ing. What are the drivers which will be used to 
handle this transition? What is pushing ball grid 
arrays down to even finer features? It began with 
roughly 1.5 mm pitch balls in plastic packaging, 
now moving to 50 mil or 1.27 mm, and going 
down to 1mm pitch, again driving complexity at 
the board level, which has to be eliminated, and a 
continual interest in taking it down to this gray 
zone between BGAs and chip scale packaging, 
down to 0.8 mm and below. This is going to re
quire an increase in complexity to go to a built-up 
multi-layer process or to some type of photo-
defined via process when you get to the board 
itself 

When you look at the dico straight process which 
is used in a number of areas, or a photo imagin
able dielectric with an SLC type process, both of 
which can support these, but they are again a mi
gration of cost from one level of packaging to the 
next, that we all have to eliminate across the 
board? 

The way this will be achieved, in my opinion, is 
to look at a more collaborative effort between the 
silicon producer and the designers; and between 
the packaging community that puts it into a form 
that the end user can get function from; and the 
system user who looks at his total thermal me
chanical solution to support that, and the board 
technology required to handle the complexity they 
have over time. This is a case where these oppor
tunities and the way they are managed will be the 
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difference in success between providing a product 
which can meet those cost challenges or not hav
ing as competitive an offering, because you have 
only focused on one of the aspects - on silicon, 
on the package itself, or on the board and the end 
user. The suppliers and producers who have all 
three of those, effectively will be the ones who 
succeed when we look at packaging in '97, '98, 
'99 and the year 2000. 

BARRY LffiBERMAN: I have labeled my talk: 
"Packaging Performance Breakthroughs: Is the 
Desktop Market Ready?" as opposed to "Is the 
Industry Ready?" because, from Intel's stand
point, the big volume market still remains the 
desktop with the mobile market coming up be
hind. Of course, Intel is a consumer of package 
assembly and test technologies, and it is an en-
abler for us to provide, basically, computing 
power to our customers. I want to compare, what 
we would call the back end of manufacturing, 
package assembly and test, to the front end, 
namely wafer fab. How these two parts of the 
semiconductor manufacturing process has, what it 
is relative contributions have been, to the per
formance treadmill we have been on, basically 
since the late 1970s, when the first wide scale use 
of microprocessors occurred on the desktop mar
ket. 

Look at how the clock speed of semiconductors 

Ing. 
Tlie Environment: CPU Performance History 

CPU Clock Rate Increase Made 
Possible By Fab Process Evolution 

has increased. With the introduction of the 8088, 
it had a clock speed of about 5 MHz. The Intel 
product family, has current clock speeds of 200 
MHz with Pentium and Pentium Pro. This has 
basically been a 40-fold increase in 15 years - a 
phenomenal increase. 

What has made this clock rate treadmill possible? 
The scaling of wafer fab processes and the scaling 
of transistors, which then run faster and faster. 
That is the first primary component of the per
formance treadmill we have been on in this indus
try. It is not only the fact that the wafer fab people 
have had so much success scaling silicon technol
ogy, but that success has come at a price. That 
price has been a large capital investment the in
dustry has made, in wafer fabrication technology 
- the billion dollar fabs, the whole infrastructure 
of the capital equipment industry that drives this 
whole thing. 

If we ask a metric which is more directly related 
to the performance the user sees, called the Y 
scale relative performance, this too is also noticed 
on a log scale. This performance trend, over the 
past 15 years, combines both the wafer fab proc
ess which has allowed higher clock rates, and it 
has also allowed transistor densities, because as 
you shrink the transistors not only can they run 
faster, but on the same square centimeter of sili

con, you can pack a lot more 
in. 
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A third thing that is covered 
here is architectural innova
tion, which has driven this 
relative performance tatio. 
Here we can measure, treating 
the 8088 again in the 1979 
time scale as a relative per
formance rating of one (back 
in that time about the only 
performance measure was the 
so-called MIP), and then go
ing on up to now with the 
Pentium Pro at an increase of 
1350 times. That has been 
driven by the clock rate, the 
fact that you are now doing 
five and six million transistor 
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parts. The buses are wider; there is 
internal cache. If I take out the clock 
rate, if I divide by the clock rate 
scaling of 40,1 am left with another 
35 or 40 that has come through these 
other innovations, namely architec
tural and transistor density. 

Because the relative performance 
metric has changed, the earlier parts 
are measured in MIPs and the later 
parts are measured in metrics such 
as spec int. ratings, there was a time 
at the Pentium where both were be
ing cited, so I used that to normalize 
the curve. It is a straight line on a 
log scale. You can imagine if you 
plotted it on a linear scale, what it 
would look like. It would be just an exponential 
shoot-up: 1350 times in 15 years. What other in
dustry can claim that kind of product enhance
ment over such a short time? 

The next thing is packaging and interconnect 
metric as opposed to a silicon-driven performance 
metric. I want to plot a historical trend in the 
number of required interconnects, again using the 
same X axis, namely the evolution of the Intel 
microprocessor family. On the left scale, are the 
number of package pins starting at the 8088 
which came in a 40 pin dip 

Intel. 
Some Packaging And Interconnect Metrics 

Fraction of a Clock Cyde Required to Propogate a 
Signal 10 cm in Standard Printed Circuit Board (FR4) 
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thing is, as the absolute number of package pins 
has increased, notice what has happened to the 
percentage that are devoted to power and ground. 
I think this fact is not well appreciated sometimes. 

When we get into these large microprocessor dies, 
and we look toward the next generation of die, the 
power distribution problem of supplying clean 
power to the die is becoming a critical problem. 
In the case of the 8088, there may have been two 
power and two ground chips, and a Pentium Pro 
processor with, in round numbers, 400 I/O pins of 

package, and that is the 
solid line. The dashed line, 
which refers to the right 
scale, is the percentage of 
pins on each generational 
product that has been used 
for power distribution as 
opposed to I/O. There is a 
couple of very interesting 
things to notice here. The 
first is that these are not log 
scales. The ability to drive 
package density, or package 
interconnect density of 
which number of pins is a 
metric, we can only claim a 
linear improvement, as op
posed to a logarithmic im
provement. The second 
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which 200 of them are devoted to power distribu
tion. 

Why is that? One thing that maybe also is unap
preciated when you scale the silicon is, even 
though, as the scale of the transistors get smaller, 
even though the power per transistor goes down, 
because you are packing so many more transistors 
in, the voltage of course goes down, which means 
your noise margins get much poorer. On a 3V 
logic its noise margin is a bigger problem than on 
5V logic and as we tend toward 2V logic it is go
ing to become even more of a problem. 

The other thing is the absolute current that you 
are supplying is increasing. The overall power, 
because of the transistor density, is increasing. 
The scaling of the silicon process is slowing down 
this trend. It would probably not be physically 
possible to build these parts if not for the fact that 
the power per transistor is going down. At the 
same time the net trend in power and current is 
up, to the point that we are going to be talking 
about 50 watt parts on the desktop. The chal
lenges of providing clean power to these parts so 
that they work properly in getting the heat away, 
becomes a major challenge. 

Here is another metric I would like to discuss. If I 
look at standard circuit board material, namely 
FR-4 (FR for fire retardant), which is still in the 
desktop market because of the cost issues, and 
primarily what is used as an interconnect medium 
for chips, and I ask. How long does it take, what 
fraction of a clock cycle does it take to move a 
signal between a microprocessor and a cache 
memory. That may be as close as we can get 
given the packaging density we are able to 
achieve. In the days of the 8088 when we were 
down in the four or five MHz realm, the clock 
cycle fraction required for transit time of signals 
is basically irrelevant. It is negligible. 

In 1992 at the time of the so-called DX2 chip (the 
486 or the Intel DX2 chip), basically that chip 
represented a significant departure in architecture 
because of this problem. That was the first chip to 
use the so-called clock doubled architecture 
where, because of the propagation delay on the 
board and the problem of transit time of signals, it 
was decided to run the silicon core faster than the 

I/O. That has been the trend ever since, and the 
reason for that is this interconnect metric prob-, 
lem. 

What kind of challenge do we face given this as 
the situation? Packaging interconnected test tech
nologies has not yet been a major contributor to 
the metric of the 1350 full increase in desktop 
computing performance. Packaging has contrib
uted little to that increase, maybe nothing at all. It 
has all come from the more silicon-centric side of 
this industry, fab process and architecture, and if 
anything the increase in packaging density has 
been less than 10-fold. A lot of the packaging en
hancements, at least on the desktop market, have 
not been driven by performance but more by the 
mobile market and the need to package chips for 
laptops. 

We face major challenges as an industry going 
forward. These problems are possible to fix, but 
there is one other issue. From Intel's standpoint, it 
has to be fixed in a way which is not a niche so
lution. Intel has always maintained that there is a 
"sweet" spot for the mass market, which is the 
box that has to cost $2,000 or less. Solutions 
which drive the cost of the silicon up, and then 
cause the integrated cost of the CPU or the com
puting solution to get well above that $2,000, is 
not considered a solution. This is a cost sensitive 
problem. 

Test represents a similar challenge. Test is basi
cally a measurement technology. In any meas
urement technology you can define something 
that we call a Process Over Tolerance Ratio. This 
is when you want the precision of the measure
ment tool or tester to be ten times better than what 
you are trying to resolve in the measurement. 
Otherwise your measurement tool is no better 
than what you are trying to measure. An interest
ing thing about this industry is this is possibly the 
only place where we are forced to use measure
ment tools that use probably a generation of sili
con that is one behind the silicon that we are 
trying to test; if we are trying to test the latest 
CPU generation. That is another big challenge. 

So what do we do about all these things? Speak
ing from the side that is a consumer of these tech
nologies as opposed to a supplier of these 
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technologies, we have heard about things such as 
multi-chip modules to solve the transit time and 
the flip chip, other kinds of high density ways of 
packaging, known good die. If we are going to 
package die in a multiple configuration, known 
good die is clearly the technology required in or
der to keep the costs down. We need the same 
ability to not add cost as we move through the 
manufacturing process. Known good die has to 
solve two problems: it has to solve the bum-in 
problem, and it also has to make some measure
ment of speed of the device. 

There are the new test methodologies to solve the 
P over T problem and of course there is the cool
ing. Those are like five technologies that are ripe 
for exploitation to solve this problem. It has to be 
done in a manner that is cost effective, and allows 
a company like Intel to make tens of millions of 
these parts. A lot of these technologies have been 
emerging for too long and they have not yet 
shown that they can become mainstream. 

The interesting thing that characterizes the com
panies that focus on supplying back end solutions, 
relative to their fab counterparts, is that they are 
small companies. If revenue is plotted against 
R&D expenditures for various companies, there 
are companies engaged in selling back end solu
tions, namely package assembly and test, and the 
leading fab suppliers. Even though the regression 
line of basically a 10% R&D expenditure against 
revenue seems to provide an ex
cellent regression fit, we can only 
identify one company in the back 
end, which runs at a billion dollar 
revenue rate. Almost all the other 
companies, being the fab suppli
ers, are clustered at a much 
smaller size. 

