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IHE FKECE OF THE FUIIIRE 

Doing business in the semiconductor industry is expensive, and 
getting more so every day. Whether we are ccmpanies, industries, part of 
the infrastructure, or'—like Silicon Valley—a geography closely alligned 
with semiconductors the cost of healthy survival is r^idly escalating. I 
would like to eiqplore seme aspects of this cost with an eye to shaping our 
thinking and our actions for the future—in order to ensure the future: 
the price we must pay. 

To look at the future, please excuse me if I refer to history. But 
historical developnents that have been changing costs in the industry are, 
with sane exc^Tticois, eilso a resonable guide to the furture. Vifhile costs 
have been rising for a long time it is the magnitude of current and future 
costs that make a criticeil difference. Ihey eire to the point vdiere the 
structure and nature of the industry will change. I go back a long way, 
so history ccames easy to me. I joined the semiconductor industry in 1961 
as a technician—I was working my way throu^ Stanford—and soon found 
niyself enmeshed in device processing and design. I was paid two dollars 
an hour. Seme things change. But I didn't kncKi/ anything then; some 
things never change. For the current discussion, however, I will stay 
within modem history, the last twenty years, and the foreseeable future, 
the next five years. 

Since, as an industry, we lite to pat ourselves on the back, we often 
hear many iirpressive numbers regarding the acocnplishments of the 
industry: hew density has increased; hew tolerenoes have shrunk; how cost 
per transistor or gate or bit has plummeted. And we hear hew those 
meritorious figures will inprove in the future. Ric^tly so, the industry 
should be proud. But those astounding improvements have not, and will 
not, coane free. Let's look at design costs, marketing costs, and wafer 
fab and processing costs. 

Chip density has increased 2000 fold in the last twenty years. 
Design cost, per bit, transistor, or gate is new about one fortieth the 
cost of the early 1970's. Truly immense progress. But that means that 
the design cost per device has gone up, way xip, CX^viously, there is a lot 
of variation d^iending on viiat figures are used, but that should not 
detract frem the fact that this is a major trend. A good rule thumb is 
that design and/or develcpnent costs go xip with the square root of 
density. While CAD is tremendously beneficial it only partially offsets 
the tremendous increase in conplexity of today's devices, and that trend 
will continue. 

According to Intel, developxient cost for the 486 microprocessor is 
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$250 million (a quarter of a billion dollars!) verses $100 million for the 
386 micrcprocessor and $25 million for the 8086 microprocessor more than 
ten years ago. Big bucks! Of course, other designs (especially design 
only) are less, a lot less, but for apple to apple, orange to orange 
corrparisons the range of change is similar: by iry estimate an increase of 
45 times over the last two decades. (As a personal note, I did nineteen 
designs. The first ei^teen worked the first time throu^ fab, and the 
last convinced me that market research was a better idea. Total 
developnnent cost, including specieil processing for several designs, 
averaged about $25 thousand each.) 

Marketing costs have similarly skyrocdceted, but for different 
reasons. In the old days marketing barely existed. More recently, costs 
have increased because of the increase in market size and the movement to 
worldwide markets. Ihe former accounts for about an ei^t times increase 
and the latter about a three times increase, or about 25 times altogether. 
Currently, attention and competition at the applications level is rapidly 
pushing these costs vp. 

But the sweepsta]oas winners in costs are wafer fabrication 
facilities. What price dimension reduction? In the past—ity past—^the 
cost of a wafer fabricaticai facility was in the six figures, i.e. hundreds 
of thousands of dollars, not hundreds of millions. If anything, the 
increasing costs of fabs has accelerated recently. What's going on? 

Dimension reduction is getting tourer and the advantages of scaling 
less and less because the physiced limits of devices are being approached; 
that is, the minimum possible size for transistors, resistors, and 
interconnects. This does not step progress. But unfortunately, the 
"cleverness" to continue to increase density is exacting a toll on 
design, processing, and equipment. Over the next two generations of WM/is 
the number of mask levels will reach (in seme cases) 27, an increase on 
the average of about 70 percent. This is necessary in order to provide 
more interconnect levels, wells, Bi-CM36, etc.. The nunber of process 
st^)s will double. Routinely, equipment costs for a single station are 
exnppfiing $1 million and increasing r^idly. 

The demands for control and dimensicxial tolerance are intense. It is 
instructive to look at a microcosm of this world—^an individual part—^to 
see at that level the efforts being made to meet the demands of the 
industry, 
the quality demands vp and dcwn the vertical in£rastucture, and the 
cocperation required both horizontally and vertically in the 
infrastructure. Five years ago the part cost $50, today it costs $200, 
and five years from now its cost may exxed $1000. (In certain instances 
that is the case today in Jĉ >an.) 

The bad news is dear. More steps; more costs per st^; and the 
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more st^js the more need for tolerance control in the processing. All of 
this multiplies costs. 

To a certain extent, this is a nesa phencroenon. While facility costs 
have been going \:p steadily for a long time the costs were offset in the 
seventies by increased throu^:^]ut and holding the number of mask steps 
dcwn. More recently, 24 hour operation and hi^ier yields (a basic 
tripling) have kî xt cost per good die reasonable. No longer. In the past 
two decades fab cost have increased 100 fold, lliey will continue to 
increase more than 60 percent for each new product generation. 
Projections are that five years frcm new state-of-the-art wafer fabs will 
cost $500 million to $1 billion. Ihis is not penny ante, the stakes 
required to ccaipete are very h i ^ . 

Wafer processing costs tend to track capital costs. Future wafers 
will be hit both with h i ^ coital cost and h i ^ processing cost, and in 
seme cases major design and develcpnent cost. 

Let me switch, for a monient, from manufacturing to Silicon Valley. 
Many of you r^resent non-manufacturing elements—ccnpanies or divisions 
viiere the output relies CTI the creativity or intellectual effort of 
pecple. New, for the record, in the last twenty years the GNP deflator 
has risen 2.5 times and engineering salaries have risen five times. 
Engineers are paid significantly better now than in the past. But the 
price of housing in the Valley is vp 15 times; hi^ways are clogged; 
education is deteriorating; open space is dis^pearing; and the 
environment is not getting better. Quality of life is an issue. Uiese 
problems and these imbalances must be redressed for Silicon Valley to 
remain a viable location that attracts talent. The piper must be paid; 
costs will skyrociket. 

To summarize these costs, let me put than in the perspective of 
annual growth rates as best as I can calculate, and please take all the 
caveats of iitprecision into account: 

VSarkBtivg 14% per annum 

Design and dsvelc^nent 17% 

Wafer fab facility 22% 

Processing 20% 

Professional salaries 9% 

Not a pretty picture, 
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Given these facts I'd like to draw soroe concliisions: 

1. For a large part of the mainstream of semicCTiductor products the 
minimum ante to ocmpete is, or will be, very hi^, and it is growing 
faster than the semiconductor market itself. At the SIA Dinner Ancty Grove 
said that scale is iitportant. He is ri^t. Ihe entry fee (or 
continuation fee) is h i ^ enou^ to endanger a significant segment of the 
U.S. semiconductor industry and, for that matter, industry worldwide. A 
corollary: there will be significant attrition. 

2. In seme product areas success will have as much to do with 
finance as with technology (assuming technology crosses borders). Ihere 
appears to be lots of folks willing to pay the bill. 

3. The cost, and the complexity, of building a state-of-the-art fab 
is moving management of fab construction from the company to outside 
professionals. The fabs are contracted. To a certain extent, aided by 
suppliers, this has a levelling effect on technology and technological 
advantage. (The lead times that some cxxipanies enjoyed in the past no 
longer exist.) Both fab financing and fab productivi"^ become critically 
important. A slew rairp in production will be disasterous both in terms of 
carrying cost and market prices. If this was true in the past, it will be 
truer in the future. 

4. Becavise the number of chips per wafer is expected to decline, and 
wafer capital and processing costs increase, it is clear that chip costs 
will rise siibstancicilly. I believe that a ccsisequence of these costs will 
be a marked slowdcMi in the the rate of price/performance improvement, 
i.e. prices will not fed.1 as fast as in the past, technology change will 
be slower, the market (in bits or gates, not dollars) will grow slcwer, 
arid products and fabs will hacve a longer lifetime. These are all 
interconnected. The an2G.ysis is complex, and surky, but I r^)eat: 
price/performance imrpovements will slew. Heresy? Yes! For twenty years 
I have been a proponent of the industry's experience curve. No longer. 
That slope is breaking; it will be plainly evident in two to three years. 

5. Tliere will be more pressure on mid-sized semiconductor ccaxpanies, 
undersized in the big markets and oversized for a protected niche. This 
began in the 1985 dcwntum, but it will get much worse. In major product 
areas there will be fewer boutiques, if any. A corollary: there will 
exist a large quantum s t ^ for smcdl players to become major players. 

6. To some extent, companies will choose between oonpeting with 
dollars or with creativity. Furthermore, but not the same thing, 
conopanies will chooze to forgo fabs (as seme have done already), or 
marketing, or design. (Personally, I see a plethora a fabs vinder 
construction or in planning. Without a killer ̂ plication to drive the 
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market si;5)ply is not likely to be endangered for the fabless. Eacaioand.c 
generated grcwth can be st^plied adequately.) 

7. Lastly, ccxtpanies must look to new eiltematives for reducing 
costs. These lie outside their corporate walls, but enoonpass cocperation 
with suppliers, customers, and other industry participants: shared 
resources; joint alliance to provide scale; and division of capabilities 
among ccstpanies according to v*iat they do best. The full service ccrapany 
will disappear. 

So, vdiat does this mean in terms of the individual manager? Two 
things. 
Firstly, I believe that a large majority of semiconductor (and related) 
coitpanies will either not survive or not prosper throu^ the next five 
years. Those that do, either large or small, will have pursued a role 
that makes long term strategic sense. The time has ccane to think deeply 
about that role and act vpon it. 

Secondly, it is clear that no ccnpany is an island. The costs of our 
technologies and their ccnplexity make that a reality. Survival and 
prosperity need the help of the government, state and local government, 
industry consortia or cocperatic»i, alliance, joint efforts, et cetera. 
There is a long list of items that that can, should, and must be done to 
affect the level of the ccnpetitive playing field or to help reduce costs. 
I do not mean subsidies or moncpolistic conspiracies, but the healthy 
ground in between. This includes industry concensus and government action 
on trade, finance, K&D, intellectual property, shared research in 
industry, and so forth... This is a fundamental, major long term change 
in industrial organization and operation. It will effect not only the 
semiconductor industry and other electronics, but eventually all industry. 

The point is, there is a need for external action and cooperation 
that is multiplying treanendously, an the politiced front, with industry, 
with other groips with alligned interests, and with si^liers and vendors. 
The SIA and SEKi have acccnplished tremendous things, but those 
acccarplishments are a small drop in the bucket oonpared to vAiat is needed. 
And, of course, a concensus en that is a place to start. U.S. industry 
and government need to get their act together. 0orporatic8is need to adapt 
to the future, changing how they operate. The stakes are huge. 

The costs of fabs etc. can be enumerated. But vftiat must be done to 
ensure healthy conpanies and industry requires a quantum increase in the 
efforts outside the walls of our r^iective corporations. You, me, all of 
us. That is the reed price of the future. 
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THE EVOLVING PERSONAL COMPUTER 

ROGER JOHNSON 
Chairman, President & Chief Executive Officer 

Western Digital Corporation 

I am always intrigued about how people introduce you? I guess Dr. Mizuno, Irv 
and I are senior people. At least for me, that must mean that I am old. I know I'm 
old because my wife, just yesterday, read me something in the paper, and she 
said Took at this. It says that old people should not eat health foods anymore 
because we need all the perservatives we can get." 

Someone was asking me how business was. I had just gotten off a plane and 
saw a mug that depicts how I feel sometimes these days. The mug said: "Since 
I've run out of sick days, I'm going to call in dead." 

I don't know enough to talk 45 minutes. In fact, I'm not going to talk. You have 
had a long two days of conference. You have heard from wonderful people. You 
know more about what I am going to talk about than I do. So, I am just going to 
make observations. Then, if we have some time for discussion, maybe we can do 
that. 

The personal computer, in its evolution, is something that I think we all feel as very 
real in our everyday lives. The practice of putting more and more into less and 
less long ago stopped being any type of revolution. It merely is how things are. It 
is the consistent migration that is driven by the semiconductor industry. The 
evolution is smaller - which means less weight, more function, less power, lower 
cost - is the driving force. But, also because of the pervasiveness of computing, 
which also has, at its core, smaller, more function,less weight, lower cost. 

Without acting as an historian or someone who has a crystal glass, I'd like to talk 
a couple of minutes about some of the technologies behind that, or at least our 
view of that. I will then talk a couple of minutes on market opportunities. I will 
conclude with some comments, perhaps controversial, about the atmosphere in 
which we have to live and grow our business. This is an atmosphere which I think 
may be more threatening to us than any of the things we normally talk about. 

It is hard to believe that the personal computer is less than ten years old. It is 
hard for me to believe that because I came into this industry in the early 1960s 
with a company called Friedan that built rotating calculators with a specialized 
sales force that sold on applications. 

So, I can see, just in my short lifetime, quite a parallelism. I think we are seeing a 
very parallel story between the evolution of the calculator from the 1960s and the 
1970s and what we now call the personal computer. 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Bidder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



As products change over time, so must the approach to product development. 
Desktop computers principally have a predetermined set of parameters for size 
and functionality. They have become quite standard over time. I think the 
evolution of the personal computer (which is really a synonym for small things that 
compute) is and will be, to a greater degree, driven much more by people's 
needs. This means you need to have a much more flexible view when you are 
doing the product planning for it. 

People's needs change. We don't like to be standard. The only people who like 
standards are manufacturers. People don't like standards, or else we would all 
be driving black, square cars. 

I think those of us involved in helping to define what the products are and how we 
contribute to them really have to understand that people want things that do 
different things that they need, not things that we particularly want to produce in 
some standard way. 

More importantly, the computer that is evolving will be a companion to the way 
people think. It is going to go with its user everywhere, everyday. 

It will be carryable, as opposed to portable. I think that is an important distinction. 
For the most part, today's laptops, even notebooks are portable: they are not 
really carryable. They are comparable to a bowling ball. You can get it around, 
but you don't want to take it to lunch. 

I think, by following this path that we are on, this industry - which we, the people 
who make things smaller tend to drive - will offer personal computers in the next 
three to five years that provides today's desktop performance and functionality 
that can be held in your hand. They are commonly called palmtop. I think the 
palmtop of the next two to three years will have that level of power to it, full 
function, less that four pounds, all internal circuitry, maybe ten chips or less, fitting 
in about 3x4 motherboard. 

This type of very small computer will replace pad and paper in some instances. It 
will, for the first time, bring it into the hands of those who are truly noncomputer 
users. In the 1960s and 1970, we took the calculator out of the specialists hands 
in accounting and moved it out to people who didn't really understand anything 
about its insides. 

The technologies that enabled that degree of evolution are many. Some basic 
technologies that enabled the migration from desktops to laptops are the same. 
Others are new. Among the more driving technical forces are mass storage, 
computer display, input, connectivity, communications, digital signal processing 
and power management. All of these rely very heavily on what we do in the 
semiconductor business. 
As designers and manufacturers, we need to find ways of driving higher and 
higher levels of integration. That, of course, is what drives the size situation. 

Battery technologies, some of the technologies that are akin to what we do, will 
be necessary for us to understand more about. Mass storage is an area that is 
crucial to the future development of the small computers, because storage 
requirements for the small computer will vary a great deal more than thy ever have 
in the past. The days of standard capacities, standard interfaces and form factors 
are pretty much gone. 
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In fact, many portable applications cannot take anything mechanical because 
their size, power and performance will be destroyed as they go into environments 
that are not very friendly. Therefore, an alternative to rotating storage is 
absolutely necessary. 

I have worked in the rotating storage business and semiconductor business long 
enough to see every chart predict that every technology will be wiped out by 
every other technology. It never happens. And I am not predicting that here. 
However, there is a need for solid-state storage, which will probably come in the 
form of an EPROM flash. We are working on that, as are several other people. 

We have designed a proprietary flash device that can be managed like magnetic 
media. This is a little different approach. It can interface to a system, just like a 
disk drive. The catch here is that nothing rotates. This is achieved by marrying 
existing storage technologies, such as data compression, defect management 
buffering and error correction, with nonvolatile high density memory. The result is 
a solution that meets stringent requirements for small computers. It is light, fast, 
rugged, consumes very little power when compared even to a 2 1/2" Winchester 
drive. Solid-state storage can be up to 100 times faster and deliver performance 
using up to 300 times less energy. It is currently too costly. However, those 
problems, as we all know, are something our industry addresses quite nicely. 

Perhaps the most unique feature of this technology is that it is not limited to a 
specific form factor. It can be configured to look like a very small drive or a 
memory card. It can be embedded on a motherboard or it can be designed into 
almost any form factor needed. So, it inherently posses the versatility and the 
flexibility that are required by emerging small computers. 

Flash goes where Winchester technology can't go, and therefore, we feel it will be 
a major enabling technology for small computers. 

In parallel, the natural evolution of the computer will also lead to functional 
systems that could be operated without a keyboard. We have seen a lot of those 
things coming along, limited function, stylist-based machines. They are now a 
reality. 

As we move toward the in-your-hand computer, another once-distant technology 
may come to fruition. Advanced features, such as touch screens, write-on 
screens, the application of more sophisticated pointing devices, will become 
commonplace. All of these can benefrt from the advance of data signal 
processing that, basically, is embedding the code Information within the sound, 
pictures or written material the user has at his control. 

Digital signal processing in small systems was not feasible a couple of years ago. 
Today, there are strides being made and we are working in some of these areas. 
With regard to handwriting, voice recognition, the ability to store condensed 
written and spoken information efficiently, it is really not that far away. A system 
could be developed that can recognize and translate information using advanced 
forms of digital signal processing. 

The evolution toward smaller machines will also dictate that we find new ways to 
communicate and use the Information. It does little good to have this hand-held 
computer if, to access and get at your work, you have to rent a pack horse to 
bring along your personal printer and fax. Dedicated fax and modem capabilities, 
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realized through a single chip or a mini insertable card, will be one of the ways 
that tomorrow's small computers can attain true usability. Some of this 
functionality is already available or in development. 

Along with the ability to quickly communicate, connectivity is going to be central 
to the usefulness of this little computer. The next generation of small computers 
will need to be dockable. That means that the same physical computer will be 
used at home, on the road or at the office. Through advanced functionality 
integrated into the silicon, a hand-held computer could be utilized in this 
environment and still function quite effectively. 

The hardware in these very small computers will need to be totally configurable. 
For example, when using the computer on the road, the system interfaces with 
specific video and storage functions and a limited set of peripherals. However, 
when that same computer is brought and applied to the office environment, those 
interfaces will change. There will be different keyboards, a larger monitor, higher 
resolution video. The system may be retrieving data from at tape and interfacing 
with a laser printer or the fax machine over LAN. 

Again, many of the technologies and innovation that make this continued 
evolution toward small computers possible depend on the engineering ingenuity 
that we all are familiar with, and our ability to translate that into silicon. The 
geometries, which we have heard a lot about, are, of course, one of the barriers. 
To get the levels of integration that we need to drive this functionality, we have to 
keep making things very much smaller. 

Today, many of these disparate functions are working well and are being 
successfully integrated in themselves. Several of us are, today beginning to 
merge those functions and physically integrating across functions. More and 
more of that will be necessary, of course, in the future. 

I think one of the successful techniques that must be employed by our industry is 
that those of us who grew up on the semiconductor side of things and those who 
grew up on the systems side will have to put those together. It is going to be very 
difficult for us to succeed unless we have in our originations people who are 
systems knowledgeable people. We must have people who understand how 
these generic functions really work in computing. 

We need people who can talk with their caps customers at a system design level 
and understand what the customer is telling us he needs, and then be able to 
interpret that to our logic designers. I think the day of the technical process 
driving the product needs in the semiconductor business is pretty well finished, 
unless you are really moving in the commodity high-volume RAM business. 

A lot of these approaches are with us today. There will be a whole variety of new 
systems introduced at COMDEX. I think, if you look inside some of those, you will 
find some hints of what may come in the future. 

I would like to switch for a second to a discussion of markets, and to a little bit of 
what might be considered to be impediments to this. 

One of the things that can limit us is the lack of market. Right now, we are all 
going through some difficult times. Yet, if we step back from that and look at 
market opportunities, we see a variety of things happening. 
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The small computer will drive e>ctraordinary market expansion - maybe not this 
quarter or next quarter, but it certainly will. As we bring this power to people not 
technically inclined, as with the calculator, the automobile and a variety of other 
examples, we will observe that people find miraculous additional things to do with 
it. So, within our existing free world markets, we have a huge growth opportunity 
ahead of us. 

There is a lot of talk about Soviet Russia, East Germany, Eastern Europe. Those 
are great emerging markets also. There is a lot of debate on how long it will take. 
But the small computer, for those of you who deal there, is something that is a 
national objective. They need to manufacture their own computing. They are 
going to do that, one way or the other. There is a huge market there. I have had 
some studies done for our company that say that the Eastern market, alone, over 
the next ten years, represent a doubling of today's free world markets for the 
things we do. You can argue about when it will evolve. 

If you look at the People's Republic of China, and believe that someday they will 
go, and if the surrounding infrastructure which speaks the language and knows 
the culture moves in rapidly, that will be third growth market. 

So you could take a look and say that in ten years the opportunity exists to grow 
two times what we know today. To do that will take lots of things. Mostly, it will 
take a long term view. It will take patience. It will take money. It will take a lot of 
perseverance. We are, of course, not alone in looking at those markets, speaking 
now as an American executive looking to the future of our industry. Everyone is 
there looking at that. 

Set that aside for a second. We have heard a lot of discussion on the cost of 
what we do. Huge numbers, half a billion dollars, a billion dollars, some prediction 
that there will be a lot of dropout. I agree with that. But I don't think that it has to 
be necessarily so. 

The capital structures of our country have real fundamental flaws in them. I asked 
about the Tokyo Stock Exchange before I left this morning. After yesterday's 
close, ft had a price/earning ratio of about 40:1 after collapsing. My competitors 
and myself, whom f watch very carefully, are somewhere around 6:1 to 8:1. That 
means that we have to earn, depending on the multiple you want to use, five to 
seven times the earning to raise one dollar of equity. 

Why is that? Is that because we are inherently shortsighted? With all due respect 
to my Japanese friends and associates, is that because of the wine they drink or 
cultural heritage? No, it's arithmetic. 

Lef s look at one simple thing. The long-term capital gains tax and the incentive to 
save, not only in Japan, but in Taiwan and some other countries, is very large. 
Essentially, there are no long-term capital gains. And there is very high tax on 
current earnings. 

Our country, however, from a capital structure at this point, encourages 
consuming. From our viewpoint, It not only encourages consuming, but it 
encourages eating past investments. That is what LBOs are all about. You make 
more money eating ]he seed corn than waiting for it to grow something - so, let 
alone we don not invest in the future, but we eat what somebody did yesterday. 
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Thaf s why we are sitting and being driven, you and I, by equity markets, for short-
term results. 

I was in Washington last week, which is one of the more depressing trips you can 
make. I talked with some people there, and suggested that they raise the capital 
gains tax. I am a Republican, from Orange County. They almost didn't let me 
back in. While in Washington, I did get Bob Dole's attention, along with the 
attention of a couple of other people. They asked me how I could suggest that. 

I said, "What is a capital gain? How long do you hold it? What is it, nine months?" 
There's an interesting definition of investments. So, I said, "What I think we want 
to do is to raise any taxes on capital gains within one year to 50%, take two years 
to 35%, leave three years where it is, make three years 15% and five years ago." 

All the big hubbub is because we are trying to protect the gains of the traders, 
people who are churning paper. Those guys don't build anything. 

What we need is a structure that allows people to come back and invest in us, the 
people who when we do earn a dollar will say, "Fine, I'll give you 30," not "what are 
you going to do next week?" 

We talked a little bit earlier about what to do about that. I really think that there are 
a couple of things we can do. 

First of all, in a very practical sense, the notion of working together is something 
that needs to be taken out of theoretical discussion and brought into practicalities. 

Our company has a very good relationship with AT&T. We worked out an 
arrangement three years ago that was quite unique. We had to build a wafer fab, 
we had no choice; we were looking at a huge bill. We were ready to do that. At 
that point the AT&T people came to us. They had a lot of capacity. We didn't 
work out a foundry relationship,however. We didn't really want a foundry 
because we can get foundry all over the place. We said, "Let's try to work out an 
arrangement where your fab looks like ours and we both make out." 

Without getting Into details, we came within a few dollars of what we thought the 
cost was. Then we said, "Fine. If I'm going to build a fab, I'm going to incur 
certain costs. I'm willing to pay you the costs I avoid. If that's enough cost for 
you to load your fab, we're both okay." 

And we did, and we were, and we've lasted for three years doing that. 

In addition, the yield data coming off the Orlando fab and the yield data coming 
out of Madrid now comes in real-time to my engineer. We get the probe data right 
there now. It looks like our factory. We don't give them purchase orders, we give 
them forecasts, and we mess them up just like we do our own people. 

The point here, 1 think, is not to go through something we've done, but that we do 
need to look across our industry and deal at much more strategic levels. I grew 
up In general Electric Company, and learned there that if I didn't sell or buy from 
my competitors, I wouldn't sell or buy from anybody, because we built everything 
but automobiles. 
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This industry is mature enough now to start looking at some of those things 
amongst ourselves. It is not unmacho to share some things and figure out joint 
developments of products, cost of effectiveness of very expensive resources. 

Although our current situation is a little like the coffee cup, I think our long-term 
situation looks pretty good. We have some very creative people in this industry. I 
look forward to being with you and being in this business for a long time. 

I thank you. 
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Class-1 Low cost, small size 
• Audio and Video Equipment: 

POCKET RADIO, HEADPHONE STEREO 

LCD TV, VIDEO CAMCORDER 

• Information Processing Equipment: 

CALCULATOR, WP, PC, WS 

desktop -^ laptop -^ notebook -» card 

• Communications Equipment: 

FACSIMILE MACHINES, CELLUU\R PHONE 
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PERSONAL ELECTRONICS-2 

Clas5-2 Interactive, or person-to-perso 
• Entertainment & Education: 

VIDEO GAME, CD-ROM, GD-I, DVI 

Class-3 For the elderly, children or 
the handicapped 
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C O N C L U S I O N 

LESSONS LEARNED FROM MY TENURE AS CHAIRMAN OF 
EIAJ'S FOREIGN SEMICONDUCTOR USER'S COMMITTEE: 

WE'VE MORE IN COMMON 
THAN WE HAVE DIFFERENCES. 

STICKS AND STONES 
- WORDS CAN INDEED HURT US 

DON'T UNDERESTIMATE THE POWER OF 
AMERICAN INNOVATION. 
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HOW USER/SUPPLIER RELATIONS WILL CHANGE 

Irv Abzug 
Vice President 
General Technology Division, and 
Director of Corporate Procurement 
IBM Corporation 

Irv Abzug is Vice President of the General Technology Division and Director of 
Corporate Procurement for IBM Corporation. He has responsibility for 
worldwide procurement of electronic components for IBM. Mr. Abzug joined 
IBM's Components Division in 1967, where he played a major role in the initial 
development of monolithic memories for IBM's System/370. He joined IBM upon 
graduation from college in 1947 and was involved in the early development of 
the 7000 series of computers and System/360 display and graphic products. 
Mr. Abzug received a B.S. in Electrical Engineering from City College of 
New York. 
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SEMICONDUCTOR INDUSTRY CONFERENCE 
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PURCHASE STRATEGY 

« Utilize the Unique Capabilities of the 
Electronic Component Industry 

« Worldwide Product Excelience 
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CUSTOMER/SUPPLIER ENVIRONM 

1970s 

IBM SUPPLIER 

REQUIREMENTS MAINFRAME DRIVEN 

LONG DESIGN CYCLES 

UNIQUE IBM SPECS 

HIGH RELIABILITY 
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CUSTOMER/SUPPLIER ENVIRONM 

1970s 
IBM 

REQUIREMENTS MAINFRAME DRIVEN 

LONG DESIGN CYCLES 

UNIQUE IBM SPECS 

HIGH RELIABILITY 

SUPPLIER 

SUPPLIER BASE U.S. DOM 

INCONSISTENT DELIVERY 
QUALITY PERFORMANCE 

PREMIUM PRICING FOR 
GRADE TECHNOLOGY 
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AUGUST 12, 1 

FINANCIALTIMES 

IBM unveils personal computer 

icat^® ^io< ^ 
1 ^ ^ ^ ® leralbSKSribunc 

* kittle Co 

/ 5 M Introduces Home Computer . 
The Associated Press 

NEW YORK - International Business Machines entered 
the personal computer market. 
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1980 - 1984 

IBM SUPPLIER 
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• PC MAJOR NEW DRIVER 

- Short Development Cycles 

- Reduced Qualification Time 

- High-Volume Demand 

• INDUSTRY STANDARD PARTS 
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1980 - 1984 

IBM SUPPLIER 
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PC MAJOR NEW DRIVER 

- Short Development Cycles 

- Reduced Qualification Time 

- High-Volume Demand 

INDUSTRY STANDARD PARTS 

UNPRECEDENTED DEM 

CAPACITY CONSTRAIN 

DELIVERY AND QUALIT 
PERFORMANCE INCON 

GLOBAL SUPPLIER BA 
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CUSTOMER/SUPPLIER ENVIRONM 

1985 - 1989 

IBM SUPPLIER 

INCREASING CUSTOMER DEMANDS 
- Responsiveness 
- Quality/Reliability 

CHANGING CCP PROCESSES 
- Automated Business Placement 
- Electronic Data Interchange 
- Source Acceptance 
- Joint Qualirications 
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PERSPECTIVE ON DEF 

If industry delivers 

1.5 Billion Devices per year 

at 99.9% DEFECT FREE levels 

They will ship to IBM manufacturing 

1.5 MILLION DEFECTIVE COMPONE 
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CUSTOMER/SUPPLIER ENVIRONM 

1990s 
IBM SUPPLIER 

STRENGTHENING PARTNERSHIPS 
- Early Supplier Involvement 
- Forecast Sharing 
- Performance Feedback 
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CUSTOMER/SUPPLIER ENVIRONM 

1985 - 1989 

IBM 

INCREASING CUSTOMER DEMANDS 

- Responsiveness 

- Quality/Reliability 

CHANGING CCP PROCESSES 
- Automated Business Placement 

- Electronic Data Interchange 

- Source Acceptance 

- Joint Qualifications 

SUPPLIER 

• IMPROVING PERFORM 

- Delivery 

- Quality 

-Reliability 

- Lead Times 

- Customer Oriented 

• NEW WORLDWIDE S 
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DECADE OF CHANGE - 19 

AVERAGE CYCLE TIME REDUCTION 6 

AUTOMATED BUSINESS PLACEMENT 8 

DROP SHIP (VOLUME) 8 

INVENTORtY DOLLAR REDUCtlON 6 

INCOMING QUALITY IMPROVEMENT 15 
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IBM MARKET DRIVEN QUA 

Quality, driven by market needs, that achieves 
TOTAL CUSTOMER SATISFACTION through the 
delivery of timely, defect free solutions that 
offer the best value to customers. 
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MARKET DR 

'ff lue can be the best at satisfying the needs and want 
of customers in those marl<ets we choose to se/ve, 
everything else important will follow, 
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John Akers 
Chairman of the Boa 
IBM Corporation 

^^« ^resf^^^ffe 

"A company is market driven when its ^"' ^ 
mission is to satisfy the needs and wants 
of chosen markets and customers in a 
profitable and competitively superior way." 

Dr. Philip Kotler, Professor 
J.L Kellogg Graduate School of Management 
Northwestern University 
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1990s 
IBM SUPPLIER 
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• STRENGTHENING PARTNERSHIPS 
- Early Supplier Involvement 
- Forecast Sharing 
- Performance Feedback 

• "WORLD CLASS" 
- Zero Defects 
»Highest Reliability 
- Statistical Process Control 
- Just-in-Time Delivery 
- Electronic Data Interchange 
- Technology Leadership 
- Lowest Total Cost 

Total Customer Satisfaction 
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GOALS 

« To Grow Consistent witli IBi\/l's Demand for 
Supplier Component Teclinoiogy. 
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CORPORATE COMPONENT PROCUREM 
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GOALS 

• To Grow Consistent with IBM's Demand for 
Supplier Component Technology. 

# To Provide Component Leadership in the Applica 
of Supplier Technologies in IBM Products. 
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CORPORATE COMPONENT PROCUREM 

GOALS 

# To Grow Consistent with !8M*s Demand for 
Supplier Component Technology. 

# To Provide Component Leadership in the Applica 
of Supplier Technologies in IBM Products« 

# To be the Most Competitive Provider of Supplier 
Components in Terms of Quality, Cost, Technical 
Support, and Cycle Time. 
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CORPORATE COMPONENT PROCUREM 

GOALS 

# To Grow Consistent with IBM's Demand lor 
Supplier Component Technology^ 

# To Provide Component Leadership in the AppHca 
of Suppiier Technologies in IBM Products» 

# To be'the Most Competitive Provider of Supplier 
Components in Terms of Quality, Cost, Technical 
Support, and Cycle Time. 

# To Enhance Customer and Supplier Relationships 

# To Create an Environment for Creativity, Excellen 
and Individual Fulfillment. 
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Lithography Strategies: 
Pushing the Limits 

Optical Lithography Status 
Gene Fuller, Ph.D. 

Manager, Stepper Programs 
Sematech 

© 1990 Dauquest Incorporated October 8 — Reproduction Prohibited 
Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 

1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



CO 

UJ t/) 

CO CD 
Ixl O 

CD I— 

CO 

LU 

U. 

LXJ 

L&J 
C9 

C/> 
'^^ 
l - l 

( / ) 

X LU 

^ 

O 

cn 
a\ • ^ 

G^ 
LU 
fid 
o 
CJ 

o 
00 

CD ^ 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



00 
UJ > -
t^ JC 
CJ3 D . 
O < 
^ O^ 
O O 

O F-

00 
tu 
</> 
00 
l-H tP 

O s 
o u-

co 

l-H O O 
—I m UJ 

o S 

o c> 

o o o o 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



^3 
(O 

o 

a 
Q. 
<B 
13 
ej o 
?r 0) ?! 
< • ^ 

» | 
w _ 
0) 3 
3 O C-5 
O "O 

S5 
" ES. 

5a 
S-" 
u8 ^1 1̂ 
00 = 

^ Q. 

3 J 

f̂ 
00 = 
O Qo 

o 
O 03 
~~ s 
slg: 

CD 

3o 
535 
O3T3 ^ o 
-nS 
§< o' '5 o 
* > . 
o 
K3 
CO 
l O 

KEY LITHOGRAPHY ISSUES 

o TECHNICAL PERFORMANCE 

- RESOLUTION 

- FIELD SIZE 

- ALIGNMENT / REGISTRATION 

- OVERUY 

- DEPTH OF FOCUS 
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0 MANUFACTURING PERFORMANCE 

- RELIABILITY 

- AVAILABILITY / UTILIZATION 

- CAPITAL COST 

^ OUTPUT / YIELD / REWORK 

- SEND AHEADS / TEST WAFERS / S 

- COST OF OWNERSHIP 
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ISSUES - 3 

0 ISSUES FOR THE 9 0 ' S 

- AUTOMATION 

- CIM COMPATIBILITY 

- CLUSTERING 

- MANAGING TOPOGRAPHY 

- WAVEFRONT ENGINEERING 

-PHASE SHIFT MASKS 
-DYNAMIC FOCUSING 

- REAL TIME PROCESS CONTROL 

- VERY LARGE FIELD SIZE 



PRINCIPAL LITHOGRAPHY TECHNOLOGIES 
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MASKED PARALLEL WRITE 
(PATTERN REPLICATORS) 

DIRECT SERIA 
(PATTERN GEN 

I 
OPTICAL X-RAY 

N:1 1:1 r 
N:1 

n 
1:1 

SYNCHROTRON n 
POINT 

SOURCE 

E-BEAM 
_ _ \ 

ION BEAM 

\ 1 
VECTOR RASTER 

SCAN SCAN 

MASKED PROJECTION 
E-BEAM 

MASKED ION BEAM -

VECTO 
SCAN 
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MASKED VS. DIRECT WRITE 

MASKED 
PARALLEL 
WRITE 

DIRECT 
SERIAL 
WRITE 

ADVANTAGES 

HIGH THROUGHPUT 
MACHINE STABILITY 
"LOW" COST 
BEST FOR HIGH VOLUME 

RAPID DESIGN TURNAROUND 
ACCURATE ALIGNMENT 
FLEXIBILITY 
NO MASK COST 
BEST FOR LOW VOLUME 

DISADVANTA 

COST OF MA 
MASK ERROR 
OVERLAY PR 

LOW THROUG 
HIGH MACHI 



MASKED OPTICAL LITHOGRAPHY 
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ADVANTA6ES 

VERY MATURE 
"LOW" COST 
HIGH THROUGHPUT 
ROBUST MASKS 
MANY SUITABLE RESISTS 
NO VACUUM. NO HIGH VOLTAGE 

STATUS: 

DISADVANTAGES 

LIMITED DEPTH OF FO 
DIFFRACTION LIMITED 
LIMITED FIELD SIZE 
OVERLAY PRECISION 
LINEWIDTH CONTROL 

-REFLECTION FROM 
-STANDING WAVES 
- LIMITED RESIST AS 

ALMOST ALL LITHOGRAPHY TODAY IS OPTICAL. 
WIDE VARIETY OF EQUIPMENT AVAILABLE. 
STRONG SUPPORTING RESIST TECHNOLOGY. 
LIKELY TO REMAIN AS MOST USED LITHOGRAPHY SYS 
THROUGHOUT THE 9 0 ' S . 
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WHATEVER HAPPENED TO . . . 

o E-BEAM 
0 X-RAY 
0 FOCUSED ION BEAMS 

MANY TECHNOLOGIES HAVE BEEN PREDICTED T 
OVER FROM "DYING" OPTICAL LITHOGRAPHY D 
THE PAST 10-15 YEARS. 

WHY DIDN'T THIS HAPPEN? 
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CD 0 OPTICAL LITHOGRAPHY WAS NOT AT OR EVEN 

TO ITS PHYSICAL LIMITS. 

o THE NEW TECHNOLOGIES ENCOUNTERED VARIOU 
DIFFICULTIES AND DELAYS AND DID NOT ACH 
THE EARLY PREDICTIONS. 
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CONTINUED TO CHANGE. 

- NEW TECHNOLOGY CAPABILITIES 
- REVISED COST REQUIREMENTS 



STEPPER PROJECTION OPTICS 

ro 
(O 
o 
oi 
Q. 
(D 
T) 
^ O 
: ^ [U 

5 l 
- <n 
W _ 
0) 3 
3 O 
<-5 
O "O 

SS9 
- D) 
O CD >p. 
(D 0, 

o58 

Si 
0 3 ^ 

_ o 

S J 
6 o 
00 ^ 

geo 
O OI 

~- S 
ffilt 
5? ^ 
3 o 
CO "3 
^ o 
TlS 
• 1 ^ 

o 

o 
ro 
CO 
N) 

DEFINITIONS 
- - NUMERICAL APERTURE (NA) = SIN Q 
- >, (G-LINE) • 436 nm 
- 7\(I-LINE) » 365 nm 
- - >.(DUV) • 250 nm 

RESOLUTION R - K ^ 
~ PRODUCTION K=0.8-^0.7 
- LAB K-0.5 

DEPTH OF FOCUS 

- THEORETICAL DOF' 
- ALTERNATE EXPRESSION 

PROJECTION 
LENS 

LIGHT CONE 
FOR POINT 
IMAGE 

2_ 
NA' 

IMAGE PLAN 

^ ^ ^ " - ^ 

STEPPER COMPARISON (CALCULATED, K = 0.8) 
NA R (pm) DOF {\}m) 

G-LINE .28 1.25 5.6 
G-LINE .54 0.65 1.5 
1-LlNE .45 0.65 1.8 
1-LINE .73 0.40 0.7 
DUV .50 0.40 1.0 
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G / I VS. DUV 

0 DUE TO IMPROVED GLASS TECHNOLOGY I -L INE LENS 
MADE AT SAME QUALITY LEVEL AS G-LINE. 

I - L I N E WILL RAPIDLY DISPLACE G-LINE FOR N 

0 DUV (250 NM) STILL IMMATURE I N : 

- SOURCE, ESPECIALLY LASER 
- RESIST, ESPECIALLY HIGH SENSITIVITY 
- MASK/PELLICLE 

0 DUV LENS DESIGN/MANUFACTURING COMPARABLE COM 

SI 

4:>. 
O 

CO 
7J 
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N) 
(O 
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G/I. 

o EXCIMER LASERS MAKING STRONG PROGRESS 

- REMAINING CHALLENGES IN OVERALL LITH 
INTEGRATION. 

- NARROW BANDWIDTH EXACERBATES REFLECT 
STANDING WAVE PROBLEMS. 

• • 
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NEW TECHNOLOGY CAPABILITIES 

0 OPTICAL MANUFACTURING 

-LENS DESIGN COMPUTING POWER 
-SELECTION/OUALITY OF GLASSES 

0 CONTROL SYSTEMS 

-AFFORDABLE WORKSTATIONS 
-D IGITAL SIGNAL PROCESSING 
-MODULAR, OBJECT ORIENTED SOFTWARE 

0 METROLOGY 

-LENS INTERFEROMETERS 
-HIGH PRECISION STAGE INTERFEROMETERS 
- B U I L T - I N OVERLAY/OPTICAL METROLOGY 
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KEY ENABLERS 

0 PHASE SHIFT MASKS 

- DENONSTRATED APPROXIMATELY 10 YEARS 

- TREMENDOUS INTEREST/ACTIVITY TODAY 

- MOST OF THE COMPLEXITY IN MASK PROCE 

- VIRTUALLY "FREE" RESOLUTION TO FAB E 

o SURFACE IMAGING RESISTS 

- SEPARATION OF RESIST FUNCTIONS 

- DECOUPLING OF SUBSTRATE ISSUES 

- WELL SUITED TO DRY PROCESSING 

- PROVEN, BUT COMMERCIALLY IMMATURE 

- COST NO LONGER A MAJOR DIFFERENTIATO 



• 

CD 
O 

a 
Q. 
(D 

-o 
^ o 

o l 
< • " ^ 

a (D - a w _ 
0) 3 
3 O 
C-5 
O "O 

SS 9. 
' SI 
O <D 
> Q . 

u 8 
CO H 
(O 0) 
0 0 ^ 

^ o 

0 5 * 
S J 
feo 
00 ^ 
O f io 
o o) 
^ S 

s!g 
ffi. 

3o 
S55 
COTS 

^ o 
-nS i § 
4^ o 
00 

o 
ro 
(D 
ro 

POTENTIAL PITFALLS 

o FIELD SIZE 

- HOW BIG CAN/WILL CHIPS GROW? 

- MAY NEED DYNAMIC EXPOSURE TECHNIQUES 
- "STEP-AND-SCAN" 
- SUB-FIELD STITCHING 

0 DEPTH OF FOCUS LIMITATIONS 

" REQUIRES CIRCUIT TOPOGRAPHY CONTROL 

- STRONGLY FAVORS SURFACE IMAGING RESI 

- DRIVES WAFER FLATNESS TO SUB-0.25 UM 
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o HOLOGRAPHY 

MANY POTENTIAL ADVANTAGES 
- F I E L D SIZE 
-DEFECT IMMUNITY 
-SIMPLE OPTICS 

SEVERAL RESEARCH DEMONSTRATIONS, STILL 
AWAY FROM COMMERCIALIZATION. 

0 LASER DIRECT WRITE 

-ADVANTAGES OF E-BEAM, WITH LOWER SYSTEM C 

-PROBABLY BEST USED FOR LOW VOLUME APPLI 



MICROELECTRONIC MANUFACTURING 
CHALLENGES IN THE 90'S 
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HISTORY OF DISCONTINUITIES 

o 
GO 

O 
CO 
CO 
IV) 

TOOL OR 
TECHNOLOGY 

SILICON EPITAXY 
SILICON NITRIDE (ATMOS) 
ION IMPLANT 
TiW METALLIZATION 
SCHOHKY TTL 
CCD'S 
RIE 
ADVANCED SCHOTTKY (ALS) 
POLY EMITTER 
REFRACTORY GATE 
SOI-ION IMPLANT 
TRENCH 
SILICIDE 
LIGHTLY DOPED DRAIN 
TiN H 

YEAR 
DEVELOPED 

1960-61 
1965 
1969 
1969-70 
1970 
1970 
1975-76 
1976 
1976 
1976 
1978 
1979 
1978 
1980 
1986 

MEDIAN TIME FROM DEVELOPMENT TO IMPLEMENTATION > 6-

YEAR IMPLEMENTED 
IN PRODUCTION 

1964 
1967-68 
1973 
1975-77 
1974-75 
1981 
1980 
1980 
1984-85 
1983 
1989 
1987 
1985 
1986 
1988 

yiTATTON > fi-

SOURCE: GRAYDON LARRABEE, TEXAS 



to 
CO o 
3) 
a a 

-D 
^ O 
j r 0) 

5 l 
<• c: 
P | 
w _ 
0) 3 
3 O 
t_ O 
0-6 
$5 
" 0) 

5£ 
7^ ^ 03 o ^1 si 

^ Q 

3 J 

^ ^ 00 = 

geo 
O CD 
~- S 
Sl& 
_*s 
:3!o 
539 
CJT3 
^ O 

TiS 

4^ 
O 

3 

o 
M 
(O 
N) 

NEXT GENERATION DEVICE DEVELOPM 
0.2 - 0.15 MICRON MINIMUM GEOMETRIES (1024 Mb 

1990 1995 2 
START DEVELOPMENT 

NEW TECHNOLOGIES 

INTRODUCTION 
NEW TECHNOLOGIES 

TODAY 

DEVICE CUSTOM 
QUALIFIED 

1 

START DRAM 
DEVELOPMENT 

8 

DEVELOP 
PROCESSES 

1 FULL FUNCTION 
DEVICE 

BASE LINE 
PROCESS 

INTERN 
QUAL 

SOURCE: GRAYDON LARRABEE, TEXAS IN 
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REQUIREMENTS FOR SUB 0 .5 MICRON 
OPTICAL LITHOGRAPHY 

0 "PERFECT" IMAGING SYSTEMS 

o DIFFRACTION LIMITED OPTICS 
o FLAT IMAGE SURFACE 

o PLANARIZED WAFERS 

o TOPOGRAPHY MUST BE LESS THAN 

0 SURFACE IMAGING RESISTS 

! l o MINIMIZED D.O.F. REQUIREMENT 
0 REFLECTIVITY CONTROL ^5 

CSTD ^ o 

go 
"5 
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o UAVEFRONT TUNING IN THE FAB 

o PHASE SHIFT MASKS 
o ADJUSTABLE FOCUS DURING EXPOS 
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OUTLOOK FOR OPTICAL LITHOGRAPHY 
IN THE SUB-0.5 MICRON WORLD 

RESOLUTION 

DEPTH OF FOCUS 

C D . CONTROL 

DOWN TO AT LEAST 0.25 MICR 

LIMITED, REQUIRES PLANARIZ 

+ / - 10% REQUIRED AND ACHIE 

EXPOSURE WAVELENGTH 248 NM CERTAIN, 193 NM POS 

OVERLAY 

FIELD SIZE 

RESISTS 

MASKS 

DIFFICULT, BUT POSSIBLE TO 

GREATER THAN 20 MM X 20 MM 

SUITABLE RESISTS WILL BE A 

NX ACHIEVABLE, IX DIFFICUL 



N) 
to 
O 
3) 
d a 
CD 

T l 

ej o 
TT 0) 

?I 
§ CD 

- a 
M _ 
D) 3 
3 O o 5 
O "D 

!g 5 
- 0) 

5a 
g" 
c58 

si 
jZ; o 
- 2 ^ 
feo 
00 ^ 

OCO 
O OJ 

^ s 
s!a 

ffi. 3o 
S5R 
CO-D 
^ O 

-nS 
O 

* > • 

o 
03 
N) 

HOW FAR CAN OPTICAL LITHOGRAPHY TAKE US 

ONE CONCEIVABLE SCENARIO FOR THE MID TO LATE 

WAVELENGTH: 

NA: 

FIELD S IZE: 

250 NM 

0.65 

30 MM X 30 MM 

SUPPORT TECHNOLOGIES: 
PHASE SHIFT MASKS 
SURFACE IMAGING RESIST 
DYNAMIC FOCUSING 
PLANAR TOPOGRAPHY 

K-FACTOR: 

RESOLUTION: 

0.5 

0.20 MICRON 

DEPTH OF FOCUS: 0 . 5 MICRON 
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SUMMARY 

o OPTICAL LITHOGRAPHY, PREDICTED TO BE DE 
AGO, LIVES! 

0 DUE TO CHANGING TECHNICAL INFRASTRUCTUR 
FUTURE FOR OPTICAL LITHOGRAPHY CONTINUE 
LOOK STRONG. 

0 OPTICAL LITHOGRAPHY R&D CONTINUES TO BE 

0 OPTICAL I S NOT THE BEST OR ONLY SOLUTIO 
ALL MARKETS, BUT I T WILL CONTINUE TO DO 
HIGH VOLUME SEMICONDUCTOR PRODUCTION TH 
THE DECADE. 
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LITHOGRAPHY STRATEGY: PUSHING THE LIMITS 
X-RAY LITHOGRAPHY 

Robert W. Hill 
Functional Manager 
Advanced Lithography 
Systems Development 
IBM Corporation 

Bob Hill is the Functional Manager for the Advanced Lithography Systems 
Development group at IBM's GTD Advanced Technology Center in Fishkill, 
New York. His responsibilities include metrology, optical lithography, and 
resist development in addition to IBM's X-ray lithography program and 
facility. Mr. Hill joined IBM in Burlington in 1960 and has held various 
engineering management positions in IBM manufacturing and development in 
Burlington, Vermont; Charlotte, North Carolina; and East Fishkill, New York. 
Mr. Hill has a B.S.E.E. degree from the University of Vermont. 
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X-RAY LITHOGRAPHY 
OVERVIEW 

R. Hill and J.R. Maldonado 

IBM General Technology Division 
Advanced Technology Center 

Hopewell Junction, N.Y. 
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X-RAY LITHOGRAPHY 
OVERVIEW 

OUTLINE 

WHY X-RAY LITHOGRAPHY? 

SYSTEM APPROACH TO X-RAY 
LITHOGRAPHY 

* FACILITY 
* X-RAY MASKS 
* X-RAY SOURCES 
* X-RAY STEPPERS 
* X-RAY RESISTS 
* DEVICES 

OTHER PROGRAMS 

EXTENDABILITY OF XRL 

FUTURE 

08/90 (R. Hill and J.R. Maldonado) 
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WHY X-RAY LITHOGRAPHY? 

ADVANTAGES: 

- HIGH RESOLUTION AND 
INCREASED DEPTH OF 
FOCUS 

- SIMPLER AND MORE ROBUST 
PHOTO PROCESS STEPS 

- GREATER DEFECT 
INSENSITIVITY 

- LOWER PROCESSING COSTS 

DISADVANTAGES: 

- HIGH INITIAL COST 
(SYNCHROTRON) 

- MAJOR LITHOGRAPHY 
TECHNOLOGY CHANGE 

- COMPLEX IX MASK 
TECHNOLOGY 

RWH/S4-9Q/DQC1 
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X-RAY SYSTEM COMPONENTS 

X-RAY MASK STATUS 

Structure 

* Substrate: B-doped Si, Si Nitride, 
Some SiC and Diamond Work. 

* Absorber: Au, W, Ta and 
Combinations 

* Frame: Considered for 
Standardization (NIST) 

Patterning: E-Beam 

Inspection and Repair: Tools Under 
Development (Micrion and KLA) 

08/90 (R. Hill and J.R. Maldonado) 
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X-RAY MASK WITH: 

2.4 X 2.4 cm B-SI Mf MBRANE 2 fim THICK. 

0.5 Mm GOLD ABSORBER WITH A DEVICE PATTERN 

FREE-STANDING ALIGNMENT MARKS IN WINDOWS 

OVERALL MASK SIZE: 10.0 cm. 

MOUNTED ON PYREX RING. 
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X-RAY SYSTEM COMPONENTS 

SOURCES 

Electron Impact 

Synchrotron Storage Ring 

Pulsed Plasma 

* Laser Heated Plasma 

* Pinched Gas Plasma 

* Exploding Wire 

Transition Radiation 

X-ray Laser 

08/90 (R. Hill and J.R. Maldonado) 
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Sources 

10-50 KeV Electrons 

f > I 
11 I 
I I I 
f I I 
I I I 

X-Rays 

Plasmas 
Laser & Gas 

Synchrotron 

> 100 MeV 
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X-RAY SYSTEM COMPONENTS 

MAIN X-RAY SOURCE CONTENDERS 

• SYNCHROTRON SR 

* IBM/Oxford CSOR 

* Japanese SOR? 

* Numerous Warm Rings 

• HEATED PLASMA 

* Hampshire's Tool 

* Suss GMBH 

08/90 (R. Hill and J.R. Maldonado) 
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r Series 5000 X-Ray Stepper System ^ 

ffiEfflIC 
INSTRUMEmSINC 
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X-RAY SYSTEM COMPONENTS 

EXPOSURE TOOLS 

Full Field Exposure 

Step and Repeat Systems 

* Horizontal (Point Sources) 

* Vertical (SSR) 

o Beamline 

o Beam Scanning 

• Mirror 

• Wafer/Mask 

Be Window 

08/90 (R. Hill and J.R. Maldonado) 
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X-RAY SYSTEM COMPONENTS 

X-RAY RESIST REQUIREMENTS 

Submicron Resolution with Adequate 
Aspect Ratio 

Thickness Uniformity 

Thermal Stability 

Good Sensitivity 

08/90 (R. Hill and J.R. Maldonado) 
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MAIN X-RAY LITHOGRAPHY 
PROGRAMS 

USA 

* IBM 

* DARPA 

JAPAN 

* NTT 

* SORTEC 

EUROPE 

* German X-ray Consortium (GCX) 

08/90 (R. Hill and J.R. Maldonado) 
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XRL ISSUES 

Introduction Point 

High Initial Costs 

1X Mask Technology 

Extendability 

08/90 (R. Hill and J.R. Maldonado) 
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EXTENDABILITY OF X-RAY 
LITHOGRAPHY 

Diffraction Limited (Gap Dependent) 

Less Than 400A Demonstrated for 
Isolated Lines 

Believe to Be Under 0.15 /im for 
Complex Patterns 

More Experiments Needed 

ATT Has Demonstrated Future Potential 
for Projection XRL 

08/90 (R. Hill and J.R. Maldonado) 
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X-RAY LITHOGRAPHY 
OVERVIEW 

SUMMARY 

X-Ray Technology is Here 

Shorter Wavelengths Offer Better 
Resolution and DOF 

DOF Will Be Diffraction Limited 

1X Mask Technology is the Main Risk 

Will Result in Simpler More Defect Free 
Processing 

08/90 (R. Hill and J.R. Maldonado) 
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LITHOGRAPHT STRATEGIES: PUSHING THE LIMITS 
MASKMAKING 

John G. Skinner, Ph.D. 
Director, Advanced Photomask Technology 

DuPont Photomask, Inc. 

John Skinner joined DuPont Photomask in 1990 to head its Advanced Photomask 
Technology group. Prior to joining DuPont, Dr. Skinner spent 28 years with 
Bell Labs In a variety of positions. His initial work with Bell Labs was in 
the area of solid-state lasers, electro-optic materials, and high speed 
deflection systems. In 1968, he began work in the area of optical 
lithography and was involved in the development of a wafer projection exposure 
tool and a precision step-and-repeat camera. In 1971,he assumed 
responsibility for the operations of a new mask shop at Bell Labs. 
Dr. Skinner has worked closely with SEMATECH to help define future photomask 
requirements, and recently chaired two SEMATECH photomask meetings. 
Dr. Skinner has undergraduate degrees in Mechanical Engineering and Applied 
Physics from Northampton Polytechnic, London, and an M.Sc. and Ph.D. in 
Physics from Oregon State University. 
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Photomasks Will Never Die, 
They Won't Even Fade Away 
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MASKS 

John G Skinner, Ph. D 
DuPont Photomasks, Inc. 

Gladstone, NJ 07934 

The previous talks described three competing lithographic 
techniques. Optical lithography is the predominant technology for 
today's IC designs, x-ray lithography is waiting for optics to run out 
of steam, and e-beam direct-write is nibbling at both technologies 
to take over the low volume codes, or to share critical levels with 
one or both technologies. Fortunately for the mask maker, masks can 
be used with all three technologies. [The use of a stencil mask has 
been proposed for use with a large diameter electron beam and 
repeated patterns, to speed up the writing rate.] 

The questions facing the mask maker are; 
1] When must we replace our present equipment and processes to 

meet future optical needs ? 
2] When must we get ready for x-ray masks ? 

Since the advent of a commercial e-beam mask writer [MEBES] in the 
late 70s, mask making has too often been taken for granted. 
Fortunately, Sematech, through Dick Clover, recognized that 
photomasks must be considered as part of IC manufacture and not 
merely a tool that can be made to any required quality. This 
interaction has enabled mask makers and equipment vendors to 
participate in some of the decision making. Jointly we set mask 
specifications for the next reduction(s) in design rules. However, 
even with this close connection it is not possible to establish the 
specifications that will be required five years from now. Mask 
makers must use their own initiative to plan their future. 

The procedure I have used is to: 

1] Summarize the probable limits and time schedules for available 
optical technologies. 

2] Estimate the required photo mask specification as a function of 
time, 

3] Use industry's recommendation when x-ray will become a major 
lithography tool. 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Bidder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



[I assume the previous speakers have already described photomasks, 
including phase shift masks, and x-ray masks.] 

Because of the time limit, I will limit my data to 5X reticles. 

Table 1 shows a projection of the time schedule for the given 
minimum wafer feature, and an indication of the applicable 
lithography. Even though the required resolution can be obtained 
with conventional masks, it is quite certain that phase shift masks 
will be used, wherever possible, to obtain a greater wafer 
processing latitude. 

Table 2 shows the tolerance of a number of photomask parameters 
expressed as a percentage of the minimum wafer dimension. These 
percentages vary somewhat with different mask users, but the given 
values serve our present need. Using the data from Table 1 we can 
project the specifications for 5X retilcles as a function of time. 

I will briefly review the different parameters and indicate where it 
will be difficult to achieve the required specification. 
REGISTRATION 
This term is used rather loosely. In one sense it means the ability 

to overlay one level with another. It also means the ability to 
register any mask level against a specified grid. At this time it is 
only possible to achieve an overlay accuracy of the order of 0.1 
microns on a single machine. I am confident the registration will be 
improved to the required 0.07 microns for multiple machines before 
1992, with either the upgrade of existing pattern generators or the 
introduction of new machines under development. These upgrades 
and new machines may require multiwrite to correct inherent 
machine errors. I believe the 1994 requirement will have to be met 
with even more multiple writes to further reduce the inherent 
pattern generator errors. This means new equipment or significant 
upgrades for 1992 and longer write times for 1994 and beyond. This 
longer write time to reduce machine errors will be in addition to the 
extra write time required for the larger pattern data expected in 
1994. 

CD CQNTRQl. AND MEASUREMENT 
We are beginning to see a new era in the measurement of photomask 

features. With tolerances of the order of one twentieth the 
wavelength of light, mask makers have to consider the shape of the 
feature profile, and the straightness of the feature edge. The typical 
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edge profile can contribute as much as the total allowed CD error. 
The uncertainty of the location of the feature edge, due to the edge 
roughness, increases this inherent CD error. Materials and processes 
have to be improved to meet even the near term requirements. 
Techniques have to be developed to measure the feature edge 
roughness, and may be even the feature edge slope. 

DEFECTS 
Leading edge defect detection machines can detect 0.25 micron 
defects with 95-99% probability. The probability varies with defect 
shape and size .[Note: the probability is not 100%.] Equipment will be 
available to detect 0.10 micron defects by 1996, but it will require 
much development and the new machines will be expensive. 
More effort must be put into reducing defects during manufacture. 
More process automation is needed to minimize defects caused by 
the presence of operation. 

SUBSTRATES 
I briefly touched on the subject of possible lithographic techniques 
because I sincerely hope the actinic wavelength stays above the 
absorption point of quartz. Quartz is an excellent material for 
substrates but has an absorption band starting at about 180 nm. [Kr-
F is 248 nm.] 
Unfortunately we have no domestic source of suitable quartz for 
photomask substrates. We have developed deposition techniques for 
putting the opaque film on the substrate, and we are improving our 
polishing capabilities, but we have no domestic source of suitable 
quartz for photomask substrates. 
The substrate thickness for 1990/91 will no doubt be 90 mils 
because of its availability. However, the gravitational sag in 90 mil 
substrates produces a length error of the order of 20% of the 
allowed tolerance. This error is reduced by using thicker glass. 
Unfortunately, a thicker substrate makes it more difficult to 
achieve a uniform temperature during prebake and postbake and this 
increases the difficulty of achieving a uniform CD. 

So far I have only discussed conventional 5x reticles. 4x reticles 
will have similar mask specifications. 1x reticles will require at 
least a factor of three tighter specifications. This is not too 
significant for the registration because the active mask area is 
twenty-five times smaller. However, the CD control will be a major 
problem. 
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Phase shift masks may add life to billions of dollars of existing 
wafer exposure tools, but they add considerable complexity to the 
mask. There are many structures being evaluated, and it is evident 
that the two difficult mask levels, window and metal level, will be 
relatively straight forward. However, some phase shift designs 
require sub-half micron features on 5x reticles. Other design 
involve more complex processing. The difficulties with phase shift 
masks is not only in the mask fabrication but also the CAD layout. 

SUMMARY 
The IC industry including mask making is very capital intensive. The 
difference between wafer and mask fabrication is that wafer 
throughput is measured in wafers per hour at a given machine, while 
for masks it is measured in hours per mask. As we approach the mid 
90s, the cost per hour for mask making equipment will increase, and 
so will the required hours per substrate. 
Industry must recognize that as design rules go down, mask specs 
get tighter, and data bases get larger, the cost of masks will 
increase significantly. 
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QUESTIONS FACING THE MASK MAKER 

1. WHEN MUST WE REPLACE OUR 

EQUIPMENT AND PROCESSES TO MEET 

FUTURE OPTICAL NEEDS ? 

2. WHEN MUST WE GET READY FOR 

X-RAY MASKS ? 
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PROCEEDURE 

1. SUMMARIZE THE PROBABLE LIMITS & TIME 

SCHEDULE FOR AVAILABLE OPTICAL 

TECHNOLOGIES. 

2. ESTIMATE OPTICAL MASK SPECIFICATIONS 

AS A FUNCTION OF TIME. 

3. USE INDUSTRY'S RECOMMENDATION FOR 

WHEN X-RAY WILL BECOME A MAJOR 

LITHO TOOL 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
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LITHOGRAPHY TIME SCHEDULE 

MIN. WAFER 
FEATURE 

0.50 urn 

0.35 um 

0.25 um 

0.20 um 

TIME 
SCHEDULE 

1990/1 

1992/3 

1994/5 

1996/7 

LITHO 
TECHNOLOGY 

I-LINE CM* 

I-LINE PSM** 
Kr-F 

Kr-F PSM** 
X-RAY 

Kr-F PSM** 
X-RAY 

DEVICE 
[DRAM] 

16 M 

64 M 

256 M 

*CM CONVENTIONAL MASK 
**PSM PHASE SHIFT MASK 

TABLE 1 

JGS 

OCT '90 
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5X RETICLE SPECIFICATIONS 

[ CONVENTIONAL MASKS ] 

MASK 
PARAMETER 

REGISTRATION 

CD-TO TARGET 

CD-RANGE 
[ 3 sigma ] 

DEFECT SIZE 

EDGE 
ROUGHNESS 

SUBSTRATE 

MIN. MASK 
FEATURE 

YF.AR 
MIN. FEATURE^ 
TOLERANCE \ 

X20% 

X10% 

X8% 

X50% 

TO BE 
SPECIFIED 

QUARTZ 

X4 

90/91 

0.50 

0.10 

0.05 

0.04 

0.25 

9 
• 

90 
mils 

2.0 

92/93 

0.35 

0.07 

0.035 

0.028 

0.18 

9 
• 

250 
mils 

1.4 

94/95 

0.25 

0.05 

0.025 

0.02 

0.13 

9 
« 

250 
mils 

1.0 

96/97 

0.20 

0.04 

0.02 

0.016 

0.10 

9 
• 

250 
mils 

0.8 

ALL DIMENSIONS IN MICROMETERS, EXCEPT WHERE SPECIFIED. 

TABLE 2 

JGS 

OCT '90 
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IMPROVEMENTS NEEDED TO MEET 

1991 TO 1996 PHOTOMASK NEEDS 

YEAR 

REGISTRATION 
[PATTERN GEN] 

CD CONTROL 

EDGE 
ROUGHNESS 

DEFECT 
DETECTION 

SUBSTRATE 

METROLOGY 

PHASE SHIFT 
MASKS 

X-RAY MASKS 

1990/1 

UPGRADE 
OR NEW 

1992/3 

NEW 
[FASTER] 

1994/5 1996/7 

NEW + MULTIPLE 
WRITE. 

IMPROVEE NEW MATERIAL & PROCESSING. 
PROCESS MORE AUTOMATION. 

CONCERN WITH EDGE PROFILE 

IMPROVED CD STANDARDS NEEDED. 

ACCEPT -
ABLE 

AVAIL -
ABLE 

IMPROVE. MEASURE 
EVERY MASK. 

SIGNMCANT DEVELOPMENT 
NEEDED. 

QUARTZ - NO DOMESTIC SOURCE. 

AVAIL­
ABLE 

DEVELOP 
TECHNOL( 

WILL NEED IMPROVED CD & 
LENGTH MEASURING TOOLS. 

ROUTINE USE 
SGY 

PREPARE 

TABLE 3 
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SEMICONDUCTOR MEMORIES IN THE COMING DECADE 

Dr. Tsugio Makimoto 
Director and General Manager 
Semiconductor Design and 
Development Center 
Hitachi Limited 

Dr. Makimoto is Director and General Manager of the Semiconductor Design and 
Development Center of Hitachi Limited. His current responsibilities include 
all MOS and bipolar device development operations, including microprocessors, 
memories, ASICs, linear, digital LSI, etc. He has been with Hitachi since 
1959. Dr. Makimoto received a B.S. degree in Applied Physics from the 
University of Tokyo, an M.S. degree in Electrical Engineering from Stanford 
University, and a Ph.D. from the University of Tokyo. 

Dataquest Incorporated 
SEMICONDUCTOR INDUSTRY CONFERENCE 

October 8-9, 1990 
Monterey, California 

1290 Bidder Park Drive, San Jose, CA 95131-2398 (408) 437-8000 Telex 171973 Fax (408) 437-0292 



tBivxao.iii& mwfaoiSSl 

Semiconductor 
Industry 
Conference 

Semiconductor Memories 
in tlie Coming Decade 

Tsugio Makimoto 
General Manager 

Semiconductor Design and Development Center 
Hitachi, Ltd. 

© 1990 Dataquest Incorporated October 8 — Reproduction Prohibited 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Bidder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Bidder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



ro 
(O 

o 
d a 
CD 

TJ 

5J D 
: ^ 0) ?I 
< • t^ 

^% 
03 _ 
0) 3 
3 o 

<^5 
O "D Sg 5 
• W 

5a 
g" 
CJO O 

^^ si 
00 •< 

-X Q. 
o ^ S J 

00 - • 

goo 
o gj 
^ S 
s!g 

CD 

3o 
535 
W D 
^ O 
-ng. 
1 § 
o 
3 
.̂  

o 
ro 
CO 
ro 

SEMICONDUCTOR AND MOS MEMORY 
MARKET FORECAST 
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MOS MEMORY IN THE 90'S CONTINUES h 
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• MAJOR BUSINESS OPPORTUNITY 
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r 

t o 
CO 

o 
Q.' 
Q. 
(D 

"D 
^ O 
?r 0) 

?I 
< • ^ 

ffi (D 
iS-

W _ 
D) 3 
3 O 

<^9 
O "O SR 
- D) 
O CD 

> Q . 

g" 
o58 ^l 1̂ 
0 0 - < 

J ^ Q. °5f 3 J 

00 -• 
O p o 

O CD 
-- S 

4.% 
ffi. 

3o 
SS5 
COT3 
^ O 

-nS 

13 
t^ 
o 
3 
.^ ^ o 
M 
(O 
ro 

DRAM TREND 
Million 
PCS 

1,000 

500 

160K 

0.8K 

UNIT SHIPMENT 

1980 

SOURCE : HITACHI 

1990 20 

- 0 HITA 



r 

8 

i 
5S 

w _ 
B) 13 
D O <-9 
O "D 

SS 5 
• OJ. 

5§. 
CO o 

^1 
00-3 

2; Q 

S ? 
00 -" 
O Oo 

o "^ 
O OD 

^ S 
s!g 
^ s 

S-
3o 
SSR 
C0T3 
^ O 
-nS. 
» 5 4^ o 
00 

o ro 
(£> 

ro 

FROM "MEGA" TO "GIGA" 

BITS/CHIP 

1G 

100M 

10M 

1M 

100K 

TOTAL: x4/GENERATI0N ^^^ 

\y 

1G y ^ 

2 5 6 M / ^ 

1 6 W I / DENSITY: x2.8/GENERATIO 

X (PATTERN SIZE : x0.6/GENER 

Auy^ ^ ^ ^ 

1M j^ '^— 

256K y^^ .̂.,-.----̂  

DIE SIZE: X 1.4/GENERA 

1 1 1 

1980 1990 2000 

0 HITAC 



r 

cc 

O 

~l 
I 
O 

iS Z 

I 0 
CO cc 

lii 
IT * 

^ DC ^ S O 
In m uj o ^ 
r j H Q Q. a 

2 ! • • 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



r 

LO 

LU 

LU U 

f b 
GO 

2< 

G 
< 
I -
co 

< 
QQ 

h-o o 

CL 

X 
u 
CO 

Z 
o 
z 

# 

V 
Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 

1290 Bidder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



r 

(O 

o 
Q ! a 
(B 

?a 

< • t^ 
<e (D - a w _ 
0) 3 
3 O 
C-R 
O "O 

- 0) 

5a 
CO o 

^l 1̂ 
0 0 ^ 

^ o 

3 ^ 

00 - • 
O B . 
o ro 
^ S 
ila 
5 $ 
:3!o 
SS5 
^ o 
-na 

o 

o 
N) 
ID 
ro 

LITHOGRAPHY TECHNOLOGY TREND 

(pm) 
g-UNE STEPPER 

> 

1.0 

X 
h-o 
5 0.5 

0.1 

i-LINE S T E P P E R / " " 

PHASE SHIFT MASK 

EXCIMER STEPPER 

6 4 M ' ^ ^ ^ ; ^ X ^ 

256M 

EB OR X-
, ' i -
' - / -

1985 1990 1995 2000 
0 HITA 



r 
PHASE SHIFT MASK LITHOGRAPHY 

ro 
CO o 

Q. 
Q. 

"O 

ej o 

o l 
-^S 
w _ 
0) =3 
=3 O 

<-5 
o -a 
- 0) 

5a 
g" 
S8 ^1 ^1 
00 >^ 

J!^ o 
3 ? 
00 -• 
O Qo 
O 
O DO 

^ S 
i l a 
5? ^ 

SB-
3 o 
55s 
CJ-D 
^ O 
TlS 
¥ Q-
• ( ^ 

o 
53 

o 
ro 
<o 
I\3 

CURRENT TECHNOLOGY PHASE SHIFT MA 

i i i i 
/ i \ / I V 

AMPLITUDE 
DISTRIBUTION NORMAL 

PHASE 

REVERSE 
PHASE 

INTENSITY 
DISTRIBUTION 

NOT SEPARATED 

V. 

SEPARATED 

0 HITAC 



ro 
CO o 

Q! 
Q. 
(D 

-0 
^ O 
^ 0) 

?I 
<• c 
(S (D - a w _ 
0) 3 
3 O C-5 
O "D $5 
• » 

2a 
g» 
u> o-

1̂ 
O ) ^ 

j i; o 

Si 

n 
00 ^ 
o oo 
o "^ 
O CD 
~~ S 

i!t 
S-

3o 
539 
CO-a ^ o 
-nS 
i § 
"5 
o 
o 
ro 
CO 
lO 

STACKED CAPACITOR CELL FOR 64M DRAM 

TajOs CAPACITOR 
DIELECTRIC 

KEY TECHNOLOGIES 
• SHIELDED DATALINE 
• CROWN CAPACITOR 
• TajOs DIELECTRIC 

V. (^HITAC 



MEMORY PACKAGE TECHNOLOGY TREND 
r\j 
(£) 
o 
3J 
Q.' 
Q. 

"D 
5J O 
TT CO 

^E 
<• c 
S (D 

- a 
M _ 
to 3 
3 O 
<^o 
o -o 

--g 
5? 
s-" 
u8 

s ^ l 
0 0 ^ 

^ o 

°i 
3 J 
00 ^ 
O Oo 

o 
O CD 
i l ^ 

ffi. 
3o 
SS9 
COTD 
^ O 

-nS 
'5 o 3 
o 
ro 
CO 

ro 

UNIT VOL/BIT 

O 

0.1 

0.01 

Q 
^ ^ D I L P 

\ S 

\ \ 

TSOP^A NN 
\ -v 

64K 256K 1M 4M 

^ 0 HITAC 



h. 

Ul 

o 
S . C O 

Uj S S 

% % O LU 

oc 
o 

I 
O 
iS 
X 0^ 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



r>j 
(O 

o 
a a 
fD 

•V 

^ D 
-^ ffi. 
O ^ 
< • t^ 

-̂ a 
W — 
0) 3 
3 O C-5 
O T3 

-Sg 
O <B >p. 
ID 0) 
CJl ™ 

u8 
0) CO 

(O 
CDv 

„ o 

S^ 
6° 
00 ^ 

O Co 
o 
O OJ 

^ s 
s!g 

eg. 
3o 
^9 
CJ-O 

o 
-n£ 

j ^ o 
CD 

o 
ro 
(O 
ro 

DIVERSIFICATION OF DRAM 
90'S 

MULTIPORT VRAM 

FRAME MEMORY 

[r 
SOLIDSTATE RECORDING 

64K 256K 1M 4M 16M 64M 256M 1G-

A 
BIT WIDTH DIVERSIFICATION 
x 8 / 9 X16/18 X 3 2 / 3 6 -

HIGH SPEED (BI-CMOS) 

PSEUDO-STATIC ULTRA-LOW 
RAM POWER RAM 

Y SOLID STATE DISK 

HDTV D 

MAIN 
FRAME 

PC D 
EWS 

DISK D 
0 HITAC 



LOGIC GATES BUILT IN SPECIAL MEMORIE 
ro 
CO o 
3) 
d 
Q. 

(D 

TJ 
9J D 
pr 0) 

? ! 
<• c 
ffi CD eg. 
W _ 
0) 3 
3 O 

fe-° 
isl 
51 
JS»' 
CO o 

Si 
j ; ; Q 

sg^ 
00 ^ 
goo 
O CD 
-- S 
s!& 
to s 
_.a 
r^o 
!S9 
co-o 
^ o 
- n S 

.̂  
o 
3 

o 
ro 
CO 

ro 

GATE 
COUNT 

6 
10 V 

10 

10 

10 

10 

CURRENT MAXIMUM 
OF GATE ARRAY 

C STANDARD MEMORY 
) 

256K 

L 
1M 4M 

bit/chip 

16M 

— 0 HITAC 



r 

r\) 
<o 
o 
3) 
ci 
Q. 
(D 

T l 

ej D 
TT 0) 

< t -
« CD - a w _ 
01 D 
3 O 
c-5 o -a 
8 ° 
- a 
5a 
S"" 
CO o-Si 
0 0 , ^ 

^ o 

°i 
%l 
00 =• 
O p o 
o m 
—- s 
s!8-
_.ffi-
: : io 
i3R 
CJ-O 

^ o 
71S 
j ^ o 3 
CO 

o 
IV) 
CO 
(V) 

FIELD PROGRAMMABILITY 
-NON VOLATILE MEMORIES 

COST 

MASK 
ROM 

SYSTEM FLEXIBILITY 
0 HITAC 



Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



INVESTMENT TREND 
i\) 
CO 

o 
33 
Q. 

a 

OS 
< • ^ 

^% 
CO _ 
B) 13 
D O 

w° 
o -o 
Sg5 
- gj 

ga 
g» 
si 
jl; o 
o5 3g-

n 
00 ^ 
O CD 
• ^ D) 

s ! | 
2-

3o 
SS5 
COT3 
^ O 

-na 

o 
3 
CO 

o 
N) 
(O 
ro 

-INVESTMENT/IMpcs per month-

M$ 

200 

100 

0 
64K 256K 1M 4M 16M 

SOURCE : NRI 

64M b 

# HITAC 



z 
o 

X 
# 

A X 
- \ 

\ 

' 

• 

• 

L. 

— r -

] 
i 
• 1 

1 

1 

iN 
1 
1 
1 
1 
1 

1 ^ 
1 

— 1 — 1 — 

1 ^ ^ ^ ^ 

— i — 

-

-

% 

-

-

^ k 

o o 
O 00 

o 
iO 

o o 
PM 

o 
o 
^ 

o 
oo 

o 
VO 

o 

o 
fN 

o 

*""̂  
^ 
o^ 

12 
OJ • ^ ^ 

> 

u 
c «3 

"O 
c 

OJ 

1 

c 
o 
z 

X 
.-*•« 

o 
X < 

1 ^-^ 
Q. 

X LU 
X 
LZ* 
3 
< 

ii 
2 
<u 

> 

o 
•f-* 
u 
(D 

U. 
a; 
u> (D 

3 
ru 
O 
L_ 

< 

Li. 

3 
< 

•4-» 
Vl 

c a; Q 
•H* 

(U 
H -
iU 
D 

O 

VJ 
C 
fD 

•o 

c 3 
"O 
OJ 

Q£ 

QC 

{%) P|9!A 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Bidder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



M 
CO 
O 

a a. 
CD 

"D 
5J D 

?E 
< • ' ^ 

a CD - a w _ 
0) D 
3 O 
c 5 o -o 
S9 
• 0) 

5a 
g» 
CO o 
^ ^ ^1 
0 0 ^ 

J^ Q. 

3 J 

^ ^ 00 ^ 
OBo 
o ro 
~- S 
s:§: 
5? ^ 

CD 

3o 
SS9 
CO-a ^ o 
-nS 
§J o' 
4>' 
O 

3 
- j j 
o 
ro 
CO 
ro 

COST TREND 

PRICE/BIT 

1 -

16 

256 

Bi RULE OR TC RULE? 

o 
^imrJ 

Bl-rule 
TC-rule 

USER 

MAKER USER 

DRAM GENERATION 

0 HITA 



r 

l>0 
CO o 
3) 
d a 
(D 

"S, o 
pr 0) 

5I 
< • ^ 
ffl <D 
^ U) 
M _ 
0) D 
3 O 

<^9 
O "O 

S5 
Si 

5^ 
S» 
cSS ^1 1̂ 
00,5 

-^ Q. 

-S? 
t 
00 ^ 
O OS 

o 
O 00 

^ s 
sig 
5? ^ 

ffi. 
3 o 
!39 
CJ"0 

^ o 
-nS 
4^ 
o 

o 
ro 
(O 
l>0 

EXAMPLE OF " GIGA " ULSI SYSTEM IN 20 

PORTABLE ELECTRONIC TRANSLATOR 

^ 

" GIPS " 

PROCESSOR 

"GBIT" . 

MEMORIES 

0 HITAC 



N) 
U> 
O 

3 ) 
d a 
(D 

^ K. 

1̂ 

n 01 

Dl 

CO 
Ol 

CAJ O 

^1 
CO 
00,; _ O 

°i 
3g^ 
feo 
00 =" 
O B = 
O CD 

i!a 

:2o 
S39 
CO-a ^ o 
-n£ 
B o-

o 
l\5 
CO 
ro 

FIGURE OF MERIT OF SEMICONDUCTOR 
TECHNOLOGY 

MORE INTELLIGENCE 
SPACE X COST 

HEA VY INVESTMENT FOR R&D AND 
MANUFACTURING 

COOPERATION THROUGH PARTNERS 

IS THERE PROFITABILITY ? 
RIGHT MIXING OF K-RULE & BI-RULE 
IS THE KEY 
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EUROPE'S SEMICONDUCTOR BORDERS 

AGENDA 

Europe in worldwide perspective 

1992-its impact 

European trade policy 

Standards and applications 

Eastern Europe 

50% 

40% 

30% 

Percent 

20% 

10% 

WORLDWIDE SEMICONDUCTOR 
CONSUMPTION BY REGION 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

— ^ North Anwrica - ^ Japan - * - Europe -B- ASIA/Padflo-ROW 

Source: Dataquast 
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WORLDWIDE SEMICONDUCTOR CONSUMPTION 
GROWTH BY REGION 
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RECENT GROWTH - KEY FACTORS 

Foreign investment in production: 
- Just-in time 
- Yen appreciation 
- EC local content 

Strong US operations in computers: 
- IBM (UK, F, I) 
- Compaq (UK) 
- Hewlett-Packard (UK, WG) 
- NCR (WG) 
- Sun (UK) 
- Tandon (Aus) 
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JAPANESE PRODUCTION - COMPUTERS 

RECENT DEVELOPMENTS 

Manufacturer 

Toshiba 

Mitsubishi (Apricot) 

Fujitsu (ICL) 

NEC 

Product (Location) 

PCs (WG) 

PCs (UK) 

Mainframes (UK) 

PCs (?) 

Commenced 

April '90 

March '90 

July '90 

tba 

Source: Dataquest 

JAPANESE PRODUCTION (continued) 

Activities not confined to computers alone 

Strong presence in printers, cellular, 
consumer and facsimile 

Consumer (prod, lines) 
- TV (22) 
- VCR (32) 
- CD (13) 
- microwaves ovens (8) 

Source: Dataquest 

Dataquest Europe LimHed, a company of The Dun & Biadstreet Coiporation 
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WORLDWIDE SEMICONDUCTOR MARKET 
SHARE BY VENDOR ORIGIN 

Percent 

North America Asla/Padflo-ROW 

Source: Dataquest 
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PRE-1992 PREDICAMENTS 

• National protectionism 

• Players confined to small markets 

• Single Market - 279 measures 

• Semiconductors affected by many factors 

1992 - TELECOMS POLICY 

• Telecoms run by monopolistic PTTs 

• 1992 will weaken their hold 

• Liberalization of equipment suppliers 

• Global companies growing from national ones 

Dataquest Europe Limited, a company of The Dun & Bradstreet Corporation 
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1992 - EUROPE RESTRUCTURING 

Siemens/GEC 
Siemens 
Siemens 
Bull 
Thomson-CSF 
Aerospatiale/Thomson-CSF 
GEC 
Philips 

Plessey 
Nixdorf 
Bendix 
Zenith Data 
Philips Defense 
Sextant Avionics 
Ferranti Defense 
Bang & Olufsen 

Source: Dataquast 

SEMICONDUCTORS - RESTRUCTURING 

Waiting for a Bang? 

• SGS-Thomson acquires Inmos 

• Low activity in MOS memory 

• High investment compared to revenues 

• Collaboration in production inevitable 
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THE EUROPEAN ECOSYSTEM 

Equipment & ^ 
Materials 
Suppllw« 

-» Sendcondtidor «. 
Industry 

-».8wnlconduclor 

THE EUROPEAN ECOSYSTEM 

MEASURE 

TRADE 
Diffusion Rule 
Import Duty 
Reference Price 
Local Content 
Anti-dumping 

R&D 
JESSI 
Eureka 
Esprit 

STANDARDS 
ETSI 
CEN 
CENELEC 

Semiconductor 
Equip./Materlal8 

Semiconductor 
Manufacturers 

Electronic Equip. 
Manufacturers 

O O •_ 
• • t _ 

ft Q 
Q • 
Q • 

• t Q_ 
Q • 

O S • 
O • 

'̂  1— mainly affected Q partially affacted 

Dataquest Europe Umlted, a oompany of Tiie Dun & Bradstreet Corporation 
Roussel House. Broadwater PaiK Denham. Uxbridge, MIddx U K 5HP / +895 835050 /Tlx 266195 / Fax +895 835260 



REFERENCE PRICE 

Voluntary DRAM price agreements 

Commenced April 1990 

Preventive measures - preferable to 
antidumping duties 

Few criticisms (but price fluctuation 
is a problem) 

EPROM prices to follow 

EC DIFFUSION RULE 

• Widely misunderstood 

• "Made in Europe" If diffusion occurs in EC 

• Does not change duties paid 

• Targeted at equipment manufacturers faced 
with local content requirements 

Oataquest Europe Limited, a corr̂ tany of The Dun & Bradstreet Corporation 
Roussel House, Broadwater PaiK Denham, Uxbridge, M\Mx UB9 5HP / +895 835050 / Tbc 266195 / Fax +895 835260 



EUROPEAN R&D 

• Shift from national to European R&D 

• Coordinated across EC and EFTA 

• JESSI ($4bn) directed to semiconductors 

• JESSI ties into other programs: 
- Eureka 
- Esprit 
- RACE 
- BRITE 

EUROPEAN STANDARDS 

ETSI to develop pan-European standards 

Will lead to major semiconductor 
markets in: 

- digital cellular (GSM) 
- cordless telephony (DECT) 
- personal communications (PCN) 
- high-definition TV (HD-MAC) 

Large single market - good for everyone 

Oataquest Europe Umited, a company of The Dun & Bradstreet Corporation 
Roussel House, Broadwater PaiK Denham. Uxbridge, Middx UB9 5HP / -̂ 895 835050 / Tlx 266195 / Fax +895 835260 



EASTERN EUROPE 

Pillar of least certainty 

Sharply diminished output hampers 
ability to purchase 

Highest priority: technologies that enable 
industrial efficiency 

Telecommunications: next after food? 

EASTERN EUROPE: A HIERARCHY OF NEEDS 

Hungary ^QfflsraiiM East Germany 

Soviet Union .<ii|CONSIjME^GOODS^ Czechoslovakia 

ELECOMMUNK 

10 
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EAST EUROPEAN JOINT VENTURES 
AND TRADE AGREEMENTS 

(announcements June • August '90) 

Consumer 

Computer 

Telecoms 

Other electronic 

Semiconductor 

TOTAL 

2 

6 

1 

2 

3 

1 

3 

1 

1 

4 

1 

1 

4 

3 

4 

1 

2 

1 

11 4 8 12 3 

TOTAL 

9 

4 

21 

4 

3 

41 

EASTERN EUROPE (continued) 

TELESTROIKA 

Very low on infrastructure 

Cannot wait to build own industry - must import 

Contracts going predominantly to Western 
European firms 

Already driving Western (not Eastern) European 
semiconductor markets 
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CLOSING REMARKS 

Strong market growth in the 1990s 

Semiconductors: close cooperation is the 
route to success 

Selling into Europe: Borders not Barriers! 

A Single Market, but... 
- over 20 languages 
- many cultures 
- long conflicting holidays 

12 
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Semiconductor 
Industry 
Conference 

Prices, Profits, Projections: 
is tliis iMIaricet Too DRAIUI Voiatiie? 

David Angel 
Group Vice President 

and Director of Worldwide Research 
Semiconductor Components Group 

Dataquest Incorporated 
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THE YEAR WAS 1972 

• Richard Nixon was in the White House 

• China was opened up 

• Supreme Court ruled that the death penalty 
was unconstitutional 

• The Miami Dolphins were the first professional 
football team to go undefeated in a season 

• And . . . 

^t^74^co^lMG otnoiooTJtS] 

THE YEAR WAS 1972 

The memory market was flat 

Plan: Assemble the best minds 
and develop a solution 
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SOLUTION 

Cut the price! 

1,024 bits for $10.24 

10743006IMG OUXOtMMJ&i 

DRAMS - THE FUTURE 

The news Is good 
Memories will increase their pervasiveness 
throughout all forms of society 
- Personal communicators 
- Nonrotating storage 
- "Smarter" homes, automobiles 
- Custom computers 
- Upper limit may be the memory capacity of 
the human brain ~ 1 x 10̂ 5 bits 

- Information is doubling every four years -
all of that information needs to be stored 
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256K, 1Mb AND 4Mb DRAMs 
Units Actual/Forecast 

Millions of Units 

1.400 

1.200 

1,000 

800 

600 ! - • 

400 

200 

0 

^M 256K 
-CZhiMb 
Ein3 4Mb 

-IH^iBMb 

1986 1987 1988 1989 1990 1991 1992 1993 1994 
Souice: Dataquest 
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64K DRAM 
256K DRAM 
1Mb DRAM 
4Mb DRAM 
16Mb DRAM 

Revenue 

$'1.6B 
$ 9.9B 
$24.9B 
$41.88 

Multiple 

M 

6.2 
2.5 
1.7 

Souree: Dalaquesi 
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1- AND 4Mb DRAM UNIT PRICE LINE 
Dollars 
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1Mb 

4Mb 
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Dollars 

1- AND 4Mb DRAM UNIT PRICE LINE 

1986 1987 1988 1989 1990 1991 1992 1993 1994 
Souicer I3aiaqiiest 
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PRICE LEARNING CURVE 
DRAMs 
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1Mb DRAM INSTALLED CAPACITY 
Millions of 1Mb DRAMs per Year 

2,000 

1992 1993 
Source: Dataquest 
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1Mb DRAM INSTALLED CAPACITY 
Millions of 1Mb DRAMs per Year 

1989 1990 1991 
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4Mb DRAM INSTALLED CAPACITY 
Millions of 4Mb DRAMs 
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4Mb DRAM INSTALLED CAPACITY 
Millions of 4Mb DRAMs 

1991 1992 1994 
Source: Dataquest 
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WHAT ARE THE ISSUES? 

• Is It a buyer's market for years to come? 

• Can anybody make any money? 

• Will the 4Mb part be short-lived in favor 
of the potentially more profitable 16Mb part? 

• Has the industry reached a point where the 
capital investment cost is so high that the 
slope of the learning curve will turn upward? 
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PRICES, PROFITS, PROJECTIONS: 
IS THIS MARKET TOO DRAM VOLATILE? 

David Sear 
Vice President 
Standard Products Operations 
Integrated Circuits Division 
Fujitsu Microelectronics, Inc. 

David Sear is Vice President of Standard Products Operations of the Integrated 
Circuits Division at Fujitsu Microelectronics, Inc. He is responsible for the 
division's Standard Products Operations consisting of memory, standard logic, 
analog, microcomputer, and communication products, memory modules, and IC 
cards. Prior to joining Fujitsu, Dr. Sear was Vice President of Marketing, 
and Sales and Engineering for ICI Array Technology. Before this, he founded 
Perex Inc., a computer peripherals company specializing in tape drives. 
Dr. Sear received a B.S.E.E. in computer science and a Ph.D. in Physics from 
the University of London, England. 
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Prices, Profits, Projections: 
Is this Market Too DRAM Volatile? 
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LONG TERM DRAM DEMAND 
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DATAQUEST SEMIGONDUCTQR IfTDUSTRY CONFERENCE - MONTEREY- OCTO 

DRIVING FACTORS BEHIND MEMORY USAG 

• Proliferation of personal computesfs changiirg the way we pfrforrr 
day to day tasks 

• Evolution from "terse" computer syntax to user friendly interfaces 
require complex software thereby driving memory consumption 

• High resolution graphics ^ Real time graphics ^ Co 

• Easy to use man machine interface 
• 1 

• Sound and real time NTSC/PAL video 

• Dramatic reduction in cost per bit of memory over tha 1 ^ l O y ^ 
resulted in the following statement 

"Software developers treat memory as though it were infinite and z 
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Workstations 30 Meg Advanced 
Audio 
Video 

Workstations 
Unix 

IBM PS/2 + OS/2 
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CLOSING COMMENTS 

CONCLUSION 

• Th# loiig term deinand for memory appears to be Insatiab 

• The economics of the megabit generation have changed f 
the kilobit generation 

• Price/bit will continue to fall but at a slower pace, i.e., 80% 
curve instead of 60% - 70% curve 

• Wafer fab costs are projected to increase causing the DR 
business to be extremely capital intensive 

• The ante has been raised, but DRAMs are still an excellen 
to be in 

• DRAMS have now become almost as impoilant to the wo 
economy as a barrel of OIL!! 
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< > 

tn 
o ^ 

fc^ CL 
< 

O 

o 
o 

B ^ B 

E 

o 
JQ 

(0 

o 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



DRAM POWER SUPPLY TREND 

o 

ro 
CO 

o 
3) 
oi 
Q. 
CD 
T ) 
Q) 
X- lU 

9 l 
< • ^ 

a CD - a 
w _ 
0) U 
=J O 

<^5 
O "O 

ESS 
" s. 
9^ 
s» 
u8 

1̂ 
0 0 ^ 

j ^ o o5 3 J 
00 ^ 

goo 
O Ol 

s!a n> s 
X 2 

CD 

3o 
!S5 
CO-a ^ o 
-nS 
g 6-
j ^ 
o 
SS 
CO 
->i o 
l o 
CO 
KJ 

5.5V EXT 5.5V EXT 3.3V EXT 
5.5V INTERNAL 3.3V INTERNAL 3.3V INTERN 

256K 0 
IHEG 0 
4HEG 0 
16HEG 0 (0) 

641IEG 0 

Toshiba Am 



ro 
(D 
o 
3 
a 
Q. 
CD 
•D 

^ O o l 
< ^ 
(S (D 
• a w _ 
B) 3 
13 O 
< - ^ 
O "O 

Sg9 - a 
5a 
g" 
CO o 

^1 1̂ 
0 0 ^ 

-^ S. 

3 J 
fep 
00 ^ 

OQO 
O CD 
^ S 
i ! s 
5 S _̂  a 
r^lo 
SS5 
COTD 
^ O 

-nS 
"5 o 
00 

o 
ro 
(D 
r\j 

TECHNOLOGY TRENDS 
DIE SIZE PROCESS TECHNOLOGY 

256k 
(SMALLEST) 

18mm^ 1.8u-^1.5u-^1.2u-^1.0u 

IMEG 39.4mm 

(SMALI£ST) 

1.2u-^1.0 O.Bu 

4MEG 81.5mm 0.8iir*-0.7u 

16M r^ 130inin /v/ 0.55u 

Toshiba 



N) 
CO 
O 

3 ) 
CL 
Q. 
(D 

"0 
^ O 
TT QJ 

?^ 
< • c 

"^ (/> — 
0) D 
3 O 
<^5 
O "O 

s ° 
- D) 

5^ 
g» 
CO o . 

^ ^ C O ? 
3 -

--. S. 

o ^ 
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Prices, Profits, Projections: 
Is Tliis Market too DRAM-volatile? 

William L. Gsand 
Executive Vice President 

Prices, profits and projections - allow me to be prophetici DRAM: Prices will go down. 

Profits will go up. Growth and diversification are inevitable projections. Beyond that 

there are important parallels that relate to technologv. to competition and to customer 

needs. These 3 areas all hold unique relationships to prices, profits and any supportable 

projections for DRAMs. 

TECHNOLOGY 

Let's first look at technology. Traditional wisdom says that the way to reap the big 

rewards in Memory (or any semiconductor for that matter) is to invest in R&D, arrive 

early, grab the gold ring and get off of the merry go-round into the next attraction well 

ahead of the crowd. Make your profits up firont and do it with premium prices and 

moderate volumes. Leave the mature market to the "leaders in trailing edge 

technology." 

That theory may not hold true in today's environment. As the time to market and price 

erosion curves compress, the "comfort of leadership" of the past threatens to become 

the "cost of leadership" in the future. How then, can development and ramp-up costs be 

offset if not by the "early entry theory"? These alternatives should provide at least a 

partial solution. 

1. Longer periods of price stability (supply / demand balance). 
2. Longer periods of market involvement (Fabless phase downs). 
3. In-house semiconductor equipment technology. 
4. Larger and more extended "return" on technology (ro3^ties / alliances). 

Prices, Profits, Projections: 
la This Mute t too DRAM'VolstUe? 
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U.S. Patent Awards - 1989 

This list of patent awards is an indication that DRAM leaders will continue their 

emphasis on protecting intellectual property in the nineties. 

COBfPETITION 

There are now more than a dozen DRAM suppliers worldwide - all scurrying around 

trying to develop a differential advantage in order to be successful as an innovative 

competitor. 

•The market has told us that it will no longer go along with a loner as a strategically 

preferred DRAM supplier. The user risks have proven to be too high and the success 

ratios too low. A viable competitor has to find its alliance within three classifications to 

expect a warm reception from the DRAM customer base. 

Supplier Classifications: Mainstream Supplier 

Alliance 

Benevolence 

The mainstream suppliers will number less than five worldwide. Alliances will 

represent a similar number and will need to draw resources and technology either from 

benevolent sources (Sematech, IBM, AT&T, universities) or from the mainstream 

suppliers. 

Unless a supplier fits into two of these categories, it might want to reconsider its 

viability as an independent competitor in the DRAM market. 

• 

Prices. Profits, Projections: 
Is This Market too DRAM-voUtUe? 

Wllbam L. Gsand 
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CUSTOBIER 

The analysis of prices, profits and projections cannot be substantiated without an ability 

to respond to the market needs. Increased DRAM complexity and specialization will see 

a growing future as evidenced by cache memories and video RAMS. These will expand 

to multiple 

configurations (Hitachi will manufacture over 500 configurations of the 4MB DRAMs) 

and ultimately to integrated modules containing "common process" application-specific 

DRAMS and logic products to support the likes of 80486, SPARC, MIPS and HP 

Precision Architecture systems. 

SUBiMART 

Only companies with extensive financial resources and stajring power can comjnand a 

share greater than 10% of this massive market. For them, the prices can be volatile and 

they will still prosper. The profits can be maintained in the long run with a multi-

generation, integrated business structure as described earlier. And the projections 

should be bright. 

The DRAM market is a jewel, but its brilliance will be enjoyed only by those who make 

the total commitment from R&D to mature production and who have the wherewithal to 

withstand the violent swings and intensive competition inherent in this business. 

The DRAM business will not be: easy, dominated or predictable. 

But it wUl be profitable, big and exciting. Hitachi \d l l be a major fiElCtor! And we're 

looking forward to the opportunity to compete. 

Prices, Profits, Projections; 
Is l U s BfiiAet too DRAM-voUtUe? 

WUham L. Gsand 
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IS THIS MARKET TOO DRAM VOLATILE? 

Frank Jelenko 
Vice President 
Strategic Planning 
NEC Electronics, Inc. 

Frank Jelenko is Vice President of Strategic Planning for NEC Electronics. He 
is responsible for identifying, developing, and maintaining key markets for 
NEC products in the United States. Previously, he was Vice President of 
Marketing and later served as Vice President/General Manager for the ASIC and 
microprocessor business units. He joined NEC as manager of strategic account 
management programs. Mr. Jelenko also worked for ADL Management Consulting, 
General Instrument Microelectronics, Motorola, and Signetics. Hr. Jelenko 
received a B.S.E.E. degree from the Massachusetts Institute of Technology. 
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1990 SEMICONDUCTOR INDUSTRY CONFERENCE 
The Next Decade . . . Where Do the Opportunities Ue? 

October 8-9, 1990 
Monterey Conference Center 

Monterey, California 

SUNDAY, October 7 

5:00 p.m. Registration San Carlos Foyer 
7:00 p.m. Cocktail Reception San Carlos Ballroom 

MONDAY, October 8 

7:00 a.m. Buffet Breakfast San Carlos Ballroom 
7:30 a.m. Registration Continues Steinbeck Lobby 
8:30 a.m. Semiconductor Industry Forecast Steinbeck Forum 

David Angel 
Group Vice President and Director of Worldwide Research 
Dataquest Incorporated 

9:00 a.m. The Next Decade . . . Where Opportunities Lie . ^v . : . .w . Steinbeck Forum 
Manny Fernandez 
President 
Dataquest Incorporated 

Differing Corporate Strategies 
9:30 a.m. Pure Play Semiconductor Steinbeck Forum 

T. J. Rodgers 
President and CEO 
Cypress Semiconductor 

10:00 a.m. Coffee Break Steinbeck Lobh-
10:30 a.m. Building Block Supplier Steinbeck Forum 

Frank Gill 
President 
Intel Systems Group 

11:00 a.m. Fabless , Steinbeck Forum 
Gordon Campbell 
President and CEO 
Chips & Technologies 

11:30 a.m. Group Questions Steinbeck Forum 
12:00 Noon Lunch San Carlos Ballroom 
12:45 p.m. The Bush Administration's Position on High Technology San Carlos Ballroom 

Congressman Tom Campbell 
1:45 p.m. Wake-Up Call for the US Semiconductor Industry Steinbeck Forum 

Carver Mead 
Gordon and Betty Moore 
Professor of Computer Science 
California Instimte of Technology 

2:15 p.m. Packaging for High-Performance Systems: Moving Toward 2000 Steinbeck Forum 
Mary Olsson 
Industry Analyst 
Dataquest Incorporated 

2:45 p.m. Coffee Break Steinbeck Forum 

(Continued) 
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3:15 p.m. Lithography Strategies: Pushing the Limits Steinbeck Forum 
Optical Lithography 
Eugene Fuller 
Manager, Stepper Programs 
Sematech 

X-Ray Lithography 
Robert Hill 
Functional Manager, Advanced Lithography Systems 
IBM Corporation 
E-Beam Lithography 
Neil Berglund 
Assistant to the President and Executive Director of Marketing 
ETEC Systems, Inc. 
Maskmaking 
John G. Skinner 
Director of Advanced Photomask Technology 
Du Pont 

5:15 p.m. Session Concludes 
6:45 p.m. Private Tour and Strolling 

Buffet Dinner at the Monterey Bay Aquarium Monterey Sheraton Lobby 

TUESDAY, October 9 

7:00 a.m. Buffet Breakfast San Carlos Ballroom 
8:30 a.m. General Announcements Steinbeck Forum 
8:45 a.m. Semiconductor Memories in the Coming Decade Steinbeck Forum 

Tsugio Makimoto 
General Manager, Semiconductor Design & Development Center 
Hitachi Ltd. 

9:15 a.m. Europe: Redrawing the Semiconductor Borders Steinbeck Forum 
Jonathan Drazin 
Senior Industry Analyst 
Dataquest Incorporated 

9:45 a.m. Coffee Break Steinbeck Lobby 
10:15 a.m. Prices, Profits, Projections: Is This Market Too DRAM Volatile? Steinbeck Forum 

David Sear 
Vice President 
Fujitsu America 
Robert Brown 
Vice President and Group Executive 
Toshiba America Electronic Components 
William Gsand 
Vice President and General Manager 
Hitachi America, Ltd. 
Joseph Parkinson 
Chairman and CEO 
Micron Technology 
Frank Jelenko 
Vice President 
NEC Corporation 

12:00 Noon Lunch San Carlos Ballroom 
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12:45 p.m. The Price of the Future •..,... • San Carlos Ballroom 
Fred Zieber 
Vice President 
Dataquest Incorporated 

1:45 p.m. The Evolving Personal Computer . , , . . . . , . . , , . . . . . , Steinbeck Forum 
Roger Johnson 
Chairman, President, and CEO 
Western Digital Corporation 

2:15 p.m. The New Face of Personal Electronics .> . . , , Steinbeck Forum 
Hiroyuki Mizuno 
Executive Vice President and Member of the Board 
Matsushita Electric Industrial Co., Ltd. 

2:45 p.m. How User/Supplier Relations Will Change Steinbeck Forum 
Irv Abzug 
GTD Vice President and Director of Corporate Procurement 
IBM Corporation 

3:30 p.m. Conference Ends 
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1990 Semiconductor Industry Conference 
Market Research Survey 

In order to continually improve the types of products and services Dataquest provides for the semiconductor 
industry, we need to better understand your information needs. Please help us by completing the following 
questioimaire. 

1. Is your company a Dataquest client? Yes No 

2. Which of the following best describes your compai^'s primary activities? Choose only one. 

Semiconductor manufacturer 

Type: 
Standard Logic ASIC _ 
Microcomponents Memory _ 
Linear-Analog Opto-Discrete _ 

Stqyplier to semiconductor industry 

Type: 
Test equipneot Design equqnnent/software 
Manu&cturing equipment Matnials 
Services 

User of semicooductDr products 
Distributor, government agency, consultant, investment advisor 
Other 

DSP 
Telecom 
Gallium Arsenide 

Smart Power 
AU Types 

(Please specify) 

Which of the following best describes your position/title? 
CEO, President, Vice President Product Managranent 
Strat^c Planning/Business Developmoit Marioet Research/Analyst 
Sales and Marketing Management Operations Management 
Product Devdopment/K&D/ Purchasing/Vnidor Selection 
Engineering Management Ottier 

4. How did you learn about diis confiaence? 

The broduire was mailed directly to me. 
Someone in my conqMuiy gave me die brodnue. 
I saw die announcement in a new^aper or magazine. 
I heard an announcemeot at a previous Dataquest meeting. 
Someone from Dataquest called me. 
Other 

(aver) 
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5. Rank the reasons you attended this conference in order of importance (I being the most important). 

Circle only those applicable to you. 
Most Least 

To hear Dataquest's forecasts 
To hear Dataquest's market analysis and predictions 
To hear industry leaders 
To meet my customers 
To talk with Dataquest analysts 
To meet my counterparts 
To hear about and discuss critical industry issues 
To help evaluate our investment portfolio 
To meet my suppliers 
To learn about my competition 
To examine new Dataquest products I've heard about 
To learn about new markets and sales leads for my company's 

products or services 

6. How well did the conference meet these objectives? 

7. How would you rate the conference facilities and location? 
Guest rooms 
Meeting rooms 
Meals 
Location (City) 

Highest 

1 

Highest 

1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 

3 
3 
3 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 

4 
4 
4 
4 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

Lowest 

5 

Lowest 

5 
5 
5 
5 

8. In the future, should the length of this conference be: Shorter Longer The same? 

9. Would you prefer more fewer or the same number of Dataquest speakers? 

10. Topics/speakers you would like to hear at next year's conference: 

11. Please use this space for your comments on any aspect of our conference: 

Name 
(Optional) 
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David Angel is Vice President and Director of Dataquest's Semiconductor 
Industry Service. He is responsible for managing and directing all of the 
company's semiconductor research activities worldwide. Prior to joining 
Dataquest, Mr. Angel was Managing Director of DQ Alliances, a high-technology 
Investment banking firm affiliated with Dataquest. While at DQ Alliances, he 
initiated and completed numerous strategic alliances, joint partnerships, 
acquisitions, and start-up company fundings, the majority of which were 
related to the worldwide semiconductor industry. Mr. Angel has 25 years of 
experience in the semiconductor and venture capital fields, having served as 
President, Executive Vice President, and Chief Operating Officer of several 
high-technology startup companies. He was founder and senior partner of 
Almaden Venture, a seed fund and venture capital consultation firm. Earlier, 
he was founder of Signetics Memory Systems - and the Director of American 
Microsystems Inc.'s (AMI) Image Technology Center. He is considered an expert 
in semiconductor lithography. Mr. Angel has authored more than 50 
publications relating to high technology, funding new businesses, strategies 
for success in high technology, and management of high-technology companies. 
Mr. Angel received a B.S. degree in Premedical Studies and Chemistry from 
Marietta College and did graduate work in Physical Chemistry and Law at 
Williams College and LaSalle University. 
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ISSUES THAT COULD AFFECT 
THE FORECAST 

• War in the l\/liddle East 

• German reunification 

• Rising cost of Japanese capital 

• Slowdown becoming broad-based recession 

© 1990 Dataquest Incorporated October 8— Reproduction Prohibited 
Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 

1290 Ridder Park Drive, San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



Dataquest 
a company of 
The Dun & Bradstreet Corporation 



Dataquest 
n n a company of 
l i J 0 The Dun &Bradstreet Corporation 

THE NEXT DECADE . . . WHERE OPPORTUNITIES LIE 

Manny Fernandez 
President 
Dataquest Incorporated 

Manny Fernandez is President and Chief Executive Officer of Dataquest. Since 
he became President in October 1985, Dataquest has increased its products and 
services, expanded its overseas coverage, and earned record revenue and 
profits. Under Mr. Fernandez's leadership, Dataquest has Introduced low-
priced products that include directories, focus reports, and newsletters; 
tripled its resources for primary research; and launched additional industry 
services in the areas of semiconductors, information systems, peripherals, and 
office equipment. Also under his direction, Dataquest has established 
research and marketing activities in Boston and Seoul and has greatly enlarged 
its offices in London and Tokyo. Mr. Fernandez's management of the 
acquisitions of Intelligent Electronics Europe and Invitational Computer 
Conferences and the merger of Focus Research Systems has enabled Dataquest to 
broaden its research capabilities and product offerings worldwide. 
Mr. Fernandez has been involved in high-technology industries for the past 21 
years. Prior to assuming the presidency of Dataquest, he founded the 
company's Strategic Executive Service, which provides vital decision-making 
support for CEOs of high-technology companies. Before joining Dataquest, 
Mr. Fernandez was President and CEO of Gavilan Computer Corporation, 
President and CEO of Zilog, Inc., and Group Vice President of Fairchild Camera 
& Instrument Corporation. Mr. Fernandez received B.S. and M.S. degrees in 
Electrical Engineering from the University of Florida. 
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MAJOR TECHNOLOGY OPPORTUNITIES 
IN THE 1990s 

• Widespread use of Smart Cards 

• Tremendous advances in medical imaging 

• Proliferation of wireless communication 

• Integration of office functions 

• Major strides toward paperless society 

• Breakthroughs in harnessing solar energy 

• Expanding use of environmental sensing 
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Fabless Companies Bear Less Risk 
3 Strategies Deal with Capital Intensity 

20% 

Operating iVIargins 

Depreciation 
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Breadline 
Suppliers 

Tim 

Emerging 
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$10 ®s 

Annual Sales Range 
Source: Hambrecht & Quist, Inc. 
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Typical $100M Revenue Based Compan 
Fabless 

Capitai Costs 
B Building/Land 

• Equipment 

Operating Costs 
B Material 

B Direct Labor 

B Indirect Labor 

• Indirect Materials 

B Building Depreciation 

B Equipment Depreciation 
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BUILDING BLOCKS SUPPLIE 
FROM CHIPS TO BOXES 
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MARKET OPPORTUNITY: 
EARLY BUILDING BLOCK ENTREPREN 
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OLD WORLD COMPUTING VERSU 
NEW WORLD COMPUTING 

DATA GENERAL 
CIRCA 1980 

COMPAQ 
TODAY 

Custom Hardware 

Proprietaiy Operating 
System 

Exclusive Vertical 
Applications 

Large Sales & Service 

Off-the-shelf 
Microprocessor and 
Support Chips 

Microsoft DOS, Window 

Industry Standard Softw 
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Silicon Fab Trends 
Wafer 
Size 
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Characteristic 
Dimension 
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Product 
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Top Ten Worldwide Semiconductor Manufacturers for 1 

1989 Rank 

1 

Source: Dataquest 

Company 1989 Revenue 

NEC 

Tbtal World Companies 

ToiJI 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Tbshiba 
Hitachi 
Motorola 
Fujitsu 
Ibxas Instnuiteats 
Mitsubishi 
Intel 
Matsushita 
Philips 

North American Compani^ 
Japanese Companies 
European Companies 
Asia/ROW Companies 

4,930 
3,974 
3,319 
2,963 
2,787 
2,579 
2,430 
1,882 
1,716 

19,978 
29,809 
5,443 
1,983 

57,213 
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Cypress Semiconductor Corporation 

T. J. Rodgers is Founder, President, Chief Executive Officer, and Director of 
Cypress Semiconductor Corporation. Dr. Rodgers and the management team at 
Cypress have received numerous awards for excellence in financial management. 
In its seven years of growth. Cypress has posted consistent, outstanding 
financial results even during the industry's various ups and downs. Prior to 
founding Cypress, Dr. Rodgers was with Advanced Micro Devices (AMD), charged 
with running its static RAM product group, a 74-person production and 
development organization which, at that time, accounted for ten percent of 
AMD's sales. Previously, he managed the MOS memory design group at American 
Microsystems, Inc. (AMI). Dr. Rodgers graduated as a Sloan scholar with a 
double major in physics and chemistry from Dartmouth College. He attended 
Stanford University on a Hertz fellowship, where he earned a masters degree 
and a Ph.D. in electrical engineering. While attending Stanford, Dr. Rodgers 
invented, developed, and patented the VMOS technology, which he sold for cash 
and royalties to AMI. 
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DIFFERING CORPORATE STRATEGIES: 
PURE PLAY SEMICONDUCTOR SUPPLIER 

T. J. RODGERS 
PRESIDENT and CEO, CYPRESS SEMICONDUCTOR 

If you ever want a lesson in humility which I had, I used to drive by AMI every now 
and then, remember having worked there, having worked hours every bit as hard 
as the hours I work at Cypress right now. About three years ago I drove by the 
old homestead - literally, on Homestead Road - one day and I drove by what used 
to be Fab #3 and Fab #4 where we worked, and it was ploughed, there was 
nothing left but a field full of grass. If s more economical to go back to fruit 
orchards in the Silicon Valley in that case than to make semiconductors. 