There is a whole host of "Mom 
and Pop" companies that supply 
technology which have been ig
nored in terms of tracking indus
try trends and this has to stop. 
The key message here is back end 
suppliers tend to be smaller, the 
industry infrastructure is poorer, 
and in terms of road maps, have 

not been as well defined as the fab-centric front 
end manufacturing. If we do not stop ignoring the 
back end infrastructure, we will do it at our own 
peril. 

So in conclusion I would like to say that certainly 
in packaging performance breakthroughs, the 
markets are ready. We need better solutions. The 
supplier base probably has to elevate effort, and 
places for improved funding have to be found. A 
better infrastructure has to be developed where 
road maps are being shared. A better coordination 
between the various facets that all have to play 
together to move to this next step. 

REED BOWLBY: My comments are going to 
reflect and reinforce some of the comments that 
have been made by Ray and by Barry. We tend at 
Motorola to look at, not only the high perform
ance types of parts, such as the Pentium and 
Power PC, but there are a lot of applications that 
use not so high performance kinds of parts. 

They are microprocessor or microcontroller types 
of things, but they are very much driven by den
sity. The number of microprocessors that a person 
is likely to own, looking out to the year 2000, is a 
pretty significant number. They will be in various 
places around the home. They will be in the 
automobile and in conununication type of prod
ucts, and also in the office. 

There is a family of devices (we call them 
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Cost Balance Challenges 
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SMARTMOS) that have logic on them, they also 
have power and analog for controllers. If you look 
at what is happening in terms of the amount of 
reduction, these different technologies are not 
reducing at the same rate. As we try to make 
higher density devices in these kind of package, 
or device areas, we are faced with some dilemmas 
on how to locate the different functions within a 
chip, as well as the way the interconnect is ac
complished. 

Some people say that the best package is no pack
age at all. That makes a lot of sense. We are talk
ing about very high performance, high clock rates, 
fast transition times, so putting bumps on a chip, 
turning it over, and putting it directly on the using 
substrate makes a lot of sense. 

Flip chips have been around for well over thirty 
years. So why isn't it the dominant one right 
now? I believe that it is a cost issue. In spite of 
performance drivers that may use these things and 
in some cases there are space drivers that require 
them, but the cost of attaching bumps to a chip 
and attaching a chip to a PC board is still quite 
expensive. Some of the limiting factors, are all 
related to cost. With flip chips we want to use a 
lower cost substrate which would be a laminate of 
some kind - FR-4, BT, FR-5. Because of the dif
ferences in CTE we would be forced to underfill 
those which adds processing steps. It gets even 

® 

more complex in that when 
someone wants to use multi
ple sources, to get the same 
function from different 
sources, is going to find it al
most impossible to have the 
same materials (that is paser-
vation materials) on a chip. It 
complicates the assembly 
process. If we underfill before 
we test the system and we 
have a problem then we have 
complicated the die removal 
process, or the rework. 

Flip chips are typically 250 
micron down to maybe 200 
micron pitches on the bumps. 
That requires an HDI type of 
PC board which raises the 

cost. When people design in a device into their 
chip module or other kinds of module, they want 
to be able to buy that device forever. We know 
that semiconductor companies shrink the chips. 
They can be designed so that the footprint does 
not necessarily have to shrink with the chip, but it 
is still problematic. Guaranteeing a footprint from 
one vendor over a long period of time is prob
lematic, and it is almost impossible when you try 
to use multiple sources. That is a part of the de
sign that is very difficult for the user to control. 

In this thing I call the Cost Balance Challenge, on 
the left side we show a peripheral leaded device, 
such as a quad flat pack. The actual fan out then 
is bom pretty much at the device level. When we 
talk about flip chips, we have these very fine 
pitches and now the fan out is borne at the PC 
board level. Again the impact there is increased 
cost because having to use photo defined vias or 
build up kinds of technology, is expensive. 

The industry has not figured out yet how to define 
chip scale. I look at it as being just a finer pitched 
ball grid array package, now that the size of the 
chip is immaterial. Some of the early pitches that 
were looked at in chip scale were the O.S mm 
pitch and now, because of finding the escape 
routing problems with the PC boards, 0.8 mm and 
0.75 mm. Even that is a dilemma because in 
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JEDEC the preponderance of 
opinion seems to have only 
one pitch, between 1mm and 
0.5 mm and they would prefer 
that to be 0.75. If you look at 
it as a grid problem, it is a 
logical grid because you can 
populate or depopulate and 
still stay on a 0.25 mm grid. 
On the other hand, in Japan, 
there is quite a bit of use de
veloping the 0.8 mm, which 
does not fit on our grid. But 
they make a very good case in 
that, with 0.8 mm pitch they 
are still able to have perhaps 
one or two routing channels 
for traces between the vias 
and between the bump pads 
on the PC board. It is an issue that is not going to 
be resolved soon. 

Here is a example of escape routing and I chose 
here to look at an HDI board. Here we are talking 
about 0.5 mm pitch, and it is a full array. It is not 
a depopulated package. We are using typically 
about 1 or 1.5 mm vias in the capture pads or in 
the neighborhood of 5 mils, I believe. Looking at 
this chart we can see that across the X axis the 
substrate size that the chip is mounted on is in 
1mm increments, and the number of I/O that are 
possible on a full array. The line indicates the 
number of layers that it takes on a board to escape 
all the I/O. This is an HDI case and you can route 
almost any number with three layers of metal. Use 
the same conditions, on the leading edge PC 
board, which still uses blind and buried vias, 
about 16 mil capture pads, and the same size for 
the pads that the balls are mounted on as well. In 
that case we would require nine layers of metal in 
order to route out a 15 mm package. If we take it 
down one level further to commodity level 
boards, where we have through hole vias, and 
even assuming that you have the through hole via 
located in the pad which will be a great assembly 
problem, we are looking at reduced size pads, 
again 16 mils. We find that by the time you get 
down to the third layer of the board, you have run 
out of routing channels. 
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This all suggests that, if we want to balance the 
cost of escape routing on the PC board with the 
density we can put on the package, particularly at 
0.5 mm pitches, we are going to be forced to look 
at, not full arrays but depopulated arrays that have 
two, to three, and possibly four rows of balls 
around the periphery of the package. We tend in 
the semi industry to look at reducing cost and in
creasing density at a device level without a whole 
lot of thinking about how it impacts the system. 
We have embarked on this study program, in de
veloping a philosophy at Motorola, that forces us 
to take a harder look at the impact on the user 
when we are developing these new packages. 

R.P. ST. CLAIR: I would like to talk about the 
ATE perspective in these various issues and I 
would like to start out with where we are today, 
where do we need to be tomorrow and how are we 
going to get there? 

I would like to take look at the memory and VLSI 
aspects of this in particular in both probe and fi
nal test, at one time, the VLSI and memory de
vices were diverging as far as test requirements. 
VLSI would require a higher frequency and a 
much larger pin count than memory, with more 
and more memory devices being tested in parallel 
and with the frequencies increasing to match 
some of the VLSI products the problems become 
fairly common between the two. 
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Starting out with where we are today, in probe at 
memory, we are testing 16 devices in parallel. 
Frequencies typically do not run more that 60-
80MHz. One of the reasons the frequencies are 
not that high, is because the needle technology, as 
it is known today with the tungsten cantilever 
needle, is essentially going to run out of gas when 
it comes to testing more devices in parallel. Be
cause of the overlap of the needles that are re
quired in order to contact all the pads in anything 
other than a two by some number of devices in an 
array. 

In final test, we see that presently people are 
testing 32 devices in parallel, once again memo
ries. Frequencies are at or above 100 MHz. The 
packages today for memory are typically SOJs 
and TSOPs and a mixed bag for VLSI, we have 
BGAs, PGAs, and QFPs. Like the limitation on 
the probe side, most of the contactors used in the 
automatic handlers do not have the electrical per
formance required to carry them much beyond 
where they are now. In addition there is also, ap
parently, some mechanical reliability problems 
with contactors in general which need to be 
solved in the future. 

If we look at where things are going to be tomor
row, we will be at the 32 in parallel level for 
probing, for memory devices. When people start 
talking about being able to do that many devices 
in parallel, and since memory have fewer pins, 
people all of a sudden start talking about making 
contact on a full wafer. At one point in time the 
parallelism was driven by the probe card produc
ers and the testers could always keep up with the 
number of parallel, as compared to the technology 
in probe. If a probe card manufacturer, is able to 
contact a full wafer then the ball is back in the 
court of the ATE manufacturers to up the parallel
ism one more time. 

Another problem that we see with the wider parts, 
is that when we test 32 in parallel right now we 
would like that to be 16 wide memory devices, as 
an example, and that takes 512 I/O pins. As they 
go to 32 wide and 64 wide that goes to a 1000 and 
2000 I/O pins. That is just the I/O pins, not 
counting the address clock pins and that is up 
above what the LSI testers are having to do for 

pin counts these days. When you talk about cost-
of tests, adding that many more pins to a tester is 
expensive. If, by testing that many more parts in 
parallel, like 32, you can offset those costs, then 
the cost per device is probably going to be lower. 
As they get wider, that does not help, if you keep 
the same number of parallels. 

With these devices we will need a new probe part 
technology. The needle technology, because of 
the number of needles and frequencies that we are 
operating in, are typically not going to make it. 
When we have things like synchronous DRAMs, 
sync-link DRAMs, MPUs, etc., that are running in 
the 150 to 800 MHz range, we must maintain a 50 
ohms environment directly down to the pad of the 
die under test. 

When we look at final test we see the same types 
of things happening. At 64 in parallel (which is 
where they will be, and 128 after that) if you look 
at some of the tray handlers there does not appear 
to be an architectural limit on the number you can 
do. Frequencies like a probe approaching 800 
MHz and need a true high frequency contactor 
that is both reliable and able to carry the signal 
fidelity down to the lead of the device under test. 

One of the challenges we see is the drive for 
smaller packages, for high performance. The 
smallest and highest performance is achieved with 
no package at all. Then if we look at where we are 
being driven as an ATE industry our customers 
want us to double the pin count, double the fre
quency, improve the accuracy, keep the footprint 
the same, and reduce the cost. These are all won
derful things and how do we get there? 

If we can get rid of packages and mount die di
rectly onto our channel cards, this is one way to 
double the number of pins that we have in a tester 
without increasing the footprint, which is one big 
step. This would probably require known good 
die. If we are going to mount bare die onto a 
printed circuit board, then we need known good 
die. When you have known good die you need a 
die carrier. After the wafer is tested the dies are 
singulated, put it into a carrier, then it follows the 
rest of its path through production into final test 
in this die carrier, then it is removed and the de-
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vices are shipped. This is 
going to increase the cost of 
the die, not decrease it. pad 
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Something has to be resolved 
in that particular area as well. 
One of the things with wafer 
level bum-in, is the ability to 
eliminate some of the steps 
required by the die carrier. If 
we can achieve a wafer level 
bum-in at test, and whether 
that means fmding some 
other way to detect the same 
failures or induce the failures 
other than sticking the de
vices in an oven, then some
thing may happen there. Then 
of course we have the boar-
dattach problem that has been 
described. Presently we use FR-4 in the circuit 
boards, and without the fine lines on the surface 
as well as the small pitch on the vias we will have 
to go to filled vias, and other types of technolo
gies. 