That is a lesson about running scared that I have never forgotten. It is one of the 
most important lessons that I think our industry needs to learn. 

Having heard from the last speaker our obituary, it is difficult to discuss how a 
pure play semiconductor company can survive. But I guess I am a throwback, so 
I'll give it a chance. 

I don't like going to Washington to see if my appropriation came through. I don't 
like complaining about the Japanese as though they were the root cause of 
problems that I have in my company - and I do have some, i hate subsidies, and 
that includes Sematech money to our industry. I just like to fight fair and open on 
a fiat field. 

Can we survive? After all, the sky is falling. 

All you have to do is look at the statistics. Take the SIA statistics 1982 and 1989. 
In 1982 the American Semiconductor industry held 51% of the market the 
Japanese 35%. In 1989 the numbers had reversed, 51% for the Japanese 35% 
for the American -16 points up 16 points down, 32 points of relative change. The 
sky has fallen. 

Sandy Kane tells us that it takes $1 billion dollars - as a matter of fact, your 
numbers from $400 million to $700 million to $2.5 billion in the last talk - to build a 
fab. How are we going to do that? Who will have the money? 

Gordon Moore has told us its going to take $200 to $400 hundred million to get in 
the microprocessor business. How many companies will be able to roll the dice 
for a quarter of a billion dollars to find out if their architecture makes it in 
somebodys computer company. 

Now that sky has fallen a little bit, lets go back to about 1980 and consider about 
two hypothetical semiconductor companies both with $200 million dollars in sales, 
one Japanese and one American. The Japanese company, lets say, 
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had a single $100 million dollar fab to support its $200 million dollar business. 
That fab had a yield of 75%, meaning for every wafer coming out of the fab, 75% 
of the chips in that wafer were good, 25% bad. That is 1980. 

In the United States our $200 million semiconductor company had 25% yield -
trust me, I was there; that is part of the field story - and 25% means that instead 
of needing one fab to support the business it needed three fabs. 

So we had two $200 million companies, one needing a single hundred million fab 
at an interest rate of 3% and the other needing three hundred million dollars, three 
fabs at an interest rate of 9%. Three times more money, three times higher 
interest rate, nine times higher cost of capital. That is the recipe for doom and 
gloom. That is what happened in the period of 1975 to 1985. If I could give one 
example that said why we lost market share that would be the example. 

But you have to remember that's yesterday's news. I will say later why it is 
yesterday's news. The industry is no longer like that, and we can no longer 
continue to use decade old models to say what we have to do going forward. 

If you look a little bit more carefully, the sky isn't falling nearly as badly as the 
subsidy lobbyists would have you believe. Of course, the worse the sky is falling, 
the harder Congress gets prodded to give money out. 

For example, if you take those same SIA statistics and look at them a different 
way, you get a totally different picture. 

One thing I didn't say about that 32 point relative drop was that in 1982 the 
yen/dollar ratio assumed in statistics was 248:1, where as in 1989 the yen/dollar 
ratio was 139:1. In 1982, the Japanese were driving up the yen/dollar artificially to 
make their products cheap to gain market share. Just to prove that we were fair 
in 1989 we were driving the dollar down to 139 yen to the dollar, artificially low, to 
gain market share. If you take out that aberration, if you use the number of 139, 
which makes the American statistic worse and use that over the entire period you 
find out that at a constant yen-dollar ratio of 139 that 32 points of relative market 
change, 27 of those 32 points are due to the exchange rate and the other five not. 

I often give a quiz at talks like this. Some of you have probably heard it before so 
I won't go through the formality of giving the quiz, but let me give a few questions 
and answers which pretty much everybody flunks. 

First, which foreign country owns the most American assets? The urge is to jump 
on Japan actually owning a golf course right around here and the Rockefeller 
Center. But the fact is the British own twice as much of American assets as do 
the Japanese. We always complain about the Japanese taking over this and that, 
yet there was not even a whimper when the Mobil Oil sign came down on all the 
gas stations on the west coast and the British Petroleum sign went up. 

From which country do we import the most? Everybody lunges, 'That one has to 
be the Japanese." But the fact is we import more from the Canadians then we do 
from the Japanese. 
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Which country has the largest economy? Half the people get that wrong. I think it 
is fairly obvious, but the fact is the United States economy is 2.5 times larger than 
the Japanese economy. If you take the data from the Hoover Institute from Dr. 
Thomas Moore, and extrapolate the slightly larger growth rate of the Japanese 
economy and ours, you get a crossover point 189 years from now - not exactly 
the kind of number that requires panic action. 

Which country has the most engineers? We all know we have more lawyers and 
doctors and the Japanese have more engineers. Wrong again. The United 
States although on a per capita basis has; fewer engineers than Japan, on an 
absolute basis it has twice as many engineers. I hope one of the biggest values 
of the "Peace Dividend" will not be whatever 2savings in the defense budget, but 
that we will be liberating some of those very brilliant engineers to start working on 
commercial and sellable things rather than things we bury in the ground and hope 
we never have to use. 

Which country has the best balance of trade? 'That's got to be Japan." Wrong 
again. Germany, which has an economy like ours relying on many small 
companies, not mega-companies and not MITIs, has a better balance of trade 
than Japan. 

Which country is most productive? "Aha! He has finally thrown one down the 
center slow so I can knock it out o the park." Wrong again. The most productive 
country in the world is the United States, with estimated productivity 30% higher 
than Japan. 

So, as we are listening to "the sky is falling" rhetoric we should remember in the 
back of minds that we have the best and strongest economy in the world and 
what we need to do is guide it in the right direction, not panic with stopgap 
measures. 

Sure, we have lost ground in static RAMs. Intel invented the static RAM and now, 
In effect, it is not part of the business. National Semiconductor just exited static 
RAMs, and Advanced Micro Devices has just set the record by leaving the static 
Ram business three times in the last five years. 

But that does not mean that only the Japanese are left. If you look at last year's 
statistics, the largest static RAM company in the U.S. was Integrated Device 
Technology; we were second, both of us with more that $100 million in business; 
and Micron Technology, closer on our tails than we would like - three 
entrepreneurial companies taking the place and holding the fort against the 
Japanese attack in static RAMs. Where would we be without those 
entrepreneurial companies? 

We keep hearing about the invincible force, MITI. Ask yourself, "Where was MITI 
most effective?" DRAMs would be the answer. What company was the most 
successful in DRAMs? Toshiba. When did Toshiba take over? The megabit. 

You would have to ask the guy who did the megabit program at Toshiba under 
the aegis of MITI, who Is here today. His name is Dr. Yoshio Nishi. He runs the 
Integrated circuits division for Hewlett Packard. I had DR. Nishi come to 
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Cypress to give a second go at an IEEE seminar he presented on MIT! and what it 
meant and what It didn't mean. Dr. NIshi says that never were technical secrets 
exchanged in MITI, that the intense competitors would only deal in the most 
global generalizations, and really no collaboration generated technology that 
propagated to the companies, that was a myth in the United States; that all that 
MITI did to really make things better in Japan was to extract a public commitment 
from all the companies that they would fund the MITI project regardless of 
whether or not the economy was good or bad. So, MITI, in essence, forced long-
term thinking, tliat which we have ascribed to the Japanese forever, on the 
Japanese semiconductor industry. Dr. Nishi said it was MITI's greatest 
accomplishment. 

By the way, when we are talking about the "unstoppable force" MITI, let's not 
forget their screw-ups. The DRAM success is getting a decade old, and 
continuing to talk about It is getting a bit old. How about TRON? When is the last 
time you had to worry about TRON? 

And how about the Fifth Generation Computer? That is the one that was so 
scary, they were going to take over the supercomputer industry. It is caused us 
to form the MCC in order to compete with them on a giant vs. giant basis. They 
have admitted that the Fifth Generation Computer wasn't that good. 

Then, of course, the last statement in these speeches is, 'The United States is 
going to be third. We have MITI in Japan, we have JESSI in Europe, and we've 
got nothing, so we better get with it." Of course, we can all look at Jessi's 
strategy for SRAMs with Philips in Europe and see that has also been a great 
success. 

So, let's just rush headlong into having the government give us money and think 
that is going to make things better. It is not. 

In the recent AMD quarterly report, after excusing poor earning, Jerry Sanders 
said that they were due to investing in the future to become part of the "oligopoly 
that will emerge in the semiconductor industry in the future, to invest to be part of 
the companies that survive" - sort of the "Big Three," if you will, of the 
semiconductor Industry. I think if you ask Ford, General Motors and Chrysler, 
"Are oligopolies competitive and can they hold the line against foreign 
competition?" the answer is "No." 

i was in the library looking over notes which I wrote last night and read braced on 
the steering wheel of my Honda on the way down. (My Honda was made in 
Marysville, Ohio, by the way, by those workers who weren't good enough to build 
good quality in General Motors cars.) 

This says "the decade of semiconductor start-ups," and then on the bottom it says 
in big red letters "Library copy. Do not remove!" Having been someone who 
never liked rules, I started paging through it. I have to admit it's a pretty good 
book. 
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With all this consolidation you hear about, the facts ought to square with the 
religion. If we are consolidating toward the "Big Three," then we ought to look at a 
graph that says we have 100 semiconductors, then 25, then 15, and now we're 
down to 12, and you can see the curve. 

If you look on page 3, you see a graph that shows the semiconductor companies 
that started in 1981 through 1985. If you count those up, you find there are 114. 
1981 through 1985 was the period when Cypress was started, Bernie 
Vanderschmidt's company, Xllinx, was started, and Gordy Campbell's company 
[Chips and Technologies] was started. 

Then I took the data from the other part of the book and integrated from 1980 all 
the way back to 1960, so I took and entire two decades before that five year 
period. Guess what? Fewer companies started in the two decades before 1981 
through 1985 than in that short period. So, somehow, we are not consolidating. 
Somehow, there are more and more companies. 

Dataquest, in its wisdom, laid that our for us on page 11: 'The third wave of start­
ups share many common characteristics. In general, the more successful 
companies tend to be as follows: 

highly focused, flexible, able to move quickly out of stagnant markets into 
high growth markets; 

willing to develop new markets and educate users about their products 
and design services; 

positioned at the leading edge because of their advanced process 
technology and proprietary CAD software; 

resourceful in attracting venture capital from U.S. and foreign capitalists; 
aggressive in building strategic alliances to develop new applications jointly 

and secure wafer fab capacity." 

That is correct. As a matter of fact, what I just read you wiped out the middle 
section of my talk. 

If we look at Porter's new book on 'The Competitiveness of Nations," he talks 
about countries which are successful in given industries being successful not 
because of capital, or labor resource, or'cheap coat, or cheap oil, but being 
successful because of many companies competing in a given area in a given 
country making that country successful, an example being Italy in the shoe 
industiy. 

Tom Peters tells us, when he testified against U.S. Memories in Congress, that we 
shouldn't use the MIT! model, which is wrong, and lunge after it, because we will 
land where the Japanese were, as the Japanese are scrambling to become more 
entrepreneurial, knowing that is the way of the future. 

George Guilder, in what I consider to be a landmark book, "In the Microcosm," 
which I also reviewed in the Harvard Business Review, tells us that smaller is 
better, more computer on a desktop means that amazing things will come from 
small groups of people in a garage. 
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If you look at the statistic I gave you earlier, the 9X statistic, that has changed as 
well. Whereas the yield used to be 75% in Japan and 25% in America, our yields 
at Cypress are now up to 75%. The Japanese are now are 90% or better; they 
are still ahead of us. But what used to be a 75%-to-25% gap (200%) is now a 
90%-to-75% gap (20%), and that is a big deal. And that cost of capital that used 
to be 3:1 is now closing and is now nearly 1:1. So, the next disadvantage we 
used to suffer of 9X is now down to somewhere around 2X, and therefore that 
huge capital formation disadvantage is really going down. That is a big part of the 
change in statistics to where, I believe, if you take the yen/dollar out of the 
statistics, you will see flat market shares for the United States from 1985 through 
1989. 

The main reason I don't like complaining about unmovable things like the 
government and foreign competitors is that it takes away individual responsibility. 
That is what really bothers me about our industry right now, that we have become 
a bunch of whiners. You can work three days a week, your company can be in 
trouble, but it's not your fault, it's the Japanese problem. You can lay off your 
research and development and have your products end up selling for 43 cents on 
the average, but that's not your fault, it's the fault of your Congressman in 
Washington who didn't lobby hard enough. You can declare your obsolete 
architecture still to be as good as the other guy's new architecture because you 
have to protect a cash cow, and then whine later on that you haven't got the 
appropnate protection from the government. 

I think, if we need to look at the fault for the falling of the market share of the 
United States semiconductor industry to a two-thirds approximation, we ought to 
be looking in the mirror, and that includes me. 

Welfare doesn't work. I saw Lyndon Johnson in 1969 get up and talk about 
spending a few million dollars to wipe out hunger in the United States. After two 
decades of spending, there are more hungry people in the United States then 
there ever were. 

We are not going to get bailed out by the government. We will not double or triple 
up in Sematech. Our government can't even afford to keep the museum open 
where people can view the Liberty Bell today! 

I think entrepreneurs continue to represent the value in the future of the United 
States. Let me give three quick examples. 

First, the billion dollar fab. Cypress is now, on an annualized rate, about a 
quarter-billion-dollar company. You may or may not believe it, but the total 
investment in both of our fabs, Fab #1 in San Jose and Fab #2 in Texas, which 
do all of our research and development and all of our production, is $73 million; 
$35 million in Fab #1 , and $38 million in Fab #2. I don't know how the $400-$700 
million fab came around, but if any of you need to build one I will guarantee to 
build it for you for $200 million, as long as I can keep half of the difference 
between the budget your people propose to you and what I actually spend doing 
It. 
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Let me tell you about a little company called Ross Technologies. It is a subsidiary 
of Cypress. We thought we were too big to get into the microprocessor business. 
We had 1,500 people, we were $200 million, and there was an alarming outbreak 
of bureaucracy throughout the company. We founded Ross Technologies with 
an entrepreneur named Roger Ross who came out of Motorola. 

Ross Technologies, for a total investment o $7 million - not the $200-$400 million 
you hear about elsewhere - brought out SPARC chipset which is the top of the line 
Sun machine, the 490 that you can buy today, and the top of the line machine 
from Solborn and other companies. The head count when the project was 
complete was 36. 

So, I don't know where it came from that you need buildings full of hundreds of 
engineers and you need $200-$400 million to get into the microprocessor 
business, but we surely didn't need it, and we couldn't have afforded it. 

Guess what? What I'm worried about is we did it on the old Suns to build the new 
Suns. We've now got new Suns which are our workstations to build the next 
generation Suns. Our competitors will start with better machines than we did. I'm 
worried about the guys coming up behind me that will do if for $3.5 million and 
have 15 people. What am 1 going to do about them? 

Finally, Toshiba is going to make a SPARC laptop machine. They have two 
choices for vendors, Ross Technologies (a 50-man operation in Round Rock, 
Texas, with no fab) and Fujitsu, both of whom make SPARC. Which will Toshiba 
pick to design into their laptop? The answer is, of course, Ross. That is a fact. 
We got that one. 

It shows two things: (1) that the Japanese are making a serious effort to buy our 
products, which they are not given a lot of credit for right now; and (2) that small, 
agile companies can do things that big companies cannot, and that includes 
Japanese companies, not just American companies. 

The final example is another start-up called Asmin Semiconductor Corporation. 
They just had a party celebrating their first million-dollar quarter. They are one of 
only two companies in the world from whom you can buy a 3-nanosecond 4-K 
SRAM. We have a big companies, like Unisys and AT&T, buying those SRAMs. 
The only company we have to worry about taking the business away from us is 
Synergy, another company you have also never heard of, a start-up, and the only 
other company shipping 3-nanosecond static RAMs. 

Cooperation between companies will be the future. It is inherent in Japan, you 
have vertical organization. One of the most important aspects of it isn't the capital 
formation, it is the cooperation. Instead of being at war writh the people that you 
seli things to, you cooperate with them. I think a good example is Sun and 
Cypress. Cypress never could have brought that chip to market for $7 million 
without the cooperation of Sun laying an architecture on us and saying," This is 
what we want, and if you make it we'll allow you to take it to the public domain. 
And, by the way, here's an operating system." It counts. That kind of 
cooperation has big value, we have to find more of it. 
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Unfortunately, our arch rival, IDT, has found that kind of cooperation with MIPS. I 
only wish we had that weapon. 

Altera and Cypress. Altera is one of those fabless semiconductor companies you 
will hear Gordy Campbell talk about later. Altera has a value-added component in 
what they ship. The technology counts for them. They knew they needed a fab. 
We have teamed up. They bought 9% of our Fab #2 in Round Rock, Texas. It is 
making them more competitive. They are putting technologies into our fab in 
return for wafers at cost. 

Here are some examples of companies not cooperating. Let me pick one that 
you might be familiar with, Intel and Advsmced Micro Devices. It makes for good 
reading in the San Jose Mercury News. Every day I get up and read my paper. 
Did you read the last one? i here are two guys both named Webb. A package 
was sent to one and the other one got it. They set it to the wrong company. AMD 
read it and is going to use the 386 for their new clone machine. They were sued 
right away for that. Of course, AMD had to sue Intel back right away because, 
after all, they obviously stole that package and stole proprietary information. That 
is the latest little battle going on in corporation. I'm sure the Japanese were doing 
something like making dynamic RAMs and getting their yields better during that 
same period of time. 

Moving past even Intel and AMD, in the first place in useless litigation goes to 
Texas Instruments which is suing virtually everybody in the semiconductor 
industry and, for the first time ever, suing Its own customers, a new record, suing 
Dell and Tandy. 

Can pure play semiconductor companies survive? I don't think that is the real 
question. I think the question is can the dinosaurs survive? It is getting cold out 
there. You better get small, get fast and grow hair real quick if you want to stay 
around - and a bigger brain wouldn't hurt either. Congress can pass the Ice Age 
Prevention Act of 1990, but it won't do any good. 

As I look to the future, it is the small companies that will bring on what we need. 
The entrepreneurs will bring on the new technologies, the new architectures, the 
new products. They will do it with every characteristic capital efficiency, which is 
extremely important in an era of tight capital. And 1 have just heard that is going 
to be a global problem, meaning start-ups will be more well-positioned than ever 
in any country to make use of scarce capital. 

They won't just survive. Small companies and pure play entrepreneurial 
semiconductor companies are our hope for the ftjture. Thank you very much. 
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THE BUSH ADHINISTRATION'S POSITION ON HIGH TECHNOLOGY 

Tom Campbell 
Congressman 
U.S. House of Representatives 

Congressman Tom Campbell represents California's 12th District, which includes 
the heart of Silicon Valley. In his first term in Congress, Congressman 
Campbell has focused on improving American high-tech competitiveness in 
international markets. He has co-authored the Hose Republican Competitiveness 
Package, a 12-point plan designed to stimulate capital formation and reform 
America's tax, trade, antitrust, and liability laws. Congressman Campbell 
serves on the Science and Technology Committee and the Judiciary Committee. 
Before serving in Congress, Congressman Campbell headed the FTC Bureau of 
Competition and was a tenured professor at Stanford University, teaching 
courses in economics, antitrust, corporate law, and international law. 
Congressman Campbell graduated magna cum laude from Harvard Law School and 
received a Ph.D. in Economics from the University of Chicago. 
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Carver A. Mead 
Gordon and Betty Moore Professor 
of Computer Science 
California Institute of Technology 

^ ^ . * 

Carver Mead, the Gordon and Betty Moore Professor of Computer Science has 
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WAKE-UP CALL FOR THE 
U.S. SEMICONDUCTOR INDUSTRY 

Dr. Carver Mead 
Gordon and Betty Moore Professor of Computer Science 

California Institute of Technology 

You are hearing from all the leaders of our great industry at this conference and the 
last thing in the world you need is to have an academic stand up here and tell you 
how the industry works. But what I might be able to do is stand back a little bit and, 
in the context oi the theme of this conference, "Looking Into the Next Decade," look 
back a decade or two and see where we have come from, and think forward into the 
future a little to what might be coming up on a longer time scale than battling it out 
over the next generation of microprocessors. 

I will go back a fair ways here, all the way back to when there were vacuum tubes. 
The term "dinosaur" was used today. It is funny hearing that term used with respect 
to semiconductor companies. I always think of it with regard to this kind of 
technology which was commonplace when I started designing electronics. 

We have come a long way, down through the vacuum tubes, smaller vacuum tubes, 
printed circuit boards, discrete transistors, and then the big transition, in 1959, 
between the discrete transistor and the integrated circuit. 

I am indebted to Gordon Moore, whom I am named after, for some of these slides. 

These are the early integrated circuits. Tliese are sort of the "missing link" in the 
evolutionary chain. When they dig everything up a million years from now, they 
won't find any of these. They will find the big microprocessors that are in these 
hulks of PCs that are buried under the layers and layers of civilization, but they 
won't find these things, because that was the early one, the "missing link." 

Then we got microprocessors. There is Federico Fegines's first 4004. 

Early memory. 

This is the very first Gordon Moore plot of Moore's Law. When he gave me this 
slide he apologized, saying, "Intel is a small company and we can't afford fancy 
graphics." 

Then, as time went on, Moore's Law developed further. This is 1979, at a talk on 
the Cal Tech campus. 

We heard about Moore's Law earlier today. There was a little hesitance there at 
the end, but that's okay. 

Here is another Moore's Law from last year. You can see, as Intel has grown and 
prospered, the quality of the graphics has come to match. 
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When I first learned about Moore's Law, I was very excited about it. I was talking to 
a friend of mine, Tom Perkins, from the Kleiner, Perkins venture capital firm, about 
this great exponential explosion in our microelectronics capability with time. He 
said, "Aw, Carver, it's just a learning curve. 

Bruce Henderson, at the Boston Consulting Group, has studied learning curves a 
lot. All you have to do is to plot the log of the cost as a function of the log of the 
cumulative volume of any product or service, and you get one of these straight lines 
on this kind of a plot. That's really all that's going on there." 

It was actually discovered in World War n. It is true, if you do this for many 
different products and services, you get fractional power law on a plot like this over 
a very large range of volume. This applies to everything - from the electric power 
industry, to oil, to anything you care to name. 

It is a really interesting phenomenon, that as we produce more things, we learn how 
to do it better. There is a lot of learning that goes into one of these learning curves. 

The semiconductor industry has sort of made an institution out of that and often 
prices things according to where the learning curve is going, instead of where it has 
been. But you all know much more about that than I do. 

It seems to me there is something missing in this view of our industry. I think of it as 
sort of a featureless landscape on one of these curves. Here you are out in that 
landscape and there is no signpost that really tells you with any exactness where you 
are. I mow many of you feel this way sometimes. 

It seems to me that doesn't exactly capture the roller coaster we have been on in our 
industry. Here we are in an industry where the transistor was invented, the 
integrated circuit, the microprocessor, and so forth; there have been these major 
inventions which punctuate our industry at rather regular intervals. I call it the 12-
year cycle. It is actually about 13 years, but that doesn't sound quite as good so I use 
12 as a nice round number. 

I spent a lot of time thinking about how you might conceptualize what really goes on 
in response to one of these major inventions. I want to share with you a set of 
thoughts which I have put together and modestly called Mead's Laws of the 
Economics of Innovations. 

There is a problem with economics that is summarized in a story about Professor 
Jones, a professor of economics, in a talk at a professional society meeting. 
Professor Jones drones on and on for about an hour. At the end of his discussion of 
his new theory of economics, someone in the back of the room raises their hand and 
says, "Professor Jones, How does your theory apply to the crisis in Silicon Valley?" 
Jones scratched his head a little bit and said, "Well, my theory applies more in 
general than in any specific case." That's a problem with theories like that. 

I think there is a lot of innovation in the semiconductor industiy, in particular in 
electronics, the information industry in general. I think there are some things we 
can say about it. I would like to share those things with you today. 

The first thing is, if you think of Henderson Law here, skating down a Henderson 
learning curve, it had to start somewhere. Essentially, all of your are with 
companies that were started in the last 20 years or so. That is where most of the 
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action is in the information industry today. Things got started with some kind of 
innovation. 

What happens when there is this step function of innovation, when there is a new 
thing discovered, a transistor or an integrated circuit? 

Usually, the thing you can do with a new technology has value. If it doesn't, it will 
not last long, so those aren't the ones we will talk about. That value allows you to 
charge a pnce in excess of your cost. And for something that is really new, and you 
and only you can do it, and it creates a lot of value for other people, the premium of 
price over cost can be substantial. 

With time, other people will learn how to do that, too. They will learn how to make 
the integrated circuits or they wiU learn how to copy your latest microprocessor -
"second source" I guess is the proper term - and so the price will no longer be 
something that you have free reign to set however you like, and it will come down. 

Eventually, the price will get set by a manufacturing cost. You get to charge a little 
premium, which we have always called in our economics classes the "return on 
investment." In general, economics, as a field and as a theory, gets taught about this 
part of the curve down here where we are well along on the learning curve, where 
we are not near any break point in the invention sense, and we are able to charge a 
premium over our cost of production. That gives us a return on investment. 

I don't have to tell you that this is a game that can be played worldwide and there 
are countries like Japan that play it much better than we do. But the other thing 
that we need to realize is that the information technology is not, by and large, a 
technology that is dominated by this steady-state learning curve and steady-state 
return on investment, because, in the presence of these step functions of major 
innovations, titere is a premium of price over cost that is considerably larger than 
that dictated by the return on investment. That area imder that part of the curve I 
have termed the return on innovatioa That is what makes venture capital work, 
that is what makes start-up firms with new ideas do very well, and that is what is 
really fueling the information economy that we line in today, 

So, we are really not living down on this part of the curve except in old, sort of buggy 
whip style products. Gordy Campbell mentioned TTL products earlier today, 
products that are very well evolved. The newer products are well up on this curve 
and there is a lot of value to be added, both for the customer and for the supplier, 
early on in this evolution. 

A succinct summary of that: The price comes down to the cost level only 
asymptotically, and, in the meemtime, there is a notion of return on innovation which 
is separate from the age-old concept of return on investment. 

A second idea that I would like to share with you is that usually the new idea, the 
new technology, is replacing some existing technology. For example, the transistor 
replaced the vacuum tube, the integrated circuit replaced circuit boards with 
discrete transistors on them, and so forth. So, there is usually an old way of doing 
things, and the old way is skating down its Henderson curve, its own learning curve. 
Then you introduce a new technology, and it you are careful, the new method will 
have some headroom. This is what I call the Headroom Principle. 
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If the learning curve, once you get to steady-state for the new way, isn't well below 
the learning curve for the old way, you reafiy don't have any headroom here, you 
don't have any place where you get a return on innovation, and it is very, very hard 
to get a new technology started that way. That is what happened to bubble 
memories, fore example; there just wasn't any headroom. 

There was narrowly enough headroom for semiconductor memories. We take them 
for granted today, but, for those of us who lived through that transition, the core 
memory people put up a really significant fight because they were on their own 
learning curve. In fact, there was a period there where there was alot going on in 
the marketplace. 

In summary, the Headroom Principle is that the price that you can charge for the 
new way is going to be below the cost of doing it the old way. 

If you don't have that kind of headroom , my own personal rule of thumb is you've 
got to have a factor of 10; if you don't, the old way is going to dominate. And, even 
if the new way is "better," it won't survive if you only have a factor of two, because 
you are skating down the Henderson curve for the old technology faster than you 
can ever catch up and you are behind the power curve on this. 

The most important thing I have to say to you today is the third observation: We 
hve in an industry where there are repeated major innovations. We went from 
tubes, to transistors, to integrated circuits, to microprocessor, and we are now in an 
era where computer-aided design of the solutions, as Gordy Campbell calls them, 
are a major part of what is happening in the marketplace. Each of these innovations 
has made a big difference in the cost of arriving at a solution in a new way. 

For that reason, the marketplace never got into a steady-state Henderson curve. 
Each of these, like the discrete transistors, would skate out on a Henderson curve 
that looked like this. But, before they ever really got to steady-state we had an 
integrated circuit. And SSI was sort of skating out on its Henderson curve, and then 
the microprocessor came along, and so forth. 

So, in an industry punctuated by these major, major innovations you never get to 
where the raw return on investment is really the dominant factor in the economics. 
We are always sort of dominated by the next major innovation that is coming along. 

As a country, the United States has thrived in this mrmoil. It is the kind of thing 
that creates a lot of opportunity for entrepreneurs, and it is certainly the kind of 
thing we are still doing very well, and it is certainly the kind of thing the next decade 
is all about. Information technology above any technology we have ever seen is 
driven by this repeated punctuation with major innovation. 

If you stand back and defocus this slide a little bit and put a box around it, like that 
onginal slide of the learning curve, you notice that we have what looks like a 
learning curve, but it is much steeper than any of the manufactming learning curves. 
That is because of major innovations. So, we have an industry which is growing 
exponentially faster - m tenns of the capability it is delivering to the marketplace -
than any individual manufacturing learning curve. 

That is my third observation: Given these major innovations, the composite 
learning curve is exponentially steeper than any individual Henderson curve. 
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There is a fourth observation: What makes an innovation a "major mnovation, a 
breakthrough technology if you like? You can always argue about the fringes, but 
my definition of that is you weren't looking for it there. Most of these innovations I 
was standing right there looking, and I was. looking the wrong way. 

When we were all trying to make better higher-performance discrete transistors, 
Bob Noyce came along and said, "Why don't you just use the aluminum that is there 
already to hook up the transistors that are there already and then you don't have to 
cut them all off and put them on circuit boards to do that?" So, it was an innovation 
in the interconnect technology, not an innovation in the transistor itself. 

And so it has gone. We were all making standard products, and then the 
microprocessor made a product that we could configure to a particular use. Then, 
just about the time everyone was looking at how to make more programmable 
devices, the design technology came along that allowed us to make better dedicated 
solutions to large system problems. 

The major innovations are always the ones in a different direction than everybody is 
going. For that reason they are not things you can plan, and they are often contrary 
to the corporate cultures that have been so effective in producing a stream of 
products, given the last generation. Few companies have been able to transition 
from one generation to the next. It is very hard to do, given that the technology 
takes these right-angle turns, but it is the strength of our industry. 

One example of this phenomenon of looking in a different direction I can show you 
in particular. In 1979, Gordon Moore gave a talk at Cal Tech where he showed the 
middle of the three Moore's Law shdes. He also showed this sUde of the design cost 
of producing a VLSI kind of chip as a fimction of the year. 

You can see the data pomts and you can see Gordon Moore's extrapolation as to 
where design costs were going. This was, of course, predicated upon doing design 
the way it had always been done. 

Ten years later, Gordon came back and gave another talk at Cal Tech and he 
showed this slide. This is the design time as a function of the year. You notice it 
carries quite a different story. That story had to do with the development of 
computer-aided techniques for doing the design of complex chips that had happened 
during the 1980's. It has made a big difference to our industry, that we can design 
very complex chips with far less human effort than we used to design, for example, 
the first microprocessor. 

That is an example of an innovation that happened that wasn't about semiconductor 
processing, it wasn't about device physics, it wasn't about interconnect; it was about 
human effort in the design process. 

Gordy Campbell made some comments this morning about what happens in 
complex systems. The semiconductor industry today is really about providing a base 
technology for the information age. Silicon really is a medium for realizing 
information technology, a silicon wafer is really like an unpainted canvas to an 
artist. It is an undedicated medium in which you can reali^ systems of any kind. 
The process for realizing those systems in not dependent upon the particular design. 
So, it shares with printing and film processing the property that the particular image 
determines the functionality, not the process by which that realization of that silicon 
wafer is accomplished. 
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That notion, that silicon processing is by and large pattern independent and that the 
design process really is quite a different matter from the fabrication process, leads 
us to an interesting line of thought. It has been mentioned in this morning's session 
and I just want to say a few words about it this afternoon. 

As the chips have gotten more and more complex and the design techniques and 
design tools have become more and more sophisticated, more and more of the 
effort in a complex chip design goes into managing the complexity itself and less and 
less of it, a smaller and smaller fraction, is silicon specific. Thus, much of the 
expertise required to design a modem silicon system ( a system on silicon) is 
involved with the system level trade-offs and the system level design, and less and 
less of it specific to the individual 888888888888888888888888transistors and 
techniques down on the sihcon itself. For that reason silicon design has gotten more 
and more like software and less and less like, for example, laying out highways, 
designing a particular bridge, or something which is specific to the particular 
medmm. 

There is an interesting parallel with the personal computer business which I would 
like to point out. It used to be that the computer companies not only built the big 
tin boxes with all the heat generating electronics inside, but also made the operating 
systems, and often, the application programs as well. During that era there wasn't 
much software, and what software there was wasn't very good. 

The personal computer has given us basicjdly a medium into which software 
applications can be plugged (or mapped, if you like). We have an enormous wave of 
iimovation in software development, although it is still difficult for that software to 
keep up with the hardware development. T^ere is a reason for that: Most of the 
complexity in modem systems has been relegated to the software side of things. 

How come we get any of it done at all if that's where all the complexity is, and we 
can go out and buy aU of that complexity for a few himdred bucks? The reason is 
there is a whole industry out there providing software, and that software gives us the 
application specificity to what is otherwise a pretty prosaic product, the personal 
computer. So, there is a whole new industry, a whole new way of doing business, 
and a whole new wave of innovation that has come about because of the pei^onal 
computer. 

We are just now seeing, in companies like Gordy Campbell's (Chips & 
Technologies), Weitek, Brooktree, Actel and many others, companies that have 
chosen to make their contribution by concentrating on the design process, putting 
the expertise into the desigp and leaving the manufacturing process to those who are 
good at silicon manufacturing. We heard a whole debate about that this morning 
which I won't go into. Gordy defends that turf much better than I do. 

We are noticing that there is a lot of value-added in the design process. And there 
are whole companies - a whole industry now - now taking advantage of the fact that 
people are expert at manufacturing sihcon. One can work with them and deal with 
them on the sihcon manufacturing and put one's ener^r into the design process, 
where there is a lot of value to be added. From the corporate perspective, that 
means there is money to be made there. 

The industry that we are looking at today has quite a different stmcture than it did 
20 years ago. Twenty years ago, really, semiconductor meant standard product, 
nobody did sihcon foundry, and there wasn't really a design tools industry as such. 
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Since then, we have seen the semiconductor foundry service come on as a full-
fledged partner in this business world and we have seen a blossoming of the design 
tools business. That rate at which design tools are evolving has not slowed down; we 
are seeing innovations on that fi-ont all the time. 

So, it is an exciting world we are Uving in because the result of this structure is really 
just now being felt - the fact that there are advanced computer-aided design 
techniques, there are people who spend their energy doing specific applications 
without having to provide all of these other elements, and we have the infrastructure 
in the form of the sihcon foundries and the design tool suppliers. 

The fact that Gord/s company has been such a resounding success has helped a lot, 
but there are a lot more behind him providing solutions for various problems -
opportunities - in our information age. 

We hear about the woes of the software industry and the fact that everybody can 
copy software. We are beginning to see a lot of information technology delivered on 
sihcon instead of on floppy disk. I predict tiiat there will be a lot more of that in the 
future. 

Because silicon ends up being the substrate for the information in any case, it is sort 
of silly to have it on a floppy disk. Putting it on a chip that will also execute the 
intellectual property that is there, not just provide it for execution by a general-
purpose computer, is often a more rewardmg way to go. 

More and more people are figuring that out. There are more and more chips being 
supplied that are full solutions to certain applications. I predict that we are going to 
see much more of that in the 1990s. 

How about beyond the 1990s? Are there goin^ to be more major innovations? I 
don't see any slackening in the pace of iimovation, major or mmor, in Silicon VaUey. 
I find a very healthy atmosphere. I see a lot of innovation, a lot of entrepreneurship, 
and a lot of health in the information industry. I am absolutely sure that in the next 
decade we will see major innovations happening. 

I am working on a technology which I believe will be one such major innovation, 
using silicon to build systems that mimic the operation of the brains of animals. The 
brains of animals are about a billion times more effective at processing information 
than our most advanced semiconductor technology. There are a lot of lessons we 
can learn from studying biology as to how information is processed in those brains. 
Most of the lessons we learn teach us that the principles used in the brains of 
animals can also be implemented in our silicon medium. That's the good news. 

The bad news is a lot of the processing that ^oes on in the brain in analog. So, just 
now that the universities have stopped teaching analog courses and none of the 
books have any analog circuits in them anymore, we are going to have to go back 
and learn all that stuff again. like I say, the breakthrou^ technologies always come 
in the direction you're not expecting. This one is not exception. 
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MCM DRIVERS 

Materials/Technology 

Company 

Advanced Packaging Systems 
AT&T 
Boeing 
CNET 
DEC 
Dow Chemical 
Fujitsu 
General Electric 
Hewlett-Packard 
Hitachi 
Holz Industries 

Substrate 

Silicon/ceramic 
Silicon 
Silicon 
Silicon 
Copper 
Silicon 
Glass-ceramic 
Alumina 
Alumina 
SiC/alumina 
Silicon/alumina 

Source: Dataquest 

Alcoa 

HDI Integration 

Honeywell 

Hughes 

Ibiden 

IBM 
Irvine Sensors 

Kawasaki Steel 

Kyocera 

MCC 

MCM SUPPLIERS 

MCNC 

Midway 
Mitsubishi 

Mosaic Systems 

nChip 

NEC 

NTK 

NTT 
Oki 
Polycon 
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Polylithics 

Rockwell 

Rogers 

Siemens 

Sumitomo 

lexas Instruments 

Thorn-EMI 

Toshiba 

Unistructure 

Unisys 
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MCM DRIVERS 

Assembly 

• Semiconductor and PCB assembly - combine 
efforts 

• Semiconductor manufacturers ~ sell technology 
and modules 

• Systems houses - license technology 
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IC PACKAGING - 2000 
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MCM MARKET TRENDS 

Benchmarks 

Performance/density 
Computer market growth 
Chip-space reduction 
New PC applications 

Barriers 

• Slow market momentum 
• North American start-up 

mentality 
• Lack of CAE/test tools 

Source: Dataquest 
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SUMMARY 

• Device clock rates will exceed 50 MHz 

• Market price premiums will support 
development of MCM technology 

• Surface-mount technology has prepared the 
systems market to accept HDI interconnect 
structures - MCM, WSI, etc. 

• HDI packaging technology will change the 
industry 

Souice: Dataquest 

© 1990 Dataquest Incorporated October 8 — Reproduction Prohibited 

Dataquest Incorporated, a company of The Dun & Bradstreet Corporation 
1290 Bidder Park Drive San Jose, CA 95131-2398 / (408) 437-8000 / Telex 171973 / Fax (408) 437-0292 



DataQuest 
n n a company of 
M M O TheDun&BradstreetCorporation 



Dataquest 
n n a company of 
l i l i The Dun &Bradstreet Corporation 

LITHOGRAPHY STRATEGIES: PUSHING THE LIMITS 

Moderator 

Peggy Marie Wood 
Senior Industry Analyst 
Semiconductor Equipment, Manu­
facturing, and Materials Service 
Dataquest Incorporated 

Peggy Wood is a Senior Industry Analyst for Dataquest's Semiconductor 
Equipment, Manufacturing, and Materials Service. Her responsibilities include 
research and analysis of the semiconductor industry with respect to wafer 
fabrication equipment, electronic materials for semiconductor processing, and 
the technology trends of semiconductor manufacturing. Prior to joining 
Dataquest, Ms. Wood was a postdoctoral research affiliate in the Department of 
Chemistry at Stanford University. While at Stanford, she supervised the 
installation of new research facilities and was responsible for the purchase 
of optical, electronic, and laser equipment. In addition to pursuing hew own 
research in nonlinear chemical dynamics, Ms. Wood taught undergraduate 
laboratory courses and supervised graduate student research. Ms. Wood 
received a B.S. degree in Chemistry from California State University at 
Sacramento and a Ph.D. in Chemistry from Stanford University. 
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C. Neil Berglund, Ph.D. 
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Dr. Berglund is Special Assistant to the President and the Executive Director 
of Marketing of Etec Systems, Inc. Etec is an independent U.S. equipment 
company supported by a recently formed strategic working alliance, which 
includes IBM, DuPont, Micron Technologies, Grumman Aerospace Electronic 
Systems Division, and Zitel. Etec manufactures advanced electron beam 
lithography tools used by the semiconductor industry for production maskmaking 
and direct-write-on-wafer pattern generation. Dr. Berglund is a recognized 
international leader in microelectronics technology with more than 26 years of 
experience in the semiconductor industry and has managed every aspect of IC 
design and production. He served for five years as Director of Technology at 
Intel Corporation in Aloha, Oregon, where he pioneered CHMOS technology. In 
1983 he founded Ateq Corporation, an equipment company that designs and 
manufactures laser-based lithography systems. Dr. Berglund received his B.Sc. 
from Queen's University, Kingston, Canada, his M.S. from the Massachusetts 
Institute of Technology, Cambridge, Massachusetts, and his Ph.D. from Stanford 
University, California, all in Electrical Engineering. He is an elected 
Fellow of the IEEE for his contributions to MOS device characterization 
activities. Dr. Berglund holds may patents and has chaired many conferences 
and advisory boards. He is currently a Consulting Professor of Electrical 
Engineering at Stanford University. 
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• Device Patterning Flow 

• Maskmaking 

• Direct Write 

• Summary 
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Patterning Flow 

DESIGN 
DATA :> 
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REPLICATION 
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X-RAY I ^ V 
MASK 

PRINTING* o 
MASK 

FABRICATION _^ 
REPLICATION 
ON WAFERS ^ 

DIRECT 
WRITE : > 

DIRECT PRINTING 
ON WAFERS* : 

^REQUIRES ADVANCED E-BEAM TECHNOLOGY 
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5X Reticle Specifications 
1987-1996 

Assumes data compaction 

v 

Year 
DRAM Generation 
l\/linimum Feature Size (wafer) 
Pattern Address Grid (5X reticle) 
Layer Data Size 
Registration (two-point align) 
Throughput 
Maximum Corner Radius 

1987 
4Mb 

0.8 fxm 
0.25 iiim 
30 MB 

0.20 |im 
<1 hr 

0.25 |xm 

1990 
16Mb 
0.5|Lim 
0.10 ^m 
120 MB 
0.12 ^m 

<1 hr 
0.15 |im 

1993 
64Mb 

0.35 ^m 
0.05 ^m 
200 MB* 
0.08 |im 

<1 hr 
0.10 |xm 
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Integration of Maskmaking Technology 
with Wafer Fab Process 

Year 
DRAM Generation 
Compensate Stepper Distortion 
Localized Sizing 
Piiase Shift i\/lasl(s 
Proximity Effect Correction 

1987 
4l\1b 
No 
No 
No 
No 

1990 
16i\/lb 
l\/laybe 
i\/laybe 
i\/laybe 

No 

1993 
64l\1b 
Yes 
Yes 
Yes 
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E-Beam Lithography Market 
Raster vs. Vector 
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E-BEAM 
LITHOGRAPHY 
TOOL 
MARKET 

50% 

10% 

1980 1990 2 

•IIM'I 

. _ Dataquest 
Conference 



ro 
CO o 

d. 
Q . 
CD 

s; D 

7r 03 

?I 
<• 5 
CD CD 

- to 
M _ 
0) 3 
n o <^5 
o -a 
- D) 

5a 
CO o 

coP 
l e l 

II 
00 - -

goo 
o w 
~~ S 
sla 

25-

3o 
!39 
COT3 
_^ o 
-nS 
go 

o ro 
CD 
i>j 

Electron Beam Lith 
C. Neil Berglu 

System Architecture: Raster vs. Vecto 

• Maskmaking lithography tools will tend toward a ve 
scan architecture for the following reasons: 
- economics 
- data file size 
- edge placement decoupled from address grid 
- elimination of corner rounding 

• However, maskmakers will be able to extend their 
existing raster scan tool base at least to 64 Mb DRA 
generation 
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Direct Write 
Market Segments: 

• Research & development requtretriint 
- Advanced prototyping 
- Very high resolution, very low volume 

• Low volume production 
- ASIC, Gate Array, GaAs 
- Medium to high resolution 

• High volume production 
- DRAM production 
- High resolution Mix & Match 

V . « . Dataquest-S 
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A Comparison of Direct Write and Optical Lithograpliy 
as a Function of Total Wafers Processed 
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Lithography Cost Trends for Direct Write and Opti 
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Suitimary 

• E-Beam will remain a key technology for maskmak 
and direct write. 

Vector scan will dominate raster scan in the long t 
for maskmaking as well as direct write. 

Direct write is economical for low volume producti 
today. 

Direct write will be cost competitive for selected 
production layers by the mid - 1990's. 
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Gene Fuller is the department manager for lithography at SEMATECH. Prior to 
his assignment to SEMATECH Dr. Fuller was the Director of Manufacturing 
Science and Technology Project at Texas Instruments. He began his work with 
TI in 1979 as a Member of the Technical Staff in the Houston Process 
Development Laboratory. In 1982 he moved to Dallas to join TI's Semiconductor 
Process and Design Center, where he was the Branch Manager for Advanced 
Lithography, responsible for development programs in X-ray lithography, 
e-beam, and optical lithography. Prior to his joining Texas Instruments, 
Dr. Fuller was a member of the scientific staff at Brookhaven National 
Laboratory, where he worked on radiation damage and defect spectroscopy in 
crystalline materials and silicon dioxide. Dr. Fuller received a B.S. in 
Physics from Michigan State University and both M.S. and Ph.D. degrees in 
Solid State Physics from the University of Wisconsin. 
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SEMICONDUCTOR INDUSTRY FORECAST 

David Angel 

Group Vice President and Director of Worldwide Researcli 
Dataquest Incorporated 

Welcome. This is Dataquest's Sixteenth Annual 
Semiconductor Conference. This conference is 
the largest conference that Dataquest has ever 
had. Thank you for coming. Thank you for your 
business. We appreciate it. Rest assured, we 
never forget that you are the reason that we are 
here. 

This year we hai qyjte a challenge given to us 
for this conference, based upon the success of 
last year's conference. In the year that has en­
sued, we have received many private comments 
that last year's conference, particularly the late 
Tuesday session, was quite a "moving" experi­
ence for many of you. 

Dataquest Forecasting System 

Let's take a look at our most recent forecast. 

Illustration #1 shows our forecast methodology. 
It is probably far too complicated for all but the 

DATAQUEST FORECASTING SYSTEM 
Quarterly Semiconductor Forecasting Cycle 
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Illustration #1 

most devout of industry analysts to understand, 
so I will try to simplify the process for you. 

• We begin by examining basic economic as­
sumptions: potential and actual economic 
growth, availability of capital, interest rates, em­
ployment, productivity, and all of those mysteri­
ous things that young, incredibly bright MBAs 
like to talk about. 

• We then combine that with actual production 
statistics from organizations, such as the Depart­
ment of Commerce and MITI, as well as our own 
very comprehensive industry data bases. 

• Having done that, the fun begins. All of this is 
fed into Dataquest's state-of-the-art bank of bio­
chemical computers, with gigabytes of memory, 
whom we just happen to call Pat, Terry, Ken, 
Mark, Alice, Patricia, and many, many more — 
namely, our very best analysts. They are seques­
tered in a room until they arrive at a verdict. 

The rules are simple: The governing rules are 
parliamentary procedure and the Marquis of 
Queensberry. It gets tough in there. Lesser mor­
tals have to wait outside until a puff of white 
smoke goes up Dataquest's chimney. 

Basically, the supply-side analysts present the 
forecast from the standpoint of the chip produc­
ers. This forecast is challenged by our user-side 
analysts. At the end of the day, if the supply 
side proposes that their clients, surveys and 
industry consensus state that a million micro­
processors are going to be shipped next year, 
then the user-side analysts must agree that their 
surveys, industry contacts and consensus con-
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elude that the users plan to buy a million micro­
processors. Basically, it is just that simple. That's 
the check and balance. We do not allow a dis­
continuity. 

Now, in some respects, in thinking about this, 
one could look at Dataquest as somewhat of a 
bridge between the supply side and the user 
side of the industry: "If the supply side proposes 
that a million DRAMs are going to be produced 
next year, do you, the user side, agree that you 
will buy a million DRAMs? And, if not, what is 
the number?" So, it becomes a process of itera­
tion, back and forth, until we finally arrive at an 
agreement. 

We then modulate that forecast with the same 
type of input from all of our regional offices 
throughout the world. 

Let me again use memories as the example. We 
typically operate with four memory analysts in 
our San Jose office. We have three memory 
analysts in our Japanese office (two supply side, 
one user side) who very carefully follow the heart 
of the DRAM industry. We have full-time analysts 
in Korea, as well as Europe. And we have just 
announced that next year we plan to add on-site 
research capability in Southeast Asia. These 
eight to 10 worldwide memory experts all partici­
pate with their counterparts in ASICs, analog and 
micro components to arrive at a forecast. 

Just when everybody is almost exhausted, we 
introduce yet another dimension: We bring in 
Dataquest's other industry services. For example, 
can the data processing industry absorb the 
chips that the producers intend to make? Do 
growth rates for the telecommunications industry 
support the forecast? Will enough personal com­
puters be absorbed to consume the output of 
the microprocessor and the memory chip com­
panies? 

The "Why" and the "Whar 

The forecast that you finally receive, if I must use 
a highly ovenworked cliche, is really just the tip 
of the iceberg. It is what we like to think of, or 
what I have a tendency to call, the "What." 

But, I think, an equal value of what Dataquest 
may provide may lie also in the "Why?" of the 
forecast. Why do we think that there will be 
growth or shrinkage in the industry? Why do we 
assume certain events? Why have we arrived at 
our conclusions? It is this knowledge — the 
"Why?" side of it — that you need to run your 
business. The "What" alone is no longer suffi­
cient. 

However, having said that, let's look at the 
"What" for just a few moments. 

World Semiconductor Industry Forecast 

We now believe that 1990 will be down 1.3% 
compared to 1989, on the basis of worldwide 
semiconductor revenues. As I mentioned, we will 
tell you the "Why?" in just a few moments. 

We forecast that 1991 will show growth of 15% 
over 1990 — but, to be honest with you, it is 

WORLD SEMICONDUCTOR INDUSTRY FORECAST 
Billions of Ddlan 
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Illustration #2 
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one of the toughest forecasts we have ever pre­
pared. There are an awful lot of things that could 
go wrong. 

The peak of the cycle will occur in 1993, with 
growth of over 22%. By 1994, the industry will 
double in size, so the opportunities absolutely 
abound. 

WORLD SEMICONDUCTOR INDUSTRY FORECAST 
Quarter-to-Quarter Parcenlage RevMiu* Growth 
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Illustration #3 

The first quarter of 1990 was poor, down over 
4%. 

Quarter 2, on the other hand, was up 3.5%. 
Production of personal computers, particularly in 
Europe, was strong. We experienced a mini-
shortage of DRAMs, just as those very same 
memory experts I mentioned a few moments ago 
had predicted. Lead times of 80386-type devices 
were beginning to be measured in light-years. 

The third quarter, the current period, will be soft 
— worldwide growth, we believe, of about 2%. A 
serious erosion of DRAM prices is bringing down 
an othenwise fairly positive quarter. 

1990 Total Industry Performance 

Let us for a moment look at total industry per­
formance for 1990 from a different perspective. 

Analog chips will be up 7% in 1990 compared to 
1989. Nevertheless, microcomponents will be up 
over 12%; MOS logic will be up; discretes will be 
up; opto-electronics will be up. However — and 
here is the killer — MOS memory (essentially 
DRAMs) will be down 18%. MOS memories will 
be down approximately $3 billion in 1990 com­
pared to 1989. DRAM consumption in Japan will 
be down almost 25%. Bit growth in 1990, overall, 
will only be about 14%. 

If DRAM revenues in 1990 were only the same 
as they were in 1989 — that is, zero growth — 
then the worldwide semiconductor industry would 
have grown about 5% this year. Now, I realize 
you cannot run your businesses on "tTs," tt i i l 1 
wanted to give you some idea of the enormous 
effect that DRAMs are having on the health of 
the worldwide semiconductor industry. 

What Can go Wrong in 1991? 

Let's move on to the "Why?" for 1991. When I 
first saw a 15% growth projection for 1991, I had 
some problems. I want to caution that the list of 
things that could go wrong is extensive. Let's 
look at some issues. 

First, I think, contrary to what you and I are 
feeling, the sky is not falling. 

• The unemployment rate is at 5.7%. That is 
lower than this rate was for any year from 1974 
to 1987. 

• Factory utilization of capacity is at 83%. That 
exceeds only six years in the past 20 years. 

• The rise in oil prices is not likely to push the 
economy into a recession. If the price of a barrel 
of oil settles to around $27 during the next 12 
months — and we think that is a likely scenario 
— then Gross National Product would decrease 
by only 0.5%. 
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• In discussions which I have had with several 
of you last night and today, many people have 
reported — quietly, almost secretly — that the 
month of September actually is a pretty good 
month. One of the chief concerns that we are 
facing right now is consumer confidence. The 
same types of decisions that we make in fore­
stalling investments and acquisitions in our 
homes have a tendency to move over into our 
businesses. It is that lack of confidence right 
now, more than anything else, that has us con-
cemed. 

Positive Issues for 1991 

Let's now talk about some of the positive issues 
for 1991. 

• The market for telecommunication chips and 
related devices is expected to be good, and 
particularly so in Europe. Let me give you an 
example. It has been reported to us that ALCA­
TEL is installing a quarter-of-a-million new tele­
phone lines in the Soviet Union, and Siemens is 
installing one million new lines in Poland. The 
demand for cellular telephone in Gennany, 
France, and the United Kingdom is explosive. We 
also believe this is a solution in Eastern Europe 
for the lack of hard lines in those countries. 

The book-to-bill ratio for telecom chips at two 
major European companies is running between 
1.5 and 2.0. So, the telecom side of the busi­
ness and its pull-through business, with analog 
devices and other things, is extremely good right 
now. 

Growth in Memory Consumption 

Let's look at some growth rates for items which 
are heavy consumers of chips: 

• Workstations are expected to grow 36% in 
1990 on a revenue basis. 

• Personal computer growth next year will be up 
18%. Now, I will be the first to admit that is 
mostly notebooks and laptop computers, but that 
is good news for the 4 Mb DRAM suppliers. 

• Again, Europe is reporting surprisingly strong 
growth in mid-range computers. One of the ef­
fects of 1992 is that the financial institutions will 
be able to do cross-border business. We are 
observing extensive replacement of old comput­
ing systems with modern mid-range systems. For 
example, one source last night told us that the 
IBM AS\400 mid-range system is suddenly selling 
very well in Europe. 

• Local area networks and file servers are also 
being installed at a brisk rate. That represents a 
lot of memory consumption. 

• While the clone personal computer makers 
clearly are taking heavy weather, the brand-name 
manufacturers are experiencing growth. These 
suppliers depend heavily upon ASICs for product 
differentiation. 

• Data processing, we think, will continue to be 
a major driver of the ASIC market. We are look­
ing for growth in the data processing area of 
over 10% in 1991. That is a $121 billion industry. 
About 50% of all IC chips and over 70% of all 
memory chips go into the DP business. Data 
processing growth in 1990 appears to be only 
half of what we expect the growth to be for next 
year. Consequently, we think there is substantial 
up-side for chip suppliers to that industry next 
year. 

Memory Forecast 

This brings us to the subject of memories. Our 
Japanese office forecasts that DRAM consump­
tion in 1991 will be up 22% with mid-growth 
close to 60% — remember, it is only 14% this 
year. 
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Revenues for MOS memory are expected to be 
up more than 19% worldwide. However, a sub­
stantially improved DRAM scenario is critical to 
meeting the forecast total industry growth rate 
for 1991. Consequently, I urge you to stand by 
for our panel on DRAMs tomorrow. I am hoping 
they will give us substantial insight into what that 
market looks like next year. 

There are obviously many more "Why's" to our 
forecast, but I hope this begins to give you a 
flavor for all of the thinking that goes into a 
Dataquest forecast. 

What Can Go Wrong? 

The ancient Chinese wished upon their enemies 
that they may live in interesting times. These, my 
friends, are interesting times. 

• The Middle East situation obviously over­
shadows almost all other events, at least for the 
moment. 

• A capital drain on Germany as a result of the 
reunification could certainly hamper European 
growth. 

• Rising cost of Japanese capital. Last week I 
was in Japan when the long-term credit bank of 
Japan raised its interest rates to 8.9%. That is 
the third raise in those rates in three months. 

• Slowdown becoming broad-based recession. 

If you would like a copy of our latest forecast, it 
is available in the library. 

Program Introduction 

We have an impressive list of speakers who will 
be with us for the next two days. I think this is 
a good time to hear what they have to say. 

What better way to do that than to introduce our 
President, Manny Fernandez, who has a unique 
perspective of what this industry and our busi­
ness will look like in this next decade. 
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THE NEXT DECADE. . . 
WHERE THE OPPORTUNITIES LIE 

Manny Fernandez 

President and Chief Executive Officer 
Dataquest Incorporated 

Good morning. It is great to see all of you here 
— a lot of old friends and, I'm sure, some new 
friends to be made over the next couple of days 
here. 

This is like a homecoming for some of us. I have 
been at Dataquest for six years, but I have been 
in the audience with you for the last 15 years, 
beginning with the second Dataquest conference. 
This is really a homecoming for me, as I am 
sure it is for many of you. 

For those of you who have not been at the con­
ference for the last few years, this has been an 
eventful place. 

When David asked me to speak to you at this 
conference I was very pleased to be asked back. 
But then he told me there was some good news 
and some bad news. The good news was that 
I don't have to worry about what I am going to 
say for about 10 years. The bad news was that 
I have to look ahead and give you a forecast of 
the semiconductor business 10 years from now. 

As I was getting prepared for this opportunity 
last night, I was watching TV. One of the local 
channels had a satellite weather forecast of dif­
ferent parts of the world. Because of what has 
been happening in the Middle East, they even 
had a satellite photograph of the weather pat­
terns there. It dawned on me that those satellite 
pictures of Kuwait and Saudi Arabia looked the 
same as they looked six or eight months ago — 
or, for that matter, 10 years ago — but, interest­
ingly, as you move from that satellite perch down 

to earth, you can see that the action on the 
ground is significantly different. 

I think that, in a way, is analogous to the semi­
conductor business. If you take a look today at 
the semiconductor industry compared to 10 
years ago, from way up in the sky, it looks as 
though there has been pretty steady ^mi^ a 
very successful industry which has grown very 
nicely over the last 10 years. But, as you come 
down to the ground, you see some changes that 
are dramatic and permanent. We have all gone 
through some changes. Some of them have 
been very painful. 

The 1980 Forecasts 

My task is to look ahead at the next 10 years. 
To do that appropriately, I want to go back and 
take a look at October 22, 1980, in Scottsdale 
Arizona. I was in the audience with many of you 
when some of the speakers presented their fore­
casts for the next few years. 

The opening speaker of that conference is also 
speaking tomorrow, Fred Zieber. In his speech, 
Fred forecast that the semiconductor business 
was to grow at an unbelievable 20% compound­
ed over the forecast period from the 1980 base 
of $11.1 billion. The results are absolutely amaz­
ing. I think that Fred, in 1980, did not present as 
rigorous a forecast as David just presented, but 
today, in 1990, the semiconductor business rep­
resents a $86.4 billion market and the com­
pounded annual growth from 1980 was 19.7% — 
a 0.3% difference. 
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That same day, Gordon Moore told us that the 
biggest concern for the 1980s was software. 
Gordon said that growth in the 1980s and 1990s 
would be limited if we did not have enough soft­
ware engineers to program the microprocessor 
revolution that was anticipated to explode in the 
1980s. Boy, was he ever right! If you look at it 
today, software is unquestionably the limiting 
factor. I believe that the personal computer busi­
ness is tremendously under-penetrated because 
of software. 

Dataquest follows the personal computer busi­
ness — and that is just one of the many mar­
kets that software is impacting, of course. We 
have seen that it has reached the highest level 
of lag time between software and hardware ever. 
There is now a four-and-a-haif-year lag between 
the software side and the hardware side In the 
personal computer business. That is absolutely 
dwarfing the ability to penetrate the personal 
computer side of the market. 

K.K. Iwata (then from NEC, now with LSI Logic) 
also spoke at that conference. K.K. told us in 
1980 that there was already a major gap in tech­
nical education between Japan and the United 
States, and that gap could be significant in the 
1980s if something were not done about it. That 
also was true, of course. At the end of my 
speech I will highlight technical education as one 
of the major issues that this industry will face by 
the year 2000. 

Charlie Sporck also spoke. He told us that the 
U.S. was about to regain its leadership in quality 
and productivity that it had lost in the late 1970s, 
and that efforts were being made to achieve 
parity. He, too, was right. The U.S. manufacturers 
did reach parity on quality and productivity, but 
the U.S. never regained the lead in market share 
which, in my belief, has been lost for good. 

At the end of that conference, four leaders of 
that marketplace spoke on a panel on semicon­

ductor equipment and materials. Greg Reyes (of 
Eaton Corporation at that time) forecast that, by 
1990, 95% of all production would be under 2 
microns. He, too, was right. 

Interestingly enough, everyone on that panel 
agreed that X-ray photolithography would be the 
technology of choice in 1990. That has not yet 
come true, but it is interesting to note that later 
on today we will have a very interesting panel 
discussion on optical, X ray and e-beam. 

One last point to note. On that particular day no 
one even mentioned the word "Nikon" and the 
effect that Nikon has had on the photolithog­
raphy marketplace. 

Those are interesting, incredibly accurate views. 
That brings me back to the point that maybe 
nothing has really changed. A lot of those things 
are still very applicable today. 

Looking Ahead: Forecast for the 1990s 

Now it is time to look ahead and give you my 
view of the major technology opportunities of the 
1990s. 

MAJOR TECHNOLOGY OPPORTUNITIES 
IN THE 1990s 

• Widespread use of Smart Cards 

• Tremendous advances in medical imaging 

• Proliferation of wireless communication 

• Integration of office functions 

• Major strides toward paperless society 

• Bre£ikthroughs in hamessing solar energy 

• Expanding use of environmental sensing 

I will look at it from two points of view. First, we 
will look at some industries that are the pull 
factors of the semiconductor world, those that 
are going to pull semiconductors and create the 
demand for the year 2000. Then, I will turn to 
the semiconductor products and the enabling 
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technologies that are going to be the push fac­
tors in that marketplace. 

We have a lot of data behind this forecast at 
Dataquest. If you have any questions about this, 
I will be here for the next two days and I would 
be delighted to sit down and talk to you. 

Pull Factors 

First, wireless communication will soar, to make 
us all part of the '̂ A/ireless society." 

Illustration #1 

Communications anywhere in the world will be 
a reality, whether on cellular fax or by cellular 
wrist communicators. 

It is clear that the digital world will be a domi­
nant factor, from sound systems and video, to 
smart environmental systems and home manage­
ment, 

Illustration #3 

By the year 2000, we will have the ability to use 
video communicators, integrating voice, data and 
images, and we will be doing all of that on a 
fully remote basis. 

Combinational products and the utilization of the 
many different available wiring systems that exist 

Illustration *2 Illustration #4 
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in homes today will create perhaps one of the 
most significant opportunities, integration of appli­
ances, computers and entertainment. I believe 
that the home market is one of the big boons of 
the next decade. 

We in the semiconductor business follow many 
markets. We have divided the markets into DP, 
automotive and consumer. I really believe that, 
as you look ahead to the year 2000, you will be 
looking at the consumption within the home as 
one important market that you will follow, to be 
able to see the particular growth in your busi­
ness as a pull factor. 

Conservation and environmental issues will domi­
nate the 1990s. They will dominate the 1990s be­
cause of government influences and the tremen­
dous implications they will have for the economic 
world. Electronics and semiconductors will play 
an important role. 

of the business will play a significant role. 
Whether we will see this as the Encyclopaedia 
Britannica on a CD, or a hand-held portable with 
optical capabilities, or even automobiles with 
smart global positioning storage capabilities, 
society will be significantly more mobile. The 
opportunities for these markets are almost 
boundless. 

It is clear that our work force is going to change 
and the mobility of that work force is going to 
create opportunities for all of us to be able to 
have products at our homes and at remote plac­
es of operation. That will have a significant im­
pact as a pull factor for the semiconductor busi­
ness. 

The year 2000 will also see us carrying different 
kinds of cards than credit cards. There will be a 
proliferation of the Smart Card that has already 
begun. 

Solar Celt 
Root \ Battery 

in Trunk 

Front Wheel 
Elacirlc Motor 

Drive 

Illustration #5 

There will be electric cars and vehicles of all 
types. Battery technologies will play a key role. 

But, at the same time, conservation of paper and 
waste management will also be significant. Digital 
storage and the whole storage technology side 

Illustration #6 

This will range from picture holders, a place to 
hold your photographs on individual or personal 
players, to medical and personal records that will 
be available to doctors. It will also give us the 
ability to buy just about anything we want, any­
where in the world, at any time. But probably 
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more important for some of us, it will give us the 
ability to receive a pay-for-view telecast anywhere 
in the world. I can just see myself, in the year 
2002, picking up my Smart Card, putting it on 
my personal viewer and dialing up the first game 
of the World Series when the Oakland A's will be 
facing the Tokyo Giants in the Dome in Tokyo — 
and, of course, the A's winning in the ninth in­
ning with their new "Eck" [Dennis Eckersley, 
Oakland A's pitcher] at that time. 

Holography will be employed not only in the en­
tertainment world, when we get to see "Jaws 7" 
or "Rocky 15" in the year 2004, but will also be 
used at home, in the office, as well as in medi­
cal electronics. Holography will play a very im­
portant role. 

i 1 I i i i 
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Illustration #7 

In the near term, in the office, we will begin to 
see combinational machines that will have a 
short-term, as well as a long-term, impact on the 
demand for semiconductors. We will start seeing 
the combination of fax, copiers, modems, printers 
and scanners — all in a single machine. Interest­
ingly enough, Xerox announced such a product 
last week. I am not talking here of that new 
Xerox product, but some future products in the 
near term that will make the combinational ma­
chine available to us at the same price paid for 
any one of those machines by itself in 1989. 

Illustration #8 

Again, the impact of the semiconductor world on 
the decline of the memory prices will enable us 
to have these new products. Products which it 
was impossible to even conceive of in the past 
will be available to all of us and, therefore, fuel 
the next major growth in the semiconductor busi­
ness. 

Illustration #9 

Voice recognition and audio response will be 
great markets, where personal communicators 
will have a field day talking to each other. Can 
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you picture two personal communicators in Holly­
wood, California trying to figure out when to "do 
lunch?" I can just see it. But the reality is that 
we are not that far off, because of voice recogni­
tion and the audio response capability. 

The electronic revolution will help solve the very 
serious problem of service and support. Not only 
will machines call a technician before they break 
(or even be self-fixing), but will have on-line visu­
al representation of the problem to shorten the 
mean time-between-failure and time-to-repair. 

Illustration #10 

This is a huge market. I think that the next bat­
tleground is going to be service and support. 
That is the new high ground for many of the 
end-user markets. I think that semiconductors, 
again, are going to play a major role here. 

That is the pull side as I see it. 

The Push Side 

Let us look at some of the semiconductor prod­
ucts and the role that they will play in the next 
millennium. 

It is clear that further shrinkage of circuits, with 
linewidth to 0.15 micron, will take place by the 
end of the decade. Memory density and shrink­
age will continue to be the leading enabler for 

new markets that we will all participate in. The 
evolution of shrinkage will also lead us into sin­
gle-chip systems. 

Illustration #11 

A good example of this is the Hitachi evolution 
of the 416. This Is a picture of their 64 Mb 
DRAM. [Slide not available for publication.] 

The microprocessor world will not be exempt. It 
will also see the same level of performance evo­
lution that you see in Illustration #12 for DRAMs. 
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Illustration #12 

In the microprocessor world, we believe that by 
the year 2000, we will reach 250 mips with one 
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billion transistors, making our present state of 
the art (35 mips with 300,000 transistors) a small 
fry. 

RISC technology will be the dominant architec­
ture during the next decade. 

Gordon Moore's comments of 1980 were never 
more true. We had better solve the software 
issue if we are to utilize the super-computers, the 
super-microprocessors. (And, by the way, we will 
have to come up with some new terminology. 
"Super-microprocessor" is not good enough. 
Dataquest has to invent a new word to describe 
these processors in the year 2000.) 
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I l lustrat ion #13 

Not only will we need more innovative architec­
tures to shorten the time to design — as we 
have seen in companies like Xilinx and others 
over this past decade — but we will also need 
to integrate a significant amount of memory with­
in a single chip so as to reach the optimum 
speed required, and at the same time, allow for 
utilization of gates within a wafer to go from the 
existing 40% utilization to the 90% and 95% level 
by the year 2000. 

While we have been spending all of this time 
talking about digital electronics and digital prod­
ucts, the reality is that analog products will play 

the pivotal role in sight, sound, motion, light, 
temperature and pressure. 

I thought Illustration #14 was kind of interesting. 
Can you imagine taking a picture of a bullet 
coming at you without the new state-of-the-art 
devices that can capture speed and motion, and 
do this at gigahertz speed with good resolution 
instead of the poor resolution we currently have 
on some of these fast devices? 

I l lustrat ion #14 

By the year 2000, even digital satellite broadcast­
ing will continue to use analog devices on the 
front end to send, receive and clean up data. 
So, analog will have a significant role throughout 
this whole period of time. [See Illustration #15.] 

Interconnectivity will have to evolve to finally give 
us full wafer integration, with systems on a wafer 
or layered circuits, to enable development of the 
new products and devices and bring them to the 
end-users. This will necessitate a dramatic 
change in packaging and board design — and, 
again, software design to make it happen. [See 
Illustration #16.] 

The last technology is normally viewed as the 
most mundane: packaging. When I first started 
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Illustration #16 

in this industry, in 1967, the packaging guys 
were a different breed. They really didn't have to 
be designers. 

I believe that, as we approach the next millen­
nium, packaging could be as important as photo­
lithography was in the 1980s. Without packaging, 
we are not going to be able to bring it all about. 
So, I believe that packaging is a critical element 
in this whole forecast over the next 10 years. 

Just as the markets will never reach their 
potential without semiconductors, the 
semiconductor world will come to a halt 
if those of you from the semiconductor 
equipment and materials side do not 
keep pace, or if that equipment will not 
be made available on a broad basis to 
all participants in the semiconductor 
business. There is a definite requirement 
for the semiconductor materials and 
equipment industry to keep pace at the 
same — or even faster — rate. 

In that panel of 1980, Paul Regan, Jim 
Morgan and Greg Reyes dealt with one 
major issue: photolithography. At that 
time they said X ray would be the winner. 
Interestingly enough, our panel today will 
examine three technologies: optical, X 
ray and e-beam. 

Question: Will X ray be the winner, or will 
the tremendous experience that we have 
had with e-beam for 15 years be extend­
able? 

I don't know about you, but I will be in 
the audience listening to that panel, 
because I think there will be some very 
interesting insights from the panelists 
today. 

It is clear that the opportunities of the late 1990s 
will be tremendous. Here I am going to go on 
the line to tell you that my forecast is that the 
semiconductor industry will grow at a compound 
rate of 15.8% over the next 10 years. The reality 
is that this could very well be a $300 billion 
market by the year 2000. 

I have defined several areas during this presen­
tation that will have explosive growth. I think that 
concentration on some of these vertical markets 
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will be very important. These, among many other 
opportunities, will really allow us to reach a new 
level in the next millennium. 

Limiting Factors 

But before we get there, the industry is going to 
have to deal with some very important realities. 
There are many, but I will just talk about three of 
them. 

The People "Infrastructure" 

First, people — or, as I call it, the infrastructure 
of the semiconductor business on a worldwide 
basis. 

Technical education, not only in the United 
States but around the world, is at a crisis; in the 
U.S., probably worse than in all other advanced 
regions. Something must be done. Nowhere in 
the world are we graduating enough technical 
talent at the college level — and, probably even 
worse, the K-12 education in math and science 
is probably the worst it has ever been. 

I believe that, as you look ahead to the year 
2000, this will probably be as much of a limiting 
factor as the other two that I will discuss. 

I will leave you with a question, unfortunately not 
a solution: What are you as an individual and 
what are you as leaders of an industry doing 
about this problem? 

I believe that government and industry have to 
come together and begin to attack and solve this 
problem, or this industry will not be able to grow. 
This will be the major limiting factor of the year 
2000. 

Technology Wall 

The second reality is what I have described as 
the "technology wall." As I see it, the second 
major trap as we move into the next decade will 
be continuing to push the envelope, by forcing 
dimensions down to the sub-micron level and 
getting closer to the silicon level. I do not believe 
that this technology is extendable forever, any 
more than germanium was. 
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The reality Is that new technologies will come 
about over the next 10 or 20 years to replace 
the technology that we love so much — whether 
this Is chemical semiconductors, neuro-optical, or 
even self-generating transistor cells. I believe that 
there has to be a change. 

Moore's Law is at risk, if nothing else. You can­
not continue to push this without understanding 
that the cost and the time of design will be af­
fected If new technologies do not come about. 

Capital Formation 

Last, and probably one that is closer to all of our 
hearts, the problem of capital formation for the 
semiconductor Industry. I believe, for the first 
time, that this is no longer just a U.S. problem. 
As we look ahead to the year 2000, this Is a 
region-Independent problem. 

Forget that in the late 1970s we were building 
wafer fabs for $2 million or $3 million; that has 
been overstated. And, also overstated, forget that 
the new wafer fabs being put Into place today to 
produce 16 Mb DRAMs cost $400 million to $700 
million. The reality is, if you extend the present 
technology and the present methodology ahead 
Into the year 2000, and as we try to put the 
wafer fabrication Into place In the year 2000 to 
produce the 1 Gb DRAM in the year 2003 or 
2004, fabs will cost $2 billion to $2.5 billion. The 
question Is very complex. 

• First, not every Tom, Dick and Harry has $2 
billion laying around to put In a new fab. 

• Second, these Investments will have to con­
tinue to take place whether it Is a good or a bad 
environment In the financial world. It is going to 
be very tough in the year 2000 to explain to the 
financial analysts — whether in the Wall Street, 
Tokyo or Taiwan markets — that you are making 

a $2 billion investment in a market that is going 
to be down 10% for that year. I believe that this 
change will be necessary and something we are 
all going to have to come to grips with. 

Industry Alliances & Partnerships 

Cooperation will be the key factor. I believe, as 
we look ahead, many new forms of partnerships 
will have to take place, not only government and 
Industry working together — and again remem­
ber, this is not only the U.S., this is everywhere 
in the world — but also, manufacturers and cus­
tomers working hand in hand. 

I perceive that common R&D will be a fact of life 
by that time. We will need common factories and 
significantly more vertical integration for the large 
companies to survive. The large, multlbillion-dollar 
companies will have to Integrate capital-intensive 
with non-capital-intensive businesses to be able 
to generate sufficient cash to move on as inde­
pendent multlbillion-dollar corporations. There is 
no question, I think we have to realize that is a 
reality of the present. 

On the other hand, I am really encouraged that 
the small companies will continue to find niches 
to be able to stay away from troubled waters. 

Summary 

In summary, my prediction Is that the pure play 
of a huge, single semiconductor company — 
that is, a muitibillion-dollar company — looks 
very doubtful. I think that the squeeze is on the 
mid-sized, broad supplier, and that those will be 
extinct kinds of corporations. But, for the small, 
well-niched companies, I think that there is tre­
mendous potential over the next 10 to 20 years. 

In conclusion, the industry structure will change, 
and will change dramatically. 
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When we take a look at that satellite photograph 
in the year 2000, from that vantage point we will 
again look the same — it will have grown 15.8% 
per year — but when we come down to earth 
and look at the action on the ground, we will 
see that the industry has changed dramatically 
and it will be a very different industry than we 
have today, with a tremendous number of suc­
cesses and many companies doing incredibly 
well. 

Some of those are the companies that David will 
introduce in the next panel. I think some of 
those companies have a tremendous future. 

With that, thank you very much. Have a great 
conference. We will see you over the next couple 
of days. 
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DIFFERING CORPORATE STRATEGIES: 
PURE PLAY SEMICONDUCTOR SUPPLIER 

T.J. Rodgers 

President and Chief Executive Officer 
Cypress Semiconductor Corporation 

MR. ANGEL: How do you run a company? What 
are the strategies that will get us through the 
1990s? This morning we have a bit of an enig­
ma. We have three individuals from three differ­
ent companies with three divergent strategies — 
and the catch is they are all doing well. We are 
going to hear from each. 

After the talks, we will ask the speakers to come 
back up for a panel and Q&A. If we can get all 
three of them up here at one time, maybe we 
can catch them in some controversy. 

A long time ago, in a company whose name 
doesn't even exist anymore, a group of very 
bright, capable engineers and scientists were 
perfecting a new idea called VMOS. The technol­
ogy was perfected, but commercially it was not 
successful. 

I read somewhere that failure is the highway to 
success, inasmuch as every discovery of what is 
false leads one to earnestly seek what is truth. 

I worked at that company, along with our first 
speaker, as did some others in this room. Dr. 
Rodgers left that company, went to a second 
company for almost five years where he honed 
his skills in technology and management; and 
then, in the middle 1980s, founded Cypress 
Semiconductor Corporation. Growing from $17 
million in 1985 to just a million short of $200 
million last year. Cypress has been often referred 
to as one of the examples of what is right about 
the American semiconductor industry. But they 
did it the hard way — they did it with great prof­
its. In 1990, a flat year, they continue to do well. 

Thurman is a timid soul, not one to readily sug­
gest his opinion on the rest of the industry, but 
we have coaxed him to come down here anyway 
and give us his views. Should you wish some 
follow-up, his most recent article in the Harvard 
Business Review, "No Excuses Management" is 
great reading. T.J., old friend, it's good to see 
you. 

DR. RODGERS: That nameless company is AMI. 
If you ever wanted a lesson in humility, that was 
it. I used to drive by the AMI plant every now 
and then, remember having worked there, having 
worked hours every bit as hard as the hours I 
work at Cypress right now. About three years 
ago I drove by the old homestead — literally, on 
Homestead Road. I drove by what used to be 
Fab 3 and Fab 4, and it was ploughed into a 
field full of grass. In AMI'S case it was more 
economical to go back to fruit orchards in the 
Silicon Valley than to make semiconductors. 

That is a lesson about running scared that I 
have never forgotten. It is an important lesson 
that I think our industry has yet to learn. 

Is the Sky Falling? 

Having heard our obituary from the last speaker, 
it is difficult to discuss how a pure play semicon­
ductor company can survive. But I guess I'm a 
throwback, so I'll give it a chance. 

I don't like going to Washington to see if my 
appropriation came through. I don't like com­
plaining about the Japanese as though they 
were the root cause of problems that I have in 
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my company — and I do have some. I hate sub­
sidies, like SEMATECH. I like fair fights on a 
level field. 

Now, can we survive? After all, the sky is falling. 
All you have to do is look at the statistics. Take 
the SIA statistics for 1982 and 1989. In 1982, the 
American semiconductor industry held 51% of 
the market, the Japanese 35%. In 1989, the 
numbers had reversed, 51% for the Japanese, 
35% for the Americans — 16 points up in 1982, 
18 points down in 1989, 32 points of relative 
change in only seven years. The sky has fallen. 

Sandy Kane, the president of the ill-fated U.S. 
Memories venture, tells us that it takes $1 billion 
to build a fab. How are we going to do that? 
Who will have the money? 

Gordon Moore has told us it takes $200-$400 
million to get into the microprocessor business. 
How many companies will be able to roll the 
dice for a quarter-billion dollars to find out if their 
architecture makes it in somebody's computer 
company? 

Yesterday's Nevws — The 1980s 

Now, the sky has fallen a little bit. Let's go back 
to about 1980 and consider two hypothetical 
semiconductor companies, both with $200 million 
in sales, one Japanese and one American. Sup­
pose the Japanese company had a single $100-
million fab to support its $200-million business. 
Suppose further that the tab's yield was 75%, 
meaning for every wafer coming out of the fab, 
75% of the chips on that wafer were good, 25% 
bad. 

In the United States, in 1980, our $100-million 
wafer tabs had 25% yield — trust me, I was 
there. Twenty-five percent yield meant that in­
stead of needing one fab to support its business, 

our hypothetical $200-million American semicon­
ductor company needed three tabs. 

Thus, we had two $200-million companies, one 
needing $100 million, at an interest rate of 3%, 
to support one fab; the other needing $300 mil­
lion, at an interest rate of 9%, to support three 
tabs. The American company, needed three 
times more money, borrowed at three times the 
interest rate. The American company suffered 
nine times higher cost of capital. That recipe for 
disaster is what happened to the American semi­
conductor industry in the period of 1975 to 1985. 
If I could give one example of why we lost semi­
conductor market share to the Japanese, that 
would be it. 

But you have to remember that the 1980s' story 
is yesterday's news. The industry is no longer 
the same, and we can no longer use decade-old 
models for what we must do to go fonward. 

A Different Perspective on Statistics 

If you take a more careful look, the sky isn't 
falling nearly as quickly as the subsidy lobbyists 
would have you believe. (Of course, the faster 
the sky falls, the harder Congress gets prodded 
to give out money.) 

For example, if you take those same SIA statis­
tics and look at them a different way, you get a 
totally different picture. 

One statistic I omitted is that in our 32-point 
semiconductor market share loss to the Japa­
nese, the yen/dollar ratio used was 248:1 for 
1982 and 139:1 for 1989. In 1982, the Japanese 
drove up the yen/dollar to 248:1 to make their 
products artificially cheap to gain market share. 
In 1989, we drove the yen/dollar down to 139:1 
to gain market share. If you remove the currency 
exchange rate observation from the SIA statistic 
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by using any constant yen/dollar exchange rate 
— for example, the worst case 139:1 figure — 
you would conclude that 27 of those 32 points 
of our relative market decline were due to the 
exchange rate! How do you think the Japanese 
banks got so big overnight — by boatloads of 
gold or by inflating currency exchange rates? 

Worldwide Competitiveness Quiz 

I often give a quiz at talks like this. Some of you 
have probably heard it before so I won't go 
through the formality of giving the quiz, but let 
me give you the contents of a quiz which almost 
everybody flunks. 

First, which foreign country owns the most Amer­
ican assets? The urge is to jump on Japan, 
owners of the Pebble Beach golf course and the 
Rockefeller Center. But the fact is the British own 
twice the American assets as do the Japanese. 
We always complain about the Japanese taking 
over this or that property, yet there was not even 
a whimper when the Mobil Oil signs came down 
at all the gas stations on the West Coast and 
the British Petroleum signs went up. 

From which country do we import the most? 
Everybody lunges, "That one has to be the Japa­
nese." But the fact is we import more from the 
Canadians than we do from the Japanese. 

Which country has the largest economy? Half the 
people get this one wrong. I think it is fairly 
obvious. The fact is the United States economy 
Is 2.5 times larger than the Japanese economy. 
If you take the data from the Hoover Institution's 
Dr. Thomas Moore, you would conclude the Jap­
anese economy will take 189 years to surpass 
ours — not exactly the kind of number that re­
quires panic action. 

Which country has the most engineers? We all 
know we have more lawyers and doctors and 

the Japanese have more engineers. Wrong 
again. The correct answer is the United States. 
On a per capita basis, we have fewer engineers 
than the Japanese, but on an absolute basis, we 
have twice as many engineers. I hope one of the 
biggest values of the Peace Dividend will be not 
what we save in the defense budget, but the fact 
that we liberate some of those very brilliant engi­
neers to start working on commercial and salable 
products, rather than products we bury in the 
ground and hope we never have to use. 

Which country has the best balance of trade? 
'That's got to be Japan." Wrong again. Germany, 
which has an economy like ours, relying on 
many small companies, not mega-companies 
and not MITIs, has a better balance of trade 
than Japan. 

Which country is most productive? "Aha! He's 
finally thrown one down the center slow so 1 can 
knock it out of the park." Wrong again. The most 
productive country in the world is the United 
States, with estimated productivity 30% higher 
than that of Japan. 

So, as we are listening to "the sky is falling" 
rhetoric we should remember that we have the 
best and strongest economy in the world and 
what we need to do is guide it in the right direc­
tion, not panic into stopgap measures. 

Sure, we have lost ground in SRAMs. Intel in­
vented the SRAM and now, in effect, it is not 
part of their own business. National Semiconduc­
tor just exited SRAMs, and Advanced Micro De­
vices has just set a record by leaving the SRAM 
business for the third time in the last five years. 

But those failures don't mean that only the Japa­
nese are left. If you look at last year's statistics, 
the largest SRAM company in the U.S. was our 
arch rival. Integrated Device Technology; we 
were second, both of us with more than $100 
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million in business; and Micron Technology, 
closer on our tails than we would like, was third. 
Three entrepreneurial companies holding the fort 
against the Japanese attack in SRAMs. Where 
would we be without our entrepreneurial com­
panies? 

M m — The Invincible Force? 

We keep hearing about the invincible force, MITI. 
Ask yourself, "Where was MITI most effective?" 
DRAMs would be the answer. "What company 
was the most successful in DRAMs?" Toshiba. 
"At what density level did Toshiba take over?" 
The megabit. 

You can talk to the program manager who did 
the megabit program at Toshiba under the aegis 
of MITI; he is here in the U.S. today. His name 
is Dr. Yoshio Nishi. He now runs the integrated 
circuit effort at Hewlett-Packard. Dr. Nishi came 
to Cypress to replay an IEEE seminar he pre­
sented on what MITI meant to his effort at Toshi­
ba — and what it didn't mean. Dr. Nishi says 
that technical secrets were never exchanged in 
MITI, that the intense competitors who cohabited 
at MITI would only deal in the most global gen­
eralizations, and that very little co-developed 
technology propagated to Japanese companies. 
In fact, all MITI really did to make things better 
in Japan was to extract a public commitment 
from all the companies that they would fund their 
MITI projects regardless of the health of the 
economy. Thus, MITI, in essence, forced the 
long-term thinking that we have ascribed to the 
Japanese forever. Dr. Nishi claims that was 
MITI's greatest accomplishment in the vaunted 
Japanese DRAM attack. 

By the way, while we are talking about the "un­
stoppable force" MITI, let's not forget their screw-
ups. The DRAM success is now a decade old, 
and continuing to talk about it is getting old, too. 

How about TRON? When is the last time you 
had to worry about TRON? 

And how about the fifth generation computer? 
That was the project that was so scary, because 
it was going to allow the Japanese to take over 
the supercomputer industry. It caused us to 
"have" to form the MCC in order to compete with 
them on a giant vs. giant basis. The Japanese 
have even admitted that their fifth generation 
computer was an ordinary failure, surpassed by 
commercially available equipment. 

The final statement in most of the "whiner" 
speeches is, 'The United States is going to be 
third. We have "MITI in Japan; we ttave J E S S I in 
Europe; and we've got nothing, so we better get 
with it." Of course, we can all look at JESSI's 
strategy for SRAMs with Philips in Europe and 
see that has also been a great success: Philips 
recently left the SRAM business. 

Let's not just rush headlong into government 
subsidies and think that will make things better. 
It will not. 

Industry Consolidation Myth 

In the recent AMD quarterly report, after excusing 
poor earnings, Jerry Sanders blamed them on 
the investments required to become part of the 
"oligopoly that will emerge in the semiconductor 
industry in the future" — to become one of the 
Big Three (if you will) of the semiconductor in­
dustry. I think if you asked Ford, General Motors 
and Chrysler, "Are oligopolies competitive and 
can they hold the line against foreign competi­
tion?", they would (or should) answer, "No." 

Prior to this talk, I was in the Dataquest library 
looking over my notes. I came across a book 
entitled The Decade of Semiconductor Start-Ups. 
On the bottom it says in big red letters, "Library 
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Copy. Do not remove!" As someone who never 
liked rules, I had to bring the book out here to 
share some data with you. I have to admit it's a 
pretty good book. 

With all this consolidation Jerry Sanders talks 
about, the facts ought to square with his religion. 
If we are consolidating toward the "Big Three," 
then we ought to look at a graph that shows we 
had 100 semiconductor companies, then 25, 
then 15, and now 12. 

However, if you look on page 3 of the book, you 
see a graph that shows that 114 semiconductor 
companies started between 1981 and 1985. Dur­
ing that period, Cypress, IDT, Xylinx, Altera, Per­
formance, Chips and Technologies and LSI Logic 
were founded. Today, they are all alive, healthy 
and an important part of our industry. So much 
for the consolidation pipe dream. 

After reviewing the 1981-1985 data, I took a look 
at the 1960-1980 data for the prior two decades. 
Guess what? Fewer companies were started in 
those entire two decades — when Intel, AMD 
and National were founded — than in the five-
year period following. 

We are not consolidating. There are more and 
more semiconductor companies every year — 
our industry is diversifying. 

Dataquest laid it out for us on page 11: "The 
third wave of start-ups share many common 
characteristics. In general, the more successful 
companies tend to be as follows: 

• Highly focused, flexible, able to move quickly 
out of stagnant markets into high-growth mar­
kets; 

• Willing to develop new markets and educate 
users about their products and design services; 

• Positioned at the leading edge because of 
their advanced process technology and propri­
etary CAD software; 

• Resourceful in attracting venture capital from 
U.S. and foreign venture capitalists; 

• Aggressive in building strategic alliances to 
develop new applications jointly and secure wa­
fer fab capacity." 

They are correct. As a matter of fact, what I just 
read to you wiped out the middle third of my 
talk. 

Competitive Success 

If you take a look at Michael Porter's new book, 
The Competitiveness of Nations, he talks about 
countries which are successful in given indus­
tries, not because of capital, labor resource, 
cheap coal or oil, but because those countries 
have many companies competing in a given 
area. An example of this thesis is Italy, a domi­
nant force in the shoe industry, or Japan in the 
car industry. The last thing we need in this coun­
try is an uncompetitive oligopoly in the semicon­
ductor industry. 

Tom Peters told us, when he testified against 
U.S. Memories in Congress, that we shouldn't 
follow the MITI model, which does not square 
with reality in Japan, because we will land where 
the Japanese were, just as they scramble to 
become more entrepreneurial, knowing that is 
the way of the future. 

George Gilder, in his landmark book, (Microcosm, 
which I reviewed in the Harvard Business Review, 
tells us that smaller is better. He says that more 
powerful computers on the desktop of the future 
will mean that amazing things will continue to 
come from small companies housed in garages, 
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as were Hewlett and Packard in the original (lit­
eral) garage on Addison Street in Palo Alto in 
1939. 

Whose Responsibility Is it? 

If you look at the 9X statistic I gave you earlier, 
you will see that it has changed as well. In the 
early 1980s, the yield used to be 75% in Japan 
and 25% in America, but now our yields at Cy­
press are up to 75%. The Japanese are now at 
90% or better; they are still ahead of us. But 
what used to be a 75%-to-25% gap (200%) is 
now a 90%-to-75% gap (20%), and that is signifi­
cant progress. And the cost of capital that used 
to be a 3:1 disadvantage is now closing and is 
neariy 1:1. Thus, the net 9X capital/productivity 
disadvantage I discussed eariier is now down to 
about 2X. The huge Japanese capital formation 
advantage is collapsing, i believe that after you 
factor in these elements, and remove the yen/ 
dollar exchange rate from the statistics, the U.S. 
semiconductor industry has held constant market 
share from 1985 through 1989. 

Another reason I don't like our single-minded 
focus on relatively unmovable objects like our 
government and foreign competitors' structural 
advantage is that it takes away individual respon­
sibility. What really bothers me about our indus­
try right now is that we have become a bunch of 
whiners. You can work three days a week, lead 
your company into deep trouble, and declare it's 
not your fault, it's the Japanese. You can lay off 
your research and development and cause your 
average selling price to drop below a dollar, but 
it's not your fault; it's the fault of your Congress­
man in Washington who didn't get your subsidy 
through. You can declare your obsolete com­
puter chip architecture to be as good as your 
competitors' new RISC architectures because 
you have to protect your cash cow, and then 
whine later that you haven't gotten the appro­
priate protection from the government. 

I think, if we need to assign fault for the falling 
market share of the United States semiconductor 
industry, we ought to be looking in the mirror, 
and that includes me. 

Welfare doesn't work. In 1964, I heard Lyndon 
Johnson talk about spending a few hundred mil­
lion dollars to wipe out hunger in the United 
States. After two-and-one-half decades of spend­
ing billions, there are more hungry people in the 
United States than there ever were. The govern­
ment "welfare" program for the U.S. automobile 
industry — a forced quota on Japanese cars — 
has made the Japanese stronger and us weaker. 
Welfare doesn't work. 

We are not going to get bailed out by the gov­
ernment. It is a moot point anyway. We won't 
double on SEMATECH funding because our gov­
ernment can't even afford to keep the Liberty 
Bell museum open! 

I think entrepreneurs continue to represent a 
major component of American competitiveness. 
Let me give three examples — each a Cypress 
subsidiary start-up company. 

Cypress Fab 2 — $38 Million 
Produces $150 Million 

First, the billion-dollar fab. Cypress is now, on an 
annualized rate, about a quarter-billion-dollar 
company. You may or may not believe it, but the 
total investment in both of our wafer fabs, Fab 1 
in San Jose and Fab 2 in Texas, is only $78 
million, $35 million in Fab 1 and $38 million in 
Fab 2. Those fabs do all of our research and 
development and all of our production. Further­
more, Fab 2 is running at about 50% capacity 
and is capable of $150 million more in revenue 
with modest investments. I don't know how the 
$400-$700 million fab myth came about, but if 
any of you need to build one I will guarantee to 
build it for you for $200 million, as long as I can 
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keep half of the difference between your budget 
and whatever I actually spend on it. 

Ross Technology— The David 
of Microprocessors 

Let me tell you about a tiny company called 
Ross Technology, a Cypress subsidiary. We 
thought Cypress was too big to get into the 
microprocessor business. We had 1,500 people, 
at $200 million in sales, and had suffered an 
alarming outbreak of bureaucracy throughout the 
company. To solve that problem, we funded 
Ross Technology's President, Roger Ross, an all-
star microprocessor guru who architected Moto­
rola's 88000 RISC chip set. 

Ross Technology — for a total investment of $7 
million, not the $200-$400 million you hear about 
elsewhere — brought to market our SPARC chip 
set which provides the top-of-the-line Sun com­
puter server, and the highest performance com­
puter server available from any workstation com­
pany, the Matsushita-Solbourne 5E/908, a 115-
Specmark computer. Ross needed only 36 em­
ployees to get the product to market. 

Intel may claim that it takes buildings full of 
engineers and $200-$400 million to get into the 
microprocessor business, but we surely didn't 
need it, nor could we have afforded it. 

Guess what, I'm not even concerned about the 
Intel 80486. What I'm worried about is that we 
did our design on old Sun workstations to build 
chips for the new Sun workstations. We've now 
got the new Suns as our workstations to build 
the next generation Suns. Our competitors may 
start with more powerful computers than we did. 
We're worried about the start-ups coming up 
behind us that will provide a chip set for $3.5 
million with 15 people. What are we going to do 
about them, other than run harder? 

A final point on Ross Technology. Toshiba decid­
ed to make a SPARC laptop machine. They had 
two choices for vendors, Ross Technology and 
Fujitsu, both of whom make SPARC chip sets. 
Which did Toshiba pick to design into their lap­
top? The answer is, of course, Ross. That is a 
fact. We won that design. 

That win demonstrates two things: (1) that the 
Japanese are making a serious effort to buy our 
products, although they are not given a lot of 
credit for it right now; and (2) that small, agile 
companies can do things that big companies 
cannot, and that list includes Japanese, not just 
American companies. 

Aspen Semiconductor— 3 ns RAMs 

The final example is another Cypress start-up, 
Aspen Semiconductor Corporation. They just had 
a party celebrating their first million-dollar quarter. 
They are one of only two companies in the world 
from whom you can buy a 3 ns 4-K SRAM. As­
pen has big customers, like Unisys and AT&T, 
buying those SRAMs. The only company we 
have to worry about taking that business away 
from us is Synergy, another company you also 
have never heard of, another start-up, and the 
only other company shipping 3 ns SRAMs. 

Cooperative Alliances 

Cooperation between companies must be in our 
country's future. Cooperation is inherent in Ja­
pan, where they have vertical organizations. The 
most important aspect of vertical integration isn't 
the capital formation, but cooperation. Instead of 
the classic American war between purchasers 
and vendors, we must learn to cooperate. 

I think a good example of cooperation is Sun 
Microsystems and Cypress. Cypress never could 
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have brought the SPARC RISC microprocessor 
chip set to the market for $7 million without the 
cooperation of Sun. That kind of cooperation has 
big value. America has to find more of it and 
less of Intel v. AMD or Tl v. world lawsuits. Un­
fortunately, our arch rival, IDT, has found that 
same cooperation with MIPS; I wish they had not 
discovered that weapon of cooperation. 

Another alliance: Altera and Cypress. Altera, a 
nominal competitor of ours, was one of those 
fabless semiconductor companies you will hear 
Gordy Campbell talk about later. However, Altera 
has in its products an important technology val­
ue-added component. Technology counts for 
them. Last year, when ft was time%r Altera to 
invest in a fab, we teamed up. They bought 9% 
of our Fab 2 in Round Rock, Texas. Our fab 
makes them more competitive and, at the same 
time, they are transferring their technologies into 
our fab in return for wafers at cost. 

Adversarial/Litigious Examples 

Here are some examples of adversarial com­
panies that do not cooperate. Let's start with 
Intel and Advanced Micro Devices. Their soap 
opera makes for good reading in the San Jose 
Mercury News. 

Did you read about the last one? There are two 
guys both named Webb. A package of docu­
ments was sent to AMD's Webb, but Intel's 
Webb got it. Intel read it and found that AMD 
was going to use the number "386" for their new 
clone. Intel sued AMD immediately. Of course, 
AMD had to counter-sue Intel because, after all, 
they obviously stole that package containing 
proprietary information. That is the latest little 
skirmish in the recent decade of Intel/AMD "co­
operation." I'm sure that the Japanese were do 

ing something more productive during that same 
decade. 

Moving past even Intel and AMD, into first place 
for the useless litigation award is Texas instru­
ments, which is suing virtually everybody in the 
semiconductor industry and, for the first time 
ever, its own customers! Tl's lawyers used to 
talk about making money for Tl overall when the 
operations were losing money. This quarter, if 
analysts are right, Tl will lose money despite its 
legal "protection" racket. 

Can Pure Players Survive? 

Can pure play semiconductor companies sur­
vive? I don't think that is the real question. I 
think the question is can the dinosaurs survive? 
It is getting cold out there. They had better get 
small, get fast and grow hair real quick if they 
want to stay around — and a bigger brain 
wouldn't hurt either. Congress can pass the Ice 
Age Prevention Act of 1990, but — like 
SEMATECH — it won't do any good for those 
unable to compete because they are distracted 
by so many unproductive activities. 

As I look to the future, it is the small companies 
that will bring to market what we need. The en­
trepreneurs will bring on the new technologies, 
the new architectures, the new products. They 
will do it with their characteristic capital efficien­
cy, which is extremely important in an era of 
tight capital. As tight capital becomes a global 
problem, start-ups will be more well positioned 
than ever to make productive use of scarce 
capital. 

We won't just survive. Small companies and pure 
play entrepreneurial semiconductor companies 
are our hope for the future. 
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DIFFERING CORPORATE STRATEGIES: 
THE ROLE OF THE BUILDING BLOCK SUPPLIER 

Frank C. Gill 

Senior Vice President & President, Systems Group 
Intel Corporation 

MR. ANGEL: What more can be said about Intel? 
It just keeps rolling on and getting stronger. It is 
a decidedly different strategy from the first one 
which we heard this morning. 

Frank Gill is Senior Vice President of Intel and 
President of Intel Systems Group. He joined Intel 
in 1975 and has successively worked his way 
up. Prior to that, he held a wide variety of posi­
tions at Signetics. We are pleased to have him 
here today. We look forward to his comments. 

MR. GILL: I am pleased to be here to address 
this group and make a few responses to T.J.'s 
comments earlier this morning. 

The folks at Dataquest initially invited me to 
address the subject of the vertically integrated 
semiconductor company. That subject conjured 
up in my mind the image of a computer com­
pany that manufactured their own chips to put 
into their own proprietary systems and into their 
own proprietary end product. To me, that is the 
dinosaur that T.J. was talking about, not the 
vibrant building block supplier that is intensely 
competitive, manufacturing the subsystems or 
modules required to build the new computer 
industry. I countered and said, "Why don't I 
come and speak about the role of the building 
block supplier?" Dataquest graciously accepted. 
That is what got me here today. 

Building Blocks 

What do I mean by building blocks? First, let me 
describe it in the context of Intel's product port­
folio, and then in the broader sense. 

From the Intel perspective, many of you are well 
familiar with our product development machine 
that keeps spitting out ever increasingly complex 
devices. In doing so, the requirements are to 
look forward to the total system and integrate 
more and more of the system on single chips. 

"FROM CHIPS TO BOXES" 

Controllers 

Memory Chips 

Microprocessors 

Subsystems 

PC Platforms 

Illustration #1 

Microcontrollers is an area where this first oc­
curred, with the CPU unit, program memory, 
RAM, I/O, all on a single chip — an early build­
ing block. 

Even memory manufacturers today are building 
specialty devices other than simply bigger, faster, 
cheaper blocks of memory. Microprocessors, 
associated logic, modules, and even subsystems 
— today, customers are increasingly coming to 
view these as building blocks. 

From the broader context of the industry, I would 
also argue that things like disk drives, graphic 
subsystems, advanced ASIC chips and design 
tools are also building blocks enabling today's 
standard-based computer industry. 
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Product Planning 

This trend towards building blocks is simply a 
different way of looking at the product planning 
problem. Rather than looking at the product 
planning problem from the perspective of a clas­
sic semiconductor company, where one is look­
ing for general-purpose devices (perhaps in the 
case of memories that paradigm is still true) — 
or at "How can I develop some standard-purpose 
device?" — one looks at the end system and 
takes apart that system to see how that can be 
broken up into building blocks to which they can 
add value and then manufacture for the OEM in 
question. 

This trend is being driven by four major forces: 

• The underlying technology is driving this trend 
of building blocks. 

• Entrepreneurs and others see market oppor­
tunities and rapidly exploit them. 

• The move to standards. 

• The overall cost of technology development. 

Technology Treadmill 

Let me talk about the technology treadmill first. 
This treadmill can most easily be demonstrated 
by Moore's Law. Since Moore's Law has been 
talked about a couple of times already today, 
and certainly it is well known in this industry, I 
will not belabor the point. 

If one looks at where we are today, Intel has 
introduced a couple of microprocessors that 
have in excess of a million logic transistors on a 
single chip. There are no technological barriers. 
We see no problems that will prohibit this trend 
from continuing in the future. As we look forward 

to the end of the decade, we readily see million-
transistor logic chips. 

These huge transistor budgets (even at a million 
transistors today) represent a whole new problem 
for the chip designer — and, I might add, to the 
marketer. Developing million-transistor chips into 
markets that represent low volume is an eco­
nomically inviable situation. Today's chip design­
ers and marketers must be able to address large 
volume markets into which to sell these chips — 
therefore, the need for building blocks. 

The incredible Shrinking Machine 

The impact of these advanced chips is some­
thing I call the incredible shrinking machine. 
During the mid-1980s, building a reasonably 
high-performing desktop computer required about 
170 logic chips as well as memory. Today, in 
1990, people are routinely building even higher 
performing desktop computers with less than a 
dozen logic chips and a handful of memory 
chips. This is only possible by building sub­
systems into silicon. 

I might add, other enabling technologies are 
seeing and experiencing a similar treadmill. I 
haven't actually plotted it, but I think if one were 
to look at hard disk drives, for example, one 
would see that they are making similar progress 
in getting faster, cheaper and smaller in this 
same time period. 

I think anybody could easily concur with my 
argument that, in fact, just the thrusting forward 
of the packing density advanced chips drives 
one into the subsystem business, or subsystem 
on a chip space. 

How does one then move forward and say the 
next logical step is to integrate those silicon 
chips onto modules, PC boards, or even sub-
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systems or complete systems, for sales to this 
same customer base? 

The answer is really quite simple: By listening to 
the market. In fact, many entrepreneurs did ex­
actly that and led us to where we are today. 

I would like to talk next about some of the entre­
preneurs that saw the world changing and did 
something about it — they approached the world 
from a building block supplier viewpoint rather 
than the viewpoint of a classic semiconductor 
supplier. 

Intel's Multibus 

First, let me take the example of Intel Corpora­
tion. In the mid to late 1970s, we developed, 
invented and produced a product called Multi­
bus. At that point in time we were probably onto 
something quite revolutionary, even though I am 
sure we didn't recognize it at that time. 

We did something extraordinary: We created this 
bus at a great expense and, rather than thinking 
about it in proprietary terms, we put it in the 
public domain and went out and encouraged 
third parties to also build products to this stan­
dard. We were on the way toward establishing a 
more standards-based computer industry. 

In preparing for this talk, I looked back at some 
of the marketing materials of the time and tried 
to figure out what was in our head and what we 
were really thinking about. What we were saying 
then was that we had microprocessor chips, 
things like the powerful 8080, and we were trying 
to find a way to speed the flow of that micro­
processor technology to our OEM customers. 
That's what we thought we were doing. 

As somebody who was very involved in selling 
those products at that time in history, that is not 
what we were doing at all. In fact, we were cre­

ating entirely new markets; we were selling into 
industrial and many other electronic firms that 
couldn't afford the cost of a hardware engineer­
ing infrastructure to go off and develop these 
type of products. Instead, they had two choices: 
either they would buy a complete minicomputer; 
or, simply, the product idea or the project idea 
they had did not exist or it just simply was not 
practical to implement. 

Multibus Product Line 

In essence, we had the genesis of what I would 
call the semiconductor building block supplier 
with the Multibus product line. 

This business grew and prospered over time, but 
we didn't quite have it. In fact, we set this busi­
ness up as the Multibus Business Unit. By 
charging them to build and facilitate other multi­
bus manufacturers, we still missed the point. 
What they should have done was listen to the 
marketplace and build what the market wanted. 
Certainly, the market wanted lots of multibus 
products, but it also wanted other things, as we 
learned. 

Western Digital 

That would lead me to another early building 
block entrepreneur. Western Digital. In the early 
1980s, Intel developed a very capable floppy 
disk controller chip. Our main competition was a 
small company called Western Digital Corpora­
tion. Now, take this in the light of Intel having 
this multibus business. We routinely had a great­
er than $100 million business selling micro­
processors on PC boards, yet we still had the 
mindset that the rest of Intel was a chip com­
pany building standard products. 

Standard products typically are general purpose; 
or, occasionally, one would define an application-
specific standard product, like a floppy disk con-
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troller, something that is going to be sold into a 
volume market, and create that chip and sell it. 
So, we developed this wonderful floppy disk 
controller chip. 

Western Digital, one of our competitors, realized 
that the customers really had another problem: 
they were busy trying to build computer systems. 
They put that chip on a module and sold the 
customers a disk controller card. Consequently, 
they got customers to market earlier; they got 
many design wins; and they took a commanding 
position in that marketplace. I am sad to report 
they bloodied our nose quite well in that market­
place. 

Chips & Technologies 

Another early pioneer was Chips & Technologies. 
Again, the Intel microprocessor was routinely on 
the motherboard used by desktop computer 
manufacturers at that time, as well as many 
other general-purpose peripheral devices around 
it. Gordy Campbell is going to speak to you later 
this morning and he can probably tell you the 
history of his company better than I. 

I think he looked at the problem a little different­
ly. While we were off developing a very high-
performance general-purpose graphics coproces­
sor, Gordy said, "What the market is buying is 
EGA. Let's integrate that EGA functionality on a 
single chip." Further, he looked at the rest of the 
motherboard and said, "I can take several of 
these Intel plus Motorola plus other people's 
chips, glom them all together into a single silicon 
building block and sell them to the customers for 
greater value" — a semiconductor building block. 

He also did something else very clever; he creat­
ed a whole new way of marketing these prod­
ucts. He took the design expertise or the system 
expertise from his planning effort and actually 

designed motherboards. He took those mother­
board designs and handed them over to custom­
ers — including his chip set, manufacturing film, 
schematics, and so on and so forth — as a way 
to enable those customers to go to market. 
Again, he was very clever in his approach. 

This was really some of the early movement 
toward this building block concept. 

Impact of Personal Computers 

Certainly, the PC was the great event that en­
abled a lot of this to happen. It was certainly the 
event that drove the industry toward more of a 
standard building block approach to things. 

If we think back to when the first PC came out 
— or even, I would argue, many desktop and 
multiprocessor systems today — you will find 
that they are built out of largely off-the-shelf stan­
dard components. 

The significant thing about the PC was that, for 
the first time, we had an open computer system 
built out of things that you could buy off the 
shelf. The consequence for our industry — and 
certainly for the computer industry — was really 
quite significant and changed the makeup of this 
industry forever. 

To illustrate the power and impact of this 
change, I could pick any of the computer com­
panies of the early 1980 vintage and compare 
them to Compaq. That is the prototype of the 
new computer age company, which in fact acts 
much more like a system integrator than an old-
time computer company. As a system integrator, 
I mean they are buying off-the-shelf standard 
operating systems, standard chips, standard 
ASIC tools, standard disk drives, even standard 
keyboards and so forth, and putting these to­
gether in a very compelling product line. 
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Let's just contrast them with Data General. You 
could pick Data General, Unisys, or even a VAX, 
or any of the computer companies of that day 
and age. What were they doing? They were 
building custom hardware. In fact, I believe, in 
Data General's case, they were off on a major 
silicon development to develop custom semi­
conductor devices to feed that hardware design. 
In addition, they designed and supported propri­
etary system software and were bringing all 
these products to market through a very large 
direct sales and service organization. 