One of the ways that we are proposing to prepare 
for this, is to make wafer probing part of the core 
competence of our company. We have to be able 
to know as much about probing as our customers. 
As customers demand more and more integrated 
solutions, they look to a common source to solve 
their problems, and it is usually where they spend 
the most money. 

We have to have the ability to have wafer probing 
as part of our core competence. We also have to 
work with prober companies in order to develop 
the interfaces that do not require our customers to 
compromise testing on their parts. In addition, we 
have to participate in the development of probe 
part technologies. 

If our customers are going to look to us for help 
and if we are confident in probing, then we need 
to ensure that we can maintain a 50 ohm envi
ronment and high signal fidelity all the way down 
to the pad of the device under test. 
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Likewise in final test we also need to make that 
part of our core competence for the same reasons 
that we do in probing. 

Once again we have to work with the handler 
people in order to ensure that the interfaces do not 
prevent the customer from testing the part the way 
it needs to be tested. 

Finally we have to participate in the development 
of contactor technologies for exactly the same 
reasons that we have to do in probers. 

IGOR KHANDROS: The whole theme for back 
end industry should be: Let's get exponential! 
Let's get all that linear trend over with. So I will 
try to talk about the trends that we see, and our 
possible recipe, for how to get exponential. 

This is a humble attempt to plot where the indus
try is, and where the industry is going. If you look 
at the pad layout trends: today we have peripheral 
pad-out. We have fine pitch peripheral sets of 
pads and it is difficult to shrink die. Every time 
you try to do that you go through all the pain of 
worrying about bonding it front pitch and other 
things. You have performance limitations for the 
reasons Barry addressed. You have a number of 
pads limitations. 

The next step that we see happening imminently 
in the industry, in microprocessors and fast 
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SRAMs, is transition to C-4 technology. The 
challenge now is to map that old technology onto 
high volume, low cost infrastructure of the indus
try, and you obviously get enormous amount of 
pads. You have performance advantages, espe
cially power, and how power is handled. Reed did 
mention the reliability risks and there are also 
challenges with test probes. How do you probe C4 
and especially how do you do that at speed? The 
promised land is area array with no limitations. I 
will expand a little on what we are trying to do 
but I think that eventually you would want to be 
able to drop a pad anywhere on the face of the die 
not worrying about the consequences. 

If you look at the test trends, what we are basi
cally doing today is testing and buming-in pack
age devices. There are difficulties with that 
approach, especially with expensive packages, 

feedback into the wafer fab is significantly 
lengthened. The next step is that there will be 
more and more AC tests done at the wafer level. 
The best solution is performing test and bum-in 
operations on the wafer. Known good die will 
become the cost effective reality only when those 
operations are performed at the wafer level. 

For the package and assembly today there are a 
dizzying multitude of packages. There is a cost 
issue. Package site limits the mobile revolution, 
and FormFactor driven products demand either 
packages that are the size of a chip or just bare 
die. The next step is a transition to flip chip pack
ages, because there will be a transition to C-4. 
There is higher performance but there are reli
ability limitations putting it directly on FR-4 or 
BT resin boards. You have again a cost issue. 
Then the second immediate trend is chip scale 
packages and I see this step as a transitional phe
nomenon. Chip scale packages have the advantage 
of being a smaller form factor. Being a chip car
rier, there is additional cost as compared to bare 
die. There is also significant infrastructure build
ing to be done in terms of new materials. You 
cannot just buy those from your existing lead 
frame supplier. An infrastructure for huge vol
umes has to be developed at these new companies 
in the industry. We are completely inundated with 
requests at FormFactor to develop sockets for test 
and bum-in of 0.5 mm or 0.8 mm chip scale pack
ages. There is a significant amount of work to do. 
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The best solution is packageless, and 
that will allow direct attachment to 
PCBs and will enable 3D stackable 
form factor driven products. Not all of 
them will be thin. Some will follow 
an unusual form factor as society goes 
mobile. What is demanded is high 
performance, small form factor mod
ules and cards 
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FormFactor is a company that devel
oped the miniature microspring tech
nology. We can put small 
microsprings on any substrate, includ
ing directly on silicon die pads, or we 
could put them on a controlled im
pedance substrate, and make probe 
cards. It is a unified solution for back end. I feel 
that solutions that will stay will not address just 
the package or just test, but will be solutions that 
address the total pipeline. Back end is a delivery 
system for deliveries of silicon wafers into final 
products. Therefore solutions must be system so
lutions. New wafer probe cards are needed both 
for C-4 transition and packaging, and also for 
parallel wafer probing of multiple devices like 
DRAM. In the next stage in FormFactor business 
development, we are bringing to market micros
prings on silicon, which is packageless back end 
technology. It is not exactly packageless, it is sili
con with little legs attached to it, but we believe it 
does address problems associated with C-4 and 
chip size packages. 
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we believe it is scaleable to large areas, possibly 
to wafer size. It has been analyzed to potentially 
be capable of operating at one gigahertz fre
quency, and beyond. 

We would like to use our expertise in test, and 
move onto what we see as a unified solution for 
how back end flow is done. We will leverage our 
ability to put miniature springs directly on silicon 
bond pads. We are capable of doing 3D fan out by 
changing the shape and dimension of the springs, 
so a DRAM that is a five mil pitch, could con
ceivably fan out to 25 or 30 mil pitch. We have 
now wonderful reliability data on thermal cycling 
and it does not require underfill. 

FormFactor probe card not only looks 
beautiful but it does serve a very im
portant purpose. It is designed to 
contact the solder bumps on silicon, 
and we are now developing the ones 
that would test aluminum bond pads. 
It is a complete solution. This probe 
card is preplanarized when it is 
shipped to the customer. If provides a 
50 ohm impedance substrate, with 
very short springs as opposed to exist
ing tungsten needle technology, and 

Future: Microsprings^'^on Silicon 
Packageless Wafer-to-Product Flow 
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With springs being put directly on wafers, you 
have a wafer with its own socket sitting on it, and 
you can just use a substrate to test several de
vices, or, it can simplify wafer level testing and 
bum-in. Then you singulate these wafers and end 
up with die with little legs on it, and you can sol
der it on both side of a substrate. That, is a sim
plified solution, and a possible solution for some 
of the problems associated with chip size pack
ages. Companies that are capable of doing bump
ing on wafers, with FormFactor providing 
technology to them, will be capable of, instead of 
bumping wafers, "springing" wafers. Once they 
do that, the thermal cycling problem is, poten
tially solved. Underfill is not required, it is re-
workable, and capable of 2D and 3D fan out. 

The question for this panel was: Is the industry 
ready? Companies like FormFactor are proof that 
the industry leaders are ready. That is very impor
tant, because the industry looks today somewhat 
different. There are large players who actually 
have the ability to move infrastructure. There is 
something going on today that I did not see three 
or four years. The users of silicon, and the silicon 
are pressing companies to come up with miniatur
ized high performance solutions to packaging. 
Technologies and methodologies that will win in 
this transition, will address the total system. It is a 
system, and it will include addressing test and 
assembly issues, and the very important question 
of board routing. 

Companies worry less and less about NIH. Large 
companies, that are interested in solutions create a 
team of several suppliers and ask them, even force 
them, to work together to solve their problems. 

These partnerships will accelerate the infrastruc
ture. 

We are interviewing PhDs from Berkley, Stan
ford, and CalTech, and MIT. Their professors tell 
them that the back end is really a very interesting 
area now to focus on. It has become an area where 
we attract talent. 

NADER: We have heard all the proponents or the 
exponents about chip scale, flip chip, migration, 
and the issues involved with known good die, and 
what the definitions are, and then definitely the 
promised land of 'no package.' Can you comment 
and elaborate on a few promising chip scale and 
also flip chip implementations? How affordable 
are they, and what are the price issues involved 
for commercialization? 

REED: There are very few actual chip scale im
plementations other than some things coming out 
now in products like Sony's most recently intro
duced hand held video camera. The preponder
ance for those is a stud bump version of a flip 
chip onto ceramic substrates and organic sub
strates, I do not really know how to address a cost 
right now. In our company we have not yet put a 
two scale package on the market. 

We do have products that are shipping with flip 
chip. We have been supplying flip chips to some 
major customers for well over twenty years. They 
have been low lead count, so they are not address
ing the issues that we are talking about here, with 
the high performance, and again, these are low 
cost. The flip chip market is segmented into two 
areas: one is the high performance, high lead 
count things that are used in high end computing, 
and the other is way down on the consumer range. 
A good example is a Citizen watch company that 
assembles one million flip chips a day, but they 
are only 15 leads, and they are very inexpensive 
chips. They do not worry about known good die, 
they do not have the issues with underfill - if the 
thing does not work, they throw it away. That is 
on the low cost end, but I do not know how to put 
a dollar figure on that. 

RAY: Whether you use a stud bump process with 
a wire bonder and break the wire off, or plated 
bump technologies, this is clearly one of the 
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things that the industry in general is very aggres
sively driving for. There are a number of industry 
groups that have set a target of getting wafer 
bumping cost down to less than $50 a wafer, to 
make it an attractive alternative for wide scale 
products. There are both industry groups and 
some of the joint consortia, MCNC for one, who 
is looking at plated technology as a way to get 
that bump cost down, and help build the infra
structure up to the point that it will be a cost ef
fective process for the higher lead count devices 

Q: Do you have a figure of merit? If we have the 
same size in pin count, and we go from the tradi
tional package technology to flip chip, what 
would be the cost increment? 

RAY: People that are moving into flip chip today 
are doing so based on it being the most cost ef
fective alternative for that specific function, and 
typically it can be done in wire bond. It will be 
cheaper to keep it in wire bond. It will the impact 
on either die size, package cost, or inability to 
meet the functional requirements, giving you a 
less valuable product in the market, that would 
push you into flip chip. There are few cases today 
where it will be cheaper in flip chip. I do not 
know many, if any, that immediately jump to 
mind 

REED: I can give you some examples where a 
power PC, for example, is designed as a flip chip. 
Right now we are using evaporated bump tech
nology which is probably in the $300 per 8 inch 
wafer range, just to put the bumps on the wafer, 
and the quotes for electroplated wafers are some
where in the $150 to $200 per wafer. The gues
stimates for electroless plating are somewhere 
around $80 to $100 right now, but the goal is to 
get that below $25. 

BARRY: What will drive the high end micro
processor desktop market to flip chip is this 
problem with power distribution, because going 
from the periphery of the die wire bond, to the 
center of the die where you need to power the 
transistors is simply not going to be doable. So 
this idea of arraying the bumps, or arraying the 
interconnects, most of those interconnects will be 
powers and ground. The economics of doing a 

Citizen watch chip and a Pentium Pro would be 
significantly different. 

Q: On the test side, what do you see as the most 
significant technology challenges? I would like to 
add something about next generation devices. We 
keep hearing about the diversification of the sili
con, and it seems it is going way beyond just the 
generic VLSI versus DRAM, the system on the 
chip. What are the barriers? 

RP: Cost is always one of them. The number of 
pins is one of the driving factors to the cost of a 
tester. Once you have an architecture that allows 
you to expand as far as you want to, then it does 
not become an issue of whether you can do it, but 
whether you can afford to do it. As the perform
ance gets to a point, like I mentioned 800 MHz, 
that is pretty high. You have a cycle time of 1.2 
nanoseconds, and within that, you have to do 
things. That is tough, and I am not sure how that 
one is going to be addressed. 

Q: How are we going to address that? 

BARRY: The reason for high frequency testing 
(which we call functional test at Intel), is basi
cally to guarantee the performance of a part at its 
external pins to a data sheet. In order to do that 
you throw in some headroom (called guard-
banding) which is like error stacking. When you 
start doing the stack up tolerance, you run out of 
margin, where you cannot guarantee the perform
ance of a product to a data sheet. So test flows in 
the future need to comprehend this. Test flows 
will certainly change. 

IGOR: It was very interesting what RP talked 
about, to make his testers faster he actually has to 
come up with multi-chip modules for pin electron
ics. The solution is packageless, whichever way 
we can get the highest performance and wafer 
level. As much testing and validation as possible 
should be done on a wafer, and at some point, 
possibly wafer level, or total wafer, and really 
coming up with a way to tile silicon on an inex
pensive substrate. It is the same old challenge of 
assembling several pieces of silicon on a common 
substrate. Whereas getting off one die and getting 
on to another die, there is no performance penalty, 
as compared to the case when they are on one 
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monolithic piece of silicon. When that happens I 
think the back end will be on the same exponen
tial growth. 

I think it requires a very serious effort by the in
dustry leaders, because the industry leaders are 
going to push this infrastructure, and infrastruc
ture is going to go where they go. Companies pos
sess the influence to convince providers of back 
end solutions, packages, testers, probe cards, to 
really invest in the future and it will take a unified 
effort. 

NADER: Could you share with us Tesarah's ap
proach and comment. 

REED: Their approach has been to use a tab-like 
structure that is a fan-in tab with an elasmer be
tween the polyimid film in the chip as a stress 
barrier. Right now, I think that the concept looks 
good, and a lot of people are looking at it. There 
is no manufacturing experience with it, and there 
are a lot of different approaches to chip scale. It 
complicates the whole thing, because you do not 
know which one is going to win. One of the key 
areas for chip scale is it has to survive through 
thermal cycling on a PC board for a substantial 
number of cycles before the joints break, and that 
if underfill is required for chip scale, it will kill it. 
Chip scale would not be a viable way of doing it. 
There would be no reason then to not go with a 
flip chip other than the fine pitches that are re
quired on the board. 

Q: I have another question, which has come up 
several times during the conference, and that has 
to do with DRAM, and DRAM testing. We know 
that bit lengths are getting larger. The I by 16, 
how much was there a bottleneck for the intro
duction of 1 by 16? The fact that, actually, the 4 
meg remained at $13, the one by four, where 
people were actually looking for the 1 by 16, and 
the prices remained that high. Actually, it spurred 
the capital spending, and we had under-capacity 
and so forth. How much of that was the capabil
ity, or lack of, from the test side? 

RP: WTien the 16 meg came out, people were 
building it in a 4 meg by 4 configuration, and all 
of a sudden, realized that what the world really 
wanted was a 1 meg by 16. The capacity switched 

over from the two, and it took a while to get it 
ramped up. 

It does have an impact about the width. As the 
width gets wider and you want to test, 16 devices 
in parallel at probe, and they are 16 wide, you 
need 256 I/Os on the tester. On a memory tester, 
the I/O pins are the most expensive part of the 
tester. It is not the address clock pins, and as the 
widths keep going up, to 32 and 64, we cannot 
drive the cost of the tester down. You have to 
provide those pins. You can give less accuracy or 
worse timing, and get cost out of it, but to keep 
the same performance, and double and quadruple 
the number of I/O pins required to do it, you can
not keep the cost out of it. 

Q: Will the industry have the same transition 
pains to the 1 by 64, or 2 by 32, for the 64 meg? 

RP: The 64 meg, people are already looking and 
planning on what that is going to be in various 
widths. As such, when the 64 meg is in produc
tion, I think there will be equipment there to test 
it. 

RAY: The point about some of the problems that 
arose in that transition have caused people to 
think about the applications that are driving those 
specific memory architectures, which one is likely 
to be more prevalent, and perhaps looking a little 
more carefully, so that the test strategy is planned 
out and ramped up at a more consistent pace with 
the volume. 

NADER: Any comments from the panel? 

IGOR: An interesting question is: What is the 
overall contribution of test cost to the cost of 
DRAM? I hear numbers like 20% now when you 
go to wide DRAM and it is going to go up. When 
we go through times when price and cost of 
DRAMs are almost the same, it becomes a pretty 
serious business. We see a huge amount of inter
est in trying to drive the test cost down, and I 
think Teradyne is seeing the same. 

Q: Which companies have used or tested your 
microsprings? What potential problems could 
arise with using microsprings, and how does the 
cost compare with other ways of building the 
structures for test and bonding? 
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IGOR: We are starting to aggressively push mi-
crosprings and silicon technology. In the begin
ning we are going to focus on memory, and we 
have gone through internal modification. We have 
two programs now with memory companies, and 
they are going to go through modification. So we 
have not gone externally through that yet. The 
goal is to make sure that the overall cost is lower 
than even the commodity packaging, and then on 
top of that to enable form factor driven systems 
with this technology. We hope that it will be used, 
not onlybecause it is a way to solve problems with 
CSPs and C-4, but a way to really reduce overall 
back end costs. 

Q: What are the potential reliability problems, 
and how are they actually made? 

IGOR: We have reached over 2000 cycles of -
55°C to +125°C. We are starting -65° to +150°C 
thermal shock testing. In terms of reliability, it 
seems to be very good, at least the initial tests we 
have done. We are going now through a complete 
battery of tests. We have patents pending on the 
process, but basically we use a combination of 
several processes, that includes micromechanical 
automated equipment, and the rest is processes, 
and simplified wafer back end processing. 
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Mr. Klasse is vice president of marketing and sales for Wacker 
Siltronic Corporation in Portland, Oregon (part of an exchange 
program for key personnel to enhance Wacker's global approach 
to the global semiconductor industry). 

Mr. Klasse began his career as a salesman for PVC in Stuttgart, 
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manager for Vinyl Acetate Polymers in Munich, Germany; 
salesman for PVC in Stuttgart, Germany; in charge of market 
development project for Specialty Polymers in New York City; 
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Clark Fuhs, Director & Principal Analyst, Semiconductor Equipment, Manufacturing, and Materials 
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Chairman & CEO, Ultratech Stepper Inc. 
John Luke 
President, TSMC-USA 
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CLARK FUHS: We have a distinguished group 
of paneHsts to talk about infrastructure issues and 
capacity issues in the semiconductor industry and 
we expanded it to some of the manufacturing in
frastructure issues that have to develop over the 
next several years as well. 

How does the silicon area split out, in terms of 
what types of devices are being manufactured in 
the fabs today? Power/Discrete consumes about a 
quarter of all silicon consumed worldwide in 
terms of square inches. Very low revenue per 
square inch, but a lot of square inches, so a lot of 
capacity is required in order to feed that particular 
need. In terms of microprocessors and leading 
edge technology and memory, of that memory 
only about 75% is DRAM. About 30% of the 
world's capacity is driving the leading edge tech
nology. Everything else tends to trickle down to 

j^BI 
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by General Device Type 
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feed capacity as time goes on. 

When plotted another way, the capacity in indus
try migrates through product channels. The ma
jority of capital spending is in leading edge and 
mainstream products, and then above 0.8 micron, 
it would migrate and trickle down into some lag
ging technology areas. There is a segment of our 
business that is in the sunset area, above 1.5 mi
cron. The types of products that are used in the 
lagging area, are microcontrollers and the telecom 
chips, mixed signal, smart power. 

These are some of the fastest growing products 
areas in semiconductors today, and an infrastruc
ture change that occurs in the middle area will 
increase in importance. As capacity trickles down 
this chain of product migration, there will be less 
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HB Fast Growing Segments Likely 
to Demand More Investment 

to trickle down as time goes on. More capital 
spending is going to be required above 0.8 mi
cron. 

When you look at the types of new fabs that are 
being announced today, between power/discrete 
and consumer telecom, there are 13%, and 
roughly about 15% of all new capacity in the way 
of new fabs, is in 0.8 and higher. This has evolved 
a whole new set of equipment companies that are 
targeting these lagging and sunset technologies, 
Ultratech Stepper is one of them. 

Another area of infrastructure that is developing 
is the foundry, and the fabless model. About 9% 
of all silicon that is processed goes through a 
foundry today, and in the next five years, we ex
pect that to grow to about the 15% or 16% level, 
and ultimately could be about 25% or 35% of all 
production is done through a foundry. 

To introduce our panelists: Eberhard Klasse is 
VP of Sales and Marketing for Wacker Siltronic, 
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one of the leading wafer suppliers in the industry. 
Art Zafiropoulo is Chairman, and CEO of Ul
tratech Stepper, one of the five existing and major 
stepper companies in the world. John Luke is the 
President of TSMC-USA, the largest dedicated 
foundry in the world today, and Evert Wol-
sheimer is the VP of Product Technology of Xil-
inx. Our first speaker is Eberhard Klasse. 

EBERHARD KLASSE: Wacker, my company, is 
one of the pioneers in polysilicon as well as in 
wafers. 

Let's look at wafers first. After growing 26% in 
1995, it looked like wafers would grow another 
30% in 1996, until mid-year. Since then, growth 
came down steadily and we estimate that, by the 
end of this year, it will have come down to a 
growth rate of about 12% for all of the silicon. 
There is still a solid growth of over 10% for the 6 
inch wafers, and of even over 50% for the 8 inch 
wafers. Compared to last year, 4 inch wafers and 
5 inch wafers, have come down. 
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We expect this pattern to 
continue, with a growth 
of the 200 mm slowly 
going down as these wa
fers command a higher 
and higher share of total 
wafer area. Right now, 
their share in total area is 
about 30% and, by the 
end of this century we 
expect that they will be at 
50%. The compounded 
growth rate until 2000, as 
we estimate it, will be 
about 27%. The com
pounded average growth 
rate for total silicon we 
see in the range of 12.5%. 

With most of the growth 
coming from 200 mm, I 
will look into that diame
ter a little bit more. Here you see the distribution 
of the regional markets in 200 mm as well as the 
distribution by product type, being polished and 
epi. As you can see, the U.S. and small Europe 
command the major share of the epi wafers 
worldwide, whereas Asia and Japan command the 
highest share in polished wafers. Both merged 
together, the picture of the polished wafers pre
vails, because epi is only 15% of the total. 

Now a word of caution, as far as forecasting is 
concerned. Neither partner in this industry, I 
think, has had a good record, and so we focus on 
the year 1998. The development of our in-house 
forecast as well as Dataquest's forecast, and you 
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can see very well, the peak of our expectations 
was in October '95. Since then we have lowered 
them quite a bit. 