Contrast Compaq and other companies of their 
generation — Apple, Sun Microsystems, pick the 
company of your choice. What were they doing? 
Off-the-shelf components running off-the-shelf 
operating systems via DOS, Windows, or some 
flavor of UNIX — industry standard software. 

I agree with Manny's comments this morning 
that software is lagging well behind the hardware 
development, and that is a key enabling technol­
ogy we need to spur even greater growth. But 
the fact is, in this new open environment, we 
have many more creative, energetic people work­
ing on the problem set that will drive this soft­
ware revolution at a much faster pace than in 
the old proprietary scenario. 

Lastly, they go to market through indirect chan­
nels, which is generally more cost-efficient. 

Standards-Based Computer Industry 

With the advent of what we at Intel call the "new 
computing industry" — meaning in normal Eng­
lish the standards-based computer industry — 
the move was on, irreversible. The dynamics and 
economics were just overwhelming. 

The consequences of this change were really 
quite catastrophic to those that got stuck in the 
old computing industry paradigm. 

I often believe that one of the major advantages 
that the new computer industry success stories 
had, like Apple or Compaq, for example, was 
they had no baggage; they had no huge in­
stalled sales and service organization; they had 
no proprietary installed base to support and 
worry about. 

But the fact is, the economics were so compel­
ling on these new standard-based machines that 
the end customers were voting with their pur­
chase orders, and they were voting in favor of 
the new computer industry. 

While the market was pulling everybody to these 
standard-based machines, the cost of technology 
development was increasing in an exponential 
fashion. 

Technology Cost 

Let's look at some cost trends for building a 
wafer fab. We have heard a few comments this 
morning about what it really costs to build a 
wafer fab. Conventional wisdom has it that for a 
sub-micron 6" facility, capital requirements are 
greater than half-a-billion dollars — but, after 
T.J.'s comments this morning, I am going to go 
out and buy Cypress stock. I am really not con­
cerned that they will ever fail; and, if they ever 
did get into a business environment that was a 
little more difficult for them, certainly they could 
make a bloody fortune consulting to the rest of 
us on how to build wafer fabs much more in­
expensively. 

I would also argue that this cost of technology 
development was not just going on in semicon­
ductor devices. I think the cost of developing 
many of the underlying technologies was really 
quite expensive, and it was increasingly difficult 
to compete if one had to take on the task of 
developing and supporting a proprietary operat­
ing system. 
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From our experience at Intel, developing some­
thing called RMX, which is a very elegant real­
time operating system used with our Multibus 
line, that development effort cost tens of millions 
of dollars, as well as the supporting of it was a 
substantial effort. Again, Multibus II, an advanced 
high-performance bus, was developed at a cost 
of tens of millions of dollars. 

When these are available as industry standards, 
it certainly leads to a much more cost-efficient 
end-use product, and certainly these economics 
are driving the marketplace today. 

Intel's Strategy 

I opened my comments this morning by stating 
that it wasn't Intel's intention to turn itself into a 
vertically integrated semiconductor company or 
vertically integrated computer company. Instead, 
sometime during the 1980s — and I don't know 
exactly when it dawned on us, but sometime 
during this business period — it occurred to us 
that we are not really a chip company, we are 
not really a system company; we are a building 
block company, and we should listen to our 
customers and bring our technology to market 
as rapidly and as quickly as we can and sell it 
in a format or level of integration that our cus­
tomers would like to buy — be that at the chip 
level, the subsystem level, the module level or a 
complete system. 

Essentially, that is Intel's business strategy. I 
think it makes a lot of sense. 

The New Computing Industry 

What I would like to do now is transition a little 
and talk about the computer companies coming 
at this problem from the other perspective. 

Let me pick one company that appears to be 
making a successful transition from the old com­

puting paradigm to the new computing industry. 
In this case I have picked NCR, obviously be­
cause they are a great customer of Intel. 

About a week ago, NCR introduced a whole new 
product line based on the Intel 386 architecture. 
Essentially, this product line spanned everything 
from the briefcase to the mainframe. By "brief­
case," I mean a portable computer, all the way 
up to machines that have mainframe-level per­
formance. Here is clearly a company that did in 
fact have an internal semiconductor development, 
but could see the power and market pull toward 
standard-based computers. 

On the other hand, what do they db with that 
semiconductor capability? I haven't spoken to 
them about this, but I think it is a fairly safe 
assumption that they are not out developing 
microprocessors to compete with the Intel 386 
family. They are probably not developing DRAMs 
to compete with Toshiba. They may not even be 
doing 3 nanosecond SRAMs. Instead, I think 
they are developing functional building blocks 
that they both consume internally and sell exter­
nally on the merchant market. Their SCSI chip 
set is an example that comes to mind. 

I think this model of being a building block sup­
plier is essentially true both for the semiconduc­
tor company that owns its core technology and 
has some size and for the computer company 
or systems company that has this capability and 
some scale and size. 

The data seems to support that notion. Illustra­
tion #2 shows the top 10 semiconductor com­
panies in 1989. 

We see here 10 companies. None of them is a 
pure play or a start-up. The smallest one is $1.7 
billion in sales. All of these generally have dif­
ferent businesses. But what is true, and one of 
the common things about them, is that their 
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TOP 10 SEMICONDUCTOR 
COMPANIES - 1989 

1. NEC 
2. Toshiba 
3. Hitachi 
4. Motorola 
5. Fujitsu 
6. Texas Instruments 
7. Mitsubishi 
8. Intel 
9. Matsushita 

10. Philips 

I l lustrat ion #2 

semiconductor divisions have to go out and 
compete hard in the merchant marketplace and 
compete in a very intensive and aggressive fash­
ion. In addition, their sister divisions that build 
computers, or central office switches, or whatever 
the product may be, also generally buy on the 
merchant market from people in direct competi­
tion with their internal chip division. 

External Marketing/lntemal Use 

Basically, the market forces are at work here. 
The scale and the economics required to be 
competitive and fund the development efforts on 
these key building block technologies are so 
great, one has to sell these building blocks on 
the external market as well as use them internal­
ly-

If one were looking into the future, I would even 
argue that is true for semiconductors, disk 
drives, on and on. I think that will be the trend 
that we will see in years to come. 

NEC 

Let's take, for example, the largest of all the 
semiconductor firms selling in the merchant mar­

ket, NEC. This I clipped out of a magazine last 
week. It is an advertisement for one of their 
latest products. I believe this product comes 
from NEC Home Electronics, but it is really not 
important which division it comes from. 

The point I am trying to make here is that NEC 
sells a complete computer system in competition 
with many of you, and in competition to some 
extent with Intel. But, if you were to tell the 
whole story, many of you (and us) view NEC as 
a valued DRAM supplier, a valued EPROM sup­
plier, and in fact, this same division sells multi-
synch monitors to many of the top computer 
companies in the world. Again, the need to have 
sufficient scale and competlfion in the very rigor­
ous merchant marketplace leads to this kind of 
a scenario. 

There is one other interesting footnote on NEC. 
As many of you know, we wasted a lot of energy 
in a lawsuit over a number of years. During this 
same period, their chip division and our chip 
division viewed each other as bitter enemies and 
we fought with a ferociousness that is only found 
in the semiconductor industry. Also, NEC's Com­
puter Division in recent years has been one of 
our top five customers and has recently given us 
vendor choice awards, even viewing us on parity 
with local Japanese suppliers, which is quite an 
accomplishment. 

I mentioned Western Digital earlier in the presen­
tation. A similar scenario there. The last time I 
checked with our people in Folsom who make 
disk controller chips, they didn't think very much 
of Western Digital. When I went down to Chand­
ler, Arizona, our people who make microcontrol­
lers there view Western Digital as one of their 
top customers and work very closely with them. 
My own Systems Group in Oregon sees Western 
Digital as a valued vendor. Welcome to the new 
computer industry. Welcome to the age of build­
ing block suppliers. 
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Conclusions 

To summarize, what I have tried to propose this 
morning is that today's computer industry is 
based on industry standards, standard building 
block technologies. The cost of development of 
these technologies is so great that the suppliers 
of them, by necessity, must go into the merchant 
market and compete with those participants who 
are already there. 

The consequence will be some companies that 
look like vertically integrated companies are 
competing in these core building blocks in a 
very intense fashion, although their primary 
business may be, like NEC, computers and 
communications. Other firms, like Intel, may be 
doing likewise, even though our primary thrusts 
are semiconductor devices and building blocks 
for OEM manufacturers. The net result will be the 
same. 
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DIFFERING CORPORATE STRATEGIES: 
FABLESS SEMICONDUCTOR SUPPLIER 

Gordon Campbell 

President and Chief Executive Officer 
Chips & Technologies 

MR. ANGEL: A moment ago I mentioned how 
sometimes failure can lead to success in this 
business. Gordon Campbell's business plan for 
his new company was not exactly received with 
overwhelming enthusiasm by our venture capital 
friends on Sand Hill Road in MenIo Park, and 
the founders had to go out and secure their 
financing elsewhere. 

But then, something very wonderful, almost in a 
Ferris Bueller sense, happened: they got what 
probably all of us secretly desire in our heart — 
revenge. They have been really successful. From 
a start in 1985, revenues are now in the $300 
million range, and they have started what has 
become a whole new business in the semicon­
ductor industry. 

Gordy, we are pleased to have you here to talk 
to us today. 

MR. CAMPBELL: Good morning. It is always in­
teresting to listen to my esteemed companions 
on these panels because you come up with dif­
ferent perspectives. 

I now know that we have passed the era of chip 
sets and we are now In building blocks. But, 
actually, I beg to differ again, in that I think we 
are in a business of supplying solutions. Ulti­
mately, I think, solutions for customer problems 
will really be what we will all focus on. 

Let's look at some of the things that T.J. men­
tioned. T.J. and I have had differences in philos­
ophy upon occasion, but I think there are some 

similarities that I could pick out of his talk this 
morning. 

U.S. Competitive Position 

I think one of those similarities is that we really 
do need a strong U.S. position. 1 think T.J.'s talk 
about MITI was very instructive. To a certain 
degree there is value in having independent, 
entrepreneurial companies, but there is also 
value in having a cohesive national policy for a 
country like the U.S. and for a group of in­
dustries and companies like the semiconductor 
industry. 

Today, we are primarily represented by the SIA. 
I think the SIA has done a good job of repre­
senting its membership, but the problem really is 
that membership. If we look at the last decade, 
with nearly 200 start-up companies, many of 
which have been very successful, it would be an 
interesting exercise to see how few of those 200 
are SIA members. I don't think it would be very 
many. If we look at some of the companies that 
have been very successful in the last five years 
— Linear Tech (which I believe was a member 
briefly), Cypress, IDT, Chips — we represent 
close to $1 billion of our industry, and yet, we 
still have no voice in how our policy is shaped in 
Washington. 

I do not think that it is really our role to go to 
Washington to object to ideas put forth to make 
us competitive. I think our role is to be construc­
tive, and to try to figure out how we can solve 
the problem of how we, as a country and an 
industry, can continue to be competitive. 
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If we look at that issue. Itself, you have to ask 
yourself: Is SIA representing the spirit of the 
dinosaurs, or Is It representing the spirit of the 
entrepreneurial effort In the United States? 

Chips' Perspective 

I would like to make some observations about 
ways we look at our industry. 

Chips took a fresh look at our Industry in 1985, 
predicated on a couple of Issues. First, that pro­
cess technology was more or less at parity 
throughout the world. That led us to the conclu­
sion that, with some exceptions, there was no 
real advantage for Chips to bear a huge capital 
penalty to do Its own manufacturing. 

To Fab or Not to Fab? 

Illustration #1 shows some of the pros and cons 
typically raised on the Issue of whether or not to 
have a fab. 

Fabless Companies 

Pros :: 
• Technology Flexibility 

• Second Sourcing 

• Reduced Fiscal Risk 

• Local Content Sourcing 

• Time to Market 

• R&D Focused on Product Dev 

• Faster Ramp Production 

Cons 

• Higher Unit Cost 

• Economies of Scale 

• 'Design House' Mentality 

• Leading Edge Technologies 

• Less Control of Process/Production 

• 'No Capacity' in Pealt Markets 

CHIPS 
Seiunoiu for a Changing World 

Illustration #1 

The Pros 

On the pro side, 
recognize that: 

think everybody can easily 

• You have a lot of technology flexibility. As a 
start-up company, with a total capitalization of 
less than $3 million, we were able to bring prod­
ucts to market in bipolar, CMOS and BiCIVIOS 
technologies. We were able to migrate very 
quickly from 1.5 micron to 1.25 and 1.0 micron. 
That basically says that the technologies and 
lithographies are available for the companies that 
go out and look for them. 

• Second sourcing is also a plus for a fabless 
corporation. Chips & Technologies uses Toshiba, 
Fujitsu, Yamaha, Oki, Ricoh and Seiko In Japan; 
TSMC in Taiwan; we are looking at qualifying 
some of the Korean manufacturers; In the U.S., 
we use LSI Logic, National Semiconductor and 
Texas Instruments; and In the European Com­
munity, we will use some of those partners who 
have tabs there, as well as SGS-Thomson. 

• It would be difficult to argue that we could not 
only have a very effective multiple-sourcing activ­
ity, but that we could also source In many differ­
ent marketplaces. 

• We have good time to market. We can use 
different technologies that you may not be able 
to afford to support as an Individual company. 
We use a fair amount of gate array technology, 
a fair amount of standard cell, and we do a lot 
of full-custom design. 

• Interestingly enough, if you look at most com­
panies that have their own fabrication assembly 
facilities, typically they will put two-thirds of their 
employees in manufacturing. We were able to 
structure Chips so that two-thirds of our employ­
ees were developing new products. Thus, I think 
Chips has one of the fastest streams of new 
product development in our industry. 

• Last, but not least, the ability to piggyback our 
partners' efforts In developing new process tech­
nology — at virtually no cost — and our ability 
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to ramp their production was an extreme advan­
tage to Chips & Technologies. 

The Cons 

On the other side, people have argued: 

• It costs you more to buy product and you will 
never be competitive with people that have tabs. 
I would like to defer that one until later. 

• A "design house" mentality is one of the things 
that people frequently point out. I would say that 
is basically a positive. Frank Gill's slide showed 
the trend in PCs, going from several hundred 
semiconductor components down to a single 
chip, with the entire system embodied in one 
chip, some time in the early to mid 1990s. You 
need a design house mentality to be effective in 
that kind of market. 

• Leading-edge technology and the availability of 
that process technology is another issue. Chips 
has done a very good job maintaining its capa­
bility of accessing and utilizing leading-edge 
technologies. 

• One argument against the fabless concept has 
always been: What will you do in a peak time, 
when there is no capacity and people can't get 
enough DRAMs? In the last peak, we grew from 
$140 million to $217 million. 

Profitability 

Another argument is fabless companies are more 
profitable [Illustration #2]. The average profitabil­
ity for companies with wafer fabs is between 5% 
and 6%. On the other hand, the companies with­
out fabs have averaged well over 10% — ap­
proximately twice the profitability of companies 
with fabs. 

Fabless Companies Are More Profitable 
1989 Net Income as Percent of Sales 

Average Fabbad Fabiess 

U.S. Semiconductor Companies 

I l lustrat ion #2 

Productivity 

We typically have higher productivity. In terms of 
sales per employee, the average is $96,000 per 
employee for a company with a wafer fab. There 
are many companies with significantly lower 
averages. Without the efforts of companies like 
Cypress (with about $200,000 per employee, 
probably the highest for a company that does its 
own fabrication), that average would probably be 
lower. 

Fabless Companies Have Higher Sales 
1989 Sales Per Employee 

*^^-°°° $96,000 

1295.000 

Avarage Fabbsd Fat)!«s: 

U.S. Semiconductor Companies 

I l lustrat ion #3 
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Chips has been fortunate, in that it has been 
close to $500,000, so we have been on the high 
end of the average for the fabless companies. 

Risk 

Another argument is that there is considerably 
less risk without a fab. Whether you use the 
figures that come out of SEMATECH or some of 
the proposals we have seen of $400-$700 million 
for a fab, or whether you use T.J.'s numbers — 
it really doesn't matter — you are talking about 
a lot of capital intensity to get wafers out the 
door. 

Fabless Companies Bear Less Risk 
3 Strategies Deal with Capital Intensity 

20% 

10% 

Operating Margins 

Depreciation 

Broadllne 
Suppliers 

Zero Os 

$10*3 $10's $10's 

Annual Sales Range 
Sfiurca: Himbracftl ft QutK, Inc 

nlustrat ion #4 

Interestingly enough. If you look at the impact of 
depreciation, we are depreciating over a seven-
year period something that probably should be 
depreciated over a much shorter time. 

Cost Reduction 

Illustration #5 graphically shows one of the ways 
that we were able to reduce the cost of a prod­
uct and allow our customers to benefit from that 
cost reduction. 

Multiple Fab Cost Reduction Plan 

Unit 
Cont to 

(*) 

1.5)1 

Apr SO 

Aug '30 
March '81 

YrMi 

O B ( i 

July '91 

300 250 
Die size (Mils) 

200 

I l lustrat ion #5 

When we started out with a brand-new product, 
using 1.5 micron process technology, our cost 
was close to $20. As we were able to migrate, 
from gate array, to standard cell, to full-custom, 
and to smaller lithographies, through the ad­
vances in process technology of some of our 
partners, we were able to ultimately get the cost 
down to the $5 range. That would be an ex­
tremely difficult scenario to manage if you were 
putting the process technology and equipment 
together to support a transition from 1.5 micron 
down to 0.8 micron — and, in the same time 
frame, you were trying to ramp something from 
the tens of thousands to the hundreds of thou­
sands per month. 

ASP 

For fabless companies, the average multiple on 
the wafer is typically about five times — in other 
words, it sells for about five times what it costs. 
That may explain why some of these companies 
have been very profitable. 

Probably more so, it explains why most of those 
companies focused on value-added areas. They 
also flew with the times and were very sensitive 
to changes in their markets. Their operating 
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The Key to Successful Fabless Operation 
Is ASP 

: : Average Multiple on Wafer Costs Is 5x 
the Wafer Price 

S Fabless Margins Average 20% vs 12% 

I l lustrat ion #6 

margins typically were almost twice that of com­
panies with their own manufacturing capabilities. 

Value-Added Product 

It is necessary for a fabless company to deliver 
a clearly superior value-added product. I have 
listed a few examples in Illustration #7. 

Fabless Companies Must Deliver 
a Clearly Value Added Product 

K Products : : 

• CHIPSets 

• Co-Processors 

• DSP 

• Field Programmable Logic 

Benefit 

• Reduce Computer Systems 
to Chips 

• Performance 

• Software Content 

• Flexibility 

I l lustrat ion #7 

• CHIPSets fit that role — or certainly did sev­
eral years ago. 

• Co-processors today, I think, probably still fit 
that role. 

• DSP is a technology where we are paying 
more for the software and the algorithms than 
we are for the actual silicon today. 

• Field programmable logic is still waging a war 
to see which solution will be the most value-
added. 

The trend in all of these areas is toward more 
software and more systems content in the sili­
con. As we make that migration — whether it is 
chip sets, building blocks, or simply a solution 
— there will be more intellectual property rights, 
more software and more value-added. 

Manufacturing Flow 

Fabless companies can do several things to 
improve their cost structure. Illustration #8 shows 
a typical flow, where a company like Chips 
would either buy finished units from its 
manufacturing partners, bring them back and 
ship them to the customers; or, in some cases, 
it can also improve its manufacturing 
competitiveness by buying wafers or die and 
managing its own packaging. That also implies 
that you have to support a much stronger test 
program and a number of other things in that 
area. 

The Fabless Manufacturing Flow 

P.̂ tir!Yr H B ^ ^ 

f l l P i ^ M ^ ^ ^ 
Package Package H 

s CAD Critical 
i : Close Foundry Relationships 
a 3rd Party Packaging 
:: High Volume 

I l lustrat ion #8 

The CAD or CAE effort is critical to interface with 
your foundries. You need close foundry 
relationships that develop and produce trust on 
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both sides. If you want to continue to reduce 
cost, you need to have third-party packaging. 
And, I think, as both T.J. and Frank have point­
ed out, you must have high volumes. 

Wafer Cost 

If I look at a typical $100 million revenue com­
pany — and I won't argue the cost very much 
— and the fab cost to support that of roughly 
$82 million and operating cost per year of $37 
million, it would lead to some conclusions about 
wafer cost [Illustration #9]. 

%picai $100M Revenue Based Company 
Fa bless 

B Capital Costs 

• Bulldlng/Land 0 

• Equipmant 0 
$0 

S Operating Costs 

• Material 0 

• Direct Labor 0 

• Indirect Labor 0 

• Indirect Materials 0 

• Building Oepreciation 0 

• Equipment Depreciation 0 
- $0 

Fabbed 

$28M 

MM 
$82M 

$5M 

5M 

12M 

1M 

1M 

13M 
— $37M 

Illustration #9 

One argument is that, for a fabbed company as 
just described, we would be looking at a cost of 
about $400-$425 per wafer if that company was 
at 100% utilization. The fly in the ointment is 
where, if that wholly-owned and operated fab is 
not very well utilized, or if we are running a lot 
of engineering lots, or if we want fast throughput 
time, that capacity then drops significantly — 
and, as the capacity utilization drops, our costs 
go up. 

The fabless wafer cost typically is in the $500-
$700 range. There is an interesting side to the 
fabless company: that wafer cost does not 

change, regardless of how much the fab is util­
ized. 

Capacity Utilization 

In Illustration #10 you see a problem the in­
dustry has worked with for a long time: the prob­
lem of utilization and trying to fill that capacity. 

Typical $100M Revenue Based Company 
Wafer Costs 

Fabless 
S Capacity Utilization 

• 100% $600 

• 75% $600 

• 50% $600 

Fabbed 

$422 

$633 

$844 

Illustration #10 

To solve that problem, we have come up with 
some interesting perspectives on the industry. 
Certainly, there are a lot of young, entrepreneur­
ial companies trying to take advantage of the fab 
capacity that is out there. In fact, there is today 
a large foundry business that has emerged and 
is alive, healthy and well. 

Fabbed Companies Turning Fabless 

This fact has not gone unnoticed among the 
dinosaurs. Today we see many of the dinosaurs 
actually doing foundry business as well. 

Why would they do this? A possible argument is 
that it is good business, and it allows them 
some buffer in keeping their own tabs utilized, or 
in not having enough fab capacity to support 
100% of their activity. 
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Fabbed Companies Are Turning Fabless 
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Illustration #11 

Summary 

On that note, Jerry Sanders has often stated that 
"real men have tabs" — and in his case, at least 
currently, no profits. T.J. has advocated the pure 
play. You might conclude from that that "pure 
men have fabs" — and, in T.J.'s case profits, but 
also lawsuits. 

Where does that leave Chips & Technologies? 
That is a good question. I think it leaves us with 
this statement: "Profitable, real, pure men not 
only don't have fabs, but they also do not have 
lawsuits." 
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Intel Corporation 

GORDON CAMPBELL 
President & Chief Executive Officer 

Chips & Technologies 

MR. ANGEL: You are correct, Jerry has said that 
"real men have tabs." And I think John East is 
the one who is attributed with the quote "real 
men make profits." 

But one concern is the higher cost of capital. A 
comment from several Japanese companies is 
that even the Japanese, in the land of interest 
rates which are perhaps half of those in the 
United States and Europe, are suddenly seeing 
that they can no longer continue to invest mas­
sive amounts of money in new factories without 
partners. That is the first time, I think, that we 
have heard this concept of partnership being 
used for spreading the capital risk. 

Is the situation of the higher cost of capital going 
to slow down the folks that really are dependent 
upon tabs? 

DR. RODGERS: We are in the fab business, so I 
will comment. It is a problem, there is no doubt. 

Cypress has been lucky. We hit the market in 
1986, and we went out again in 1987 and 
brought in $110 million. We still have $100 mil­
lion in the bank, we are cash flow positive, and 
we are buying our stock back. So, we cannot 
actually cry about capital formation. 

But one of the problems I have is that I have 
money and I cannot afford to lose it. I could buy 
a fab, but then I would have to start depreciating 
it — seven years for some equipment, five for 
others — and that creates losses. We cannot 
tolerate losses, because they crater the stock 
value which means we cannot raise more 
money. There is a problem with the cost of capi­
tal, but also one with the ability to use it in our 
short-term mentality environment. 

MR. ANGEL: How about the situation for raising 
money? I think that you commented, at another 
time when you and I were talking, that it took 
you six journeys to the market to raise what one 
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Japanese second-tier company did in one offer­
ing. 

DR. RODGERS: That is my NMB story. Cypress 
did four rounds of private placements ($40 mil­
lion), two public rounds ($110 million), $150 mil­
lion total. We raised the last money at a valua­
tion of $470 million. NMB came along and, in 
one offering, raised $470 million! 

One of the things I learned at Stanford from Dr. 
Shockley was his "try simplest case approach." 
I just took the NMB story to its limit. I said: 
"What if Cypress and NMB both, at the same 
time, discovered the 'elixir,' the thing that would 
make you win, beat everybody in semiconductors 
at a cost of $475 million?" The comparison be­
tween the Japanese and American money mar­
kets would be that NMB could raise $475 million 
in a single IPO and get on with winning, while 
Cypress would have to sell the entire company 
for $470 million in order to get the technology to 
save the company! 

MR. ANGEL: Any questions from the audience? 

QUESTION [ANDRE LOREK, QUANTUM CORP.]: I 
have a question for Mr. Campbell. I have heard 
a very large semiconductor manufacturer discuss 
the foundry business, describing it to me as 
being similar to being on a diet of Twinkles — it 
tastes good, but it is not really nutritional long 
term. That company was trying to phase out of 
the foundry business. Do you think that is going 
to be a problem for companies that are fabless, 
and how would you address that? 

MR. CAMPBELL: I think that it is necessary for 
both partners in a foundry relationship to be able 
to make profits. One thing we have tried to do 
with our partners is work out something that is 
fair, but still competitive. My sense is that the 
percentage of the industry being used as foun­
dry capacity is growing, and I think it will con­
tinue to grow. At any given time we may have 

individuals or players that decide they rnay or 
may not like it; but, by the same token, I think 
there are a lot of additional players getting into 
that. 

I do not get the same sense that question would 
convey. I think most of the partners we work 
with are committed to a very long-term foundry 
strategy. 

MR. ANGEL: Frank, I have a question here for 
you — a little incendiary, but a good one: 
Doesn't the building block strategy create a 
problem for Intel? How far can you take the 
strategy without really biting the hand that feeds 
you — i.e., my interpretation is how far can you 
go without competing head-on with your 
customer base? 

MR. GILL: I would suggest that our strategy is to 
deliver solutions — be they chip solutions, mod­
ules, board level or subsystem solutions — that 
our customers are buying. I do not think that will 
be a particularly troublesome problem, even 
though it gets a lot of coverage in the press. I 
think it is symptomatic of a standards-based 
computer industry, with this many participants all 
using similar standards, that we have many com­
panies that are customers, vendors, partners and 
so forth. It is the nature of a standards-based 
industry versus an industry where everybody is 
doing their own proprietary thing. 

MR. CAMPBELL: Let me add to that. I would 
probably differ with Frank a little on the building 
block approach. If we go back into the early 
1980s time frame, Intel then had a building block 
approach. The interrupts, timers, DMAs, proces­
sor, real-time clock — these were all the building 
blocks that IBM chose to build the first PCs. 

The reason that the Chips' solution, or the chip 
set solution, was a significant change in our 
marketplace is that people wanted something 
other than a standard building block which was 
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more cost-effective and could offer more features 
and, In many cases, a unique solution to a prob­
lem. I do not think that trend has changed, and 
I do not hold out a lot of hope for a return to 
standard building blocks. 

I think a strong argument will be that Intel, Chips 
and other companies will provide solutions to the 
marketplace. I doubt if we will ever see a return 
to the standard building blocks that we saw in 
the early 1980s. 

I think the rumored announcement of Intel's 
Genesis chip is testament to that. That is prob­
ably not a standard building block, in the sense 
that it is more of a solution. And, if it is a stan­
dard building block, it would be replaced by 
Frank's slide, where he shows a single-chip solu­
tion only a year-and-a-half or two years later. 

MR. GILL: I don't disagree with anything Gordy 
said. I think we are just putting different handles 
on the same concept. 

MR. ANGEL: Any questions from the audience? 

QUESTION [TODD OSETH, RAMTRON CORP.]: We 
all agree that the costs of fab production are 
going up. For each of your organizations, what 
are you doing to help reduce that cost for your 
long-term business? 

DR. RODGERS: In our case the most important 
thing is cost per square inch, so Fab 1 which is 
a 5" fab will be converted to 6" and Fab 3 will 
be 8". 

When we buy capital equipment, we also are 
very sensitive to the cost of that capital. Frankly, 
we are finding the very large equipment sup­
pliers in many cases offering a $2 million ma­
chine and the entrepreneurial equipment sup­
pliers (e.g. Lam and Novellus) supplying equip­
ment that is more cost-efficient for our operation. 

QUESTIONER [MR. OSETH]: As a gyration on 
that, what are you doing to help reduce the cost 
to those suppliers so that they then, in turn, help 
you? 

DR. RODGERS: That is a good question. Just as 
badly as the computer industry has always treat­
ed us — and I have war stories I can tell you — 
we also have treated badly the people who sup­
ply us equipment. We actually used to sit in my 
office and say, "Well, we'll lead them along until 
this point, and then, when they have the capital 
committed, we will tell them how much we are 
willing to pay." 

We have largely stopped that game playing. We 
have picked our vendors early. We have told 
them that we want to work in cooperation with 
them. We have told them what our cost reduc­
tion goals are. We have told them that if they 
work with us and meet our specs — which 
might include putting their equipment for the final 
phases of development at their cost, we will work 
with them on a long-term basis and they will not 
have to worry about being undercut on price by 
some other vendor. 

Just as computer companies can work with chip 
companies to reduce the cost of doing business, 
we can work with equipment manufacturers. This 
is an example of a vertical-integration-like struc­
ture that does not require vertical integration. 

MR. GILL: We have a similar story. First, we are 
working diligently to get our plant utilization to a 
very high rate so, as T.J. said, we can get more 
output out of the existing factories. 

In addition, throughout most of the 1980s, we 
worked very closely with our vendor base to 
bring up new processes and new technologies. 
1 think Intel pioneered 6" wafers in the production 

1990 Semiconductor Industry Conference 45 



Panel Discussion 

facility. A lot of that learning flowed through to 
the rest of the industry. 

The only difference I would add is that we also 
try to make profits and generate sufficient cash 
so that we will be prepared for the next turn of 
the screw in capital and R&D requirements. 

MR. CAMPBELL: About the only thing we can ac­
tually contribute to that equation is more busi­
ness. In that sense, the higher the business 
volumes, the more efficient the fab utilization of 
our suppliers. That is really about all we can do. 

I have a question along the lines of one of my 
slides. I would like to ask Mr. Gill why Intel does 
foundry business. 

MR. GILL: Essentially for the same reason that 
you do. For certain of our businesses it makes 
good sense to us. We can bring a broader prod­
uct portfolio to our customer base and utilize our 
own factories to the maximum. I think your slide 
was relatively accurate. 

MR. CAMPBELL: If that is true, we have an entre­
preneurial view here and we have a dinosaur — 

MR. GILL: A big dinosaur, I might add. 

MR. CAMPBELL: — then I would have to ask T.J., 
why aren't you doing any foundry business? 

DR. RODGERS: In our case I can confess, first of 
all, I don't have a hang-up on "make your own." 
I believe Jerry ripped me off. I believe, if you 
check the record, I was the first guy to say "real 
men have tabs" in the San Jose Mercury News, 
but he can have it. I am not hung up on that. 

My problem with foundries is that we talk about 
$600 wafers — the prices up there were right — 
but when Cypress says we make 0.8 micron 
technology, that is real, honest to God, 0.8 mi­
cron technology with electrical dimensions on 

the order of 0.65 microns. We have looked at a 
series of foundries, but they cannot make our 
products. 

We are quoting 14-week delivery on RAMs; we 
cannot make enough. And we are trying to off­
load some of our 64K and 256K RAMs to start 
ramping up our megabit SRAM. We can only 
find two foundries that are even willing to quote 
us on the technology we want, and they both 
want $1,100 a wafer. The curve of wafer cost vs. 
price is very steep. 

So, in our case, our business is technology. I 
can draw the logic diagram for a RAM on the 
back of a napkin in five minutes. Our business 
is technology; that is what we do, and there are 
not a lot of other vendors. And if they have it, 
they do not want to sell it to you because that 
technology is their proprietary value-added which 
they match against yours. 

MR. ANGEL: Interesting. Let's move on here a 
little bit. 

QUESTION [JIM CANTORE, OKI SEMICONDUC­
TOR]: Let's make believe for a second that you 
have $50 million in your pocket. I would like you 
each to tell me where you would put this $50 
million for the best return on investment. What 
would be your plan? 

MR. ANGEL: Good question. Let's start with you, 
Gordy. I think he means where in your company 
would you put that $50 million. 

MR. CAMPBELL: If I had $50 million, I would put 
it into developing a microprocessor to eliminate 
a current sole-source position in the marketplace. 

MR. ANGEL: I think that leads into you, Frank. 

MR. GILL: He will need more money. I would add 
it to the hundreds of millions that we are already 
spending to keep that microprocessor the high-
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est performing and most popular architecture in 
the world today and in the future. 

MR. CAMPBELL: That is reminiscent of a panel I 
was once on, where I mentioned to John Sculley 
that I thought making a clone of the Macintosh 
chip set would be a real boost for Apple. He 
responded with a very similar retort. 

DR. RODGERS: The first $500,000 I would put 
into advertising, because it is obvious that many 
people are not aware that the performance of the 
486 — let alone the 386 — is about a factor of 
three below the SPARC chip set and that it only 
cost $7 million to get it into production. 

I think I would invest the other $49,500,000 the 
way I have been. When we got big — and, to 
us, "big" is $200 million — we started investing 
in start-ups. We have four of them. One brought 
us the SPARC processor chip set, and another 
the 3 ns RAMs I talked about. We also have a 
module company, called Multichip, which makes 
solutions at higher levels of integration in IC form 
factors. 

I live in Silicon Valley. Entrepreneurs are the way 
it works. That is the way to make money. I 
would put the money into hot entrepreneurs who 
want to come to Cypress. 

MR. ANGEL: There have been certain comments 
alluding to some large animals which roamed the 
earth some millions of years ago. It would ap­
pear that some of the entities in our business 
are beginning to experience a certain chill in the 
air. The question is really addressed to all three 
of you gentlemen: What advice, on an objective 
basis, would you give the leaders of some of 
these companies that might be thought of as 
perhaps underperfonning right now, as to how 
they might extract their companies from the busi­
ness conditions that they are in? 

MR. CAMPBELL: There are a number of issues 
there. One is that Chips has undergone a re­
structuring virtually every year since it was 
formed. We do that because we try to reflect 
what is happening in the marketplace. You 
cannot afford to be insensitive to what is 
happening. 

When you look at the one slide I put up there 
which showed the difference between a lot of the 
companies that have their own fabrication, the 
value-added, the profit margins and a number of 
other things, versus some of the newer 
companies that do not have tabs, that have a 
little different perspective, you can interpret that 
as having a fab or not having a lab, tout ybu 
could also interpret it as most of those 
companies comprising the fab category also 
wind up in the dinosaur category. A lot of them 
are still making T^L products. Today there is a 
declining need for that kind of product. 

If you want to keep your company in a 
reasonable productivity, a reasonable value-
added and a reasonable profitability mode, you 
have to change with the marketplace. I do not 
believe that a lot of us in the industry have done 
that to the degree that we should. 

A second comment is that you have to 
understand how the markets are shifting. We are 
now in a global economy. We now have a 
semiconductor market in Japan that is about the 
same size as ours, if not larger. That is a major 
change for us. If we, as companies, have not 
already understood that and have started putting 
all of the resources, facilities and capabilities into 
position to become global competitors, we are 
going to lose on a second front. 

We have seen our business change dramatically. 
We do a little over 65% internationally now. I 
doubt if very many U.S. semiconductor com­
panies do that much as an international seg-
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ment of their business. I think it is very indicative 
and very reflective of what we see changing in 
the marketplace. 

I think you have to be very careful about what 
products you are building and how they fit in 
your marketplace, and you have to know where 
those markets are. 

MR. GILL: I wouldn't feel particularly comfortable 
counseling somebody else on how to run their 
business. I would point to Intel as a 20-year-old 
company that has been able to go through sev­
eral transformations — from a DRAM to an 
EPROM to a logic company — over this time 
period, with essentially much of the same man­
agement team in place. 

I think, as Gordy said, one has to listen to the 
market, be willing to evolve from business strate­
gies of the past, take chances and be willing to 
fail. 

This morning you heard me joking about West­
ern Digital and Gordy's company taking signifi­
cant market share from us in some product 
areas. We often talk and joke internally about the 
failures we have had, as well as our many 
successes. This willingness to invest and try new 
ideas, new products and new concepts has been 
essential to our long-term growth and current 
prosperity. 

DR. RODGERS: I think Gordy hit on the most im­
portant point when he discussed how his com­
pany changed every year. We haven't changed 
quite that often, but I would say every 18 
months. Cypress essentially stops running right 
because we have grown to the Peter Principle 
limit of our current organizational structure and 
we have to change. That is one of the reasons 
we started adding start-ups, as opposed to just 
trying to grow bigger and emulate other com­

panies. Only Intel has managed to break through 
the size barrier and still remain successful all 
along — give credit where credit is due. 

You have to be willing to change. I think, to 
state it negatively, the characteristic of a failing 
company is a company that has an entrenched 
management with an entrenched philosophy that 
is stated like religion. In such companies it is 
fatal for middle managers to speak against reli­
gion — and they either buy the party line or they 
leave the company. The net result is the com­
pany goes in a given direction due to a religion 
that it cannot change. It heads into oblivion be­
cause it cannot adapt. 

The market is also changing more rapidly. New 
generation products are developing more rapidly. 
We are already talking about ramping down the 
SPARC processor I told you about earlier. So, 
change and response to change are the most 
important things for companies. 

MR. ANGEL: One more question from the audi­
ence. 

QUESTION [RICHARD SULPIZIO, UNISYS]: If we 
could, let's switch the discussion to government 
involvement. I think I understand T.J.'s position. 
Intel, as an active member of SIA, has been very 
involved in their position. But, Gordy, I haven't 
really heard your position as far as government 
involvement in whether or not to bail out the 
industry. 

MR. CAMPBELL: I would comment on that just a 
bit. I believe we have to have a cohesive policy. 
I think MITI accomplished a lot in trying to get a 
slightly different perspective in terms of long-
range development. I would agree, I do not see 
a lot of intense secret-sharing among the Japa­
nese — in fact, I think the rivalries there are, in 
many cases, more competitive that the rivalries 
here. 
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I wasn't a fan of U.S. Memories or really a fan of 
SEMATECH. But I also could not bring myself to 
speak out against something when I didn't have 
a better suggestion. I think it is important for us, 
as a country, to be cohesive and to come to­
gether. We will make some mistakes. 

One of the things that I was very vocal about 
was I thought fair market value was one of the 
worst things we ever did as an industry. I think 
some of our larger semiconductor companies 
wound up skating through a very difficult time 
under a false umbrella. Most of our systems 
companies wound up paying an enormous pen­
alty for that for a long period of time. And, I 
think, we pumped about a billion dollars' worth 
of margin into the Japanese economy which 
allowed them to do more development. We can­
not afford to blunder like that very often. 

We have problems in how we are structured that 
go way beyond whether we are doing a SEMA­
TECH or a U.S. Memories. In many cases, the 
representative organizations of our industry do 
not represent all of what we are. And, if we be­
lieve George Gilder's or T.J.'s argument that the 
entrepreneurial companies are where a lot of the 
life blood and the spirit is happening in our in­
dustry, then we better have them represented 
somehow, because today they are not. Not all of 
us are going to troop off to Washington and be 
quite as vocal as T.J. We have a real problem in 
not representing a very sizable segment of that 
industry. If that is the segment of the industry 
that is going to provide the leverage for competi­
tion in the future, we are not using it. 

MR. ANGEL: We began by mentioning that you 
represent three different strategies and they all 
seem to be working. What is the biggest prob­
lem you are going to face in your company in 
the next five years — expand that if you wish — 
and what do you think the solution is? 

Differing Corporate Strategies 

DR. RODGERS: I think the toughest problem that 
any company faces is to stay on top of it. Run­
ning a company is a very difficult job, it is a very 
demanding job, it is a six-day, 12-15 hour-a-day 
job. If you are not willing to make that sacrifice, 
if you get lazy for even 12 months, you are out 
of it. So, from my own point of view, it is trying 
to find the energy in myself and my staff and 
employees to stay with it, because there really is 
not a substitute for it. Plus, the humility of having 
been defeated in the past and knowing that it 
can happen very, very quickly — not reading 
your own quarterly report, but always being wary 
that it can happen, and it can happen in an 
hour. 

MR. GILL: I am not sure the loss of technology 
in the United States would be the single biggest 
problem, but it is certainly a problem on our 
mind. We can say all we want about the small 
entrepreneurial company that implements the 
SPARC chip or does something very easy and 
fast, but the real core technology development 
does in fact cost lots of money, and once that 
technology is lost, it is very difficult to get it 
back. 

I would suggest, certainly in dynamic memories, 
that technology is lost. The cost of bringing it 
back is very great. Future display technology, 
LCD displays on small form factor computers, is 
going to be very important, i suggest that tech­
nology is lost and there are not companies with 
the resources to bring it back. I think this loss of 
major core technologies to foreign competitors 
bodes very poorly for our country's future. 

MR. CAMPBELL: I would agree with both com­
ments. My difficulty, looking into the future, is 
that we have enormous technical challenges in 
our industry. We will see much more software 
and intellectual property content embodied in 
some of the things that will appear in the future. 
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What does that mean? It means that we are 
going to see some changes again, as we have 
seen over the past five years or the past decade 
or the past 40 years. Those changes are going 
to spell trouble for some of us and they are 
going to spell opportunity for some of us. The 
real issue is whether we have the right concept 
of that change and we can formulate the right 
team and the right plan of action. 

Some of us have been successful because, at 
least occasionally, we have been right in being 
able to put that combination together. But it is a 
constant struggle, as T.J. mentioned, and it is a 

struggle that we are going to be facing even 
more in the future. 

Probably the best way we could describe it is we 
are in a soft market right now. What does that 
mean? It means that we should be looking for 
those new opportunities, we should be looking 
for the new markets that will be emerging, and 
we should be looking for the new margin oppor­
tunities. They are there. The only difficulty is 
finding them and executing on them. 

MR. ANGEL: Gentlemen, I thank you. We are 
unfortunately out of time. 
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UPDATE FROM WASHINGTON: 
BUDGET AND MIDEAST CRISES 

Tom Campbell 

Congressman, 12th District of California 
U.S. House of Representatives 

Thank you very much. I deeply regret not being 
there for two reasons: one that I am not with 
you, and the other is that I am stuck here. 

I think some reflections and comments on the 
present budget deficit situation would be of most 
interest to everybody, so that is where I will fo­
cus my remarks. 

Let me begin, if I may, with comments on where 
we are on the budget. I will speak a little bit 
about the Middle East as well, because, in an 
interesting way, the two are related. 

The opening comment I would like to make is 
one of thanks to Dataquest for inviting me, and 
all of you for allowing me to appear in this man­
ner instead of being there in person. I left the 
Congress at 4:00 o'clock this morning, where we 
worked practically all night, and we reconvene at 
8:00 o'clock tonight, the intervening time necessi­
tated while the Senate analyzes the most recent 
compromise. 

Stock Market Response 

For a conference like Dataquest's, I thought it 
would be helpful to observe how the markets 
have responded to the budget proposal. 

First of all, on the news that we had a budget 
agreement which the President announced with 
the leadership of both the Democratic and Re­
publican parties, the market initially, upon open­
ing, fell. Later in the day on Monday it rose. That 
is to say, it was the good news from the Presi­

dent's speech at the United Nations and the 
prospect for a lower price in the petroleum mar­
ket that brought the market up. The actual reac­
tion to the budget agreement was negative. 

A second observation, which is a little unusual, 
is that after the House of Representatives on 
Thursday defeated the compromise proposal that 
the President, the Speaker and the leaders of 
both parties had approved, on Friday the market 
went up, and there was no other news to cause 
that. 

The inference I draw as a matter of market pre­
diction is that the market has essentially given 
up on the ability of the United States government 
to work out a serious budget deal — or, another 
way of putting it, the markets have discounted 
any further disappointment from a failure to 
reach a budget deal. That is a sad comment, 
but not really a surprising one to anybody who 
has followed this process over the years. We 
have never achieved a substantial budget deficit 
reduction, and the market appears to understand 
that. 

That bears upon where I think the markets will 
go tomorrow and the next day if the catastrophe, 
as predicted, occurs and we have a sequester. 
I may be very, very wrong in this prediction, of 
course, but, not having any money to invest, I 
can make predictions like this. That is, I predict 
we will probably not see a serious negative 
bounce in the market if things go from bad to 
worse. That is based on a quick overview of how 
the market has responded so far. 

I 
I 

1990 Semiconductor Industry Conference 51 



Congressman Tom Campbell 

Original Budget Proposal 

Let me now speak to what happened with the 
budget deal that was worked out by the Presi­
dent, the Speaker of the House, the Majority 
Leader of the Senate, the Majority Leader of the 
House, the Minority Leader of the Senate and 
the Minority Leader of the House. 

This was for the $500 billion deficit reduction 
over five years. It fell apart, in large part, for four 
different reasons: Medicare, taxes, growth incen­
tives, and economic assumptions. 

Compromise Budget Proposal 

Having fallen apart on those four areas, the 
Democratic leadership has attempted, in the last 
24 hours, to piece together another budget com­
promise that would address the bases for the 
first one having failed. Let me outline the flaws in 
the original one and how they have been im­
proved in the most recent offer. I emphasize, 
however, that the most recent offer has the sup­
port of the Democratic leadership and not of the 
Republican leadership. 

Medicare 

First of all. Medicare. Over the last eight years, 
domestic discretionary spending did undergo 
some limitation in growth, but there was no limi­
tation in growth on the so-called entitlements. 

What is the difference between the two? Entitle­
ments are programs In law which continue to 
grow if nothing else happens (e.g.. Social Secur­
ity, agricultural crop price support systems, Medi­
care, civil service retirement). Domestic discre­
tionary programs, by contrast, need to be re­
authorized every year (such things as unemploy­
ment insurance assistance, the women-infant-
and-children assistance program, federal aid to 
education, NASA, space exploration, et cetera). 

In that the last eight years have seen some 
curbing effect on domestic discretionary, but 
none on entitlements, the leaders of the Senate 
and the House and the President decided that it 
was in the entitlement area that most of the cuts 
would come, along with defense, in the entitle­
ment area, therefore, they came up with $60 
billion to be taken out of Medicare. 

Let me just put to you how very difficult that 
conclusion is in the political world. You may 
recall that last year the provision for catastrophic 
health care insurance for senior citizens was 
repealed in the Congress because the senior 
citizens who received more benefits did not think 
the increased premiums were worth paying for 
those benefits. By contrast, here we would have 
an increase in the premium (the so-called Part 
B), an increase in the amount of income suscep­
tible to the Medicare tax, and a $30 billion re­
duction in the compensation going to Medicare 
providers, or an increase in tax and a drop in 
benefits. 

It was doomed from the start. The political his­
tory written so recently, as of a year ago, pre­
dicted that the senior community could not ac­
cept, and would put pressure upon the Congress 
to reject, so steep a cut in Medicare. 

In the defense area, there was ready agreement, 
by contrast, after a little original posturing of both 
sides. What is unique about the entire budget 
today is that Democrats and Republicans, Sena­
tors, Congressmen, Congresswomen and the 
President have all agreed, more or less, on the 
appropriate cuts in defense. Those will total 
roughly $180 billion over the next five years. 

However, the $120 billion from entitlement cuts 
($60 billion to come from Medicare, and the 
remaining $60 billion to come from civil service 
and agricultural price support payments) became 
the sticking point. 
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On the first topic, here is what the new proposal 
does to cure it. It announces that there will be 
between $10 billion and $20 billion less cuts in 
entitlements. It does not say which entitlements. 
It does not say that this necessarily is to be 
restored to Medicare. But it allows those who 
were concerned about the cuts for senior citizens 
to say, "Well, it won't be $60 billion, it will be $40 
billion." And for those who said, "It is good that 
we finally have some cuts in Medicare, that is 
very hard to get and that is a plus in this pro­
gram," can now say, "Well, maybe we will still 
get the $60 billion cut; the lowered amount could 
mean restored cuts in agriculture and civil ser­
vice." 

In other words, the proposed cure is merely an 
ambiguity. The total number of savings remains 
the same, but we have departed from predicting 
that it would be out of Medicare. 

Taxes 

The budget agreement reached over last week­
end reduced the deficit by increasing taxes in 
the amount of $134 billion. This ran into severe 
trouble on the conservative side of the spectrum. 
Indeed, all of you who have been following The 
Wall Street Journal have seen the list of Members 
of Congress who signed a "no new tax" pledge. 
The Wall Street Journal has delighted in reprint­
ing that list, reminding Members of Congress 
what they promised and their obligations under 
that pledge. So, from the start, there was trouble 
on the conservative side for those who had ta­
ken the pledge of no new taxes. 

Any way you look at that budget agreement, 
there were new taxes — gasoline, alcohol, a cap 
on deductions — and the supposed growth in­
centives really did not offset that in any way 
sufficient to claim that one was not voting for 
increased taxes. 

Here I want to observe a very interesting point of 
departure between the President and the Repub­
lican party in the House and in the Senate. The 
President and the Senate are, by and large, not 
running for reelection in 30 days. I and ail of my 
other colleagues in the House are. You now 
have the fundamental distinction between our 
perceptions of this problem. 

I was fortunate in that I did not take the "no new 
tax" pledge. I believed from the start that the 
budget deficit was so serious, we would even­
tually have to address it with taxes as well as 
budget cuts. But the majority of my Republican 
colleagues said something like the following 
when they were campaigning last November: 
"Read my lips, too. President Bush said 'no new 
taxes.' I say no new taxes." And, whereas Presi­
dent Bush has two more years, and possibly 
several more policy successes between now and 
when he stands for reelection, we do not. 

To conclude on the second topic, the taxes is­
sue was extremely difficult for the conservatives. 
The proposed Democratic fix is quite similar to 
the fix proposed in Medicare. It announced that, 
instead of $134 billion in taxes, we will only have 
$124 billion in taxes, or a $10 billion diminution 
in the amount of budget deficit reduction from 
new taxes. 

How do we make up this $10 billion shortfall in 
taxes plus the $10 billion shortfall in Medicare 
cuts, the so-called "$20 billion gap?" I am not 
kidding you, it is somewhat tragic to report, but 
the answer, reading from the report that was 
voted on last night, is: "$20 billion more in un­
specified reconciled deficit reductions." That is to 
say, we know what we don't like; we have no 
idea what we like. We know what cannot sell; we 
have reached no consensus on what we can 
accept. And so, we will take $10 billion less in 
Medicare cuts, $10 billion less in tax increases, 
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and simply fudge $20 billion "unspecified deficit 
reductions." 

Ways and Means Committee 

The phrase "unspecified reconciled deficit reduc­
tions" means that we will give the matter to the 
Ways and Means Committee to decide. This is 
the lead into my next topic, the third of the four 
topics, of what went wrong with the budget 
agreement, and that is the degree to which we 
trust the Ways and Means Committee. 

The Ways and Means Committee has 36 mem­
bers (23 Democrat, 13 Republican). Most House 
Committees are allocated according to the per­
centage of Democrats and Republicans in the 
House at large. The Ways and Means Commit­
tee, however, is skewed in favor of Democratic 
representation. It has a disproportionately high 
percentage of Democrats, and intentionally so. 
Every other Committee generally reflects Demo­
crats and Republicans. Indeed, it is said — and 
I have not checked if this is fair or not, but it is 
so wonderful I will simply repeat it to you — that 
in return for having underrepresented Republi­
cans on the Ways and Means Committee, the 
Congress has allowed Republicans to be over-
represented on the District of Columbia Commit­
tee. 

Growth Incentives 

Moving to the third topic, growth incentives, in 
this proposal we are taking the suggestions for 
the small business incentives which were in the 
original proposal and now say "Maybe." You all, 
no doubt, saw the details of the proposed Initia­
tives for Growth in the original budget deal: En­
terprise Zone, research and development tax 
credit for one year, a special 25% credit for in­
vestment in a small company to be recaptured 
on selling your stock in it, indexing of that stock 
after expensing of tangibles, et cetera. Those 

were, by and large, dropped from heaven in the 
last hours of the budget negotiations. 

What do ! mean by "dropped from heaven?" I 
mean that no human had discussed them, only 
people at the summit. As a result, when they 
were brought fonward, there was no basis in 
economics for predicting what effect they would 
have. Various economists went in exactly 
opposite directions. The Wall Street Journal, for 
example, predicted that this would be "tax haven 
heaven" for lawyers, that companies which were 
capitalized at more than $50 million would sud­
denly spin themselves out into smaller, $50 mil­
lion corporations, et cetera. 

The adjective I am going to use to describe what 
happened to these growth incentives is one that 
has actually been applied to Medicare and to the 
tax proposal. They have all been "Rostefied." To 
Rostefy something is to give it to Rostenskowski. 
We now have the Chairman of the Ways and 
Means Committee deciding what growth incen­
tives we will have, what tax increases we will 
have, and what entitlement cuts we will accept. 

This degree of uncertainty has allowed the Dem­
ocratic side to join in and find a majority in fa­
vor. On the Republican side, it has simply added 
to the consternation and lack of confidence in 
the budget agreement, so that whereas 40% of 
the Republicans voted for the agreement that the 
President had sponsored, less than 10% of the 
Republicans voted for the agreement that the 
Democratic side brought forward last night. 

There is one ray of hope in that: there is now 
increasing discussion within the Republican side 
that we held out too long for the maximum rate 
of 28%, and that had we been willing to trade a 
higher national rate on personal income tax at, 
let us say, 32%, we might have been able to 
receive a capital gains tax reduction down to 
20%. 
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Update on the Budget & Mideast Crises 

What surprised me was that at the Republican 
Conference yesterday, a rough show of hands 
indicated an overwhelming majority of Republican 
members would have accepted that deal, being 
able to explain, even among those who signed 
the tax pledge, that getting a lower capital gains 
tax across the board was a tremendous growth 
incentive. 

My prediction is that when this goes to the Ways 
and Means Committee, you may very well see 
exactly that trade-off, 20% capital gains for some­
thing like a 32% or 33% maximum bracket. 

Economic Assumptions 

I said there were four topics that led this agree­
ment to go awry. I would like to turn now to the 
fourth, the economic assumptions. The underly­
ing bases for the numbers that I have given you, 
in terms of savings, are premised upon the fact 
that the amount of interest paid by the federal 
government for debt sen/ice will decline by $70 
billion over the next five years. 

They are premised also on the assumption that 
domestic discretionary spending and foreign aid, 
and all entitlements (e.g. Medicare, agriculture, 
civil sen/ice retirement, social security) will all 
grow modestly because the inflation rate will not 
be great. 

Both of those assumptions are seriously wrong, 
in my view. That is to say, the assumption that 
the amount of debt sen/ice paid by the federal 
government will drop because interest rates will 
drop is, to my way of thinking, extremely danger­
ous. And to provide no cap at all on domestic 
discretionary spending or foreign aid or entitle­
ments other than Medicare is extremely danger­
ous. "No cap at all" is not quite right. There is 
the cap of inflation; whatever the inflation rate, it 
is allowed to grow in those categories equal to 
the inflation rate. 

I would now like to read to all of you the as­
sumptions put out by the leadership of both 
parties, the White House and 0MB that underlay 
the original budget agreement. I am going to 
read straight from that, and I trust, by the end of 
it, you will share with me the conclusion that 
these assumptions are not only erroneous, they 
are unprofessional. 