As far as the supply is concerned, our own as
sessment is in line with that of Dataquest. Wafer 
shortage should no longer prevail. Basically, the 
supplies for 1997 were geared at the earlier, 
higher expectations, so there should not be any 
major problem in wafer supplies for 1997 and the 
years to come. It is extremely difficult to make an 
exact prediction now for epi wafers, with the 64 
meg DRAM being partially on epi. Our assump
tion is that with the major expansions in the in
dustry underway, epi wafers should not be tight. 
Actually, they were hit most in the slump of Q4 
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this year. 

A lot of concern in the recent years was directed 
to polysilicon. If there should be any bottleneck at 
all in 1997, it could be polysilicon. Our expecta
tion is that, for 1997, there will be enough poly, if 
the wafer growth stays at the 12% that we as
sume. Should it approach 15% then poly could 
become a bottleneck again. In any way, poly will 
be tight, but are quite a few expansions coming on 
stream, including our own, in 1997. There will be 
a major increment of capacity coming on stream 
in 1997. From 1998 on, poly should not be a 
problem any longer. 

The whole situation is rather volatile, because not 
all wafer fab capacity in the IC arena is going to 
be utilized. There is idle capacity that could 
quickly be used in case of an upswing which 
could lead to constraints in supply again. With 
cautious forecasting, that should not happen. 

ARTHUR ZAFIROPOULO: 1997 may be a 
question mark on the issue of poly-silicon, but it 

is not a question mark of equipment; it will be 
available. 

Looking at some of the semi numbers that were 
generated regarding book to bill ratio in equip
ment, we have seen a dramatic change in the past 
half a year. This change did not Just begin when 
we peaked out in February but began the end of 
last year. In February the book to bill ratio was 
the highest in the past number of quarters, about 
1.4 to 1. In each quarter, this industry was increas
ing the sales, so this book to bill number is enor
mous. The demise of memory (DRAMs, SRAMs, 
and Flash), has really impacted the rest of the in
dustry. 

The demand issues are still in place. We see 
strong demand for the end product in all areas. 
There is some weakness at Motorola, and analog 
communications, but there is strength in digital. In 
general, I think the demand is very strong, but 
capacity has far exceeded demand. On the equip
ment side, book to bill ratios have suffered sig-
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nificantly, and are now reaching 0.75. The num
bers will probably settle out around this 0.75 as 
we go forward. 

The worst downturn this industry has had was in 
1974. We had two drivers: calculators and 
watches - that was it. The next bad one was 1984-
85. The present downturn is going to have some 
depth, and some breadth, and I believe that the, 
next two to three quarters, extremely difficult. We 
are getting close to the bottom. The best part of 
this whole thing is that most equipment compa
nies that are solid today, the leaders, have great 
balance sheets. We have never had balance sheets 
like this ever before. Applied Materials, KLA, my 
company, have virtually no debt, and strong cash 
positions. 

For the equipment book to bill, there are three 
areas, which are front end, test, and assembly. 
Looking at the U.S.-based semiconductor equip
ment, in the test equipment area, there is a great 
separation between the shipments and the book
ings. We are taking backlog down and that back
log will continue to be eroded until those lines 
cross. Some companies report a backlog of one 
year and some, six months. We report six month 
backlogs once a year, and we give trends quar
terly on book to bill ratios. A one-year backlog 
can be very misleading, so that you can ship 
things out two quarters and still be within your 
window of one year. It is hard to ship things out 
two quarters when you have a six-month backlog. 
We still see cancellations, push-outs, in the new 
factories, and we see some impact in the older 
factories. 

Generally, again, we will not see this industry 
recovering until these two lines cross. It is my 
feeling this will occur in second to third quarter 
next year and the upswing will begin again third 
to fourth quarter next year. Some of the comments 
made earlier about 1998, and how bad that is go
ing to be, are overly pessimistic. I think we will 
see things recovering by the end of next year, 
gradually increasing through '98, and then 
strongly increasing in '99. This should be a great 
three-year run in our industry. 

In the test equipment there is a divergence be
tween bookings and billings, again indicating 
people are eating the backlog. We have yet to see 
the real true bottom of some equipment compa
nies. This will come in Ql or Q2. 

The assembly equipment has done a cross-over in 
book to bill above one. If you look at the monthly 
shipments, it is about 30 million per month. This 
is U.S. So the Japanese have a major role in the 
area of assembly. This reflects things such as 
yield increases, and the slow rate of die bonders 
and probers. I think that this recovery will be 
short-lived. Then we will see a book to bill again 
below 1 to 1, until the full recovery occurs. 

Looking at the front end, which is the major sec
tion of our entire industry, we see rates dropping 
from a maximum of about 1.1 billion per month, 
to about 700 million in bookings. We will see 
companies look at a sharp decrease in bookings 
going forward, and I am projecting that these 
numbers will be about half of what they were at 
their peak. We are getting closer to that point, so 
downside is far less than what the upside potential 
will be going forward. 

How should you form your corporation? How 
should you drive it? What strategies do you put in 
place for these cyclical markets? One is to de
velop advanced technologies, so there is a leading 
edge to your company. You feed the R&D and 
preproduction area, and that area continues to 
grow, even through a downturn. The second thing 
is market share. If you have large market share in 
a down market, that is not a good place to be. If 
you have small market share in a downturn, that is 
a good place to be. You can grow market share in 
a downturn. 

If you are diversified, with a core technology, it is 
extremely important. As an example, we are in 
three businesses. The disk drive industry, it is 
very robust right now. It is the same as 1991. This 
industry had a small downturn in '91. The drive 
industry had a rapid increase in '91. The same 
thing holds true today. Last year our sales in the 
drive industry were about 29%. This year they 
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will be just under 40%. 

Having a counter-cyclical strategy and diversifi
cation are very important, and the other part is 
retrofitting older factories. People still spend 
money in a downturn. They look at their older 
factories more carefully, in a downturn. So by 
having a strategy in a business of counter-
cyclicality, it will prevent serious cyclicality 
within your business and you can manage your 
people more effectively. The other thing is the 
low-cost producer. In bad times, people still spend 
money, but they look more carefully how they 
spend it. If you live in New York City, and you 
take a vacation, and you have had a great year, 
you will take your family to Hawaii. If you have a 
bad year, you will take your family to Cape Cod. 
You will still take your vacation. The same thing 
applies with equipment. You look more carefully 
at the ASP in a downturn than you do when things 
are well. 

Another thing is financial packages. One should 
be creative in these kinds of environments. We 
began the first equipment company forming a 
leasing corporation, to form a true partnership 
with our customers. With our strong balance 
sheet, with lots of cash, we wanted to share that 
with our customers, and have them own our 
equipment, that we pay for. It is operating ex
pense, we maintain it for five years, and then we 
take it back. They have a true partnership with us, 
a long-term relationship, and we invest our money 
on their behalf. These kinds of programs, I think, 
will be more exciting, in the years to come. As we 
grow our industry, and our businesses, we have to 
be more creative on our product strategy, on our 
pricing, and our financial packages. 

JOHN LUKE: I am going to talk about the fa-
bless semiconductor model, and the role of the 
foundry in that model. 

The data we are showing here says that, out 
through 1998 there will be a $240 billion industry 
growth, or of sales in '98 growing at a com
pounded annual rate of 20%, and the foundry 
numbers will grow at around 25%. 

What fuels our business is the number of fabless 
semiconductor people coming into it, or fabless 
semiconductor organizations coming on, as well 
as vertically integrated people coming to foun
dries for additional incremental capacity. What 
are some of the issues that customers face in 
growing their businesses? Shortening product life 
cycles - we do a lot of business with graphics 
chip suppliers. They run through two or three de
signs a year, so you can see how short the life 
cycle is there, continuously changing product 
lines. We are going from 2D to 3D in graphics, 
people putting more and more on a chip in mixed 
signal. We are talking about supplying things like 
4 meg embedded SRAM, with DSP in it. The 
market drives more and more complex devices. 

One of the other issues for customers is how to 
focus resources on the lifeblood of the company, 
which is a continuous stream of new products. 
You like to put your energy in capital and money, 
into design and marketing, as opposed to distrac
tions of production, and of course building a fab 
is a billion dollar investment. Our typical fabs at 
TSMC are 35 to 40 thousand 8 inch wafers a 
month out, 0.35, 0.25, and you get into things like 
$1.2 billion, when it is fully facilitated. Then if 
one does have his own fab, you run into the situa
tion of insufficient capacity, or capacity problems, 
too much, not enough, or t'he wrong kind. 

How does a foundry solve those problems? If you 
get a foundry that can offer you the advanced 
technologies, and a path to migrate down the 
technology curve on feature size, you can ramp up 
pretty quickly for new designs, and hit the market 
windows as they open. We have cases where 
people have gone from a tape out, to a market 
position in three to six months, particularly the 
fabless community. That is quite an achievement 
and with all the design tools, most of the stuff 
works the first time through. One of our custom
ers told us that the importance of getting it done 
right the first time, whether it is the customer's 
design, or our fabrication, he said, "Every spin of 
the device costs a quarter of market share." That 
is pretty dramatic when you look at the return on 
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investment. 

Another thing a state-of-the-art foundry can do is 
provide technology that is not resident in a com
pany, particularly if one is a vertically-integrated 
company. They may be experts in DRAMs or 
logic and not have mixed signal capability. More 
and more device functions are incorporating ana
log functions on the chip itself. That implies a 
whole different kind of a technology in fab. 

It also allows a customer, by going to a foundry, 
to focuses energies on new designs. There is cer
tainly a preservation of capital, and we hear num
bers going to 1.5 and 2 billion, as you get down to 
0.18. Then, for a vertically-integrated company, it 
is easy to augment existing capacity by going on 
to a foundry. 

What drove a semi, or fabless, model? Back in the 
'70s, the typical model was a vertically-integrated 
company, with its own process, application, de
sign, etc. It designed and put out products that a 
systems company used. That IC user was at the 
mercy of the supplier - some companies had the 
attitude: If we do not make it, you do not need it. 
The devices were driven by the semiconductor 
manufacturer, not by the needs of the consumer. 
We were talking about 10 or 20 thousand transis
tors per chip. 

In the 1980s, we saw a phenomenon called foun
dries, either dedicated foundries or people selling 
excess capacity as a foundry. That helped spawn a 
fabless semiconductor community. Not only the 
foundries, but a decentralization I think, of the 
industry. We find ourselves now in a industry that 
is horizontal, as opposed to vertically-integrated 
semiconductor companies. Now the systems level 
user, or systems customer, IC user, had the option 
of going to a vertically-integrated company, that 
gave birth to certain devices, and they has this 
fabless semiconductor community which was de
fining devices, we think, more in line with what 
the customer needed. We were assembling up to 
30,000 to 50,000 transistors per chip. 

A company that had its own silicon production, 
its own design tools, its own applications group, 
circuit designers, made their own processing 
equipment, made their own test equipment, made 

their own steppers, had their indigenous packag
ing operations, was a self-contained company. 
There was an evolvement of an industry going 
horizontal. 

vertically-integrated company, at one time owned 
and operated functions internally. Almost every 
one of those functions spawned an industry, or a 
subgroup industry - silicon wafer suppliers, a la 
Wacker, stepper suppliers like Art's company, 
and not quite a complete decentralization, and 
would now let people come into this fabless semi
conductor type of phenomenon, much more read
ily. This type of phenomenon helped spawn the 
fabless semiconductor community, which is going 
to fuel some of the growth for people like our
selves. 

Another thing that has happened in the last six 
months or a year, is the advent of third party de
sign houses. People like Cadence and Mentor are 
getting into the business, not only supplying de
sign tools but offering design services. The semi
conductor user can now go to one of these third 
party designers, who we support with our latest 
SPICE models, design rules, process flows and 
PCMs. This chip user can now take a net list to 
one of these design houses, have that particular 
design house a database tape, for example, and 
that system house can go directly to a foundry, 
with his own custom-designed devices. We think 
that this is one of the phenomenons that are just 
starting. In the future, we see a distinct shift in 
our customer base, where right now probably 
90% of our customers are other semiconductor 
suppliers, and we will see an advent of system 
companies coming directly into a foundry because 
of this further decentralization of the industry. 

EVERT WOLSHEIMER: I would like to talk to 
you about taking the fabless concept one step 
further, and so discuss the manufacturingless 
company. 

The manufacturingless company does their own 
product design, marketing, and sales. All the other 
activities are done elsewhere. For example, mask 
making, wafer manufacturing, electrical test, wa
fer sort, assembly, final test, and even shipping to 
customers is done by subcontractors. Some of this 
has developed over the last couple of years, 
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Starting with the concept of fabless semiconductor 
companies, of which Xiiinx is an example. How
ever, this concept can be taken a lot further, if the 
right infrastructure is put in place. 

There is a lot of information flow between the 
company that does the design and the subcontrac
tor or subcontractors. What makes it even more 
complicated is that the company that builds the 
masks, the company that builds the wafers, and 
the company that does the assembly are often not 
the same company. While dealing with this whole 
flow, a company like Xiiinx often has to deal with 
five, or six, or even ten different subcontractors. 
What we would like to see, and what we would 
like to actually stimulate is the concept of a turn
key subcontracting company. 

To give you an example of the type of data that 
goes across the boundaries between the compa
nies, I have listed a few of them here. During 
product development, design rules are exchanged, 
SPICE models, package designs. During wafer 
manufacturing, expected yields, speed distribu
tions, wafer forecasts, etc. At wafer sort, it is the 
same thing, wafer sort program has to be installed 
at the subcontractors. Problems do occur, every 
now and then, with wafer lots, and there has to be 
somebody in place to make a decision on the wa
fer lot, and what happens to it. 

None of the infrastructure to take care of this in 
an integrated fashion is in place today. There are 
great foundry companies, like, for example, 
TSMC, UMC, and Chartered Semiconductor, but 
none of these companies offer the full flow that I 
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One of the other complications is that the elec
tronic data interchange system is not in place. If 
you are a small start-up company, you do a de
sign, you run a few wafers. Then it is okay to do 
all the data exchange by fax, by telephone, or 
even by e-mail. However, when you become 
larger, like, for example, Xiiinx, and we start 
more than 100,000 wafers per year, we would like 
to see everything go through one point, and have a 
real sophisticated EDI system in place, where we 
have direct and immediate access to the status of 
the wafers, the status of the wafer sort yields, etc, 
the status of die bank, etc. None of this infrastruc
ture is currently in place, or has not been inte
grated to the right level. 

My conclusion is that true turnkey subcontractors 
do not exist today. They will develop over the 
next couple of years, and companies like Xiiinx, 
and other fabless manufacturingless companies, 
will work with the subcontractors to set up all the 
right EDI systems. 

During this current over-capacity situation, it is an 
excellent opportunity for some subcontractors to 
differentiate themselves from other companies, by 
offering great cycle times, great yields, great 
service, and great pricing. They can start taking 
over managing of die banks for fabless compa
nies. They can enhance their engineering support 
level. What is also key, of course, is the reverse 
situation, which happened last year, when there 
was a great under-capacity situation. Some of the 
smaller fabless companies were in deep trouble 
during that time. It is key that the foundry suppli-
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ers realize that the way they treat the companies 
during the tough times will have an impact on 
how they are looked at in the over-capacity situa
tions. 

Q: It appears that Ultratech has pioneered leasing 
equipment as an alternative to purchasing. Do you 
see this becoming a trend in the equipment sec
tor? What is the next step after that? 

ART: Let's deal with leasing first. I began 
studying leasing about two years ago, to see what 
value it had to the end user. We talk about part
nerships with our customer, and there has been a 

"lot of animosity between customers and suppliers 
in the past. When Intel had gone out there, and for 
years was, sort of hitting the industry, the equip
ment people, about their making too much money. 
So there was a lot of uncomfortable feelings be
tween the parties. There has to be a better way to 
have a relationship, a partnership, a true partner
ship, where each company does not reach for their 
wallet and hold it, when people talk about part
nerships. 

So I thought this leasing program would be kind 
of interesting from the equipment side, the 
equipment for semiconductor manufacturing. If 
we look at Xerox Corporation, 98% of what 
Xerox sells, they lease. In your homes, each of 
you have a home, I hope, and you have a mort
gage, probably, on your home. The bank takes 
that mortgage, and so you own it with the bank. 
So it is sort of a lease, with a buy-out at the end, 
over a number of years, 20 years, 15 or 30. So my 
thought was: How do we really create a bond 
between semiconductor manufacturers, people 
with fabs, and people that make the equipment? 
My feeling was that today, we have a very strong 
balance sheet. Many companies have that balance 
sheet: KLA, Applied Materials. A number of oth
ers have, over the past three years, gone to the 
public market and raised a great deal of money. 

My company has just under 160 million in cash, 
and last year's sales were 158 million. This year, 
we hope to reach around 200 million. We see that 
there is a real value in having cash. Now, how do 
we use that constructively with our customers? If 
we lease the equipment to them, it becomes an 
operating expense, not a capital expense. Effec

tively, they do not pay that lump of money, in 
terms of cash flow, and they pay it only as a pe
riod of operation monthly. It is like paying your 
mortgage every month. 

If it is a five-year period and it is my machine, I 
am going to support that machine, as I own it, not 
as you own it. Therefore, I am going to make sure 
after five years, that piece of equipment that is 
coming back to me, has value to me, and I know 
the best residual value for that piece of equip
ment. Also, for me it eliminates third parties 
coming in and servicing my machine. I get that 
revenue, in service, that I would not get normally, 
as a partnership. 

During this five-year period, if technology 
changes and the semiconductor manufacturer de
cides to send it back, he has a right to do that, and 
there is a vehicle for him to do that, so the risk is 
reduced. I think it is truly a true partnership, over 
a length of time, more than the warranty period. I 
can put my service people into a location for five 
years, not one year, where I have to relocate them 
at huge expenses. It is a savings to me, it is a cash 
flow opportunity, and a tax opportunity for the 
semiconductor companies, and it is a true partner
ship. 

I truly believe this is just the beginning of this 
industry, those strong financial companies moving 
in that direction. We began that in the U.S. We 
are now moving to Japan, where cash is really 
important issue. We believe we can help, selec
tively, in certain products, globally, in this enter
prise of leasing. Now our business is making 
machines, but our true business is making our 
customer happy, and we believe this is the vehicle 
to get us there. 

Q: What is the availability of six inch wafers 
over the next number of years? Do you see the 
demand for that increasing or decreasing over the 
coming years? 

EBERHARD: We see the demand for 6 inch wa
fers going to increase at a rate, slightly below 
10%. A lot of that increase will come from the 
conversion of 5 or 4 inch lines to 6 inch. It will be 
to the largest extent, in our view, at the expense of 
4 and 5 inch. The total segment of 4, 5, and 6 inch 
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will only grow very slightly. It may even decrease 
if too much unutilized 200 mm capacity is un
used. At Wacker Siltronic we will, in parallel 
with our customers, migrate the smaller wafers to 
6 inch diameter, and we will also exploit further 
opportunities for debottlenecking, and increasing 
6 inch wafer available capacity. 

Q: Last year there was a tight supply of four and 
five inch wafers. Are we going to assume that 
four and five inch wafers are okay to get right 
now as well? 

EBERHARD: I think that the four and five inch 
wafer surge, was a temporary revival, because 
four inch has been on a slowdown slide for years. 
Five inch has been stagnating, but when there was 
so much semiconductor business, any available 
line has been used to get ICs out. This is why 
suddenly old four inch lines, that had been 
thought to be closed, suddenly had big capacity 
increases. So I think 1995 an abnormal situation. I 
do not think it will reoccur. 

Q: We have a couple of questions here about 300 
mm wafers. 

EBERHARD: It will be there earlier. There are 
still so many problems to overcome in the whole 
area of equipment and development that this 
would be absolutely premature to do within the 
next years, when all the funds are needed to ex
pand the 200 mm capacity to satisfy all the fabs 
that have been built, or are in construction. So, in 
our company, we are actively researching on this 
subject. We do have a special group that is deal
ing with it. We are able to sell dummy wafers, or 
equipment wafers, and we assume that we will 
have a pilot line of up to 20K by the year 2000. 

Q: There is two major efforts going on in 300 
mm, I 300 I, sponsored by SemiTech, about $26 
million of funding, and Silite a collection of Japa
nese companies with about 14 times that amount 
of funding, of which half of that budget, as I un
derstand it, is for wafers. Does this mean that the 
Japanese are taking the lead in 300 mm? What is 
going on there? 

ART: I do not think so. I think the Japanese are 
concerned about what has happened in the past 

several years in losing market share, both in semi
conductor devices, and in equipment business. In 
1983, the Intel Corporation moved to six inch wa
fers. That transition to six inch was very painful, 
and came very close to hurting Intel severely. 

Then IBM moved to eight inch wafers, and, to 
some extent, these players are not that actively 
involved in the 12 inch program, although we 
have four companies in the world that are talking 
about doing some preproduction in the area of 12 
inch. It will be driven by memory or microproces
sors, because that is the biggest bang for the buck. 
The six inch wafer was painful; the eight was less 
painful; this 12 inch program is going to be ex
tremely painful. Painful for everyone, and I agree, 
I do not think we will see much movement until at 
least the year 2000, and in production, in any rea
sonable quantity toward the middle of 2000. 

From the equipment side, I am on the board of 
SEMI. SEMI is a worldwide organization that 
deals with standards, trade shows, and education. 
We have a situation in Japan where we are look
ing at standards there. We need one world stan
dard, for 300 mm, and 400 mm later. It is very 
important that the world have only one standard. 
Otherwise, it is going to be chaos, for not just the 
wafer manufacturer, but more importantly, the 
equipment manufacturers. I think differentiating 
countries and equipment, on standards, is the 
wrong way to go. I believe that there will be some 
understanding. This is going to be very slow 
moving, and very expensive. For instance, as an 
equipment manufacturer we have these marathon 
tests. We have to run 10,000 wafers and these 
wafers run in excess of $1,000 each. Who is going 
to pay for that? How do you pay for that? So, 
these are major issues that have to be addressed 
by the industry, both the manufacturers of de
vices, and the manufacturers of systems. I think 
300 mm is going to go forward much slower than 
people believe. There will be preproduction fa
cilities in place by the year 2000, but I do not be
lieve anything of any significant capacity. 