• Inflation is assumed for 1990 to be 5.2%, the 
next year 4.6%, drops to 3.4% in 1992, drops to 
3.2% in 1993, 3% inflation in 1994, 2.8% inflation 
in 1995. 

• Interest rates: 7.7% on 90-day Treasury bills 
today, 7.2% in 1991, 5.7% in 1992, 4.9% in 1993, 
4.4% in 1994, 4.2% in 1995. 

• The price of petroleum is assumed to be $21 
a barrel today. Next year it will rise to $24 a 
barrel — but don't worry, it drops back to $21 
by 1992. 

• Finally, the percentage of real growth. It is 
understood that this year's real growth will be 
under 1%; but it will double next year and triple 
in 1992. 

Those assumptions are printed. The entire bud­
get agreement is premised on these assump­
tions. If they do not pan out, the possibility exists 
that the growth in domestic discretionary and 
foreign aid and entitlements that are permitted to 
grow with inflation will actually swamp the sav­
ings in defense, entitlements and the increased 
revenue from taxes. 

I did my own calculation and came up with the 
conclusion that, if interest rates remain where 
they are, an inflation rate of 6% will cause this 
budget agreement to be a deficit-increasing, not 
deficit-reducing, agreement. The missing element, 
in other words, is a cap other than the inflation 
rate on all categories of government. 
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To conclude with my analysis of the budget 
agreement on the economics, the assumptions 
underlying the model are wrong and continue to 
be wrong. From my own perspective, now 
speaking just for one Member of Congress, I 
cannot sign a budget agreement unless I believe 
it will lead to a lower deficit. This agreement 
which has been signed will likely lead to an 
increased deficit. All it takes is an inflation rate of 
6% — and, if interest rates rise Instead of stay­
ing steady, an inflation rate of less than that. 

Growth incentives, taxes and entitlement cuts 
have all been sent to the Ways and Means Com­
mittee from which they will emerge in two weeks 
and we shall have another crisis as to whether 
they are acceptable or not. 

Political Factors 

Finally, I wanted to give you a word on politics, 
how this is played out. 

There is no doubt that the President has suffered 
a severe blow to his prestige. So also has the 
Democratic leadership. President Bush, Speaker 
Foley, Senate Majority Leader Mitchell, House 
Majority Leader Gephardt, House Minority Leader 
Michel, Senate Minority Leader Dole, all agreed 
and signed on to this — and 60% of both the 
Democratic party and the Republican party re­
jected it. It led to a battle for leadership, and 
that battle is right now being waged. 

There is within the Republican Conference a 
clear schism. Efforts to patch it up are, at least 
as of this moment, not yet successful. The 
schism is over whether we believe a budget 
agreement can be reached without tax increases 
and whether we are willing to accept a budget 
agreement with these economic assumptions in 
it. 

One side of the argument is: "It's the best game 
in town. It may not be perfect. It was good 

enough for the President and Dick Darman, for 
God's sake, it should be good enough for you." 
The other camp says, "I don't much care what 
you tell me it is, I know better, and I will vote 
according to my principles. This is how I was 
elected and I must face the people who elected 
me in 30 days." 

Middle East 

In this context introduce now the Middle East. A 
couple of points I have mentioned already touch 
on the Middle East — for instance, that the as­
sumptions of the model are conditioned upon 
such things as $21 per barrel of oil. 

But the Middle East figures in a different way as 
well. I would pray for peace and hope we have 
peace, but I offer you a very pessimistic view. I 
don't think we will have peace in the Middle 
East. I believe that, within the near future — and 
that may be as soon as a month — there will be 
a shooting war. I wish that were not so, but I 
have tried to parse out the alternatives and they 
all involve a major change of attitude on our side 
or on the side of Saddam Hussein. 

If I am right, and I pray I am wrong, what you 
will see within the not-too-distant future is a for­
eign policy challenge, with the United States 
needing to marshall all of its forces in support of 
a quick victory in the Middle East, and then, a 
longer term effort to establish peace, a new 
government in Iraq, restoration of some govern­
ment in Kuwait. 

It has been said that when you have domestic 
crises you should make foreign war. I don't sug­
gest for the slightest moment that is intentionally 
being done by any of our leaders. But I do put 
to you the chilling phenomena that we have two 
crises coming to a head at the same time. We 
continue to go from day to day with a weakened 
President who has been rejected on this major 
issue by a majority of his own party, and a 
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weakened Democratic leadership similarly re­
buffed. But all that could change in the context 
of a foreign threat. If, therefore, events indepen­
dently — not by design — lead to a war in the 
Middle East, I think you will see a resurgence of 
presidential authority, a resurgence of bipartisan­
ship, and, with it, the happy fallout of a budget 
agreement. In that context, both sides coming 
together for the good of the nation, putting aside 
the differences such as I have outlined, and 
agreeing to something in the nature of deficit 
reduction that would be applauded by all sides 
as necessary in the present crisis. 

Whether that happens before or after the election 
is quite open. My sense is that the timing is 
largely dictated by Saddam Hussein and whether 
he takes any provocative action between now 
and then. But I repeat my prediction, that in the 
near future there will be some provocation, some 
event, that will cause the Middle East to go from 
a stalemate to war. With that, we might have, 
oddly enough, and not by anybody's plan, a res­
olution of the budget agreement and the crisis 
that has led to it. 

Conclusion 

That is my report from Washington. I repeat, I 
would so much rather be with you. Instead, I will 
go to Congress in four hours and stay up all 
night as we try to agree to another one-week 
extension before closing down the government. 

I will conclude before I take your questions with 
just one last observation. One of the great mis­
takes in the closing down of the government is 
that we thereby close down the Smithsonian and 
the National Zoo. As a result, tourists in Wash­
ington have no place to go except the House of 
Representatives. The argument was raised that 
we were doing our very best to provide as much 
amusement as watching the orangutans at the 
National Zoo would have provided. 

I'd be delighted to take any questions. 

Questions & Answers 

MR. FERNANDEZ: Thank you for being with us. 

MR. CAMPBELL: My pleasure, Manny. Thanks for 
letting me be here by long distance. 

MR. FERNANDEZ: It seems to me that probably 
there is no need for a zoo in Washington with 
what is going on. 0MB and the rest of the fore­
casters are doing a good job of being a zoo 
attraction. 

Tom, one quick question to begin with. At this 
time what is your short-term forecast on the 
extension, and how long do you think it will be 
before we end up with a budget — 30 days, 45 
days, or longer? 

MR. CAMPBELL: I will take a little bit longer 
answering your question, Manny, if I may, be­
cause it brings up a very interesting topic about 
a lame duck session of Congress. The Demo­
cratic proposal extends the present budget until 
October 20th. This passed the House at 4:00 in 
the morning. It is now being debated in the Sen­
ate. It will, no doubt, be approved in the Senate. 
The question is whether the President signs it or 
not. If he signs it, then we are all right until Oc­
tober 20th. Furthermore, I would then predict that 
we will be okay in the near term, as we will 
extend it from week to week, and probably even­
tually reach some budget agreement shortly after 
the election. 

If the President vetoes this, however, we will then 
have a vote to override the veto. If we sustain 
the President's veto, we will go into an actual 
hard sequester, and that will hit as of tomorrow 
morning. My prediction is that if we have that 
hard sequester, the President will nevertheless 
take steps to soften some of its more difficult 
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edges (such as air traffic controllers, meat in­
spectors, vaccinations for children), under the 
authority that was argued first by President Car­
ter to take care under emergency circumstances. 

Now, you are asking for a prediction as to what 
the President will do and whether we will over­
ride the President. Here is my prediction, and It 
is not very valuable at all, I'm afraid. I am guess­
ing. My guess is that it will pass the House and 
Senate and the President will sign it. He will lose 
a little bit of face because he said that he was 
not going to sign a continuing resolution until 
there had been a budget resolution that was 
satisfactory to him. But he may be able to say, 
just as the Democratic leadership has, that the 
new agreement is sufficiently close to the original 
one, with just a little bit of flexibility, that it is 
premature for him to veto it. After all, we don't 
know what the Ways and Means Committee will 
do. 

If I am right about that, then we will go until 
October 20th. I think what we will then see, with 
the election only two weeks away, is a continu­
ing resolution for three weeks, extending it past 
the election, and we will then have a lame duck 
session. If, however, the President wants to be 
extremely tough, to perhaps reassert his leader­
ship in this area, and perhaps also reestablish 
his credentials with the conservative side, he 
would veto this resolution and allow the govern­
ment to begin to suffer a hard sequester with the 
modifications I described. 

One last point, I believe there will be a lame 
duck session of Congress anyway for a very 
specific reason: The House of Representatives 
increased its salaries for the next Congress; the 
Senate has not. It is inconceivable to me that 
Senators would permit themselves to be paid 
less than Representatives in Congress. The opti­
mum time for the Senate to increase their own 
salaries is in a lame duck session. It is the maxi­
mum distance until the next election, and you 

have a number of defeated, holdover, or retiring 
Senators who can vote yes. 

MR. FERNANDEZ: Thanks, Tom. We are now 
going to open the floor for questions. 

QUESTION: Tom, I was curious as far as the 
Federal Reserve's response to this same budget 
accord. Alan Greenspan has said that interest 
rates are going to be tied to some sort of a 
solution to the budget crisis. Is this new package 
you are talking about going to help out? 

MR. CAMPBELL: That is a very good question. 
Yes, I think it will. If this agreement is accepted 
and the President signs it, Alan Greenspan has 
every bit as much of a basis to lower interest 
rates as he did last week when he announced 
that he would do so. The basis for his lowering 
interest rates was that we had a one-year $40 
billion in deficit reduction, and that is what we 
will have. The new agreement has $40 billion; it 
simply doesn't tell you where it is coming from. 
But the $40 billion number is the same. 

Let me use your question, if I may, to address a 
fear. I think most investors and most people who 
follow the market would like to see the Federal 
Reserve Board be generous on money supply. 
But let me express a fear about that, if Alan 
Greenspan increases the money supply sig­
nificantly and real growth does not bounce back 
as quickly as these assumptions — namely, 
doubling next year and then tripling in 1992 — 
we will have inflation. We cannot repeal the law 
that if the money supply grows faster than real 
output, and velocity remains the same, the price 
levels will rise. 

QUESTION: There were frequent references to 
the elections and the President and the Senate 
not being up for reelection. At what point does 
doing the right thing become the important issue 
in Washington? 
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MR. CAMPBELL: In my own heart, I reached that 
point last week when I voted no on the budget 
agreement. I think every other Member of Con­
gress is coming close to that very point. The 
initial reaction is to go with your party, go with 
your leadership, go with your President, paper it 
over. Doing the right thing is what caused us, in 
my judgment, to defeat the budget agreement. I 
could easily have looked the other way and said, 
"Well, it's the best we are going to get." People 
of good will said that, and I don't fault them a 
bit. But I dug into it, looked at these economic 
assumptions, and said, "I am not going down 
that path again." 

You remember David Stockman's book, where 
he jokingly spoke of a rosy scenario, where he 
was able to make numbers do what he wanted, 
predicting a rosy scenario? This is a rosy sce­
nario. 

In my own mind, the point of doing the right 
thing was reached when I cast that vote. 

My comment about the Senators and the Presi­
dent being far away from reelection was not so 
much that they might, therefore, be more inclined 
to do the right thing and I and my House col­
leagues more inclined to do the political thing. It 
was, rather, that the President could look to the 
intervening two years for public relations victories 
that would allow the voters to forget his reneging 
on a promise about no new taxes. 

I think he did the right thing to renege on that 
promise. I also think, with all loyalty and respect 
to him, that he gave it away too soon in the 
negotiating. He should not have given it up until 
he had capital gains. 

But my point was really not that one side was 
doing the right thing and the other the political. 
It was simply that, driven by an election, the 

most recent event prior to this election will be 
the budget crisis. Members of the House will do 
the right thing with that in mind. Members of the 
Senate and the President can hope for two years 
of other events. 

QUESTION: I appreciate your inside view of the 
budget crisis, but I thought we were going to 
hear about the Bush Administration's position on 
high technology. Would you care to comment on 
that? 

MR. CAMPBELL: I am very pleased to. I apolo­
gize for changing the topic, but I made the 
guess that this would be of more immediate 
interest. I will be happy to speak to that. Of 
course, I do not have the authority to speak for 
the Bush Administration. I do, however, know a 
fair amount about their policy. 

The debate right now is whether we are to have 
incentives directed to high technology or whether 
the macroeconomic work of lowering interest 
rates, lowering the budget deficit, attempting to 
restore an R&D tax credit and obtaining an intel­
lectual property element in the GATT Uruguay 
Round accord, will not be sufficient. 

On the trade side, the Democratic leadership is 
increasingly pushing for more; namely, that we 
need to beef up "super 301," and that we even 
need to review Exon-Florio. Exon-Florio presently 
allows the federal government to bar the acquisi­
tion of an American company by a foreign com­
pany where there is risk to national security. The 
discussion now centers on changing that so that 
an acquisition of an American company by a 
foreign company can be barred when there is 
risk to American economic or commercial inter­
ests, not simply national security. I predict that 
you will see that bill introduced by Mr. Gephardt, 
who is the Majority Leader, at the very start of 
the next session of Congress. 
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The firing of Craig Fields, at DARPA, set a very 
bad example and left a very bad taste in the 
mouths of people who observe the Administra­
tion. The notion that there would not be industrial 
policy in this Administration was one with which 
I had become familiar. But I thought that where 
you had federal research dollars, such as in 
DARPA, being directed to commercial use as 
well, we were all the winners. In the firing of 
Craig Fields, I took that as a clear signal that 
we would not be directing funds in that manner 
within DARPA or using defense money itself in 
that manner. 

We are left, therefore, with the following element 
in the Administration's attitude toward high tech­
nology: Lower the interest rate, restore the R&D 
tax credit, make a lower capital gains tax perma­
nent, get a better international regime on intellec­
tual property, and we will assume the market will 
take care of the rest. 

The Democratic leadership is saying that all of 
that might be good, but, in addition, we should 
have a law that allows us to bar acquisitions in 
the manner I have described, and an improved 
"super 301" process whereby we can punish 
Japan, for example, for not allowing us access to 
their chips. Between those two I think there is a 
ground for compromise. 

Let me put fonward two proposals and then, if 
there are any additional points you would like to 
have discussed, please raise them. The two 
compromises are: 

• First, create a tax incentive for targeted growth. 
That is to say, not simply a research and devel­
opment tax credit available to all for incremental 
R&D, but a start-up R&D tax credit for com­
panies that must invest a lot in R&D for, let's 
say, the first five years. This is not addressed in 

the present tax structure because the R&D tax 
credit is available only for incremental, not for 
aggregate, expenditure in R&D. So, if you go 
from 50 to 51 to 52, you only get credit for one 
and two, in effect, in the second and third year. 

I have been pushing for this change. I have 
received a very warm welcome at the Commerce 
Department with that idea. I have also received 
a warm welcome in Roger Porter's office in the 
White House. 

• The second middle ground is to allocate 
money directly by the federal government with a 
civilian DARPA, admitted to be such. Rather than 
run money through the Defense Department and 
get it into commercial enterprise, grant the 
money through the Commerce Department or 
through some oversight by government and 
industry to allocate federal tax dollars. 

I believe the White House will resist that almost 
to the last breath. The White House believes that 
is industrial policy, "picking winners," and we 
have never done it well and are likely to fall 
victim to the political process in doing it. 

MR. ANGEL: Tom, on behalf of Dataquest and all 
of the folks here, we thank you for taking the 
time to be with us today in what is going to be 
a hectic, long period for you. We are indebted to 
you. Best of wishes, my friend. 

MR. CAMPBELL: My deep thanks to all of you. 
Dave and Manny, thank you, and all who have 
kindly given me your attention. I can only say I 
can do better in person and I can do better with 
more than four hours of sleep, but I gave you 
the best I have. 

MR. ANGEL: Outstanding. We thank you. 
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MR. ANGEL: Jerry Banks, who manages our 
ASICs business, is going to get us started this 
afternoon. 

MR. BANKS: Good afternoon, ladies and gentle­
men. Some of you may recall, In April 1988, our 
next speaker was featured on the cover of 
Forbes magazine. The cover story was written by 
none other than George Gilder, who has been 
mentioned a few times today. Mr. Gilder began 
his article as follows: "No single individual has 
exerted a more profound influence on modern 
human productivity than the visionary physicist 
pictured on our cover." That visionary physicist is 
our next speaker. Dr. Carver A. Mead. 

During his illustrious career. Carver Mead has 
excelled in, and provided major contributions to, 
three challenging disciplines: device physics, 
computer science and neural networks. As a 
result of his extensive work on device scaling, he 
recognized that integrated circuits could be built 
which would contain millions of transistors. He 
also realized that without structured design tech­
niques and sophisticated design tools, designing 
and debugging such complex chips would be 
nearly impossible and take a long time to do. 

In keeping with his reputation as an innovative 
solver of complex problems. Dr. Mead joined 
with Lynn Conway to write the book Introduction 
to VLSI Systems. Virtually all of today's VLSI inte­
grated circuits are designed using the principles 
set forth in this textbook. 

Dr. Mead is currently focusing on modeling neu­
ronal structures, such as the retina and the 

cochlea using analog — yes, I said analog — 
VLSI systems. His latest book. Analog VLSI and 
Neural Systems, has recently been published by 
Addison-Wesley. 

Dr. Mead holds the title of Gordon and Betty 
Moore Professor of Computer Science at the 
California Institute of Technology, where he has 
taught for over 30 years. He is a member of the 
National Academy of Sciences, the National 
Academy of Engineering, a foreign member of 
the Royal Swedish Academy of Engineering Sci­
ences, a Fellow of the American Physical Soci­
ety, and a Life Fellow of the Franklin Institute. He 
is also a recipient of a number of awards, includ­
ing the centennial medal of the IEEE. 

And, in the words of a fellow entrepreneur, John 
East, President and CEO of Actel: "Carver Mead 
is a scholar, an inventor, an educator, and an 
entrepreneur. More importantly, he is a good, 
decent human being." 

Ladies and gentlemen, please join me in wel­
coming Dr. Carver Mead. 

DR. MEAD: Thanks, Jerry. You are hearing from 
all the leaders of our great industry at this con­
ference, and the last thing in the world you need 
is to have an academic stand up here and tell 
you how the industry works. But what 1 might 
be able to do is stand back a little bit and, in 
the context of the theme of this conference, 
"Looking Into the Next Decade," look back a 
decade or two and see where we have come 
from, and think forward into the future a little to 
what might be coming up on a longer time scale 
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than battling it out over the next generation of 
microprocessors. 

Technology Transition 

I will go back a fair ways here, all the way back 
to when there were vacuum tubes. The term "di­
nosaur" was used today. It is funny hearing that 
term used with respect to semiconductor com­
panies. I always think of it with regard to the 
kind of technology which was commonplace 
when I started designing electronics. 

We have come a long way, down through vac­
uum tubes, smaller vacuum tubes, printed circuit 
boards, discrete transistors, and then the big 
transition, in 1959, between the discrete transis­
tor and the integrated circuit. 

I am indebted to Gordon Moore, after whom I 
am named, for some of these slides. 

ICs: The "Missing Link" 

The early integrated circuits are the "missing 
links" in the evolutionary chain. When they dig 
everything up a million years from now, they 
won't find any of these. They will find the big 
microprocessors that are in these hulks of PCs 
that are buried under the layers and layers of 
civilization, but they won't find the individual 
gates and flip-flops, because they were the early 
ones, the "missing links." 

As technology evolved, we developed semicon­
ductor memory to replace magnetic cores, and, 
in 1971, Federico Faggin created the first micro­
processor, the 4004. 

Evolution of Moore's Law 

We heard about Moore's Law earlier today. Illus­
tration #1 is the very first Gordon Moore plot of 
Moore's Law. When he gave me this slide in 

Illustration #1 

1970, he apologized, saying, "Intel is a small 
company and we can't afford fancy graphics." 

Then, as time went on, Moore's Law developed 
further. Illustration #2 is the 1979 version, shown 
at a talk on the Cal Tech campus. There was a 
little hesitance there at the end, but that's okay. 
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Illustration #3 

Illustration #3 shows Moore's Law from last year. 
You can see, as Intel has grown and prospered, 
the quality of the graphics has come to match. 

Henderson Learning Curve 

When I first learned about Moore's Law, I was 
very excited about it. I was talking to a friend of 
mine, Tom Perkins, from the Kleiner, Perkins 
venture capital firm, about this great exponential 
explosion in our microelectronics capability over 
time. He said, "Aw, Carver, it's just a learning 
curve. Bruce Henderson, at the Boston Consult­
ing Group, has studied learning curves a lot. Ail 
you have to do is to plot the log of the cost as 
a function of the log of the cumulative volume of 
any product or service, and you get one of these 
straight lines on this kind of a plot. That's really 
all that's going on there." 

Learning curves, like Illustration #4, were actually 
discovered during World War II. If you make this 
kind of plot for many different products and ser­
vices, you get a fractional power law over a very 
large range of cumulative volume. 

It is a really interesting phenomenon, that as we 
produce more things, we learn how to do it bet­
ter. A lot of learning goes into one of these 
learning curves. The semiconductor industry has 

COST EXPEaiENCE CURVE 
, (HENDERSON'S LAW) 

1000 

Cumulative Volume 

Illustration #4 

made an institution out of this principle, and 
often prices things according to where the learn­
ing curve is going, instead of where it has been. 

A Featureless Landscape 

It seems to me there is something missing in a 
strict learning-curve view of our industry. I think 
of one of these curves as a featureless land­
scape, where there is no signpost that really tells 
you with any exactness where you are. I know 
many of you feel this way sometimes. 

^&^- -C;-?".. 

Illustration #5 

1990 Semiconductor Industry Conference 63 



Carver A. Mead 

The 12-Year Cycle 

It seems to me that view doesn't exactly capture 
the roller coaster we have been on in our indus­
try. Here we are in an industry where the transis­
tor was invented in 1947, the integrated circuit in 
1959, the microprocessor in 1971, and so forth. 
These major inventions have punctuated our in­
dustry at rather regular intervals. I call it the 12-
year cycle. 

Mead's Law of Innovation Economics 

I spent a lot of time thinking about how we 
might conceptualize what really goes on in re­
sponse to one of these major inventions. I want 
to share with you a set of thoughts that I have 
put together and modestly called Mead's Laws of 
the Economics of Innovation. 

There is a problem with economics that is sum­
marized in a story about Professor Jones, a 
professor of economics, giving a talk at a profes­
sional society meeting. Professor Jones drones 
on for about an hour. At the end of his discus­
sion of his new theory of economics, someone 
in the back of the room raises their hand and 
says, "Professor Jones, how does your theory 
apply to the crisis in Silicon Valley?" Jones 
scratched his head a little bit and said, "Well, my 
theory applies more in general than in any 
specific case." That's a problem with economic 
theories. 

There is a great deal of innovation in the semi­
conductor industry, in particular in electronics, 
and the information industry in general. I think 
there are some things we can say about It that 
are quite different from traditional economic 
theory. I would like to share those things with 
you today. 

If we think about skating down a Henderson 
learning curve, like Illustration #4, it had to start 
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somewhere. Essentially, all of you are with com­
panies that were started in the last 20 years. 
That is where most of the action is in the infor­
mation industry today. Things got started with 
some kind of innovation. 

What happens when there is this step function of 
innovation, when there is a new thing discovered 
— a transistor or an integrated circuit — is 
shown in Illustration #6. 

Price Premium Over Cost 

Usually, the thing you can do with a new tech­
nology has value. If it doesn't, it will not last 
long, so those aren't the ones we will talk about. 
That value allows you to charge a price in ex­
cess of your cost. And for something that is 
really new, that you and only you can do, and 
which creates a lot of value for other people, the 
premium of price over cost can be substantial. 

With time, other people will learn how to do the 
new thing, too. They will learn how to make the 
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integrated circuits or they will learn how to copy 
your latest microprocessor — "second source" I 
guess is the proper term — and so the price will 
no longer be something that you have free rein 
to set however you like, and it will come down 
under competitive pressure. 

Eventually, in steady state, the price will be set 
by manufacturing cost. You get to charge a little 
premium, which in traditional economics we have 
always called the "return on investment." In gen­
eral, economics, as a field and as a theory, ad­
dresses the tail end of the curve where steady-
state conditions apply, and we are not near any 
break point in the invention sense, and we are 
able to charge a premium over our cost of pro­
duction. That gives us a return on investment. 

Return on Innovation 

I don't have to tell you that production econom­
ics is a game that can be played worldwide, and 
there are countries like Japan that play it much 
better than we do. But the other thing that we 
must realize is that the information technology is 
not, by and large, dominated by the steady-state 
learning curve and steady-state return on invest­
ment. In the presence of these step functions 
due to major innovations, there is a premium of 
price over cost that is considerably larger than 
that dictated by the return on investment alone. 
I have termed the shaded area between the two 
curves in Illustration #6 the "return on innova­
tion." That is the return on venture capital, that is 
what makes start-up firms with new ideas do 
very well, and that is what is really fueling the 
information economy in which we live today. 

So, we are really not living down on the steady-
state part of the curve except in old, sort of 
buggy whip style products, like the TTL which 
Gordy Campbell mentioned earlier today, prod­
ucts that are very well evolved. The newer prod­
ucts are well up on this cun/e and there is a lot 

of value to be added, both for the customer and 
for the supplier, early on in the evolution of a 
new innovation. 

A succinct summary of the first principle: The 
price comes down to the cost level only asymp­
totically, and, in the meantime, there is the no­
tion of return on innovation that is separate from 
the age-old concept of return on investment. 

Headroom Principle 

A second idea that I would like to share with you 
is called the Headroom Principle, shown in Illus­
tration #7. 
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Illustration #7 

Usually, the new idea, the new technology, is 
replacing some existing technology. For example, 
the transistor replaced the vacuum tube, the 
integrated circuit replaced circuit boards with 
discrete transistors on them, and so forth. So, 
there is usually an old way of doing things, and 
the old way is skating down its own learning 
curve. Then we introduce a new technology, and 
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if we are careful (and lucky), the new method will 
have some headroom. 

If the learning curve, once we get to steady state 
for the new way, isn't well below the learning 
curve for the old way, we really don't have any 
headroom here: There is no place to get a return 
on innovation, and it is very, very hard to get a 
new technology started that way. That is what 
happened to bubble memories, for example; 
there just wasn't any headroom. 

There was narrowly enough headroom for semi­
conductor memories. We take them for granted 
today, but as those of us who lived through that 
transition know, the core memory people put up 
a significant fight because they were on their 
own learning curve. In fact, there was a period 
where there was a serious question in the mar­
ketplace as to which technology would survive. 

In summary, the Headroom Principle is that the 
price you can charge for a new way must be 
below the cost of doing it the old way. 

My own personal rule of thumb is you should 
have a factor of 10; if you don't, the old way is 
going to dominate. And, even if the new way is 
"better," it won't survive if you only have a factor 
of two, because your competition is skating 
down the Henderson curve for the old technol­
ogy faster than you can ever catch up and you 
are behind the power curve. 

Repeated Major Innovations 

The most important thing I have to say to you is 
my third observation: We live in an industry 
where there are repeated major innovations. We 
went from tubes, to transistors, to integrated 
circuits, to microprocessors, and we are now in 
an era where computer-aided design of solutions, 
as Gordy Campbell calls them, is a major part of 
what is happening in the marketplace. Each of 

these innovations has made a big difference in 
the cost of arriving at a solution in a new way. 

For that reason, the marketplace never gets into 
a steady-state learning curve. Each of these, like 
the discrete transistors, evolves according to its 
own learning curve. But, before the transition 
curve ever got to steady state, we had an inte­
grated circuit. And SSI was skating down its 
learning curve, and then the microprocessor 
came along, and so forth. So, in an industry 
punctuated by these major, major innovations we 
never get to where the raw return on investment 
is really the dominant factor in the economics, 
We are always dominated by the next major 
innovation that is coming along. 

As a country, the United States has thrived in 
this turmoil. It is the kind of environment that 
creates a lot of opportunity for entrepreneurs, it 
is certainly the kind of thing we are still doing 
very well, and it is certainly the kind of thing the 
next decade is all about. Information technology, 
above any technology we have ever seen, is 
driven by this repeated punctuation with major 
innovation. 

Composite Learning Curve 

The effect of repeated major innovation is shown 
in the composite learning curve of Illustration #8. 

If we stand back and defocus this curve a little 
bit and put a box around it, we notice that it 
looks like a learning curve, but it is much steep­
er than any of the manufacturing learning curves. 
That additional slope Is because of major innova­
tions. We have an industry which is growing 
exponentially faster — in terms of the capability 
that is delivering to the marketplace — than any 
individual manufacturing learning curve. 

That is my third observation: Given these major 
innovations, the composite learning curve is ex-
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I l lustrat ion #8 

And so it has gone. We were all making stan­
dard products, and then the microprocessor 
made a product that we could configure to a 
particular use. Then, just about the time every­
one was looking at how to make more program­
mable devices, the design technology came 
along that allowed us to make better dedicated 
solutions to large system problems. 

The major innovations are always the ones that 
strike out in a different direction than everybody 
is going. For that reason they are not things we 
can plan, and they are often contrary to the 
corporate cultures that have been so effective in 
producing a stream of products of the last gen­
eration. Few companies have been able to transi­
tion from one generation to the next. It is very 
hard to do, given that the technology takes these 
right-angle turns, but it is the strength of our 
industry. 

ponentially steeper than any individual Hender­
son curve. 

Right-Angle Turns in Innovative Technology 

I have a fourth observation: What makes an 
innovation a "major" innovation, a breakthrough 
technology if you like? We can always argue 
about the fringes, but my definition of a break­
through is we weren't looking for it there. For 
most of the innovations mentioned earlier, I was 
standing right there looking, but I was looking 
the wrong way. 

When we were all trying to make better, higher-
performance discrete transistors. Bob Noyes 
came along and said, "Why don't you just use 
the aluminum that is there already to hook up 
the transistors that are there already and then 
you don't have to cut them all apart and put 
them on circuit boards to do that?" So, it was an 
innovation in the interconnect technology, not an 
innovation in the transistor itself. 

Design Cost 

One example of this phenomenon of looking in 
a different direction I can show you in particular. 
In 1979, Gordon Moore gave a talk at Cal Tech 
where he showed Illustration #2, the middle of 
the three Moore's Law slides. He also showed 
Illustration #9, a slide of the human cost of de­
signing a VLSI chip as a function of the year. 

You can see the data points and you can see 
Gordon Moore's extrapolation as to where design 
costs were going. This was, of course, predi­
cated upon doing design the way it had always 
been done. 

Ten years later, Gordon came back and gave 
another talk at Cal Tech, and he showed Illustra­
tion #10 — again, the design time as a function 
of the year. 

You notice it carries quite a different story. That 
story had to do with the development of com-
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puter-aided techniques for designing complex 
chips that had happened during the 1980s. It 
has made a big difference to our industry, that 
we can design very complex chips with far less 
human effort than was required to design, for ex­
ample, the first microprocessor. 

That example of innovation wasn't about semi­
conductor processing, it wasn't about device 
physics, it wasn't about interconnect; it was 
about human effort in the design process. 

Complex Systems Design 

The semiconductor industry today is really about 
providing a base technology for the information 
age. Silicon is the medium for realizing informa­
tion technology. A silicon wafer is like an un-
painted canvas to an artist. It is an undedicated 
medium in which we can realize systems of any 
kind. The process for realizing those systems is 
not dependent upon the particular design. Semi­
conductor technology shares with printing and 
film processing the property that the particular 
image determines the functionality, not the pro­
cess by which realization of that silicon image is 
accomplished. 

That notion, that silicon processing is by and 
large pattern independent, and that the design 
process really is quite different from the fabrica­
tion process, leads us to an interesting line of 
thought, which has been mentioned in this morn­
ing's session and I just want to say a few words 
about it this afternoon. 

As the chips have become more and more com­
plex, and the design techniques and design tools 
have become more and more sophisticated, 
more and more of the effort in a complex chip 
design goes into managing the complexity itself, 
and a smaller and smaller fraction of the effort is 
silicon specific. Thus, much of the expertise re­
quired to design a modern system on silicon is 

I l lustrat ion #10 
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involved with the system level trade-offs and the 
system-level design, and less and less of it is 
specific to the Individual transistors and tech­
niques down on the silicon itself. For that reason 
silicon design has become more and more like 
software and less and less like, for example, 
laying out highways, designing a bridge, or 
something which is specific to the particular 
medium. 

Personal Computers 

There is an Interesting parallel with the personal 
computer business which I would like to point 
out. It used to be that the computer companies 
not only built the big tin boxes with all the heat 
generating electronics inside, but also made the 
operating systems, and often, the application 
programs as well. During that era there wasn't 
much software, and what software there was 
wasn't very good. 

The personal computer has given us a common 
medium into which software applications can be 
plugged (or mapped, if you like). We have an 
enormous wave of innovation in software devel­
opment, although it is still difficult for that soft­
ware to keep up with the hardware development. 
There is a reason for that difficulty: Most of the 
complexity in modern systems has been relegat­
ed to the software side of things. 

How is it that we get any of it done at all if 
that's where all the complexity is, and we can go 
out and buy all of that complexity for a few hun­
dred bucks? The reason is that there is a whole 
industry out there providing software, and that 
software gives us the application specificity to 
what is othenwise a pretty prosaic product, the 
personal computer. So, there is a whole new 
industry, a whole new way of doing business, 
and a whole new wave of innovation that has 
come about because of the personal computer. 

Value-Added Design 

We are just now seeing, in companies like Gordy 
Campbell's [Chips & Technologies], Weitek, 
Brooktree, Actel and many others, companies 
that have chosen to make their contribution by 
concentrating on the design process, putting the 
expertise into the design and leaving the manu­
facturing process to those who are good at sili­
con manufacturing. We heard a debate about 
that this morning which I won't go into. Gordy 
defends that turf much better than I. 

We are noticing that there is a lot of value-added 
in the design process. And there are companies 
— a whole industry — now taking advantage of 
the fact that people are expert at manufacturing 
silicon. One can work with them and deal with 
them on the silicon manufacturing and put one's 
energy into the design process, where there is a 
lot of value to be added. From the corporate 
perspective, that means there is money to be 
made there. 

None of that economics is shown in the previous 
figures, which are specific to the transistor-based 
hardware side of the business. But, if we made 
such a plot for software, the personal computer 
would be one of the innovations from a direction 
wholly unexpected by the then-existing industry. 

The Industry Today 

The industry that we are looking at today has 
quite a different structure than it did 20 years 
ago [Illustration #11]. 

Twenty years ago, semiconductors really meant 
standard products, nobody did silicon foundry, 
and there wasn't really a design tools industry as 
such. Since then, we have seen the semiconduc­
tor foundry service come on as a full-fledged 
partner in this business, and we have seen a 
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Illustration #11 

We are beginning to see a lot of information 
technology delivered on silicon instead of on 
floppy disk. I predict that there will be a lot more 
of that in the future. Because silicon ends up 
being the substrate for the information in any 
case, it is sort of silly to have it on a floppy disk. 
Putting it on a chip that will also execute the 
intellectual property that is there, not just provide 
it for execution by a general-purpose computer, 
is often a more rewarding way to go. 

More and more people are figuring that out. 
There are more and more chips being supplied 
that are full solutions to certain applications. 1 
predict that we are going to see much more of 
that in the 1990s. 

Future Major Innovations 

blossoming of the design tools business. The 
rate at which design tools are evolving has not 
slowed down; we are seeing innovation on that 
front all the time. 

It is an exciting world we are living in today: The 
result of this structure is just now really being felt 
— the fact that there are advanced computer-
aided design techniques, there are people who 
spend their energy doing specific applications 
without having to provide all of the manufacturing 
elements, and we have the infrastructure in the 
form of the silicon foundries and the design tool 
suppliers. 

The fact that Gordy's company has been such a 
resounding success has helped a lot, and there 
are a lot more behind him providing solutions for 
various problems — opportunities — in our infor­
mation age. 

TTie 1990s 

We hear about the woes of the software industry 
and the fact that everybody can copy software. 

How about beyond the 1990s? Are there going 
to be more major innovations? 

I don't see any slackening in the pace of innova­
tion, major or minor, in Silicon Valley. I find a 
very healthy atmosphere. I see a lot of innova­
tion, a lot of entrepreneurship, and a lot of health 
in the information industry. I am absolutely sure 
that in the next decade we will see major innova­
tions happening. 

I am working on a technology that I believe will 
be one such major Innovation: using silicon to 
build systems that mimic the operation of the 
brains of animals. The brains of animals are 
about a billion times more effective at processing 
information than are our most advanced com­
puters. 

We can learn a lot of lessons from studying 
biology about how information is processed In 
those brains. Most of the lessons we learn teach 
us that the principles used in the brains of ani­
mals can also be implemented in our silicon 
medium. That's the good news. 

70 1990 Semiconductor Industry Conference 



Wake-Up Call for the U.S. Semiconductor Industry 

The bad news is a lot of processing that goes go back and learn all that stuff again. Like I say, 
on in the brain is analog. So, just now that the the breakthrough technologies always come in 
universities have stopped teaching analog cours- the direction you're not expecting. This one Is 
es and none of the books have any analog cir- no exception. 
cuits in them anymore, we are going to have to 
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Industry Analyst, Semiconductor Industry Service 
Dataquest Incorporated 

MR. BANKS: Our next speaker is on a return 
engagement. Mary Olsson is an industry analyst 
for Dataquest Semiconductor Industry Service. 
She has been with Dataquest for eight years, 
and has worked in technology assessment, mar­
ket research and consulting for a total of 10 
years. 

Ms. Olsson has specialized in two critical areas 
for Dataquest: nonvolatile memories and world­
wide packaging. She has recently completed a 
comprehensive packaging study which formed 
the basis of a very successful Dataquest product 
entitled 'VLSI Packaging Study." 

MS. OLSSON: Good afternoon. I would like to 
thank David for extending the invitation to speak 
before such an esteemed group of people on 
the subject of Dataquest's view of high-perform­
ance system packaging and what directions in­
terconnect technology could take during the next 
decade. 

Before moving on into the world of the unknown, 
I will be reviewing what we have seen take place 
in the worldwide market in 1990, and then, what 
we expect to see develop by the year 2000. This 
review covers emerging technologies and the in­
frastructure that we believe is needed to support 
a fully integrated interconnect technology solution 
for cost-driven high-performance system applica­
tions. I will also be discussing changes going on 
in existing and emerging technologies that will 
support these technologies' requirements in sys­
tems applications. And finally, what business 
opportunities are available and what multidiscipli-
nary strategies are necessary for successful 

development of a high-performance systems 
packaging solution. 

1990 Worldwide 10 Package Market 

Illustration #1 reviews the package directions for 
semiconductor iCs through 1990. Indications are 
that through-hole technology, specifically the dual 
inline package (DIP), while still the leader, con­
tinues to decline in share, from 79% of packaged 
ICs in 1989 to 68%. More important, however, 
was the continued shift that we have seen over 
the past few years to surface-mount technology 
(SMT). Surface-mount devices captured 32% 
share of total ICs in 1990, up from 21% the 
previous year. Most of the usage continues to be 
concentrated in the area of small outline pack­
ages driven by the MOS memory device families. 
This was followed by quad flat packs, often re­
ferred to as "the DIP package of the future," for 
the high-density pin count devices. 

1990 WORLDWIDE PACKAGE MARKET 
SMT versus TH 

SO 50% 

Chip Carrier 7% 

Quad 24% 

TAB 20% 

Surface Mount 

Souca tmmumt 

Illustration #1 
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Package Tedinology Trends 

Illustration #2 is Dataquest's short-term and long-
term view of packaging changes and develop­
ment that could affect your long-range business 
plans over the next decade. 
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I l lustrat ion #2 

The DIP package, developed In 1963, has long 
served as the standard package for the majority 
of semiconductor devices. DIP consumption be­
gan to decline in the product areas that we 
cover during the 1987 time frame. It is expected 
to continue a normal life cycle decline through 
the next decade. Overall, surface-mount technol­
ogy, as we see it, is still evolving. 

New packages continue to be developed and 
new standards continue to be proposed, espe­
cially in the memory area — and challenged — 
all adding to package manufacturers' and board 
contractors' nightmares. 

• Of ail the surface-mount packages introduced, 
the quad flat pack will have the strongest growth 
and be the biggest star of all the surface-mount 
packages through the next decade. Its growth is 
being fueled basically by ASIC devices, with 
volume production currently averaging 100 leads, 
moving out to volume production of 600-lead 
devices expected by the end of this decade. 

• High lead count TAB is just now emerging, 
driven by performance, not cost, and will be 
used where wire bond is no longer feasible. 

• The flip-chip area, long controlled and domi­
nated and used extensively by IBM, ultimately 
offers the best density of any interconnect 
scheme that we have seen developed up to this 
point. 

• Finally, the multichip module [MOM], which is 
a collection of multiple die on a thin-film multi­
layer interconnect scheme, uses substrates which 
are either silicon, alumina, silicon carbide or 
aluminum nitride. We believe that this technology 
will offer not only system level cost savings, but 
also increased system performance. 

We continue to believe that multichip module 
technology is the breakthrough of packaging 
interconnect that will address key limitations of 
advanced computation rates and chip intercon­
nect to keep pace with the advanced semicon­
ductor technology that is currently being devel­
oped. With this in mind, we believe that the 
potential demand for die into multichip modules 
at the end of the decade could be tremendous. 

System Packaging- 2000 

Surface-mount packages, as we know them to­
day, aside from the chip onboard, TAB and flip-
chip devices, will be the dominant single-chip 
package solution for semiconductors. Ultimately, 
the convergence of die into some form of MCM 
substrate could be rapid, and could approach 
31% of total semiconductor die produced in the 
year 2000. [Illustration #3] 

HDI Market Development 

The potential demand for a high-density intercon­
nect in a multichip module structure will only be 
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possible if the infrastructure that we believe is 
needed is in place. [Illustration #4] 

Its growth is dependent on device technology 
driven by the needs of end-market applications 
for density, speed and performance, and sup­
ported by the experience in materials technology, 
and ultimately, the artistic capability and design 
expertise from the assembly side. 

MCM Drivers 

If we look at the multichip module drivers from 
the product side [Illustration #5], today's system 
designer relies almost exclusively on IC technol­
ogy to meet the goals of improved performance 
in speed, smaller size and lower power con­
sumption, so increased system performance 
goes hand in hand with the development of 
advanced ICs. 

System clock frequencies are currently averaging 
20-30 MHz and are expected to reach 100 MHz 
by 1994. There is little question at this time 
about 300 MHz capability by the end of the 
decade. 
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Illustration #5 

ASIC technologies, both CMOS and bipolar, have 
coped with increased system performance needs 
through higher gate densities and faster gate 
speeds. While CMOS technology performance 
has reduced rate delays into the 500 picosecond 
range and bipolar gate delays have declined to 
100 picoseconds, BICMOS technology is now 
positioned between CMOS and ECL as it pro­
vides a solution to the fundamental limitations 
for both bipolar and CMOS. While there is dis­
cussion about the greater speed benefits of pho­
tonic logic devices on the horizon, BICMOS and 
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gallium arsenide are the emerging technologies 
for the next decade. 

The high-speed PC and workstation areas are 
pushing for faster memory. And, since most 
DRAMs could not keep up with the access times 
required by the next generation of microproces­
sors, alternate solutions have surfaced. Cache 
SRAMs and new cached DRAMs, with access 
speeds down to 12 nanoseconds, are paving the 
way for BICMOS megabit memories in the 1995 
time frame. These will include non-multiplexed 
DRAMs at 35 nanoseconds and multiplexed 
DRAMs with sub-40 nanosecond access times. 

We continue to believe that ferroelectric memory 
should be monitored, since successful develop­
ment of this technology could have a major im­
pact on several memory areas, including DRAM, 
nonvolatile and solid-state mass storage devices. 

ASIC Lead Count Trends 

ASIC devices, specifically gate arrays, continue 
to be the product area contributing to both pack­
age proliferation and development through the 
next decade. 

ASIC LEAD COUNT TRENDS 
(Percent of Units) 

1990 2000 

<44t0l32 

133 to 195 

19610 600 

The data compiled in Illustration #6 is the result 
of a survey of ASIC suppliers and their estimates 
of lead count as a percent of units over time. 
While the <44-pin through 132-pin consumed the 
largest share of gate arrays in 1990, a shift to 
the >200 pin count package is expected by the 
year 2000. 

MOS DRAM Package Production 

For DRAM in general, the trend continues toward 
the SOJ and the TSOP packages. This is expect­
ed to demonstrate the greatest area of growth 
for memory devices into some form of SIP/SIMM 
module [Illustration #7]. 

MOS DRAM PACKAGE PRODUCTION 
(Percent of Units) 

1990 2000 

Illustration #6 

Illustration #7 

While most of the development effort with TSOP 
packages is coming from Japan, the North Amer­
ican market continues to be the largest producer 
and consumer of the DRAM modules. 

MPU Speed 

While PC equipment and workstation markets still 
remain the highest single volume potential user 
of the 4 Mb DRAM device, we are recently see­
ing that volume purchases of 4 Mb DRAMs into 
modules, especially as SIMM modules, have 
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been an easy conversion to the next density of 
devices. 
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I l lustrat ion #8 

Although the majority of microprocessor units 
shipped averaged 16 MHz and above, system 
clock frequencies are expected to reach 50 MHz 
during the next year and 100 MHz by the 1994, 
leaving only 20 nanosecond and 10 nanosecond 
clock periods for calculation cycles. There are 
multichip module technologies currently available 
that offer up to 50% performance gains at 75 
MHz. 

MCM Drivers 

We have seen recently that for every emerging 
technology being developed there needs to be 
a driving application. The multichip module driv­
ers from the application segments will be high-
performance systems, such as those listed in 
Illustration #9. 

All of this could represent over $100 billion in 
electronic revenue during the next decade. Tech­
nical workstations have been pinpointed as the 
equipment area offering the most potential for 
growth in process and multichip module technol­
ogies. 

• Workstations 

• Supercomputers 

MCM DRIVERS 

Applications 

• Satellite communications 

• Portable telecoms 

• Portable/desktop PCs • Optical telecoms 

• LAN servers 

• Laser printers 

• Energy management systems 

• Flight systems 

I l lustrat ion #9 

Computation Rate Trends 

In terms of computation rates from the computer 
segment, workstations will challenge the limits of 
today's technologies, requiring leading edge 
speeds. 

TRENDS IN COMPUTATION RATE 
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I l lustrat ion #10 

In terms of architectural design, while CISC-
based workstations were the primary drivers of 
revenue growth in technical workstations, the 
RISC-based workstations are expected to claim 
over 60% of revenue by the middle of this 
decade. 
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Industry Trends 

in the future, new applications are expected to 
be run on workstations and PCs that were previ­
ously run on higher order computers, thus ex­
panding workstations and PC technologies to all 
types of interactive computing environments. 

INDUSTRY TRENDS 
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Illustration #11 

Ultimately, we believe that the high-end and low-
end systems will continue merging into each 
other's area, resulting in a very gray area of 
technical characteristic differentiation. 

>50-MHz MCM Market 

Of the total technical workstations produced in 
1994 that are 50 MHz and above, 33% have 
been targeted as potential users of some form of 
multichip module structure, with an expected 
share of 44% by the year 2000 [Illustration #12]. 

Materials/Technology 

We have selected a list of multichip module 
participants and the base substrates that they 
currently use for multichip modules [Illustration 
#13]. These can include either one or all of the 
above — silicon, alumina, silicon carbide and 
aluminum nitride. 

ESTIMATED > 50-MHz MCM MARKET 
Tectinical Workstations 

Illustration #12 

MCM DRIVERS 

Materials/Tech 

Company 

Advanced Packaging Systems 
AT&T 
Boeing 
CNET 
DEC 
Dow Chemical 
Fujitsu 
General Electric 
Hewlett-Packard 
Hitachi 
Holz Industries 

noiogy 

Substrate 

Silicon/ceramic 
Silicon 
Silicon 
Silicon 
Copper 
Silicon 
Glass-ceramic 
Alumina 
Alumina 
SiC/alumina 
Siliconblumina 

Sewe* r imwi i 

Illustration #13 

Suppliers 

Illustration #14 is a partial list of companies 
currently involved in some form of multichip mod­
ule technology. There are currently over 47 com­
panies that have entered the multichip module 
market, with services that vary from materials 
expertise through full-service design and develop­
ment. Of these 47 companies, 34 are North 
American companies. 

One very exciting example of this technology is 
the recent announcement by nChip, a start-up 
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Atom 

HDI Integration 

Honeywell 

Hughes 

Ibiden 

IBM 

Irvine Sensors 

Kawasaki Steel 

Kyocera 

MCC 

I l lustrat ion #14 

MCM SUPPLIERS 

MCNC 

Midway 

Mitsubishi 

Mosaic Systems 

nCtiip 

NEC 

NTK 

WTT 

Oki 

Polyoon 

FtetyfFttiics 

Rockwell 

Rogers 

Sienierts 

Sumitomo 

Texas Instnjments 

•rhoriv€MI 

Ibshiba 

Unistructure 

Unisys 

that was formed and founded in 1989. This is 
their application-specific integrated module. Their 
actual module size is ^V^ x IVz. It is a five-chip 
module that includes a licensed SPARC chip, 
ASICs and two cache SRAM devices. 

MCM Opportunities 

Ultimately what could multichip module technol­
ogy mean in terms of strategic opportunities for 
your company or a variety of companies and 
their investments? 

MULTICHIP OPPORTUNITIES 
Millions of Die 

50 

40 

30 

20 

10 

0 
1990 

MlriJt/tnpIo 

Early Adopteis , 

Late Adopters ^ 

" i ^ 

1994 2000 

Illustration #15 

The early adopters of this technology ranged 
from captive system houses to small groups of 
engineers who were taking their mainframe and 
custom military expertise into the technical work­
station market. They will drive the initial market 
growth through 1995. 

Since the assembly of bare chips into modules 
is extremely complex, most of those early adopt­
ers that survive will become specialized module 
manufacturers that are not necessarily semicon­
ductor manufacturers. The mid-adopters will con­
tinue to come from the non-semiconductor manu­
facturing side. At this point we expect that only 
one-third of the module manufacturing that takes 
place will come from semiconductor manufac­
turers. 

By 2000, we can assume that while semiconduc­
tor manufacturer presence will have increased, 
70% of the expected merchant modules will be 
built by module manufacturers that are non-semi­
conductor. 

IC Packaging- 2000 

What could this possibly do to the industry? 

The semiconductor manufacturers, as we know 
of them today, will ship standard multichip mod­
ules, as well as license and sell their technology. 
The other participants will concentrate on very 
custom multichip module specifications. The 
substrate vendors, of which there are many, will 
have to understand how to test and assemble 
the module. 

Essentially what has been discussed, researched 
and designed in North American university, gov­
ernment and captive labs up to this point as the 
most cost-effective high-density interconnect 
[HDI] technology for high-performance systems 
in 2000 is now just coming out of the lab and is 
ready for commercial applications. 
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The success of the 47 participants currently 
involved In this market will be based on their 
ability to understand and incorporate all the 
multldisciplinary issues listed below and then be 
able to make the multichip module work. 

• Semiconductor and PCB assembly — combine 
efforts. 

• Semiconductor manufacturers — sell technol­
ogy and modules. 

• Systems houses — license technology. 

Market Trends 

While we believe that multichip module technol­
ogy and other advanced forms that we see be­
ing developed at this point in time are the break­
throughs that will address key limitations for the 
advanced computers and chip interconnect, it 
could take five to six years before momentum 
actually builds. 

Small entrants in this market have to deal with 
the start-up investment mentality, which is typ­
ically a short-term affair, with expected two-to-five 
year turnaround time for return on investment. 

IC PACKAGING - 2000 

Although burn-in and test are currently available 
and the problems in this area are being ad­
dressed, the industry does lack the CAD tools 
necessary for volume production. 

MCM MARKET TRENDS 

Benchmarks 

• Performance/density 
• Computer market growth 
• Chip-space reduction 
• New PC applications 

Barriers 

• Slow market momentum 
• North American start-up 

mentality 
• Lack of CAEVtest tools 

I l lustrat ion #16 

inustrat ion #17 

Summary & Conclusions 

In summary, although this new multilayer thin-film 
technology is just an emerging technology, it has 
significant potential in the world of the >50 MHz 
machines for tomorrow. 

We believe that, although a square inch of multi-
chip module real estate will be more expensive 
than a square inch of printed circuit board, the 
cost savings will be realized to support such a 
technology. 

The increased value realized through surface-
mount technology has paved the way for emerg­
ing interconnect technologies being developed 
today. Thus, we definitely believe that some form 
of high-density interconnect technology will 
change the semiconductor and printed circuit 
board industry as it is currently structured. 

Questions & Answers 

MR. ANGEL: Thank you, Mary. We have time for 
one or two questions. I had one handed to me 
on the way down. How do you think multichip 
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modules will impact offshore assembly of inte­
grated circuits? 

MS. OLSSON: I guess the best way to answer 
that is to deal with the way the question was 
presented to the offshore assembly manufactur­
ers. For instance, in talking to a corporation such 
as Anam Amkor, they had made such a tremen­
dous investment in the surface-mount technology 
10 years ago, that they feel it is necessary to 
continue in the same vein for the multichip mod­
ule technology. They are currently dealing with it 
in terms of memory modules, and they feel it will 
be a natural transition on into the multichip mod­
ule technology. Whether the capital investment 
will be made solely on the part of their own 
corporation, was in doubt. 

We believe that most of the companies will make 
some form of cooperative effort, very similar to 
an nChip, where they will share the experience, 
the benefits and the capital investment needed 

to put a technology such as this into place. 

MR. ANGEL: Any other questions? 

QUESTION: Do you have any cost projections 
for the unit real estate of multichip modules, 
including the substrate itself, and compared to 
the unit density of interconnect? 

MS. OLSSON: That is an area that we covered 
extensively in the packaging study. I would be 
glad to discuss it you outside and show you the 
study. You are welcome to look at the charts in 
the study where we have broken out the cost 
and the value of the substrate in comparison to 
the semiconductor content that would be placed 
on a module. 

MR. ANGEL: I don't want this to sound like a 
commercial, that's not why we are here today, 
but Dataquest does have a special study on 
packaging. 
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LITHOGRAPHY STRATEGIES: 
PUSHING THE LIMITS 

Peggy Marie Wood 

Senior Industry Analyst 
Semiconductor Equipment, Manufacturing and Materials Service 

Dataquest Incorporated 

I would like to welcome you to the final session 
of our proceedings this afternoon. I am an ana­
lyst with Dataquest's Semiconductor Equipment, 
Manufacturing and Materials Service. Those of 
you that were lying awake last night listening to 
the sea lions and pondering the significance of 
the extra "M" in the acronym SEMMS now know 
the answer: "M" stands for manufacturing, a new 
emphasis of research in our group at Dataquest. 

This afternoon I am pleased to be the moderator 
for our panel "Lithography Strategies in the 
1990s: Pushing the Limits." 

Lithography equipment constitutes the largest 
segment within the worldwide wafer fab equip­
ment market, essentially 25 cents of every dollar 
spent on front-end equipment. Cun-ently a $1.5 
billion market, we expect lithography to top $2.5 
billion by 1994. 

From a technology perspective, lithography 
equipment represents the engine driving wafer 
fabrication in the sub-micron regime. Lithographic 
processing, however, is much more than just a 
stepper; it is a synergistic relationship between 
equipment, exposure source, lens optics, resist 
and the mask. 

With the high cost in both time and money to 
develop and characterize a new lithography tool 
and process, semiconductor manufacturers must 
carefully evaluate their future lithographic strat­
egies. 