JOHN: All of our capital expansion right now 
that is planned is in eight inch. We have three six 
inch fabs, then we have fab three, fab four, fab 
five, and a joint venture, all eight inch fabs, and 
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we are progressing with them. From our perspec
tive we are really not proactive, we are more re
active. When the world is there, we will have no 
choice but to go, but it will be expensive. I think 
the transition from five to six was not that dra
matic, some of the handling equipment and 
throughput. I think it got worse at six to eight, but 
I think going from eight to 12 runs into single wa
fer processing. That is a whole new phenomenon. 

ART: Back in the mid '70s, we saw the very 
strong drive from batch processing to single wafer 
processing, dry plasma etching. We have seen that 
evolution occurring as we continue through the 
scaling up of wafers. I truly believe that the 12 
inch wafer will begin to really decrease the use of 
batch processing. It will still be used, but tech
nologies like ion implantation will have to go to 
single wafer processing. Thermal issues will have 
to be addressed, and lower temperatures will have 
to be formed because of warpage. As you go to 
0.25 micron, and 0.18 micron, the warpage, and 
depth of focus, becomes a major issue. Thermal 
issues, as well as single wafer processing, will be 
highlighted, especially as we move to 12 and 
larger wafers in the future. 

Q: We are currently experiencing an over
capacity in all facets of the business and finally it 
is hitting the foundry industry. Prices have come 
down recently. How long do you expect this trend 
in downward foundry prices to last? 

JOHN: We had a ride from September of '92 
through September of '96. We were literally at 
over-demand. We started seeing softness coming 
in October, in our perspective going back to July. 
We had some excess capacity coming on because 
of our new fabs coming on faster than anticipated, 
because the equipment became available. So our 
ramp rates became quicker, or faster-paced. Then 
some of the customers slowed down. There was 
inventory problems, in almost every facet of the 
industry. 

We think that the bleeding may stop in the fourth 
quarter. We saw a lot of intense price pressures in 
July and August for fourth quarter delivery. We 
think most of the needs have been bought out by 
now, and we see a little flattening. The pricing 
was particularly aggressive at maybe today and 

yesterday's technologies, which is 0.6 and 0.5, 
and certainly 0.8. As we are seeing a transition of 
our customers going down to 0.35 (we will be in 
production first quarter next year), we think the 
ball game changes. I do not think all 0.35 are go
ing to be created equal, based on processing. We 
do not know how many players are going to have 
the sustaining power, now as you get into 0.35, 
and going on to 0.25 a stepper costs what, $6 mil
lion bucks? And a 0.35 stepper is $4 million 
bucks. Well, you have a $40,000/month Fab, and 
you have 30, 35 steppers in there. It gets into 
some money. Was it Senator Dirkson years ago, 
that said, "you know, a billion here, a billion 
there, pretty soon you talk about real money," and 
I think we are going to see that. Our anticipation 
is that hopefully we have seen a bottoming out of 
the pressures. 

The pressures came from newcomers or players 
that were not in the market here historically. Par
ticularly some that had 4 meg DRAM fabs that 
were sitting idle, and that was basically 0.5 type 
technology. As the migration happens down to 
0.35 and 0.25, some of the pressures will go 
away. In our case, we will ship about 2 million 
wafers next year, on a 6 inch equivalent basis. 
Something over 60%, and almost two thirds of 
that will be 0.5 or less. That is how fast we think 
the industry's migrated down the feature size 
curve. 

Q: Evert, being the buyer of these wafers, and the 
customers do you agree with this view? With all 
this new capacity from new players, from Korea, 
and other places coming on? 

EVERT: I agree mostly with what John said. 
There is one extra factor there that a lot of people 
do not realize, and that is something that we have 
seen at Xilinx also. When you switch from 6 inch 
wafers to 8 inch wafers, with designs that are 
similar, you get an extra yield boost by the im
proved quality of the equipment. Typically people 
count on a factor of two, between 6 inch wafers 
and 8 inch wafers. They assume that the capacity 
has doubled if you go from a 6 to an 8 inch wafer. 
Because of the better yields that you see a lot of 
times on these brand new 8 inch fabs, it could 
easily be a factor of three. The over-capacity 
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situation that we are seeing could actually be a 
little bit worse than anticipated by some people. 
From a company point of view, from a customer 
point of view, I hope this current situation will 
continue for a while. 

JOHN: I would like to add one more thing as we 
see this migration of 0.35,1 think down to 0.25,1 
am going to call it a CMOS recipe. When you get 
down to 0.35, designers get into more potential 
problems, and we, as suppliers, are going to have 
to give them more help and expertise in the proc
ess. By that I mean, if you get down to 0.35 and 
0.25, the transistor parameters no longer become 
the driving force in the performance of the circuit. 
You get into the interconnectivity problems. You 
have four and five layers of metal and all these 
neat little capacitors. Right now, most of the 
foundry suppliers have not comprehended that, in 
their spice models and their design rules, and I 
think the ones that have the ability to do that are 
going to win out. 

ART: If I can add to that 0.35, and 0.25. In li
thography, we are seeing a severe elevation in the 
cost of this equipment - $4 million, $4.5, and 
going to $6 million for deep UV. As we move to 
193 nanometers some estimates are $8 to $10 
million per system. So when you have a fab of 35 
and 40 steppers, this cost is really exceptionally 
high. You do not need those steppers for every 
level, so this technology was involved in the past 
of mix and match. It is my feeling that as this in
dustry increases the cost ASP, of the lithography 
tools, the industry is forced to go to mix and 
match, to use non-critical steppers for non-critical 
layers. When we talk about 0.25 microns, not 
every layer is 0.25. About half the layers are, so 
for those layers, 0.25 to 0.5, use those tools that 
cost $6 and $8 and $10 million. But for those lay
ers that are not, I think the industry will be forced 
to go into less costly tools for those non-critical 
steps. 

Q: One question on the new players from the 
customer's perspective. You see all these new 
players coming on, they have capacity, and they 
want to off load it to the foundry customers 
whenever possible. We saw this in the last two 
downturns. Is the situation different today? Is the 

customer less likely to want to go to a new 
player? Is it going to be harder for these people? 

EVERT: In the last six months the situation has 
been very severe. There has not been a week 
where I did not get a call from somebody offering 
either 6 inch or 8 inch capacity with very ad
vanced technology at very good pricing. But it is 
very difficult to just pick up a design, pick up a 
product line, and take it to another fab because of 
$100 discount in wafer prices. You just do not do 
that. The cost of retooling, the cost of requalifica-
tion, the whole relationship that has been built up, 
is not worth $100 a wafer. Which does not mean 
that I will stop complaining about wafer prices. In 
general it is very difficult to just pick up your 
business and go somewhere else for a discount on 
a wafer. It is just not the way it works. 

Q: Coming back to the issue about migration of 
0.35 and 0.25 micron. When is EPI going to be
come a more major part in the capacity situation, 
and the process capability of that? 

EBERHARD: This is extremely difficult to pre
dict right now. Some of the DRAM manufacturers 
have their 64 megabit design on an EPI substrate, 
on an EPI wafer, but they are not sure yet, how 
that will make their 256 megabit DRAM. The 
likelihood is that even some of those that are do
ing it on EPI now have already indicated strong 
intentions to go back to polished. We look at the 
DRAM as one of the major drivers. It is a 50/50 
likelihood that there will be more EPI. It is defi
nite that the big Koreans, with the 64 meg and 
256 meg end will stay on polished. 

Q: Is the same sort of driver toward EPI becom
ing evident in the logic side of the house? Do you 
see more demand for EPI in your customers, when 
you go to 0.35? 

JOHN: I do not think we know yet, because we 
are customer-driven. The customer comes to us 
and says, "here is my design, here is my data base 
tape." If he wants EPI, he or she calls out EPI. We 
have seen in the last 18 months, the percentage of 
the wafers we supply using EPI going down. That 
is coupled with the migration from 0.8 to 0.6 to 
0.5, and now to 0.35. Quite frankly, I think a lot 
of customers have learned how to design, and not 
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worry about some of the things they worried 
about where they needed EPI before. 

Q: Does this change go into 12 inch wafers? Are 
we going to need EPI as we go to 12 inch? 

EBERHARD: I think it is likely that 12 inch will 
generally be more EPI. It also has to do with EPI 
costs, I think the cost of EPI deposition in princi
ple, is falling with the size of the wafer. With the 
big 300 mm wafer, the premium for the EPI will 
be smaller as compared to 200 or 150 mm, and 
therefore, it could be that just for security reasons, 
the industry may go all EPI on 300 mm, but that is 
still an open issue. 

Q: Evert, you mentioned in your presentation that 
the fabless foundry model needed to be reinte
grated. John presented a story that it is disintegrat
ing, and you want to reintegrate it. There is a bit 
of debate but, right now, who takes ownership of 
the test and packaging? Is that being transferred? 
You mentioned that the data is required. Do you 
think that has to be all in one company to make it 
work? 

EVERT: For a company like Xilinx, that would 
be the best solution from our point of view. We 
really want to focus all our resources on what we 
do best, which is designing new products, writing 
the software that goes with it, marketing it, and 
selling it. From our point of view, yes, we would 
like to see fully integrated manufacturing, but that 
is not today's situation. For Xilinx, we have sepa
rate flows, we run wafers at a couple of compa
nies, and we run assembly and tests at different 
companies. There are a lot of operations in be
tween, that Xilinx owns, shipping the wafers to an 
assembly plant, taking the parts from the assem
bly plant to the test facility, etc. We prefer not to 
spend our resources on it, but, let that be done by 
people who handle that best. 

Q: In order to keep the costs down, we need an 
integrated back end, and front end approach. Now 
go to the foundry manufacturer. What do you 
think about that? Is that necessary? 

JOHN: I think it is an ideal model to a semicon
ductor user. We have been successful in providing 
turn-key services by using contract manufactur

ing. That is, a customer can come to us for 1,000 
wafers a month, or 100 wafers a month, and he 
wants a turnkey approach, so he gives us test 
vectors, and/or a program. We can do the wafer 
fab, we can do the probe. If he wants us to do the 
assembly we will contract that out to a contract 
assembler, either of the customer's choosing, or 
of our choosing that is been approved within our 
process. Assemble and symbolize it to the cus
tomer's specs, final test it, ship to the customer, 
or drop ship to his customers. We have found that 
model works pretty well. It has worked well for 
us, because we have been able to take our capital 
resources, and dump it into processes and fabs, as 
opposed to back ends. I think there is an argument 
both ways. 

EVERT: The only problem with that model is, 
who owns the data? How can a company like 
Xilinx keep the visibility of where the product is? 
How do we know what product is in diebank, and 
how long does it take to flow through the assem
bly process? 

Q: If you had the information systems that we 
have today, if all the companies were utilizing 
that, wouldn't that make it more effective? I think 
we have the tool today, that maybe everyone is 
not using those tools. 

EVERT: I agree with you. I think all the tools are 
available. They are just not integrated, not tied 
together. At least one or two suppliers that we 
work with have set up a web page, on the Internet, 
where, of course with a password we can get di
rect access to wafer status. 

Q: So, essentially, it could satisfy both needs? 

EVERT: Yes. I think the tools are there but it 
would take somebody, or an organization to put it 
together. 