There are a number of options currently under 
consideration, including high numerical aperture 
G-line, 1-line (with and without phase shift 
masks), excimer/deep UV, direct write e-beam, 
point source and synchrotron X-ray lithography, 
in addition to a variety of mix-and-match strat­
egies. 

Today we are pleased to have four speakers 
discuss lithography strategies in the 1990s. We 
feel fortunate to have the perspective from both 
the supplier and the user sides of the business. 
Our speakers will address the current and future 
requirements and limitations, and, hopefully, re­
spond to some of the controversies surrounding 
the use of optical, X-ray and e-beam lithography. 

Often in this industry we tend to focus just on 
the equipment. Today, however, we have asked 
our fourth speaker to provide the perspective 
from the maskmaking side of the business, in 
particular, what requirements will be required 
from maskmaking to meet these advanced lithog­
raphy strategies. 

Our format this afternoon is each of our speak­
ers will come to the podium and present their 
talk. At the conclusion of the fourth presentation, 
all of the speakers will be available to respond to 
questions from the audience. 

We chose a panel format specifically for this 
topic because we want to encourage interaction 
and discussion, not only among our speakers, 
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but also with the audience. So I ask you to pull 
out your pencils, rip a spare piece of paper out 
of your binder and jot down your notes, thoughts 
and comments regarding lithography strategies 
in the 1990s. 

Our first speaker this afternoon is Gene Fuller, 
Manager of Stepper Programs at SEMATECH. 
We have set Gene a fairly difficult task today: 
Summarize in 15-20 minutes everything we need 
to consider in optical lithography strategies for 
the future. While this may seem a bit daunting, 
Gene is particularly well suited to the task. As a 
Tl assignee to SEMATECH and as a manager of 
advanced lithography for Tl's Semiconductor Pro­
cess and Design Center in Dallas, Gene has 
been guiding, managing and evaluating develop­
ment programs in optical, as well as X-ray and 
e-beam lithography. We look forward to his com­
ments and perspective. 

We are pleased to have Bob Hill speak on the 
topic of X-ray lithography, as his company, IBM, 
represents the major effort in this area within the 
United States. Bob's position at IBM is Manager 
for Advanced Lithography Systems Development 
at IBM's Advanced Technology Center in East 
Fishkill. His responsibilities include metrology, 
optical lithography (including IBM's step-and-scan 
program), resist development, in addition to 
IBM's X-ray lithography program and facility. With 
such a broad scope of responsibilities across the 
spectrum of lithographic processing, we believe 
Bob is uniquely qualified to present a status 
report on X-ray lithography, share his insights on 
its future, and perhaps, even let us in on the 
secret of when that future will be. 

Neil Berglund will discuss the outlook for e-beam 
lithography. We are pleased to have Neil partici­
pate on our panel, as he brings experience and 

perspective from both the semiconductor and 
equipment side of the business. As many of you 
know, Neil has well-defined views of the role that 
e-beam technology will play in advanced lithog­
raphy strategies for both maskmaking and direct 
write applications. 

In addition to managing his own consulting busi­
ness, Neil is Special Assistant to the President 
and Executive Director of Marketing for Etec 
Systems. For anyone who has been residing in 
a cave this last year, Etec is the industry alliance 
that was formed to acquire the Perkin-Elmer e-
beam operations earlier this year. 

Several months back, when we were designing 
the makeup of our lithography panel for today, 
we felt It was essential to include a member from 
the maskmaking community. As you will hear 
from our first three speakers, maskmaking is a 
key and vital component of any advanced lithog­
raphy strategy. 

Maskmakers face their own sets of challenges. 
They need to produce defect-free masks with 
smaller patterns, tighter specifications, in a timely 
fashion and, of course, at a cost acceptable to 
both the semiconductor manufacturer and the 
maskmaker. 

We are pleased to have as our fourth and final 
speaker this afternoon John Skinner, from Du-
pont Photomask, one of the major suppliers of 
photomask to the semiconductor industry today. 
John joined Dupont earlier this year to head its 
Advanced Technology Group. Prior to joining 
Dupont, John was with Bell Labs in a variety of 
positions, including responsibility for the opera­
tions of its mask shop. We look forward to his 
insight and perspective on maskmaking issues in 
the 1990s. 
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LITHOGRAPHY STRATEGIES: PUSHING THE LIMITS 
OPTICAL LITHOGRAPHY 

Gene Fuller 

Manager, Stepper Programs 
SEMATECH/Texas Instruments 

I want to cover four areas here: a broad over­
view of some issues in lithography and compari­
son technologies, as well as where I see the 
directions in optical lithography and my guessti­
mate on an outlook. 

Key Lithography Issues 

KEY LITHOGRAPHY ISSUES 

O TECHNICAL PERFORMANCE 
- RESOLUTION 
- FIELD SIZE 
- ALIGNMENT/REGISTRATION 
- OVERLAY 
- DEPTH OF FOCUS 

This is all very old news. The point of showing 
the lithography issues in this way is that techni­
cal performance issues have been discussed 
since the beginning, and people have liked to 
focus in on resolution, field size, overlay and all 
those sorts of things. 

Manufacturing Performance 

In the last few years, we have started to put a 
lot more emphasis on (and, of course, at SEMA-
TECH there is a key emphasis on) manufacturing 
performance — reliability, mean time to failure, 
mean time to repair, utilization, availability and so 
on — which all drive down to the bottom line: 
the cost of ownership. 

MANUFACTURING PERFORMANCE 

- RELIABILITY 
- AVAILABILITY/UTILIZATION 
- CAPITAL COST 
- OUTPUTA'IELD/REWORK 
- SEND AHEADS/TEST WAFERS/ 

SETUP 
- COST OF OWNERSHIP 

Send aheads, test wafers and setup time have 
become very important issues. If you are not 
doing something productive, you are really wast­
ing money, so I think this is a key element in 
any lithography strategy. 

Issues for the 1990s 

These are what I would call the issues for the 
1990s. Some may take strong exception to some 
of these requirements, but I see a lot of involve­
ment in: 

• CIM architectures of the future. 

• Automated factories — I'm not talking about 
lights-out factories, but certainly a lot more auto­
mation. 

• Clustering of tools, where you cluster coaters 
and developers in with the steppers, and per­
haps, some other metrology tools as well. 
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• In optical lithography, a problem is certainly 
going to be managing topography. Depth of 
focus is ever decreasing in the stepper capa­
bility. 

• Something new, what I call "wavefront engi­
neering" — I don't know if anyone else calls it 
that, but I do — phase shift masks and dynamic 
focusing. I will mention a little more about phase 
shift masks later, and I think John Skinner will 
have more to say about that. 

• Real-time process control. We have gone 
through the total quality scenario in most com­
panies and are really starting to make that work. 
That includes statistical process control and all 
the data collection that goes with that. What we 
are looking at here are machines that take care 
of themselves — real time. 

• And a big issue, of course, for optical, as well 
as some of the other technologies, is the very 
large field size or the large chip size that we 
expect. 

Principal Lithography Technologies 

Illustration #1 is a summary. This is a very com­
plex field. There are two basic types of lithog­
raphy technologies: the pattern replicators are 
those systems that use a mask; the pattern gen­
erators are those systems that get their informa­
tion directly off a computer tape and do not 
need a mask. 

PBINCIPAL LITHOGRAPHY TECHNOLOGieS 

MASKED PARALLEL WRITE 
IPATTERH RSPUCATOBS) 

DIRECT SERIAL WRITI 
(PATTERN GeriERftTORS) 

I I 
OPTICAL X-RAY 

H n-^ 
E-BEAM ION BEAM 

r 
N;1 

T;1 Mil 

SYNCHHOTHOH POINT 
SOURCE 

VECTOR RASTER 
SCAN SCAN 

IN Bl USER 

MASKED PROJECTION 
E-BEAM 

MASKED ION BEAM-

VECTOR RASTER 
SCAN SCAN 

Illustration #1 

We will let Neil Berglund talk about e-beam. 
There are currently two categories of systems. I 
don't think anyone takes ion beam seriously for 
direct semiconductor patterning on large scale, 
but, nonetheless, it is there. 

Finally, laser lithography. One might claim that it 
is an optical technology — and it is in the 
broadest sense — but it really fits in more neatly 
with the e-beam and ion beam because it is a 
pattern generator type of technique. 

Down at the bottom I have thrown in a couple of 
hybrids that really are not going to make a major 
impact in the 1990s. 

Masked v. Direct Write 

I am going to focus on the optical area. Again, 
we have reduction type systems (5:1, 4:1, 10:1, 
et cetera) and 1:1 systems in a variety of flavors. 

The big difference that we are looking at here is 
masked versus direct write. Again, I am not say­
ing anything terribly new here [Illustration #2]. 

You will hear later from Bob Hill about X-ray 
systems, I think primarily in the synchrotron area. 
And there are new, exciting areas in reduction X 
ray, but I think that is pretty far off. 

The masked has a parallel writing mode; there­
fore it automatically gives you higher throughput. 
And it is a high-volume technique. Of course, the 
disadvantage is the cost of the mask and the 
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MASKED 
PARALLEL 
WRITE 

DIRECT 
SERIAL 
WRITE 

Illustration 

MASKED VS. DIRECT WRITE 

ADVANTAGES 

HIGH THROUGHPUT 
MACHINE STABILITY 
"LOW" COST 
BEST FOR HIGH VOLUME 

RAPID DESIGN TURNAROUND 
ACCURATE ALIGNMENT 
FLEXIBIL ITY 
NO MASK COST 
BEST FOR LOW VOLUME 

#2 

DISADVANTAGES 

COST OF MASK 
MASK ERRORS/DEFECTS 
OVERUY PRECISION 

LOW THROUGHPUT 
HIGH MACHINE COST 

difficulty in making the mask, and it adds more 
complications to overlaying one level to another. 

Direct serial write (e-beam, for example) is an 
excellent way to get rapid design turnaround. 
You can sit at a keyboard and come out with a 
circuit on the wafer in minutes. It typically has 
very good alignment, it is flexible and so forth; 
but, unfortunately, the throughput is low and the 
machine cost tends to be very high. 

Masked Optical Lithography 

I will now focus on the advantages and dis­
advantages of optical. 

MASKED OPTICAL LITHOGRAPHY 

ADVANTAGES 

VERY MATURE 
"LOW" COST 
HIGH THROUGHPUT 
ROBUST MASKS 
MANY SUITABLE RESISTS 
NO VACUUM, NO HIGH VOLTAGE 

STATUS: 

DISADVANTAGES 

LIMITED DEPTH OF FOCUS 
DIFFRACTION LIMITED RESOLUTION 
LIMITED FIELD SIZE 
OVERLAY PRECISION 
LINEWIDTH CONTROL 

-REFLECTION FROM SUBSTRATE 
-STANDING WAVES 
-LIMITED RESIST ASPECT RATIO 

- ALMOST ALL LITHOGRAPHY TODAY IS OPTICAL. 
- WIDE VARIETY OF EQUIPMENT AVAILABLE. 
- STRONG SUPPORTING RESIST TECHNOLOGY. 
- LIKELY TO REMAIN AS MOST USED LITHOGRAPHY SYSTEM 

THROUGHOUT THE 9 0 ' S . 

Illustration #3 

As opposed to X ray, for example, the ad­
vantages are: 

• It is a very mature technology which has been 
with us from the beginning of the semiconductor 
industry. I will talk more about the maturity issue 
later. 

• Relatively speaking, it is a low-cost solution, 
although I must make the point that we are look­
ing at tools that individually are going to be 
costing more than $2 million. 

• Relatively high throughput. 

• The masks are robust. They are relafiv^ sta­
ble pieces of quartz. They are not easily break­
able, like X-ray masks, for example. 

• Lots and lots of suitable resists. That is really 
not a major issue. 

• From a technology standpoint, it doesn't in­
volve high vacuum, high voltage and so on. 

It has all the disadvantages that people have 
attributed to it: 

• Limited depth of focus. 

• Diffraction limited resolution. A very interesting 
thing that we do not always talk about is that 
optical lithography, in the traditional sense, is the 
only lithography technology that is at its physical 
limit at ail times. In other words, we are using 
the diffraction limit, the optical/physical limit, for 
our production use. If you go to X ray or e-
beam, the theoretical limits of resolution are way 
beyond what we are actually trying to use. 

• Field size is a problem. 

• Overlay precision. 
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• Linewidth control may be the biggest problem, 
however, because of reflectivity from the sub­
strate; problems actually patterning deep resist; 
and so on. 

Nonetheless, lithography is almost all optical 
today, and I think it will remain that way. 

Why New Technologies Didn't Take Over 

If you look at the past 15 or 20 years, every few 
years somebody would say, "Okay, optical is 
dead, e-beam Is going to take over, X ray is 
going to take over, focused ion beams are going 
to take over," or whatever it is. So, the question 
comes up: What happened? Why didn't this oc­
cur? 

I think this is an important lesson for the future. 
It didn't happen really for three reasons: 

are looking at more like $2 million — more capa­
bility and so on; but, nonetheless, the price has 
gone up a lot. 

However, if you look at what has happened to all 
of the other areas in the fab — whether it's RIE 
etching, or diffusion, or cleaning or whatever else 
— those elements have gone up at least as fast, 
and maybe even at a faster rate. Peggy just said 
that lithography is 25% of the cost of the equip­
ment in a wafer fab. That has basically been true 
for about the last 20 years. So, there are some 
changes in the cost picture that allow us to con­
tinue to advance the technology. 

Stepper Projection Optics 

I will not spend much time on Illustration #4. I 
just want to point out several things for those 
who are uninitiated in lithography. 

• Optical lithography was not really at its limit; it 
was only at the limit of what we were willing to 
pay for and what we knew how to do at that 
time. 

• Typically, the new technologies — whether e-
beam, X ray, or even new optical technologies 
- had projections that were more optimistic than 
reality, and there were various delays, technical 
difficulties and so on. 

• The technical and manufacturing environment 
has continued to change in the following ways: 

- New technology capabilities — this is the sort 
of bootstrapping that we are all familiar with in 
many areas, but it also applies to the optical 
lithography tools. 

- Revised cost requirements. Looking back 10 
years, an optical stepper which was just coming 
out cost on the order of $500,000. For the 1991-
type of steppers, what has been published, we 

STEPPER PROJECTION OPTICS 

DEFINITIONS 

-- NUMERICAL APERTURE (NA) ' 
- - > (G-LINE) • 436 nm 
-- :\(I-LINE) • 365 nm 
- - >(DUV) • 250 nm 

RESOLUTION B • K ^ 
- - PRODUCTION K-0.8—0.7 
~ LAB K-0.5 

DEPTH OF FOCUS 

-- THEORETICAL DOF-
- - ALTERNATE EXPRESSION 

SIN 6 

PROJECTION 
LENS 

LIGHT CONE 
FOH POINT 
IMAGE 

IhtADEPLANE-

D O F ~ ^ 

STEPPER COMPARISON (CALCULATED, K • 0.8) 
NA R (urn) OOF (urn) 

G-LINE .28 1.25 5.6 
G-LINE .54 0 6 5 1.5 
l-LiNE .45 0 6 5 1.8 
1-LINE ,73 0 4 0 0.7 
DUV 50 0.40 1 0 

Illustration #4 

G-line and 1-line refer to blue and UV wave­
lengths; in DUV, we are typically talking about 
250 nanometers or so. 

You will hear numerical aperture talked about 
many times. It is a simple concept. If there are 
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any opticians or optical engineers in the audi­
ence, I apologize. This is too crude, but it is very 
simply related to the angle of the cone of light 
that comes out of the lens. 

Another thing you will hear talked about is the K-
factor. Again, this is a number that is just thrown 
in as part of the equation for calculating resolu­
tion from the wavelength and numerical aperture. 

There are a couple of different ways of express­
ing depth of focus. The original popular G-line 
stepper 10 years ago had a resolution of 1.25 
microns and a depth of focus that really wasn't 
a problem. A current version G-line has about 
double the resolution performance, or half the 
feature size, but you will notice that the depth of 
focus has gone down a lot. 

Finally, I will point out one of the reasons for 
using deep UV. If you wanted to get down, say, 
to 0.4 micron, the sub-0.5 micron regime, you 
are really pushing the 1-line pretty hard, and the 
deep UV provides you an easier lens to build as 
well as more depth of focus. 

The G-LJne/l-Une/DUV Debate 

You hear a lot today about G-line, 1-line, and to 
some extent deep UV. I believe the G-line/l-line 
debate, if it is a debate, is way overblown. In 
fact, what you really need are good quality lens­
es of either variety. It is true that the world is 
moving toward 1-line, but that is not what 1 would 
put in the category of a "breakthrough." 

I think it is well understood by everyone that I-
line will rapidly displace G-line for new sales. 
People are not going to rip out their G-line step­
pers and throw them away just so they can have 
i-line; but for new sales I think that 1-line is going 
to rapidly displace G-line. 

DUV still has some problems in the source, es­
pecially if it is a laser system: The resists are 

G/I vs. DUV 

o DUE TO IMPROVED GLASS TECHNOLOGY I-LINE LENSES CAN BE 
HADE AT SAME QUALITY LEVEL AS G-LINE. 

I-LINE MILL RAPIDLY DISPLACE G-LINE FOR NEW SALES. 

0 DUV (250 NH) STILL IMMATURE IN: 

- SOURCE, ESPECIALLY LASER 
- RESIST, ESPECIALLY HIGH SENSITIVITY 
- HASK/PELLICLE 

o OUV LENS DESIGN/MANUFACTURING COMPARABLE COMPLEXITY TO 
G/I. 

o EXCIMER LASERS MAKING STRONG PROGRESS 

- REMAINING CHALLENGES IN OVERALL LITHOGRAPHY 
INTEGRATION. 

- NARROW BANDWIDTH EXACERBATES REFLECTIVITY AND 
STANDING WAVE PROBLEMS. 

I l lustrat ion #5 

not exactly mature. There are still some issues 
about the mask and the protection on the mask, 
the pellicles. John may address some of those. 

However, the lens design/manufacturing for the 
rest of the system is really no more complex 
than for the G-line or the 1-line. The lasers are 
making some progress, but they are still at an 
immature state at this point. 

New Optical Manufacturing Technologies 

I mentioned before that I thought there were 
some new technology capabilities and I referred 
to the issue of bootstrapping. 

In optical manufacturing, there has been a break­
through of a sort, in that it is now possible to 
use a lot more computing resources to design 
new lenses. Designs that were not possible even 
five years ago are quite easily done with the 
kinds of workstations available today. The num­
ber of optical rays you trace through, the number 
of surfaces and so on, that combination has 
gone up by orders of magnitude. 

Better quality glasses are available today. This is 
part of the infrastructure and technology that has 
helped us. 
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Developments in control systems on the steppers 
also helped push the industry along. You can 
now buy a workstation that you use as a con­
troller on an optical stepper. I guess you could 
use it on X ray or e-beam as well. 

Digital processing of the alignment signals and 
so on. 

And, one new idea that is impacting the entire 
equipment industry is going to more modern 
software structures. The equipment industry has 
been a little behind with respect to some of the 
other technologies. There are still a lot of ma­
chine code and hard-coded kinds of things; but, 
with UNIX-based modular C-type languages and 
so on, there is a lot of progress being made. 

In the area of metrology, the building of the 
lenses, there are much better interferometers for 
large area lenses. There has been a lot of prog­
ress in laser interferometers on stages, as well 
as overlay and optical metrology built right into 
the steppers themselves, so they tend to be 
more self-correcting. 

Key Enablers 

There are a couple of key enablers. I won't say 
much more about these [Illustration #6]. 

• Phase shift mask is one area that I think John 
is going to talk about. It is not easy to do. It has 
been a known technology for a long time. If you 
can in fact build the masks, it gives what I call 
virtually "free" resolution to the fab engineer. The 
user of these masks ought to be able to take 
advantage of them without worrying about exact­
ly how they were made. 

• Another area that I think is going to become 
a key enabler in optical lithography is surface 
imaging resists. This can include some semi-
exotic sorts of things — for example, the SO-

KEY ENABLERS 

o PHASE SHIFT MASKS 

- DEHONSTRATED APPROXIMATELY 10 YEARS AGO 

- TREMENDOUS INTEREST/ACTIVITY TODAY 

- HOST OF THE COMPLEXITY IN MASK PROCESS 

- VIRTUALLY "FREE" RESOLUTION TO FAB ENGINEER 

o SURFACE IMAGING RESISTS 

- SEPARATION OF RESIST FUNCTIONS 

- DECOUPLING OF SUBSTRATE ISSUES 

- WELL SUITED TO DRY PROCESSING 

- PROVEN, BUT COmERCIALLY IMMATURE 

- COST NO LONGER A MAJOR DIFFERENTIATOR 

Illustration #6 

called Desire process that came out of UCB in 
Belgium — or it could include such things as 
multilayer, trilayer, bilayer, whatever kinds of 
resists people have talked about for many years. 

In any case, it will be necessary to separate the 
use of the resist as something to block an etch 
or an implant from the imaging function. Some 
things that fall out of this: 

• The surface imaging resist is well suited to dry 
processing. There is a major problem that cer­
tainly people here are aware of, but it is true in 
Texas as well, disposing of used chemicals. Re­
sist developer is a chemical that is a problem if 
used in high volume. So, there is a lot of inter­
est in going to dry processing of the resist de­
velopment. 

• These things are proven technologically, but 
they are commercially immature at this point. 

• I say cost is no longer a major differentiator 
here, but I don't want people to think that I am 
absolutely free with dollars. Again coming back 
to the idea that the equipment costs have gone 
up so much, if we look at the cost of a dry etch-
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er to do this kind of processing now compared 
to the state-of-the-art resist developer spinner, 
(which temperature and humidity control, end-
point detection and so on) the cost is no longer 
the factor of 10 that it was some years ago. 
There is still a larger cost for the dry processing 
than for wet processing when you look at the 
capital equipment, but it has really narrowed. 

Potential Pitfalls 

It is not all good. There could be some prob­
lems. 

POTENTIAL PITFALLS 

o FIELD SIZE 

- HOW BIG CAN/WILL CHIPS GROW? 

- MAY NEED DYNAMIC EXPOSURE TECHNIQUES 
- "STEP-AND-SCAN" 
- SUB-FIELD STITCHING 

o DEPTH OF FOCUS LIMITATIONS 

- REQUIRES CIRCUIT TOPOGRAPHY CONTROL 

- STRONGLY FAVORS SURFACE IMAGING RESIST 

- DRIVES WAFER FLATNESS TO SUB-0.25 UM 

0 RETICLE ISSUES 

- PHASE SHIFT MASK COMPLEXITY/COST 

- URGE FIELD SIZE, 5X VS. IX 

o PROTOTYPING/ASICs 

- LOW VOLUME REMAINS COSTLY DUE TO MASKS 

- MUST ELIMINATE SET-UPS AND SEND AHEADS 

- FAB AUTOMATION/RETICLE MANAGEMENT VITAL 

I l lustrat ion #7 

• Field size is certainly an issue with optical 
lithography. We already have a step-and-scan 
technique from SVG Lithography (formerly Perkin-
Elmer). People have talked about, and even 
experimented with, sub-field stitching of various 
sorts. But this could be a problem. 

• Depth of focus is definitely going to be a prob­
lem. It requires us to control the circuit topog­
raphy. We definitely would favor surface imaging 
resist. And, it drives the wafer flatness require­
ments to the order of 0.25 micron over the imag­
ing field which, as we know, we want to get 
larger. 

• Another area is the phase shift mask — what 
field size do you go to and so on. 

• Again, you end up with a problem that e-
beam, ion beam, direct write laser and so on 
have been around to solve for a long time: It is 
difficult to do low-volume prototyping with optical 
lithography (or, presumably, any other masked 
lithography). In order to make this at all feasible, 
we have to eliminate delays and changeover 
times, and we will probably need to have more 
fab automation and reticle management. 

Future Stars 

I won't really say anything more about hologra­
phy and laser direct write. I think these are two 
areas that could develop, although holography is 
certainly quite a ways off yet. 

POSSIBLE FUTURE STARS 

HOLOGRAPHY 

-MANY POTENTIAL ADVANTAGES 
-FIELD SIZE 
-DEFECT IMMUNITY 
-SIMPLE OPTICS 

-SEVERAL RESEARCH DEMONSTRATIONS, STILL SOME YEARS 
AWAY FROM COMMERCIALIZATION. 

o USER DIRECT WRITE 

-ADVANTAGES OF E-BEAM, WITH LOWER SYSTEM COMPLEXITY. 

-PROBABLY BEST USED FOR LOW VOLUME APPLICATIONS. 

Illustration #8 
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Challenges in the 1990s 

I want to close with a sort of "good news/bad 
news" scenario. I think a similar chart was shown 
at this Dataquest conference last year by Gray-
don Larrabee of Texas Instruments. 

HICROELECTRONIC HANUFACTURINS 
CHALLENGES IN THE 90'S 

HISTORY OF DISCONTINUITIES 

TOOL OR 
TECHNOLOGY 

SILICON EPITAXY 
SILICON NITRIDE (ATMS) 
ION IMPLANT 
TiU METALLIZATION 
SCHOTTKY H L 
CCD'S 
RIE 
ADVANCED SCHOTTKY (ALS) 
POLY EMITTER 
REFRACTORY GATE 
SOI-ION IMPLANT 
TRENCH 
SILICIDE 
LIGHTLY DOPED DRAIN 
TIN LI 

YEAR 

tmiossi 
1960-61 
1965 
1969 
1969-70 
1970 
1970 
1975-76 
1978 
1976 
1976 
1978 
1979 
1978 
1980 
1986 

YEAR IMPLEMENTED 
IN PROOUaiON 

1964 
1967-68 
1973 
1975-77 
1974-75 
1981 
1980 
1980 
1984-85 
1983 
1989 
1987 
1985 
1986 
1988 

DELTA 

smai 
4 
2 
4 
6 
6 
11 
5 
4 
8 
7 
11 
8 
7 
6 
2 

MEDIAN TIME FROM DEVELOPMENT TO IMPLEMENTATION > 6-7 YEARS 

SOURCE: GRAYDON LARRABEE, TEXAS INSTRUMENTS 

Illustration #9 

In order to introduce some new technology — 
most of these are new materials or, in a few 
cases, new product types — the average time 
from when you have developed it until when it 
goes on to a product in some reasonable vol­
ume is six to seven years. 

Another way to look at that is shown in Illustra­
tion #10, also from Graydon Larrabee: What is 
a road map for developing a 1-gigabit memory, 
let's say, that comes out in 1999 or 2000? 

The new technologies — whether it is optical 
lithography versus X ray or whatever — have to 
come in about 10 years earlier than that. You do 
not really start product development for some 
time, but you must have the technology develop­
ment behind that. 

NEXT GENERATION DEVICE DEVELOPMENT 
0.2 - 0.15 MICRON MINIMUM GEOMETRIES (1024 Mbit) 

1990 1995 2000 
TTART DEVELantEHT IKTROOUCT10N 
MBH TtCHtKHlXiltS | MEW TECHMOtOOga 

I ^ t \ DEVICE CUSTOMER 
I ^ L \ OUAUFgD 

fl™' \ V X 
| 0 | 1 8 3 4 5 6 7 8 » 1 C J VEAHS 

I FUU. FUMCnOM**. ^ 

/ I °™^ _l \ 
HTEflMALLT 
OUIUFtD 

SOURCE: MAYDOH UtmUBEC, TEXAS HSTRUNEIITS 

Illustration #10 

This drives two things: 

• First, optical lithography is here and must be 
the tool of choice for some time to come. 

• Second, if X ray, e-beam, ion beam, or what­
ever, is going to take over ultimately, whether 
that is five years or 10 years down the road, we 
need to have major activities ongoing right now 
or we will be too late when we need it. 

Requirements for Sub-0.5 Micron 
Optical Lithography 

Illustration #11 is somewhat of a recap. We 
need: 

• "Perfect" imaging systems, which means flat 
imaging, no field curvature — absolutely perfect, 
no astigmatism and all the other problems that 
come with it. 

• Planarized wafers — topography must be less 
than depth of focus. 

• Surface imaging resists — minimized depth of 
focus requirement and reflectivity control. 
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REQUIREMENTS FOR SUB 0.5 MICRON 
OPTICAL LITHOGRAPHY 

o "PERFECT" IMAGING SYSTEMS 

o DIFFRACTION LIMITED OPTICS 
0 F U T IMAGE SURFACE 

0 PUNARIZED WAFERS 

0 TOPOGRAPHY MUST BE LESS THAN D.O.F. 

0 SURFACE IMAGING RESISTS 

o MINIMIZED D.O.F. REQUIREMENT 
0 REFLECTIVITY CONTROL 

0 WAVEFRONT TUNING IN THE FAB 

0 PHASE SHIFT MASKS 
0 ADJUSTABLE FOCUS DURING EXPOSURE 

Illustration #11 

• Wavefront engineering (or wavefront tuning) in 
the fab — phase shift masks; adjustable focus 
during exposure. 

Outlook for Optical Lithography 

What do I think is possible? 

• Optical will go down to 0.25 micron. 

• Depth of focus is a problem. 

• CD control is always difficult, but it will hap­
pen. 

• Down in the 250 nanometer range is certain 
for exposure wavelength, possibly below that. 

• Overlay probably Isn't a whole lot different for 
optical than a lot of the other technologies, but 
that will get there as well. 

• Field size greater than 20 mm x 20 mm. 

• Resist is not a problem. 

• I think IX masks are going to be difficult, but 
we will let John Skinner tell us about that. 

One Conceivable Scenario 

Illustration #12 is one conceivable scenario for 
the mid to late 1990s. This is my own halluci­
nation. I don't want anybody to interpret this as 
a SEMATECH view or a Tl view. 

HOW FAR CAN OPTICAL LITHOGRAPHY TAKE US? 

ONE CONCEIVABLE SCENARIO FOR THE MID TO LATE '90'S 

WAVELENGTH: 250 NM 

NA: 0.65 

FIELD SIZE: 30 MM x 30 ̂ M 

SUPPORT TECHNOLOGIES: 
PHASE SHIFT MASKS 
SURFACE IMAGING RESIST 
DYNAMIC FOCUSING 
PLANAR TOPOGRAPHY 

K-FACTOR: 

RESOLUTION: 

0.5 

0.20 MICRON 

DEPTH OF FOCUS: 0.5 MICRON 

Illustration #12 

What we might accomplish here: 

• DUV. 

• A fairly high numerical aperture, but quite do­
able. 

• Field size of 30 mm x 30 mm, or some varia­
tion on that. 

• In order to make that happen, I think we need 
these four support technologies — or at least the 
phase shift masks, surface imaging resist and 
planar topography. Dynamic focusing, where you 
actually vary the focus during exposure. Is still 
up in the air. 
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• I think we are going to drive our process so There is a lot of R&D going on. Due to the 
that the K-factor can approach 0.5. changing technical infrastructure, optical lithog-

• That gives us a resolution below 0.25 micron. 
raphy looks strong and will continue to develop. 

. And. very minimal depth of focus (0.5 micron). ' ^"^ "^^ QO'̂ Q ^° be an optical bigot and say 
that IS the only way to go, but it certainly will be 

Summary the dominant approach in the next decade for 
high-volume semiconductor production. 

In summary, optical lithography still lives — and 
I think it will continue to live for a long time. Thank you. 
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X-RAY LITHOGRAPHY 

Robert W. Hill 

Manager, Advanced Lithography Systems Development 
IBM Corporation 

I will speak about X-ray lithography technology. 
First, I will go into "why X ray?"; second, the X-
ray system itself and its various key elements; 
third, programs in other places in the world; 
fourth, XRL extendability; and then I will sum­
marize. 

Why X Ray? 

First of all, I agree with Gene that optics will go 
down in resolution to the 0.20-0.25 micron re­
gion. In fact, I believe that ultimately optical reso­
lution will get down into the 0.10 micron region. 

Worldwide Lithography Tooling Trends 
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Illustration #1 

I do not think resolution is going to be the limit­
ing factor. The problem is the decreasing depth 
of focus which, in turn, causes us to use "tricks" 
in the optical arena which involve additional pro­
cessing and additional defect susceptibility. 

X ray offers us much greater depth of focus and 
the resolution capabilities that we need. And, by 
the way, it will be driven by DRAM-type applica­
tions. 

What Is X Ray? 

What is X ray? I have a foil here of X-ray proxim­
ity printing [Illustration #2]. There are really two 
types: the point source and the synchrotron type 
of printing. The point source is used in this illus­
tration. 

X-Raŷ  Proximity Printing 

EHetmm- .•; * " • » 
gfdf i i Sourcft* 

ThtR 
Mamtmna 
M u k 

IBM ltese>arl:n^ 

Illustration #2 

The X rays diverge from the point source, pass 
through a silicon mask and the pattern on the 
absorber (we use gold); thus, the image Is trans­
ferred through the mask into the resist where it 
is developed and transferred to the wafer. 
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Advantages 

The advantages of X ray are: 

• High resolution. 

• Increased depth of focus. 

• We believe and we have demonstrated — IBM 
Research has processed 10 levels of CMOS 
devices — that X ray has simpler and more 
robust photo process steps. We have been able 
to do 0.5 micron CMOS devices with all single-
level resist processes, and there is no reason 
why X ray cannot go down to the 0.25 micron 
region. 

• We also believe X ray has a greater defect 
insensitivity. For the wavelength that we have 
selected (10 Angstroms), X ray can write through 
particles up to roughly 4 microns in size with an 
atomic number similar to carbon. 

• We believe that the simpler process steps, the 
greater defect insensitivity and the necessity of 
not having to use multilevel resist systems for X 
ray, will give us lower processing costs. 

Disadvantages 

However, there is no free lunch counter in the 
lithography business. As most of you know, there 
are some disadvantages: 

• For synchrotron X ray, there is high initial cost 
of the synchrotron X-ray facility and it must be 
made three to four years in advance of when 
you will use it. 

• There is also a general reluctance to make a 
major lithography technology change. I believe 
that you will have to show substantial improve­
ments in cost over optical methods in order to 

make it happen. As we heard earlier in Dr. 
Mead's second principle, you need "headroom." 

• It has a much more complex IX mask technol­
ogy than what we are presently using with opti­
cal reduction. 

Key Elements 

X ray is a rather complex system. 

Illustration #3 

I will just touch on the key elements: 

• Mask. 

• Stepper. 

• In the case of synchrotron, there is another 
element between the stepper and the "light bulb" 
(or storage ring), and that is the beam line. 
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• In addition, you have resist. 

• We have found, by installing one of the first 
industrial synchrotrons in the world, that there 
was a lot that had to be done in the industrial 
safety area. We are still writing the standards 
and specifications at the present time. 

• The facility that is required to house the ring 
and the steppers is very complex and helps to 
tie all of the key elements together. It is not 
shown on this slide. 

X-Ray Mask Status 

The mask is one of the most difficult items for X-
ray technology. 

X-RAY SYSTEM COMPONENTS 

X-RAY MASK STATUS 

• Structure 

* Sut>strate: B-doped Si, Si Nitride, 
Some SiC and Diamond Worl<. 

* Absorber: Au, W, Ta and 
Combinations 

* Frame: Considered for 
Standardization (NIST) 

• Patterning: E-Beam 

• Inspection and Repair Tools Under 
Development (Micrion and KLA) 

I l lustrat ion #4 

The substrate that is presently being used in 
most facilities is boron-doped silicon (B-doped 
Si). Some of the Japanese companies are using 
silicon nitride. In Europe there has been some 
silicon carbide work, as well as there is some 
diamond work being done which has been spon­
sored by DARPA. 

In the absorber area, a number of absorbers 
have been used. Gold is the favorite one at the 
moment, but there is also tungsten, tantalum and 
combinations of the two. 

For the mask frame we are presently trying to 
come up with a standard so that stepper manu­
facturers and mask manufacturers can use a 
common mask format. NIST has a committee 
presently working on that, again under DARPA 
auspices. 

For patterning there is the e-beam. Neil Berglund 
is going to talk a little bit more about that. 

For mask inspection and repair, there are tools 
under development for inspecting and repairing 
1X mask by KLA (inspection) and Micrion (re­
pair). These are DARPA programs. 

Illustration #5 is a picture of an X-ray mask. This 
was manufactured at IBM Research in Yorktown. 
They are pioneers in the field. You see a roughly 
1" X 1" patterned gold absorber. On it you can 
see the device pattern. The little black spots on 
the outside are alignment windows. The silicon 
membrane is roughly 2 microns thick. The overall 
size is about 10 centimeters (4"). 

Source 

The source is the device in X-ray technology that 
tends to draw attention as it is the first use of 
synchrotron for industrial purposes. There are a 
number of other potential sources for X-ray radia­
tion [Illustration #6]. They are: 

• Nikon and Perkin-Elmer have produced tools 
with point sources. 

• The synchrotron storage ring, which is at pres­
ent the most popular source, and probably most 
of the X-ray exposures around the world have 
been exposed by synchrotrons installed at na-

1990 Semiconductor Industry Conference 97 



Robert W. Hill 

X-RAY MASK WITH: 

2.4 X 2.4 cm B.Si MEMBRANE 2 (im THICK. 

0.5 ).m GOLD ABSORBER WITH A DEVICE PATTERN 

FREESTANDING ALIGNMENT MARKS IN WINDOWS 

OVERALL MASK SIZE: 10 0 cm. 

MOUNTED ON PYREX RING, 

Illustration #5 

tional labs and various other government facili­
ties. 

• Pulsed plasma. 

- Laser-heated plasma (Hampshire tool). 

- Pinched gas plasma (the Suss tool, in Ger­
many). 

- There has been some activity lately in explod­
ing wire. 

There hasn't been too much done with the last 
two: 

• Transition radiation, which is bombarding a foil 
with electrons which produces X rays on the 
opposite side. 

• X-ray laser. 

Illustration #6, the most popular sources, shows 
the point source, the laser plasma source and 
the synchrotron. 

Because of the long length of the beam line, the 
x-ray radiation at the wafer appears to be colli-
mated; the point source, the laser plasma and 
gas plasma sources all require additional collima-
tion. 

X-Ray Source Contenders 

The main X-ray source contenders today are: 

• The IBM/Oxford storage ring. 

• There are also Japanese storage rings of the 
CSOR [Compact Storage Ring] type. One of 
them is the Aurora ring being manufactured by 
Sumitomo Heavy Industries. 

Illustration #5 
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• There are also numerous "warm" rings. One of 
these, and probably the best one for lithography 
applications in this country, is the ring being 
manufactured by Maxwell Brobeck Co. for Louisi­
ana State University. 

• In the laser plasma region is the Hampshire 
Instrument Company's exposure tool. 

• Gas plasma is used by the Suss Gmbh tool. 

Illustration #7 is a photograph of the IBM/Oxford 
ring. This is now in the commissioning process 
and is operating at about 50% of its final energy 
at present. The commissioning has been going 
very well and we are looking forward to receiving 
it for the IBM Advanced Technology Center in 
East Fishkill, New York. 

The high technical risk area for this type of ring 
is the helium cooled dipole magnets which have 
a 4.5 Tesia field (45 kilogauss) and are extremely 
strong bending magnets. 

Exposure Tools 

Illustration #8 is a picture of the Hampshire 
Series 5000 X-ray stepper system. These are 

Series 5000 X-Ray Stepper System 

'-rJLs -ij 
m^'V-: • ' " 
•i^if.' 

••^/irfj^'/t 

ruSc^-

: ; ^ : : ^ > • • 

1. 

* ' I r 

" i ;;• 

^m 
^^^rm^ 

HAMPSHlftE 

I l lustrat ion #7 

I l lustrat ion #8 

now starting into production and will be delivered 
to American companies in the near future. 

Let's talk a little bit about the stepper which 
goes on the end of the beam line. It is a full 
field exposure step and repeat system. The field 

can run anywhere from 25mm x 25mm 
out to 20mm x 50mm. 

Point sources use horizontal tables. The 
vertical tables are used on the synchro­
tron type of applications. They are con­
nected to a beam line which connects 
them to a synchrotron, and installed in 
the beam line there are beam scanning 
optics which scan the field on the expo­
sure tool. The stepper then moves the 
wafer field by field. 

On the end of the beam line, to preserve 
the vacuum and also act as a filter, is a 
beryllium window. 
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Illustration #9 

Illustration #9 is a picture of one of those tools. 
There are two companies producing synchrotron 
exposure tools in the Western world. One is the 
Suss tool, which is being used at Brookhaven on 
the IBM beam line, and in addition will be used 
In the Alf facility as we bring it up. It Is also 
being used at Fraunhofer Institut In Berlin. There 
Is also a DARPA project with SVGL which will 
produce a stepper that will be used initially at 
the University of Wisconsin facility. 

Resist Requirements 

I'm not going to say too much about resist. It 
has essentially the same needs as optical resist. 
We have done a lot of X-ray patterning in optical 
resist. I will show you some photographs that 
were done in a Novolac type photoresist that we 
have used for the last 10 years. I believe there 

will be — and there are available now — some 
pretty good resists in the X-ray regime. • 

These are some pictures of processed device 
structures that were taken by the IBM Research 
Division. They are 0.5 micron contacts. Notice 
the very sharp edges that you get with X ray 
and with lines going over other lines. This is 
characteristic. It is hard to get bad pictures with 
X-ray exposures. 

Worldwide Programs 

There are a number of X-ray lithography pro­
grams around the world right now: 

• The main one in the United States is IBM. It 
was started in its Research Division in 1980. We 
presently are bringing up a full facility in the 
Advanced Technology Center utilizing it. DARPA 
is funding a number of support programs as well 
as source programs, such as at Hampshire In­
struments. 

• In Japan, there are a number of TRON pro­
grams. NTT is one of the major ones. There is 
the SORTEC group which presently has a warm 
ring operation, and they are starting to do lithog­
raphy experiments. 

• In Europe, the Europeans Initially were the 
farthest ahead. The Fraunhofer Institute in Berlin 
has two rings that they have used: the BESSY 
ring, which is the conventional ring; and a com­
pact synchrotron called COZY. They are used by 
a consortium of German-based companies ex­
ploring X-ray lithography. 

Unresolved Issues 

There are issues in X ray, most of which I as­
sume will be discussed by the panel. Some of 
these are: 
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• When do we expect X ray to come in? We 
expect to be ready late in the 64 megabit time 
frame. 

• X ray suffers from high initial instrument cost, 
particularly the synchrotron form of X ray. 

• The 1X mask technology is probably the major 
technical exposure today. 

• Extendability is an issue, not because of the 
diffraction limits, but as you approach the diffrac­
tion limits, the gap between wafer and mask 
shrinks and becomes very small. 

Where we end up will depend on how close to 
the wafer we can "fly" the mask. It is probably 
somewhere in the 6-10 micron region. It is be­
lieved the lower resolution limit will be around 
0.15 for very complex patterns. 

In the area of ultimate resolution capability. Dr. 
"Hank" Smith, of MIT, has demonstrated 400 
Angstrom isolated lines using X ray. More experi­
ments are needed to better define the limit, and 
they are now in the process of being designed. 

From the standpoint of the future, AT&T has 
recently demonstrated future potential for projec­
tion X-ray lithography using the ring and an un-
dulator on their beam line at Brookhaven Nation­
al Laboratory. 

Summary 

To summarize: 

• X-ray technology is here. 

• We believe that shorter wavelengths offer us 
substantially better depth of focus and resolution. 

• We believe that the depth of focus will ulti­
mately be diffraction limited by the gap between 
the mask and wafer. 

• The IX mask technology is the main risk. John 
Skinner will talk about that a little bit more. 

• We believe very strongly that it will result in 
simpler, more defect-free processing and cheaper 
processing costs. 
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LITHOGRAPHY STRATEGIES: PUSHING THE LIMITS 
E-BEAM LITHOGRAPHY 

C. Neil Berglund 

Special Assistant to the President and 
Executive Director of Marketing 

Etec Systems, Inc. 

For many years I have been firmly convinced 
that optical systems are going to meet the needs 
of the industry throughout the rest of this cen­
tury. I first came to this conclusion when I un­
successfully tried to build an electron beam sys­
tem in the early 1970s, and I haven't changed 
my mind since. 

But the issue of the lithography direction is much 
more complex than which one is going to "win." 
They are all going to win to one degree or an­
other, and they are all going to have their appli­
cations. I would like to address some of those 
for you. 

E-Beam Lithography Status 

The first point I would like to make is that the 
lithography process is only part of an overall 
system problem of going from a design tape to 
a finished wafer. I am going to talk a little bit 
about that because it is impossible to try to 
compare direct write e-beam to some of the 
other systems that need masks without taking 
that perspective; othenwise, you get into an 
apples-to-oranges comparison. I am then going 
to address two major applications of electron 
beam lithography systems: one in maskmaking 
and one in direct write. Finally, I will summarize 
some of the general conclusions that I, at least, 
have come to. 

Device Patterning Row 

The lithographic process, to me, starts at the 
design data interface and extends all the way 

through to the finished wafers. I have to take 
that perspective in order to compare them, as I 
have said before. 
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Illustration #1 

If you start with that kind of a general system 
view, you recognize the first thing you do when 
you make a partitioning of that sort, where you 
architect the problem in that way, is to clearly 
define some boundaries in such a way that may­
be you can deal with one side of the boundary 
independent of the other side. That is generally 
true. For example, on the design data, you han­
dle that particular interface with design rules. 

Within the general lithographic process, in the 
case of masked processes you can divide it up 
into three steps: 

• The printing of the reticle pattern; that is, tak­
ing the design data and printing It. 
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• The fabrication of the reticle, which includes 
not only the processing itself, but issues such as 
inspection and repair and the pelliclization of the 
finished device. 

• You then have to replicate that on the wafer. 
In the optical case that involves a stepper, but, 
as you can see, it is only one of three parts of 
the lithographic process. 

You can make a similar argument for X ray. In 
direct write, you eliminate the mask and you are 
directly printing onto the wafers. 

I have asterisked various points to show you 
that, regardless of which one wins, electron 
beam technology is fundamental. It is going to 
be important, regardless of which way you go. It 
is important for (a) the maskmaking and (b) for 
the direct writing. So, the issue of which technol­
ogy is going to be dominant is really not of great 
importance to Etec, and it is certainly the reason 
why I am intensely interested in electron beam 
technology, and in doing what I can to make it 
available on a timely basis for the industry. 

I will now come back to the boundaries between 
these various parts of the problem. We have 
always fundamentally tried to draw these lines so 
we can ignore what happens on one side if you 
are on the other side of the boundary. 

In the case of maskmaking, people have estab­
lished a set of specifications for masks which, to 
my knowledge, have really not been verified as 
reflecting what the silicon needs in detail. I can 
say categorically that it does not measure all of 
the characteristics that are of importance. 

As a result, the simple way to handle mask spe­
cifications — and John Skinner might refer to 
this a little later — is you try to make the mask 
have specifications which make its errors negligi­
ble on the wafer. That is one way of transferring 
the problem from one guy to the next. 

Phase Shift Mask 

Phase shift mask is another way of doing it. If 
you look at what happens with phase shift 
masks, what you are asking for is multiple layers 
on the mask, and possibly much higher resolu­
tion on the mask, in order to get higher resolu­
tion on the wafer. Those kinds of tradeoffs go on 
all the time. 

The technical breakthroughs that will occur pri­
marily result from changes in those boundary 
conditions or changes in the fundamental archi­
tecture of the system. So, if you try to compare, 
for example, optical to X ray, you are ignoring 
the differences in the mask fabrication portion of 
it. And if you try to compare direct writing to any 
of these others, you are again in an apples-to-
oranges type comparison unless you look at this 
overall problem and its various implications. 

Maskmaking 

Let me turn now to the mask requirements. You 
will hear some more about mask requirements 
from John Skinner a little later. He may even 
make some more demanding requirements. I 
want to make a few points with Illustration #2. 

As you can see, the pattern address grid that is 
used to make up the 5X reticle does not neces­
sarily reflect the design grid that is used by the 

5X Reticle Specifications 
1987-1996 

Yaar 

ORAM Gan«ratk>n 
Minimum Feature Size (wafer) 
Panem Address Grid (5X reticle) 

Layer Data Size 
Registration (two-point align) 

Throughput 
Maximum Comer Radius 

1987 

4Mb 
0.8 pm 

0.25 Mm 
30 MS 

0.20 Mm 
<1 hr 

0.25 pm 

1990 

16Mb 
0.5 pm 
0.10 pm 
120 M8 
0.12 pm 

<1 hr 
0.15 pm 

1993 

64Mb 
0.35 pm 
0 05 pm 
200 MB* 
0.08 pm 

<1 hr 
0.10 pm 

1996 

256Mb 
0.25 pm 
0 025 pm 

300 MB-
0.05 pm 

<1 hr 
0.05 pm 

* Assumm data compaction 

Illustration #2 
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designer. In fact, the primary reason for the finer 
address grid is driven by increments in critical 
dimension control, not from the design grid itself. 
You can see that they go down more or less by 
a factor of two every generation of DRAM, which 
corresponds to the increase in the density. The 
data size similarly goes up. 

At some point, you run into a data handling 
problem which gets totally out of hand. You have 
to put in some form of data compacting, or data 
hierarchy, in order to be able to handle the de­
signs. 

The registration gets progressively smaller, but 
the throughput demanded stays the same. This 
means that maskmaking equipment is on the 
same treadmill as steppers or some of the other 
key fab equipment; that is, for every generation 
of DRAM, you need a major improvement in its 
performance on a three-year cycle. With a piece 
of equipment as complex as an electron beam 
system, this is extremely difficult to do. The 
amount of research that has been going on 
worldwide in this area is insufficient to be able to 
do this over the long term. Etec is very fortunate 
to have access to the IBM technology to allow 
them to at least try to address this problem at 
this point in time, but that is not a long-term 
solution. 

I will not talk about corner radius too much, 
except to say that as you get into these very fine 
features, the corners become a more important 
part of the device, and they are going to be­
come increasingly important because if the cor­
ners are too round you have trouble even in­
specting for defects. 

integration of Wafer Fab & Maskmaking 

Another point I wanted to make is that, as part 
of the partitioning and architectural issue I talked 
about earlier, I believe that the silicon manufac­

turing people have to view maskmaking as an 
integral part of their process. There are too many 
subtle tradeoffs that are going on now, and they 
are going to become even more important in the 
future. 

A few are shown in Illustration #3. There may be 
others that I haven't mentioned here. 

Integration of Maskmaking Technology 
with Wafer Fab Process 
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Compensate Stepper Distortion 
Localized Sizing 
Ptiase Shift Masks 
Proximity Effect Correction 

1987 
4Mb 
No 
No 
No 
No 

1990 
16Mb 
Maybe 
Maybe 
Mayl>e 

No 

1993 
64Mb 
Yes 
Yes 
Yes 

MaytM 

1996 
256Mb 

Yes 
Yes 
Yes 
Yes 

Illustration #3 

• One issue of extreme importance to the fab is 
to try to do multiple layers, or do different layers 
on different stepper tools, in production. But 
there is an extremely difficult problem of match­
ing one stepper to the other in terms of overlay. 

One possible solution to this that is being ex­
amined by a number of companies is to distort 
the reticle to compensate for the distortion in 
each lens. That is what I mean by stepper distor­
tion compensation. 

• Another thing that is happening, even today, 
certainly In the R&D labs, and will become com­
monplace in future technologies, is the issue of 
localized sizing. What I mean by that is that 
critical dimensions on the masks have to be 
varied within a design rather than globally across 
a design. It turns out there are issues like resist 
thinning which lead to different CDs [critical di­
mensions] across the finished device, and you 
have to compensate for those locally. 
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• Phase shift masks you have heard about, and 
you will probably hear more. 

• Proximity effect correction is unique, at least as 
a term, to electron beam systems, and that will 
have to be included in the future, certainly by 
the time the 64 Mb is done — and maybe soon­
er — depending on the resolution requirements 
demanded by phase shift masks. 

I am not going to spend any more time on the 
maskmaking, but the point I wanted to make is 
that electron beam technology is going to be 
fundamental to the maskmaking portion of this 
technology in the future, and it is basically run­
ning against the limits right now for 5X reticles, 
which is what I have been talking about. If you 
think of what is going to happen for the IX sys­
tems, like 1X optical or 1X X ray, you can start 
to see that the problems in getting quality masks 
are going to get extremely difficult in the future. 

Vector Scan vs. Raster Scan 

When we come to e-beam lithography systems, 
there are basically two approaches that are com­
mon: a vector scan system and the raster scan 
system. The raster scan systems that I am refer­
ring to here are primarily shaped beam raster 
scan systems. Illustration #4 is my projection of 
what is going to happen to the relative percent­
age of the market for these machines over time. 

Raster scan systems have a lot of advantages. 
They are going to be with us for as long as I 
can see. While this is a small percent of the 
market, you will find that, since the market in­
creases with time, the raster scan total market is 
quite respectable right out through the rest of 
this century. 

In the vector scan area, I see the market in­
creasing with time. There are a number of rea­
sons why that is going to happen. 

PR00UCTX3N 
e-BEAM 
UTHOGHAPHV 
TOOL 
MARKET 
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Illustration #4 

Before I get into that, let me explain why this 
happened. Back in the 1970s, Bell Laboratories 
developed a raster scan system called EBES, 
which was then commercialized by Perkin Elmer 
(or by Etec) and by Varian, and became the 
standard for making masks in the world. That is 
the primary reason why it has captured such a 
large share of the market early. 

System Architecture: Raster vs. Vector 

However, some of the trends that I talked about 
are driving us farther and farther toward the 
vector scan system. 

• The maskmaking tools will tend towards a 
vector scan architecture because of economics. 
In a raster scan system, you are printing every 
pixel whether there is an exposure there or not; 
whereas, in a vector scan system, you only ex­
pose those areas that need to be exposed. 

• The data file size is one of the biggest reasons 
why you are going to go to a vector scan ma­
chine. A shaped beam vector scan machine 
inherently has hierarchy in it, and allows you to 
greatly simplify the data files for any given de-
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sign. I will come back to that a little bit when I 
talk about direct write. 

• Another reason Is that you can separate edge 
placement precision from the address grid itself. 
In raster scan systems, the edge placement 
precision determines the address grid you must 
use. That gets so small that the time it takes to 
run a machine starts to increase unacceptably. 

• Elimination is too strong a term, but you can 
greatly reduce corner rounding because you 
have independent control of it. 

• The research and development area. I define 
that as being the area where you want to use 
the direct writer to enhance your R&D so that 
your analysis of return on investment, cost of 
ownership and so on, is more strategic than 
fundamental from a manufacturing point of view. 

There are two areas within this research and 
development segment that are of interest: 

- Very high resolution/very low volume has been 
the traditional area of direct writers for many 
years. 

• In the maskmaking area, the dominant ma­
chine is a raster scan machine. Raster scan 
machines have never been a major factor for 
direct write. They have always been vector scan 
machines in one way or another. 

- Advanced prototyping is a relatively new appli­
cation for these machines. You heard earlier, 
particularly in Gene Fuller's talk, why this is im­
portant. This is being done primarily in Asia, not 
so much in the United States. 

Direct Write 

Let me now turn to the direct write issues. I am 
going to take a marketing viewpoint rather than 
a technology viewpoint. Illustration #5 is my own 
way of separating it. I will explain why in a mo­
ment. 

I see three applications of electron beam direct 
write: 

Direct Write 
Market Segments: 

Research & development requirement 
- Advanced prototyping 
• Very high resolution, very low volume 

Low volume production 
• ASIC, Gate Array, GaAs 
- Medium to high resolution 

High volume production 
• DRAM production 
• High resolution Mix & Match 

I l lustrat ion #5 

The application is this: In order to develop the 
new RAM technologies, you need to be able to 
not only do the lithography, but you have to 
have something to allow you to develop the 
devices, do the device characterization, develop 
the etching processes, the deposition processes, 
and you need those well in advance of when 
you are going to go into production. The earlier 
you can get them, the better off you are. 

The optical systems are getting later and later in 
being available for such uses, so an increasing 
number of people are buying direct write e-beam 
machines strictly to prototype advanced DRAMs 
so that they can get started at an early stage on 
the development of the other related aspects of 
the processing. 