Q: So who owns that process? Do you want to 
own that process, or do you think the foundry 
should? 

EVERT: I think, since the greatest benefit will 
probably be to companies like Xilinx, probably 
companies like Xilinx will have to drive it. 
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Q: In the foundry industry, SMIF is very widely 
used. The standard machine interface - the SMIF 
boxes - for isolation of the hemisphere. Is SMIF 
good? Is SMIF used, and why is it used in a foun
dry? What is its benefit, and where is SMIF not 
very effective? 

JOHN: TSMC was the basic pioneer. I think we 
were the first full-fledged fab to go 100% SMIF 
back in '91, '92 when we did our fab 2A, 2B. 
Now these are both 6 inch fabs, about 45,000 a 
month out each. What we found out going to 
SMIF was, first of all, we saved about 30% of 
cost in construction for air handling. We got a 
fringe benefit where the operators do not have to 
wear bunny suits, so it is a user or an operator-
friendly environment. We get a built-in quality 
control system because there is an electronic 
traveller with each cassette. If the cassette comes 
to the Station #12 and it has not done 11, it says, 
"You cannot come here. You have to go back and 
do 11." 

We do not think we could have come down the 
defect density curve as quickly as we have on 
each of our processes, as we have come down the 
feature size curve, because the wafers are always 
in a zero-D environment. We do not think we 
could achieve those kind of defect densities that 
quickly in a ballroom. It offers us the flexibility of 
running a multitude of processes, and a multitude 
of feature sizes, literally down the same line. We 
could be running SRAMs down this module, and 
we could be running mixed signal down this 
module, and we can be putting in Module 3, while 
Module 1 and 2 are operating, so it gives us the 
flexibility of running. We probably run four to 
five hundred different mask sets a month in pro
duction. So, from our standpoint, we were 110% 
sold on the mini-environment. 

ART: I think that flexible manufacturing proba
bly is the principle issue but it is my belief that it 
has not been adopted. This began in 1980 with 
Hewlett Packard. This technology has not been 
adopted in the Japanese market, and generally 
some of the Korean markets. I believe that there 
will be a different driver for SMIF. My belief is 
that in the year 2000 SMIF will be used because 
of technology. That is, you cannot process wafers 

in an air environment, that the oxidation from air 
will create a barrier to technology. So you will be 
processing them in nitrogen. It is very hard to fill 
a ballroom full of nitrogen, with people just 
walking around in bunny suits. I believe that the 
driver will be the environment, not so much par
ticulates. We see yields at 90% in ballrooms, that 
are running 20,000 wafer starts for DRAMs, or 
microprocessors. I think that if you want flexibil
ity, SMIF is a great program. But I believe the 
major driver going forward in the year 2000 be
yond, will be the environment, and oxidation of 
the substrate. 

Q: 2000 and beyond puts us into the 300 mm 
realm, with the larger wafers. Does that mean that 
we have to completely rethink how we design a 
fab for 300 mm? 

ART: I think so. The Japanese have some inter
esting programs. I think we have the same ap
proach we used back in the '60s and '70s. A new 
design is going to come forward. Maybe integrat
ing some of the back end with this area, where we 
see lithography now being used in the polyimide 
processing in back end. Maybe there will be some 
commonalities. The SMIF approach will maybe 
drive part of that. There has to be some revolu
tionary concepts in the architecture of how a fa
cility is manufactured. Probably 12 inch wafers is 
an interesting place to start, but again, we are 
adding risk. I think the preproduction of 12 inch 
will be as it is today, so people will use ballrooms 
for 12 inch when they start. It may occur beyond 
2004, and 5, when they understand processing 12 
inch, understand the contamination issues, and 
then maybe they will move to a 15 or 20 thousand 
wafer start fab in 12 inch, with a different archi
tecture. 

Q: Both Eberhard and Art have mentioned that 
the cycles do not appear to be going away. Are 
they going to get worse? Are they going to get 
better? What is the general feeling? 

ART: They are all painful. I think that is all rela
tive. In 1974 we had two drivers: calculators and 
watches. We had more drivers in '84/'85. We 
have more drivers today, but we are growing our 
businesses, so they appear to all be difficult. I 
know we will survive this downturn very well. 
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Now I am much more comfortable, still aggres
sive, but more comfortable due to our balance 
sheet. That is going to help us go forward, and 
take some risk. I think that the next cycle, in 
2000, 2001 will be just like this one here, based 
on the acceleration of capacity, and the demand 
issue as we go forward. 

EBERHARD: The cycles will not go away, due 
to the difference in the income and spending pat
tern between the wafer manufacturer and the 
semiconductor manufacturer. The semiconductor 
manufacturer, if he runs at full load, it takes him 
less than a year to create the revenue for his in
vestment. The wafer manufacturer needs almost a 
year, first to ramp up a factory to nameplate ca
pacity. It takes him more than one year just to 
generate the revenue, not the income, to equal his 
investment. 

Q: Do you think that the wafer manufacturer has 
a higher capital intensity, or a lower capital in
tensity than the semiconductor manufacturer? In 
other words, depreciation percent of revenue, is it 
higher or lower than the semiconductor manufac
turer? 

EBERHARD: I think the depreciation of course 
is higher for the semiconductor manufacturer, but 
not as a percentage of sales. That is the problem. 
If he loads his capacity fully, then with his higher 
margin, the depreciation as a percentage of sales, 
is lower, of course. 

Q: Going back to the tests and assembly, who 
currently owns the test coverage? In other words, 
who is responsible for the testing part of the de
vice right now generally, the fabless company or 
the foundry, and is that going to change? 

EVERT: I think now, and in the future, that the 
company that owns the product will own the test 
coverage, because that is the only way you can 
guarantee the functionality of the part. I do not 
think that responsibility can ever be transferred. 
What could be transferred, and what should be 
transferred, I think, is the execution of the test. I 
think that the company that develops the product 
knows how it should be tested. After that the test 
tape, and a tester could be transferred to a subcon
tractor. 

JOHN: I agree with that, because we get a GDS2 
tape from a customer, we have no idea what that 
thing is, or how it plays. So for us to do einy 
probe, wend, or final test, we need to have, from 
the designer, either test vectors, and/or test tape. 

Q: There is a movement of putting probers in 
front end manufacturing, and there is a need for 
multichip modules, and for known good die sorts 
of strategies that will go to full test probers in the 
front end of the line before dicing. Is that some
thing that you see a trend in, and do you agree 
with that trend? 

JOHN: Let me ask you my way, are you saying 
that the trend is to supply wafers probed, in a wa
fer form? 

Q: Fully test probed, yes. 

JOHN: Including AC? 

Q: For known good die. 

EVERT: That is the problem, the AC testing. 

JOHN: That is right. 

EVERT: What we have implemented in all the 
fabs that we work with is what we call a wafer 
sort test, where we do a fully functional test, ex
cept the AC test. Immediately after the wafers 
come out of the fab, the fab has available feed
back on yield issues. I think that is essential, there 
should not be a four week period in between the 
moment that the wafer leaves the fab, and the 
moment that the wafer gets tested. That should be 
done immediately, so I agree that part should be 
integrated. That is a relatively simple step. 

JOHN: We are doing that basically right now, it 
is a continuous flow. Wafers come out the last 
wafer fab station, somebody transports the cas
sette over our test line, which is adjacent to the 
fab, so that is a continuous process. I thought you 
were driving at doing in-line probes. We have 
some limitations of physics there, because you 
cannot probe unless you get some metal some
where. 
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MPEG-1. 8-5,-6.-12; 10-4; 13-5 
MPEG-2. 8-5,-6.-7.-8,-12.-14: 13-5; 19-6,-7,-15 
MPU. 13-1,-2,-3; 14-1; 21-11 
Multimedia, 1-1; 5-4, -6; 8-3, -8,-13; 9-2, -6; iO-4. -5: 

11-1,-2,-3,-4; 13-1,-5; 17-3: 18-4; 19-1,-3.-4,-5,-6, 
-7, -8, -9. -10, -11, -13, -14,-15, -16; 20-1.-2 

Â  

NeoMagic Corporation, 10-1; 19-1 
networking, 1-1; 4-3, -4, -5; 5-6; 7-1, -7, -10, -11, -13, 

-16; 8-13, -18; 9-1,-2, -6; 14-1; 17-3 
New Zealand. 3-5 
Northern Telecom, 7-1 

o 
on-line services, 7-4, -5; 15-1, -6 

LAN switches, 9-1,-2,-5,-6 
Latin America; 3-1, -4, -5 
LSI Logic Corporation, 4-1 PBS RAM, 11-5,-6 

picoJava, 14-3, -4, -5 
see also Java, 14-1, -2, -3, -4, -5; 15-2, 

PMC Sierra, 7-1 
POTS, 7-1,-5,-6,-9 
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RAMDAC, 10-4; 20-6 
RDRAM. 20-4.-5,-8,-12 

u 
ultra high speed DRAM, 11-1 
Ultratech Stepper Inc., 22-1 
UMA, 19-15; 20-1,-2,-7,-8 
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S3 Incorporated, 20-1 
Samsung, 20-1 
SDRAM, 20-2, -3, -4, -5, -6, -8, -9, -11, -12. -13 
SDSL. 7-9 
SDV, 7-1 
set top boxes, 4-6; 5-7, -8; 8-1. -3. -4. -7. -8, -14, -15, -16; 

14-1,-5 
SGRAM, 20-3, -4, -5. -6. -7, -8, -9 
SGS-Thomson Microelectronics, 8-1 
Silicon Graphics, 20-1 
SMA, 20-2, -3, -7, -9, -10 
SMARTMOS, 21-8 
SONET,7-l,-7,-12,-13;12-3 
Sony Microelectronics, 8-1 
SRAM, 5-16.-17; 11-1,-2.-3,-4,-5,-6; 20-12; 21-13; 

22-4,-6.-14 
Sun Microelectronics, 14-1 
switch digital video, 7-1, -4, -9; 8-3 
switching, 7-1.-12; 9-2.-3.-5.-6; 10-2; 11-3; 19-11; 

20-3 

VDSL, 7-9,-10 
video streams, 19-2, -13 
VRAM, 20-3, -6 

w 
Wacker Siltronic Corporation, 22-1 
wafer fabs. 17-2, -7; 21-5, -13; 22-4,-13. -15 
Windows, 5-10; 14-4; 15-8; 18-3; 19-1,-5,-6; 20-5,-6, 

-7,-12; 22-6 

XDSL, 7-1,-2, -3. -4. -5. -15; 8-8 
Xilinx. 22-1 

T. Rowe Price Associates, 16-1 
TCSI Corporation, 12-1 
Telesis Technology Laboratory, 7-1 
Teradyne Inc., 21-1 
TSMC-USA, 22-1 

year 2000, 1-1; 2-2, -3; 4-4, -6, -7; 5-4, -6, -7,-12, -13, 
-16, -17; 7-2, -11, -13, -15; 8-2, -3, -13,-16; 9-1, -2; 
13-1, -7, -8; 17-2, -3. -5. -6; 18-5. -6; 19-1, -2,-10; 
20-5;21-5,-9; 22-10,-11,-14 
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