At this point in time this is probably the most 
solid application of direct write that exists. 

There are two production-type applications. One 
is the ASICs (low-volume) production, which is 
medium to high resolution. I am going to talk 
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about that for a moment and come back to this 
foil later on for the high-volume. 

The application of direct write for ASICs is really 
restricted on the low-volume end by doing it, for 
example, using programmable logic devices and 
the like. On the high-volume end, it is limited 
becase it is more cost-effective to use an optical 
mask for replication. 

Direct Write vs. Optical Costs 

Illustration #6 shows the lithography cost per 
wafer level — just the cost of processing the 
lithography per wafer level — versus the number 
of wafers that are run. 

A Comparison of Direct Write and Optical LHhography Costs 
as a Function of Total Wafers Processed 
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Illustration #6 

If you have to spend a lot of money on a set of 
masks or a set of reticles, then you have to 
amortize that total cost over the number of wa­
fers. In direct write you don't have that cost. 

This provides you with a comparison depending 
on the reticle cost. In view of some of the com­
ments here, I might have stopped too soon at 
$2,000. I suspect some of these phase shift 
masks are going to be extremely expensive. On 

the low-volume side, PLDs and similar kinds of 
devices are much more cost-effective than any­
thing you might do with direct write. Above 100 
wafers or so, optical processing is the most cost-
effective way to manufacture. 

Direct Write Applications 

But there is this range in between, which gener­
ally covers a number of wafers that is roughly 
equivalent to the average number of ASIC de­
vices that are bought today by a typical cus­
tomer. So, you have this area which is very, very 
promising for manufacture. That is one of the 
application areas which, at this time, only one 
commercial house and a number of systems 
houses, in particular one very large U.S. com­
pany, do in manufacture for gate arrays. 

i see the low-volume ASIC production and appli­
cation as the major place where you are going 
to use direct write in the future. 

Another area which nobody is doing right now, 
but which Hitachi is just starting to address and 
we are starting to address also, is the high-vol­
ume production for DRAMs. There is no doubt in 
my mind that it will be many years before a 
direct writer will produce wafers or process wa­
fers cheaper than an optical system. 

However, a vector scan system has the advan­
tage — or disadvantage, if you want — of hav­
ing a throughput which is highly dependent on 
the percentage coverage of each layer. One of 
the applications that you can think of for direct 
write is to actually focus a direct writer to apply 
to specific layers only, in a mix-and-match mode. 

Let me give you an example. Suppose you went 
after only the contact layer with the direct write 
e-beam. You would strip that machine down so 
that's the only thing it did. It would not be a 
general-purpose direct writer. It could do that 
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maybe with difficulty, but the focus would be 
strictly on that low coverage contact layer. If, for 
example, you made contacts half the size that 
you can do optically at any given generation, 1 
submit that, even with today's machines, you can 
make a very strong argument that the return on 
investment of a machine such as that is extreme­
ly positive. 

Hitachi has taken the view that they are going to 
go a step further and use custom apertures, 
where you have particular shapes — dog bones, 
squares, rectangles, whatever you want — and 
If you work that back to the designer and say to 
the designer, "use only these shapes," then you 
can get up to, say, 20 wafers an hour out of an 
electron beam machine because you don't have 
to spend time shaping the beam, and it be­
comes much more effective to use. 

This comes back to the point I made earlier. If 
we start looking at this as a system problem and 
work back from what we want on the wafer back 
to the designer through the lithography tool, you 
can come to some interesting conclusions, par­
ticularly if you open up yourself to the thought 
that you can mix and match on a layer by layer 
basis. 

Lithography Cost Trends 

Illustration #7 is my projection of lithography 
costs. You can argue with the absolute numbers. 
For example, lithography cost per wafer level is 
direct cost. I have left out all the extra costs 
associated with getting the high-precision flat­
ness, planarization and all the other stuff that 
goes with these complex optical processes. 

The lithography cost per layer for optical looks 
something like this: 

• With IX aligners, it was down in the $1.00 
range. 

Lithography Cost Trends lor Direct Write and Optical 
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I l lustrat ion #7 

• When you went to steppers, either 10X or 5X, 
which occurred in the 1980 time frame, there 
was an initial jump in the cost, to the $5-$10 
range per layer, which then stayed relatively 
constant. It stayed constant despite the resolu­
tion getting tighter and tighter. That was primarily 
a learning curve effect. In other words, you had 
competition going on between the cost of the 
machine to get tighter and tighter resolution, and 
the learning curve which was getting the 
throughput up and the up-time such that and the 
net cost was roughly the same. 

What is going to happen when we get into ex-
cimer steppers or some of the other novel 
stepper techniques, is that you are going to have 
another jump in cost. You can argue about this, 
but you will probably get up somewhere in the 
$20-$30 range. At that point the whole econom­
ics of manufacture — particularly, if you are up 
around 30 layers, you are talking about $600 a 
wafer just in the lithography cost alone — is 
going to make people sit back and start to look 
at alternatives. 

During this same time frame — not because the 
machine didn't get more expensive, but because 
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the throughput went up — direct write systems 
have been on this kind of a curve. 

Prior to 1986, the reference is to a raster scan 
system. After 1960, I refer to the Aeble 150, a 
vector scan system. If you project the costs of 
direct write e-beam, you are down into compar­
able numbers around the end of the century. 

Before that happens, as I mentioned, specific 
layers done by direct write e-beam are going to 
be quite cost-effective if they are low percentage 
coverage. 

So, I see a very bright future for direct write e-
beam if one opens up the spectrum to look at 
mix and match and to change the way in which 

you set the design rules and the way in which 
you integrate direct write into your processes. 

Conclusions 

In summary, I believe: 

• E-beam is a key technology for maskmaking 
— and, in fact, is a key technology for anything 
we are going to be doing. 

• Vector scan is going to dominate long term. 

• Direct write is economical for low-volume pro­
duction today, particularly for ASICs, and I be­
lieve it will be cost-competitive against any of 
the other techniques Tor selected production 
layers by the mid-1990s. 
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LITHOGRAPHY STRATEGIES: PUSHING THE LIMITS 
MASKMAKING 

John G. Skinner, Ph.D. 

Director of Advanced Photomask Technology 
Dupont Photomasks, Inc. 

The previous talks described three competing 
lithographic techniques: optical lithography, X ray 
and direct write. Optical lithography is the pre­
dominant technology for today's IC designs, X-
ray lithography is waiting in the background for 
optics to run out of steam, and e-beam direct 
write is nibbling at both technologies trying to 
take the low volume codes, or maybe fill in for 
high resolution where it may be needed on short 
notice. 

Fortunately for the maskmaker, masks can be 
used with all three technologies. 

Questions for Maskmakers 

There are two questions facing the maskmaker 
today: 

1. When must we replace our present equipment 
and processes to meet future optical needs? 

2. When must we get ready for X-ray masks? 

Since the advent of a commercial e-beam sys­
tem, MEBES (which, as Neil mentioned was the 
outcome of an AT&T development called EBES), 
which became available in the early 1970s, 
maskmaking has too often been taken for grant­
ed. The e-beam system allowed masks to be 
made relatively easily and with higher precision. 

This being taken for granted is coming to an 
end. Fortunately for the maskmakers, SEMA-
TECH, through Dick Clover of Intel, included 
maskmaking as part of their study and recog­

nized that photomask must be considered when­
ever you consider the IC manufacture. 

In addition to the maskmakers, the tool makers 
are also there. Between the maskmakers, the 
tool makers and SEMATECH, we were able to 
predict some of the specifications required for a 
year or so from now. 

However, even with that kind of a working ar­
rangement, it is very difficult to predict five years 
ahead. For that reason, the maskmaker must use 
his own Initiative to determine his future. 

Procedure 

The procedure I have used is to: 

• Summarize the probable limit and the time 
schedule for available optical technologies. 

• Estimate the optical mask specifications as a 
function of time. 

• Use the industry's recommendation as to when 
X ray will become a major lithography tool. 

Lithography Time Schedule 

If you look to the predominant steps that are 
going to take place in lithography, the 0.5 micron 
lithography is coming in about now [Table 1]. 
The time schedule that I have given for 1991 is 
the time period when we are getting toward the 
end of the R&D and the beginning of qualifica­
tion of production. The R&D period is about 3% 
of the mass required and the qualified produc-
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LrrHOGRAPHY TIMT; SCHFTJIJIF 

MIN. WAFER 
FEATURE 

0.50 um 

0.35 um 

0.25 um 

0.20 um 

TIME 
SCHEDULE 

1990/1 

1992/3 

1994/5 

1996/7 

umo 
TECHNOLOGY 

I-LINE CM» 

I-LINE PSM** 
Kr-F 

Kr-F PSM** 
X-RAY 

Kr-F PSM** 
X-RAY 

DEVICE 
[DRAM] 

16 M 

64M 

256 M 

•CM CONVENTIONAL MASK 
••PSM PHASE SHIFT MASK 

TABLE I 

tion is about 10%-14%. It looks as though that 
can be done with 1-line using conventional 
masks. 

«X HFTirLF. SPECIFICATIONS 

r rONVFNTIONAI. MASKS 1 

MASK 
PARAMETER 

REGISTRATION 

CD-TO TARGET 

CD-RANGE 
[3 Sigma] 

DEFECT SIZE 

EDGE 
ROUGHNESS 

SUBSTRATE 

MIN. MASK 
FEATURE 

YFAR 

MIN. FEATURE'-
TOLERANCEX 

X20% 

X10% 

X8% 

X50% 

TO BE 
SPECIFIED 

QUARTZ 

X4 

90/91 

0.50 

0.10 

0.05 

0.04 

0.25 

7 

90 
mils 

2.0 

92/93 

0.35 

0.07 

0.035 

0.028 

0.18 

7 

250 
mils 

1.4 

94/95 

0.25 

0.05 

0.025 

0.02 

0.13 

7 

250 
mils 

1.0 

ALL DIMENSIONS IN MICROMEIERS. EXCEPT WHERE SPECIFIED. 

TABLE 2 

96/97 

0.20 

0.04 

0.02 

0.016 

0.10 

7 

250 
mils 

0.8 

If we look at 0.35 lithography, that will begin to 
come in for qualification production in 1992-93 
using 1-line with phase shift masks, and maybe 
deep UV. 

I had thought that maybe one of the previous 
speakers would describe phase shift masks. I do 
not have a sketch of it, but during the discussion 
period I will gladly use the viewgraph machine to 
show you what it Is. 

It is generally believed that X ray will come in at 
somewhere around 0.25 micron (in the 1984-95 
region), and it may also be the deep UV using 
phase shift masks. 

Optical lithography is projected to go down to 
0.20 um or less resolution. That will be coming 
in 1996-97. Again, it will be with deep UV with 
phase shift masks or with X-ray lithography. 

5X Reticle Specifications 

Table 2 may look a little complicated. I have put 
certain mask parameters down the left column. 

Across the top is the year when qualification 
production starts. There is the minimum feature 
on the wafer. The next column is the tolerance 
of a 5X reticule based on a certain percentage 
of the minimum feature of the wafer. 

For example, for 0.5 micron lithography, the 
registration would be 20% of that, which is 0.1. 
If you look out to the 1996-97 range, it becomes 
about 40 nanometers. 

The CD-to-target is approximately 10% of the 
wafer feature. This means that if you measure 
many features on the mask, the average of those 
features to the specified value has to be within 
that value. That is going from 50 nanometers 
down to approximately 20 nanometers. 

The total variation across a 5X reticule can be 
only 40 nanometers for the mask required in a 
year or two. That has to drop down to about 16 
nanometers in five years. 

There is some disagreement as to what defect 
size will be required, but it is something of the 
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order of 50% of the minimum feature size on a 
5X reticle. That requires detection of all defects 
of 0.25 micron or larger in the next year or two, 
dropping down to detection of 0.10 micron five 
years from now. 

The edge roughness is beginning to play an 
important role in the quality of a mask. For ex­
ample, with the typical process techniques that 
are used today, the uncertainty in the width of a 
feature line due to the shape of the edge can be 
greater than the total CD-range which is allowed 
(40 nanometers). 

The substrate is almost certain to be 90 mils for 
the next year or two, mainly because of availabil­
ity. But, as we look ahead, the error in length 
due to the gravitational sag in the 90 mil 5" sub­
strate is approximately 20% of the total error that 
you are allowed in precisely placing the pattern. 
That is very important. 

The minimum mask feature is given down below. 
The minimum feature on the wafer is always a 
little bit less than 5X. It is going to be roughly 2 
microns on the 5X reticule for the next year or 
two, dropping down to about 0.8 microns five 
years from now. 

Some liberty is taken with these specifications. 
The actual values that are being asked for by 
the mask users are about one-third less than 
these. I believe there will be a balance between 
what is being asked and what will be available. 
Therefore, these numbers are slightly larger than 
the values being asked for today. 

If we look at IX reticules, the specifications are 
going to be approximately one-third those values. 
The registration will have to be over an area that 
is 1/25 compared to that same pattern on a 5X 
reticule. So, the registration may be possible, but 
the CD-to-target to get one-third of the CD varia­
tion across a IX mask is going to be very diffi­

cult, be it in optical lithography or X-ray lithogra­
phy. 

Improvements Needed 1991-1996 

Having said what we need, what do we have 
available? 

IMPROVEMENTS NEF.nF.n TO MEET 

1 ^ 1 TO 19% PHOTOMASK NEEDS 

YEAR 

REGISTRATION 
[PATTERN GEN] 

CD CONTROL 

EDGE 
ROUGHNESS 

DEFECT 
DETECTION 

SUBSTRATE 

METROLOGY 

PHASE SHIFT 
MASKS 

X-RAY MASKS 

1990/1 

UPGRADE 
OR NEW 

1992/3 

NEW 
[FASTER] 

1994/5 1996/7 

NEW + MULTIPLE 
WRITE. 

IMPROVET NEW MATERIAL & PROCESSING. 
PROCESS MORE AUTOMATION. 

CONCERN WITH EDGE PROFE,E 

IMPROVED CD STANDARDS NEEDED. 

ACCEPT­
ABLE 

AVAIL­
ABLE 

IMPROVE. MEASURE 
EVERY MASK. 

SIGNIFICANT DEVELOPMENT 
NEEDED. 

Q U A R 1 2 - N 0 DOMESTIC SOURCE. 

AVAIL­
ABLE 

DEVELOP 
TECHNOU 

WILL NEED IMPROVED CD & 
LENGTH MEASURING TOOLS. 

ROUTINE USE 
)GY 

VSEPAKE 

TABLE 3 

In Table 3, I have summarized the status of 
maskmaking today compared to what is needed 
in the years ahead. 

Registration 

Registration is the ability to overlay one level with 
another — or, preferably, the ability to overlay to 
a standard grid. In order to achieve the specifi­
cation that is needed (approximately 0.1 micron), 
we either have to upgrade our existing MEBES 
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machines, or pattern generators, or we have to 
purchase new ones. There was nothing pur­
chased in the 1980s that meets any of the speci­
fications that we need for the 1990s. 

When we are talking about pattern positioning 
accuracies of the order of tens of nanometers, it 
is almost impossible to build an electro-optical 
mechanical tool with that accuracy, and so there 
will be an increased use of multiple writes, multi­
ple exposures, in order to improve the accuracy. 
That is going to require multiple write and longer 
times as we go toward the 1995 period. 

CD Control and Measurement 

We can no doubt achieve what is needed in CD 
control by improving our present process, but as 
we look ahead to 1992 and beyond, we are go­
ing to need new materials and new processing 
techniques. 

There has to be more automation. Much of the 
process at the present time in maskmaking is 
done manually. 

There have to be more smart systems which 
have feedback to control the operations, similar 
to the one described by AT&T last year, and that 
has been running in AT&T's shop for about four 
years now. 

We have no real CD standards. The present 
quality is ±50 nanometers, and we are looking 
to specifications on the production mask of ±40, 
going down to ±20. 

The edge roughness that is available today is 
acceptable, but as we look ahead, the uncertain­
ty in the width due to edge roughness is greater 
than can be allowed. We will be setting up a 
technique to measure the edge roughness on 
every mask that is delivered. 

Defects 

Defect detection is available now. There are de­
fect inspection tools that in the die-to-die mode 
will go down to 0.25 micron, to 95%-99% proba­
bility, but that is still not 100%. When we go to 
a single die and we have to go die-to-data, that 
will take more complexity. 

There is going to be significant development 
needed at significant cost to go down to 99% 
probability for 0.10 micron. 

Substrates 

In substrates, we have a problem inasmuch as 
there is no domestic source. There is the ability 
to both deposit the chrome films on top of 
quartz substrate and also to polish them, but we 
have no manufactured source of quartz in this 
country. 

Metrology is available for today, but we need 
improved length measuring and linewidth mea­
suring tools for 1992 and beyond. 

Phase Shift Masks 

This year the technology is being developed in 
phase shift masks. Phase shift masks have the 
ability of extending the life of millions of dollars 
of existing wafer exposure tools, but they do not 
come without a price. That price is you have to 
be using your wafer exposure tools at their limit 
in order to take advantage of phase shift masks. 

In X-ray masks, we obviously have to be pre­
pared for that. 

Summary 

In conclusion, the IC industry, including mask-
making, is very capital intensive. The difference 
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between wafer and mask fabrication is that wafer 
people talk about throughput on a given ma­
chine in wafers per hour. The maskmaker has 
to talk about hours per mask. 

As we approach the mid-1990s, the cost of the 
mask has to go up to reflect not only longer 
writing time due to multiple writes and larger 
pattern densities, but also for the higher preci­
sion needed on the mask. 

The industry has to recognize that as the design 
rules go down and mask specifications get tight­
er, the cost of photomask has to increase. But 
one thing it does give you is a continuation of 
an established process that is, I am sure, going 
to continue for a long time. 

As I said earlier, photomask will never die, it 
won't even fade away. 

I 

I 
I 
I 
i 
I 
I 
I 
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DR. WOOD: I would like to ask our four speakers 
to return to the stage and join us for the ques­
tion session. As I mentioned, we encourage 
questions from the audience. In the meantime, I 
have a few questions of my own. 

One of the factors that Gene alluded to in his 
talk was the development cycle for wafer fabrica­
tion equipment and the requirement to be active­
ly developing tools far in advance of when they 
will actually be used in a production environ­
ment. The question I would like to address to 
the panel at large is: How do you think that the 
development cycle will change in the future? Do 
you expect it to get substantially longer in the 

future for advanced lithography tools, and how 
do you expect incremental development costs to 
be affected by this? 

DR. FULLER: I hope it doesn't get any longer 
than the 10 years or so I alluded to. Now, of 
course, that was development from the basic 
technology all the way to shipping volume semi­
conductor product to more and more customers. 

The cost of everything seems to be going up. I 
think that has been an issue of many confer­
ences and discussions. I don't see anything that 
I am aware of in optical lithography, for example, 
that is going to drive that cost back down. 
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DR. BERGLUND: One of the comments I would 
like to make on that is that in recent years we 
have become increasingly limited in the develop­
ment time cycle by the availability of equipment. 
In particular, Gene alluded to roughly a 10-year 
cycle on a new technology. To develop a new 
electron beam machine, for example, takes on 
the order of eight years when you take a similar 
perspective. Furthermore, somewhere well back 
in that 10-year cycle you have to have the 
masks for the technology, so we are talking a 
much longer cycle for the total technology devel­
opment than the 10 years Gene is talking about. 
I can see that this problem is going to get worse 
in the future than it has been in the past. 

MR. HILL: i have looked at that a little bit. I find 
if you look at the X-ray technology, IBM started 
its X-ray program in 1978. It is 1990 now. And 
were we to proceed with it for production and 
order a second ring today, it would require a 
minimum of three years. A lot of these advanced 
technologies today take 12 to 16 years from start 
of research to production. Major technology ad­
vancements can take greater than 10 years in 
my opinion, far greater. 

I would also point out that the ion beam writing 
machine being developed in Vienna has been 
under development in various places and com­
panies for 10 to 12 years, and it probably has 
another three to four years before it is ready for 
production. 

DR. FULLER: Let me add one comment. I think 
one of the problems — or perhaps one solution 
— is if we could figure out how to do certain 
things in parallel, we could telescope the time. 
But, as I indicated, a lot of this stuff is bootstrap­
ping of sorts. It takes developments in the semi­
conductor industry to further develop the equip­
ment and so on. That is a challenge for us all. 

DR. SKINNER: Can I just add a comment on 
maskmaking? 

DR. WOOD: Sure. 

DR. SKINNER: One of the problems with mask-
making is that it is a fairly small field. Talking 
from experience, the maskmakers tried for many 
years to get improved equipment. The problem 
is nobody else wants it. The market is so small 
that equipment manufacturers are very reluctant 
to put the effort Into such a small field, even if it 
is needed, and so that effort has to come from 
the 10 industry and not just from maskmakers. 

The other problem is a lot of equipment has 
been developed for wafers and then tried to be 
adapted for masks. A good example is linewidth 
equipment. In most cases a mask is used in 
transmission. Most of the wafer metrology tools 
are built for reflective systems. There is a differ­
ence in the width of a feature depending whether 
you measure it in reflection or transmission. That 
is the sort of problem that faces the maskmaker. 

DR. WOOD: I would ask John Skinner to respond 
to this question as well as any of the other panel 
members who would like to share their opinion. 
In the past, semiconductor manufacturers them­
selves largely produced their own masks, but 
there seems to be a trend toward the merchant 
maskmaking business. Please comment on the 
reasons for this and what we can expect to see 
in the future. 

DR. SKINNER: One of the primary reasons is that 
we are getting into a period again where there Is 
very little that exists that can be used for the 
1990 photomasks. Almost everything has to be 
developed and has to be purchased new. 

The statistics that I was given by Dataquest say 
that leading edge is only 3% of business. It is 
very difficult for a captive house to justify com­
pletely new equipment for that 3% that is going 
to be a leading edge. Whereas, a larger facility, 
such as Dupont, Dainippon or Toppan in Japan, 
can afford to invest in the equipment, assuming 
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the market is there, and then share that cost 
over many users. So, I think that is a trend. 

DR. FULLER: I think one of the important things 
that came out this morning is the concept of 
building blocks, partnering between supplier and 
customer, the old theme of vertical integration 
being the only way to keep control of all your 
processing, and so on, is really not the modern 
thinking. 

Coming from an operation that had a captive 
mask house and has sold it, but maintains a 
strong partnering relationship, and also working 
at SEMATECH where partnering is a way of life, 
I think we are going to see more and more of 
this throughout the industry, that you don't have 
to do everything yourself, but you do have to 
make strong strategic alliances with a few key 
suppliers. 

DR. WOOD: We have heard quite a bit of discus­
sion from all four speakers today regarding 
phase shift masks. They appear to be the hottest 
topic in lithography today. I would address this 
again to all members of the panel: Who do you 
expect will bear the burden of the development 
cost for phase shift mask technology — the 
maskmakers, the semiconductor manufacturers, 
or the lithography companies? 

DR. SKINNER: At the present time I think it is go­
ing to be a combination between maskmakers 
and users. That kind of activity is going on at 
the present time. But I would emphasize that the 
phase shift mask is not the answer to all the 
mask user's problems. The lithography tool has 
to be used at its limit now in order for the phase 
shift mask to show some advantage. 

DR. BERGLUND: I tend to disagree just a little bit 
with John. There probably is going to be a need 
to have tighter specifications on the maskmaking 
equipment and on the inspection equipment that 

is needed to check the masks. I believe the 
equipment makers are going to have to play a 
big role in making the best possible phase shift 
masks for the industry. So, I think it is a three-
party partnership that has to exist, 

DR. WOOD: Did you have some comments, Bob? 

MR. HILL: I only have one comment on that. I 
believe that the "dinosaurs" serve a very useful 
role in some of these things. If you look at the 
work that has been done in phase shift masks 
today, it has been primarily by the "dinosaurs" — 
Toshiba, Hitachi, IBM. I believe that a lot of the 
technology for that type of thing will have to 
come from this group of folks. 

DR. WOOD: Let's hear it for the dinosaurs! 

This is a question for Bob Hill. IBM is recognized 
as being the largest captive producer of photo­
resist in the world. What is the strategic impor­
tance of this program and how does it impact 
IBM's dealings with the merchant vendors? As a 
follow-on, can you discuss the arrangement be­
tween IBM and Silicon Valley Group Lithography 
regarding the IBM photoresist for the Micrascan? 

MR. HILL: Let's take that in sections. 

DR. WOOD: The first question is that IBM is rec­
ognized as being the largest captive producer 
of resist. What is the strategic importance of this 
program and how does it impact your dealings 
with the merchant photoresist community? 

MR. HILL: First of all, we make primarily most all 
of our own resists; that gives us lithographic or 
cost leverage. Our manufacturing facility is in 
East Fishkill, N.Y., and is in my area of responsi­
bility. 

It is a very important area to us because, cou­
pled with the tools that we have purchased, it 
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has enabled us to optimize our lithographic sys­
tems, and will continue to do so. 

It has not impacted our dealings with the mer­
chant resist Industry, as we buy some of the 
components from them and subcontract some 
resist manufacture to them. We are making some 
of our DUV resist available to our SVGL partner, 
who will resell It to SEMATECH and SEMATECH 
members. 

DR. WOOD: A general question to our panel: 
What level of automation will be necessary for 
the lithography tools of the 1990s to meet the 
stringent mean-time-between-failure and mean-
time-to-repalr levels demanded by the lithography 
users? Will the tools Incorporate onboard adap­
tive process control, or will a host computer or 
cell controller be used to monitor process param­
eters and make real-time adjustments? 

MR. HILL: I think all of what you asked will be 
used. If you look at the steppers, there are step­
pers today that are getting over 500 hours of 
MTF and 1000 hours Is in the near future. I think 
that you will see future stepper generations com­
ing with far more onboard diagnostics. They will 
have the capability to dial back to the stepper 
company for troubleshooting. Manny Fernandez 
showed diagrams this morning of a similar thing. 
I am not sure It will go that far for a while, but I 
see a lot more Interactive work coming up be­
tween the equipment manufacturers and the cus­
tomers to enhance equipment performance in the 
environments mentioned. 

Gene, you have massive programs in that area. 

DR. FULLER: I want to really emphasize more the 
routine processing. Certainly, failures and predict­
ing failures and so on is a very Important idea, 
but I think, kind of like the F-16 which I am told 
will not fly without its computers because no 
human can control It, we are going to see that 
kind of equipment coming out in the future too. 

In order to get these 10 nanometer kinds of 
numbers we are talking about in overlay, or CD 
control, or whatever it is, there will have to be 
real-time monitoring and real-time control and 
feedback of many of the subsystems In a future 
generation stepper. That ties In with the overall 
factory automation perhaps; but, just as a stand­
alone, the process control has to be automated. 

DR. BERGLUND: I would like to make a comment 
about electron beam systems. E-beam systems 
are inherently compatible with automation. In 
fact, the worldwide experience with electron 
beam systems in terms of up-time has been 
phenomenal, well over 90%. 

The Interesting point about direct write that I 
didn't mention earlier is that when you eliminate 
the masks, you make It far easier to automate 
your whole lithography process. In fact, if you 
are in the ASIC business, there are so many 
masks that you have to take care of that, just 
the business of dealing with all the necessary 
reticles becomes a major limlter in how you run 
a fab. One of the potential advantages of direct 
write, which is very difficult to quantify, is elim­
inating that and making it much more compatible 
to automation. 

DR. SKINNER: In mask processing, automation 
will be coming. More commercial equipment Is 
being made available to talk to a host computer, 
and the technology does exist to be able to 
completely automate the maskmaking process. 

DR. WOOD: What is the effect of 4X reticles, 
such as those for the Micrascan, Instead of 5X, 
on maskmaking and wafer lithography? 

DR. SKINNER: If the 6 x 9 substrate is required, 
which I believe in the long term will be, then the 
fact that it is a noncircular or nonsquare sub­
strate does lead to a nonuniform disk. That is 
one of the problems. 
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But in terms of the specifications, it will be ap­
proximately the same as the 5X. It is a broad­
band illumination system which should relax the 
mask specifications slightly if the mask users 
would relax a little. It should be compatible to a 
5X reticle. 

MR. HILL: Having helped set the architecture of 
a couple of the tools, the reason for the 4X 
mask was that the 5" glass could not take ad­
vantage of the full field size. Consequently, we 
had to reduce the magnification ratio since the 
large glass plates were not available at the time 
that tools were being designed. 

DR. WOOD: This is a question to Bob Hill: If an 
optical lithography system costs about $125-$150 
million, say 25% of a $500-$600 million fab, how 
much does an X-ray system cost? 

MR. HILL: Again, an X-ray system is primarily 
geared to the DRAM type of market. You really 
have to be running 400 or greater, 200 millimeter 
levels. It is equivalent to optical investment cost 
at that point and becomes cheaper as you add 
more wafer starts. 

You have to make the X-ray investment and X-
ray decision further in advance than you would 
have to make the optical decision. A synchrotron 
today is roughly three years lead time. You have 
to bring it up with steppers, beam lines and 
qualify it after you install it; so it will be initially 
around a four-year lead time. 

Optical steppers today have a distinct advantage 
there. You can order an optical stepper and be 
using it in essentially two years. 

DR. WOOD: Neil, this is a question for you in the 
e-beam area: Many people believe that direct 
write e-beam will be a viable mix-and-match 
strategy with mask-based optical lithography. At 
the same time, throughput is perceived to be the 

major limiting factor. What technological advanc­
es do you expect will allow e-beam technology 
to break through the throughput barrier? 

DR. BERGLUND: The Statement that the through­
put is the big limiter is exactly right. It becomes 
an economic issue when you think of it not in 
terms of throughput, but in terms of dollars per 
layer, compared to other approaches. 

The advantage of a vector scan, particularly a 
shaped beam vector scan system, is that you 
have a significant number of degrees of freedom 
to improve the throughput, but they all involve 
tradeoffs between the processing on the one 
hand and the design methodology on the other. 

A vector scan tool has extremely high throughput 
if the pattern complexity (coverage) is low. The 
throughput gets progressively worse as the cov­
erage gets progressively larger. So, if you use it 
only for low coverage patterns, or if you use it 
with patterns that are repetitions of only a few 
different shapes, which you can then replicate all 
over the plate or the wafer, you can vastly im­
prove the throughput. Numbers on the order of 
10 wafers are almost routine today for the very 
low coverage layers; that is, if you think of it as 
being limited strictly by alignment and stage 
motion and the like, rather than exposure. And 
20 wafers per hour is not a number that is going 
to be too difficult to meet in a few years. 

I see this as primarily an electronic and software 
speed-up within the machine, as well as some 
methodology approach. I think that is the way it 
has to go. You can expect to see those rough 
kind of numbers over the next five years or so. 

DR. WOOD: This is for Gene Fuller and/or John 
Skinner: Does the technique of phase shift 
masks require, or benefit more, from negative 
tone or positive tone resist systems with respect 
to resolution, depth of focus and CD control? 
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DR. FULLER: I don't think I can directly answer 
that question. As you may or may not know, 
there are at least seven or eight different phase 
shift schemes that are out in the world. 

DR. WOOD: I know of seven. 

DR. FULLER: Obviously, today, positive resist is 
certainly the dominant resist in the l-line and G-
line world; although it is actually the opposite in 
the deep UV world, the negative is dominant, 
what little of it there is. 

I think, again, you are getting into an integrated 
picture here, that the availability of the resist and 
the phase shift mask, the preferred technique for 
manufacturability, will all be tied together. 

DR. SKINNER: From the maskmaker's point of 
view, the simplest — if there is such a thing as 
simple — mask to make is the one developed 
by Mark Levenson, of IBM, which is the alternat­
ing phase shift and lines; and to use that you 
have to use a negative resist. The extension of 
that, which led to the Toshiba method, can use 
the positive; and, of course, the Toshiba self-
aligning technique can also be used with positive 
resist. 

The maximum benefit can be obtained from 
IBM's; the next one is possibly Hitachi's; and 
one that is fairly easy to make, the self-aligning 
Toshiba, has less advantage than the other two. 
Then; there is a whole host of other types of 
phase shift along the way. 

DR. WOOD: Nobody mentioned site-by-site align­
ment. At what design rule do the panel members 
think that site-by-site will be necessary, and how 
will we cope with the reduced throughput? 

DR. FULLER: Certainly the experience over the 
past few years is that full site-by-site alignment 
is not at all necessary — or even desirable — 

on systems that have good mapping characteris­
tics. Some people call it "extended global;" some 
call it "mapping." If you characterize the wafer, it 
turns out that the systems to date have a better 
ability to place an overlaying pattern where they 
want it than to measure it and do a site-by-site 
alignment and then place the pattern there. 

I think site-by-site got a lot of emphasis when 
people were talking about continental drift on 
wafers and so forth. I rarely hear that kind of 
discussion any more. I think most people agree 
that any scaling of the wafers is more or less 
well-behaved, and you do not have different die 
going in different directions on the same wafer. 

MR. HILL: I believe it also came about at a time 
when we were having a lot of trouble with global 
alignment systems; where those systems gave 
us a very rough alignment accuracy, so site-by-
site was put on the tools to compensate for that. 
Since then, there has been substantial progress 
in global alignment to the point where site-by-site 
is actually in some cases less accurate than 
using a global type of system. 

DR. SKINNER: If you try to overlay two patterns, 
the best accuracy can be achieved if you use 
many points to align them. When a reticle is 
used in a stepper, the reticle is aligned by two 
points. It would be beneficial to both the mask-
maker and the user to be able to offset those 
alignment points, be they two or three, to opti­
mize the alignment of the primary pattern with 
some standard grid. 

An offset arrangement was allowed in a previous 
stepper, namely the Ultratech. The present step­
pers do not allow that. 

A plea I would make to stepper manufacturers is 
allow the maskmaker to be able to specify an 
offset required in the machine in order to get the 
best alignment between one reticle and another. 
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DR. WOOD: John, this is another question direct­
ed at the maskmaking side: What is the level of 
capital investment that will be required by the 
maskmaking companies to do sub-0.5 micron 
masks? 

DR. SKINNER: Everything that we need, from the 
pattern generator down to the inspection tools, 
has to be purchased as new equipment. There 
is essentially nothing that was available for pur­
chase in the 1980s that can be used to make 
the mask for 1992. 

DR. WOOD: So the answer is "a lot." 

DR. SKINNER: Yes. 

DR. WOOD: At this point in time, if there are no 
more questions from the audience, I would like 
to ask our panel members if they could each 
take a couple of minutes to summarize the two 
or three points that they would like our audience 
to walk away with today in terms of an under­
standing of advanced lithography strategies. 

DR. FULLER: I think I will repeat the same points 
that I made in wrapping up my talk. 

• First of all, optical lithography is clearly the 
dominant technology today. Because of the time 
lags involved and so on, it will continue to be 
the dominant technology for a number of years. 

• Another point, kind of the corollary to that, is 
that if we are going to replace optical with direct 
write e-beam, X ray or whatever, it is not too 
early to put full effort on those kind of programs. 
The industry has had difficulty understanding 
how long it takes to develop new technologies 
from the point of a lab demonstration, writing 
some papers and presenting them at the SPIE 
conference and so forth, how long it takes from 
that point to actually shipping high volume of 
product. That is the message that I would leave. 

MR. HILL: The message I would like to relay is 
that the technologies are all needed. There is a 
real tendency in the semiconductor world to try 
to play one technology off against another. No 
one technology will solve all problems and they 
all have advantages in certain applications. 

X ray will someday have a strong advantage in 
DRAMs and high volume logic part numbers. 
Because of the mask cost, it may not be quite 
as economical for low volume logic. So, you 
need an optical solution to parallel the X-ray 
solution. 

Electron beam has a real role to play in early 
development cycles and in maskmaking. 

For that reason, I believe that all of the lithog­
raphy technologies we have today are going to 
be around long after I am out of the lithography 
business and in the beach business and we 
need to look at ways to enhance them all. I think 
this is very important, particularly if we are going 
to overtake and lead the world in lithography. We 
have to be good at all of them and use each in 
its best application. 

DR. BERGLUND: My key message has to do with 
mix-and-match. I believe that, as time goes on, 
we are going to not only find that different layers 
have different needs in terms of maskmaking or 
lithography generally, but that you are going to 
need different characteristics depending on 
where you are in the design cycle — the early 
prototyping phase or the volume production 
phase. 

We have to take a look at this from a system 
approach and start making different trade-offs 
than we have made in the past. 1 believe we 
have the basic technology that is going to allow 
us to meet the needs, certainly through the rest 
of this century, and keep on Gordon Moore's 
curve. 
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DR. SKINNER: I am confident that optical lithog­
raphy will play a role in the leading edge tech­
nology through the next decade. There are sev­
eral things required to help that: 

• First, I urge SEMATECH to continue the ar­
rangement of trying to organize users and manu­
facturers so we can develop a common set of 
specifications and argue out our respective prob­
lems. 

• There also have to be partnerships. The high 
cost of capital that is going to be required for 
the leading edge technology will require partner­
ships between the maskmakers and mask users. 

• I would put in a plea for the wavelength of 
whatever is used in the optical lithography to 
stay above 190 or 200 nanometers. The thought 
of changing from a quartz substrate to any of 
the calcium fluorides or anything else would be 
frightening. I hope that we stay there. 

• Mask users, please recognize that the capital 
cost is getting very high and mask prices have 
to go up accordingly. 

DR. WOOD: On that note I would like to thank all 
of our panel members for participating today. It 
has been a pleasure working with you gentle­
men. 
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SEMICONDUCTOR MEMORIES 
IN THE COMING DECADE 

Tsugio Makimoto 

Director and General Manager, 
Semiconductor Design & Development Center 

Hitachi Limited 

MR. GRENIER: Today is "DRAM Day." I think you 
will know everything you want to know about 
DRAMs — and more — by the time we are done 
with today's session. 

We will discuss DRAM pricing, DRAM manufac­
turing and capacity, characteristics of semicon­
ductor memories in the next 10 years, DRAM life 
cycles and DRAM market volatility. Whether you 
are a semiconductor manufacturer, an equipment 
and materials supplier, or an investor in the in­
dustry, I think you will find today's discussions 
all very relevant to your business. 

This afternoon, we will take a peek into the fu­
ture — growth in personal computers, growth in 
personal electronics, the rising cost of doing 
business and some user/supplier business strate­
gies — at DRAM applications and general busi­
ness issues. 

Our first speaker this morning is Dr. Tsugio Maki­
moto, Director and General Manager of the 
Semiconductor Design & Development Center of 
Hitachi Limited. His cun-ent responsibilities in­
clude all MOS and bipolar device development 
operations, including microprocessors, memories, 
ASICs, linear, digital, LSI, et cetera. He has been 
with Hitachi since 1959. Dr. Makimoto received 
a B.S. degree in Applied Physics from the Uni­
versity of Tokyo, an M.S. degree in Electrical 
Engineering from Stanford, and a Ph.D. from the 
University of Tokyo. 

Dr. Makimoto will discuss some characteristics of 
semiconductor memories in the ensuing decade. 

DR. MAKIMOTO: Thank you, Joe. Good morning, 
ladies and gentlemen. It is my great pleasure to 
talk on the subject of semiconductor memories 
in the coming decade. I intend to cover some 
important technical and marketing issues which 
I expect to arise in the 1990s. At the end of my 
talk, I will summarize and propose guidelines for 
the direction of technology development in terms 
of figure of merit. 

Market Trends 

Illustration #1 shows the trends in the total semi­
conductor and MOS memory market. 

In 1990, the MOS memory market is about $14 
billion, about 25% of the total market. In the year 
2000, the MOS memory market is estimted to 
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reach approximately $100 billion, about seven 
times today's size. So, MOS memory continues 
to provide the major business opportunity and 
remains the process technology driver. 

The decade of the 1990s will be characterized by 
sub-micron technology. 

DRAM Trend 

Illustration #2 shows the generation changes in 
memory products, which I expect to follow the 
past historical trend of the whole. 

semiconductor manufacturers and for semicon­
ductor users. 

From "Mega" to "Giga" 

Let us discuss how the memory density in­
creases four times each generation. Illustration 
#3 shows the factoring of density increase, start­
ing with the 256K DRAM. The contribution is due 
partly to finer geometry and partly to larger chip 
area. Roughly speaking, finer geometry contrib­
utes two-thirds, and the larger chip area contrib­
utes about one-third. 
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Illustration #3 

The top line shows memory bit consumption per 
capita. Today, the world population is about five 
billion, and each person consumes about 160 
Kb of memory. By 2000, it is estimated that the 
world population may increase to about six bil­
lion and memory consumption per capita will 
reach a surprising 8 Mb, about 50 times the 
level of today. 

You have to be fully prepared to utilize this large 
number of memory bits in the coming decade. 
The 1990s will be an exciting decade for both 

This corresponds to the trend of the pattern size 
decreases by a factor of about 60%, yielding a 
density increase of 2.8 times each generation. 
Chip area increases 1.4 times per generation. 

This year is the beginning of the sub-micron 
technology, with mass production of 4 MB 
DRAMs, based on the 0.8 micron process. By 
2000, 1 Gb DRAM is expected to appear, based 
on 0.1 micron technology. Therefore, the decade 
of the 1990s could be described as the transition 
from megabit to gigabit. 
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System Requirements 

From the systems viewpoint, I think three factors 
are the most important: space, intelligence and 
cost. I will discuss some details of each factor. 
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Illustration #4 

Space 

First, space. The issues are how to make sys­
tems smaller and lighter. Influencing factors in­
clude memory density, power consumption and 
packaging technology. 

We expect to see gigantic 1 Gb memory chips 
by the end of the decade. Pattern size will be 
around 0.1 micron. Chip size will be around 20 
mm^. It is difficult to imagine how fine the line-
width is in the real world, so let me use an anal­
ogy: If the chip size is expanded to the size of 
a football stadium, the 0.1 micron line would be 
expanded to a 0.5 millimeter line in the football 
stadium [Illustration #5]. 

In order to have good yield, you have to elimi­
nate all particles and dust of linewidth size. That 
corresponds to the football stadium without a 
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Illustration #5 

single particle larger than 0.5 millimeter. This 
gives you an idea of the super-clean technology 
required by the year 2000. 

Lithography Technology 

Lithography technology will be critical for realiz­
ing the finer geometry devices. This was the 
main topic of yesterday afternoon's panel. Cur­
rently, either g-line or i-line steppers are most 
common. The phase shift mask technology looks 
quite promising for enhancing stepper capability 
[Illustration #6]. 

For 64 Mb or 256 Mb DRAM, the excimer step­
per is a strong, promising candidate. Beyond 1 
Gb DRAM, we have good candidates, such as e-
beam or X ray; however, it is too early to predict 
the winner today. 

Illustration #7 demonstrates the principle of 
phase shift mask lithography. I will not get into 
the details here, but I will note that this technol­
ogy would expand the life span of the optical 
method. 
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Illustration #7 

The 4 Mb DRAM (5.9 x 15.2 mm^) is currently in 
production; the 16 Mb DRAM (8.2 x 15.6 mm^) 
Is in the prototype stage; the 64 Mb DRAM 
(9.7 X 20.3 mm^) is also a prototype. 

Illustration #8 is a cross-section of a 64 Mb 
DRAM memory cell. I will not discuss the details 
here, but you may be Impressed by this very 
complicated and strange structure. Since the 

shape looks like the crown of a king, this partic­
ular cell is called a "crown cell." It is unfortunate, 
however, that the 64 Mb DRAM cannot sell at 
the price of a crown, even though there are 64 
million crowns on the chip. 

Memory Packaging Technology 

Packaging technology is becoming very impor­
tant for realizing smaller systems. Illustration #9 
shows the trend of unit volume per bit of each 
package type by DRAM generation. 

DIL was the most common for 64K. SOJ domi­
nated the 1 Mb generation. TSOP is becoming 
popular for the 4 Mb DRAM. It is important to 
note that you can advance one or two genera­
tions in density by using the smaller packaging 
structure. 

Personal Computers 

The PC is a typical example of electronic appara­
tus in which the space factor is of prime impor­
tance. Illustration #10 shows PC volume trend. 
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There have been generation changes, starting 
from desktop, to laptop, and today's best-selling 
model, book-sized PCs. If you extrapolate this 
trend to the year 2000, the PCs would be the 
size of a passport that you can carry in your 
pocket. 

Memory Density Limitations 

Let's see if there are any fundamental limits for 
memory density. There have been many argu­
ments from various viewpoints about the funda­
mental limits, summarized in Illustration #11. 
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I l lustrat ion #11 

The forecast for the limit ranges widely, from 
very conservative to reasonably aggressive. The 
most conservative argument comes from the 
saturation of the bit cost. On the other hand, 
from the manufacturing viewpoint, the limit can 
be extended below 0.1 micron by making use of 
new technology, such as X ray or electron beam. 

This table, however, doesn't tell you the real 
fundamental limit. Let me talk a little about the 
real fundamental limit. 

"Real Fundamental Limit" 

One day I discussed this subject with a very 
smart person. He said, "I know the real funda­
mental limit. The real fundamental limit will come 

1990 Semiconductor Industry Conference 129 

file:///microoeviceJ


Tsugio Makimoto 

when the device dimension reaches the diameter 
of an electron." I asked, "What is the diameter of 
an electron?" He said, "Nobody has measured it." 
So, don't worry about the fundamental limit to­
day. 

The second Important factor is intelligence, by 
which I mean more functionality, more program-
mability and higher operating speed. 

Diversification 

We will see a lot of diversification of memory 
applications in the 1990s. 
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I l lustrat ion #12 

Office automation systems and consumer elec­
tronics (e.g. digital audio or digital video sys­
tems) will lead the diversification. HDTV will cre­
ate a large market for memories and other semi­
conductor products. 

Corresponding to the diversification of applica­
tions, memory products will also be diversified. 
Standard DRAMs will be followed by multiport 
VRAMs and pseudo-SRAMs. In the late 1990s, it 
is expected that the low-power/low-cost DRAM 
will create a huge solid-state disk market. 
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Illustration #13 

Illustration #13 shows the trend of increasing 
complexity in application of specific memories. 
Gate count is increasing steadily. In the future, 
memory and logic will be combined in a single 
chip as a custom-oriented product. This will offer 
greater flexibility to users. 

The problem, at this point, is how to classify the 
combined chip. Is it a memory chip or is it a 
logic chip? Someone, possibly Dataquest, will 
invent a proper word for this. Since memory and 
logic are combined on the chip, it could be 
called a "mogic" chip. This "mogic" chip will give 
users greater flexibility. 

Nonvoiatiie Memories 

Nonvolatile memories are also a key factor in 
flexibility. Illustration #14 shows the positioning 
of various technologies as they relate to cost 
and flexibility. 

At the extreme right is NVRAM [nonvolatile RAM]. 
There have been various approaches for NVRAM, 
and much work is still on the way. The NVRAM 
is the ideal form of memory, since it has the 

130 1990 Semiconductor Industry Conference 



Semiconductor Memories 

FIELD PR06RAMMABILITY 
- N O N VOLATILE MEMORIES -

COST 

SYSTEM FLEXIBILITY 

0 HITACHI 

Illustration #14 

I WHO IS THE WINNER OF N.V. RAM RACE 7 | 

FUSH DRAM-fE^P SRAM + BATTERY FERRO ELECTRIC" 

<^ HITACHI 

I l lustrat ion #15 

capability of data retention even while the power 
Is down. This field is wide open for accepting the 
challenge. 

Illustration #15 shows various approaches for 
the ideal NVRAM. If anyone achieves high-
density, cost-effective and reliable NVRAM, he 
should be a candidate for the Nobel Prize — if 
not the Nobel Prize, certainly the Makimoto Prize 
will be assured. 

(RISC PROCESSORS LEAD HIGH SPEED SYSTEMsl 

ACCEH TIME 
tnil ACCESS TIME REQUIREMEMF FROM CPU 

CISC TREND 

Bl - CMOS 
SRAM RISC TREND 

niust rat ion #16 

CISC and RISC Trends 

Two trends in speed requirements are shown in 
Illustration #16, CISC and RISC. A RISC pro­
cessor is very speed hungry. In order to make 
the best use of the RISC concept, high-speed 
memory is needed. From the technology view­
point, BICMOS will provide the most appropriate 
way to meet the requirements of a RISC pro­
cessor. 

Cost 

The third and most important factor is cost. This 
is affected by the amount of investment, die size 
and yield. 

Illustration #17 shows the investment trend. The 
amount of investment needed for producing one 
million pieces per month is shown: 256K DRAM, 
$35 million; 1 Mb, $70 million; 4 Mb, $120 mil­
lion; and, for 16 Mb, it is expected to cost $210 
million. 

Yield 

Yield is also a very important factor in cost. Yield 
is expressed by the fairiy simple expression 

1990 Semiconductor Industry Conference 131 



Tsugio MakJmoto 

MS 

200 

100 

0 
^t-^ 
e4K 

SOURCE: HM 

llNVESTMENT TRENDI 

-INVESTMENT/IMpcs per montt 

2iy 

Ma/ 

3 ^ X ^ 

1. t * 

Z56K IM 4M 16M 

1 -

e4M bit 

# HITACHI 

COST TREND \ 

Bl RULE OR 1C RULET-

DRAM GENERATION 

MAKER 

- 0 HITACHI 

Illustration #17 Illustration #19 

10D 

^ 60 

•o «> 

01 

^ 20 

YIELD] 

0 20 40 60 80 10 0 

Non - Redundancy Yield (%) 

Yield o [AUF] x EXP ( - A x D) x R 
AU F : Area Usage Factor 

D: Defect Density 
R: Redundancy 

^ HITACHI 

Illustration #18 

shown in Illustration #18. This simple equation, 
however, does not necessarily mean that yield 
enhancement is simple. 

The redundancy factor is becoming very impor­
tant and very effective. If you have 15% yield 
without redundancy, it could be improved to 50% 
with redundancy. So, this is a very powerful 
means for the yield improvement. 

Cost/Price Issue 

Let's discuss the cost and price issue. Pricing is 
a very delicate and sensitive subject. Suppliers 
tend to say price is too low. On the other hand, 
users always say price is too high. 

There have been two theories in the past for 
predicting the pricing trends of memories [Illus­
tration #19]: One is the Pi Rule (bottom line) 
which predicts the bit price decline by a factor of 
a quarter per generation. The other is the Bi 
Rule (upper line), which predicts the bit price 
decline by a factor of 50% per generation. 

The Pi Rule is a very sad rule for the maker, so 
you see him crying under the bottom line. But 
the Bi Rule makes users unhappy, so you see 
him looking very angry above the Bi Rule line. 

I expect there is some reasonable and amicable 
zone for makers and users between the Pi Rule 
and the Bi Rule — a pricing zone where the 
maker and the user can shake hands. 

New Applications 

One critical issue in the coming decade is how 
the technology will be utilized. You are expected 
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to use your imagination for developing new appli­
cations. 

As I discussed earlier, the coming decade is a 
transition period from mega to giga. By the end 
of the century, gigabit memories and GIPS proc­
essors will be emerging. A GIPS processor will 
be capable of performing one giga instruction 
per second (1000 MIPS). So, tiny translation 
systems will become a reality using the GIPS 
processor and gigabit memories. 

Portable Translators 

In Illustration #20, an American boy is trying to 
communicate with a Chinese girl using a port­
able translation system. Since the subject is a 
very serious one, it is important that the tiny 
machine does not make any mistakes. 

The translation machine could make a great 
contribution toward removing the language bar­
riers which exist between different nations today. 
I believe that semiconductor technology will be 
able to contribute to peace in the world through 
the language translation system. 
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Conclusions 

A guideline for the direction of semiconductor 
technology is shown in Illustration #21. 
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Illustration #21 

The formula for figure of merit is more intelli­
gence per space per cost. Intelligence factors 
include flexibility, operating speed and field pro-
grammability. Space factors include chip density, 
packaging and power consumption. Cost factors 
include investment, die size and yield. 

• Heavy investment is needed for research and 
development and for manufacturing. Therefore, 
cooperation through partnership is required. 

• The last and most important issue is whether 
there is profitability. The right mixture of the Pi 
Rule and the Bi Rule will be the key for the prof­
itability. 

As I mentioned earlier, in the coming 10 years 
we will see a transition from mega to giga, and 
the 1990s will be an exciting decade, providing 
great opportunities for all semiconductor manu­
facturers and users. 
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Questions & Answers 

MR. GRENIER: We have time for some ques­
tions. 

QUESTION: Carver Mead mentioned that most 
technology breakthroughs come from areas that 
have not been looked at. Will the semiconductor 
memory market be surprised within the next 10 
years? 

DR. MAKIMOTO: I think this is a very good 
question. Most of my talk has been on predic­
tions and progress which are coming In 10 years 
— that Is, a straight line each time memory bit 
density increases four times every three years. I 
think that, certainly, memory is going to evolve 
in this way. 

But, I think, another dimension will certainly 
come to reality. One possibility will be the non­
volatile memory area. There Is a wide-open area 
for getting Into the challenge of the nonvolatile 
memory area. That is one very promising area. 

QUESTION: What role will ferroelectric memories 
play In the market over the next 10 years? 

DR. MAKIMOTO: This is again related to my first 
comment. Ferroelectric memory is now being 
developed as one very strong candidate for non­
volatile memory — if it can be achieved with 
very high density, if it is cost-effective and if it 
can be made reliable. 

QUESTION: Strategic alliances have become 
commonplace between DRAM giants — Moto­
rola/Toshiba, IBM/Siemens, Hitachi/TI. How has 
Hitachi benefitted from its alliance with Tl? Why 
didn't Hitachi go it alone without a partner? 

DR. MAKIMOTO: This question is related to the 
fact that the developing new generation memo­
ries require a huge amount of resources — not 
only money, but a large number of people. So, 
we can get a lot of benefit from sharing the 
engineering resources through a partnership. 
Otherwise, it would be very difficult for a single 
company to develop a completely new genera­
tion memory product. I mentioned in my last 
slide that partnerships will become very important 
in the coming decade. 

MR. GRENIER: Dr. Makimoto, thank you very 
much. 
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Jonathan P.V. Drazin 

Senior Industry Analyst, 
European Components Group 

Dataquest Europe Ltd. 

MR. GRENIER: Our next speaker is Jonathan 
Drazin, from the Dataquest office in Denham, 
England, just outside of London, near Heathrow. 

Dr. Drazin's academic career includes a Ph.D. in 
Amorphous Silicon Materials from Imperial Col­
lege, London, and an M.B.A. Degree from Lon­
don City Business School. Before joining Data-
quest, Dr. Drazin worked on the development of 
a BICMOS process for the joint venture between 
STC and LSI Logic. 

At Dataquest's London Office, Jonathan manages 
the European Semiconductor Application Service 
which analyzes how semiconductors are used in 
various products in Europe. Jonathan's talk will 
focus on what is happening in the European 
semiconductor market, and comments on East­
ern Europe as well. 

DR. DRAZIN: Joe, thank you very much for that 
introduction. Ladies and gentlemen, good morn­
ing. 

The word "border" conjures up many meanings 
for every industrial sector in Europe, not just for 
semiconductors. A couple of years ago, when we 
talked about borders in Europe, we would have 
meant only those scheduled to disappear within 
the European Community by the end of 1992. 

How things have changed since then! As re­
cently as a year ago, few of us would have pre­
dicted that the Berlin Wall would fall this century. 
And, as it fell, the consensus in Europe shifted 
to the view that full unification of East and West 

Germany would take years to achieve. However, 
by July, economic and monetary union had al­
ready occurred; and, as we all know, last week 
there was full political union. 

I suspect that, today, few of us really believe that 
we will see the newly democratized countries 
(like Hungary, Poland and Czechoslovakia) unify­
ing with the European Community before the end 
of this century. But again, I think we have to be 
prepared for another surprise. 

For Europe, the 1990s is going to be a period of 
massive restructuring and enormous geopolitical 
confusion. It is with this rather extraordinary envi­
ronment in mind that I am going to talk about 
the boundaries that the semiconductor industry 
faces this decade. 

Given the time available, I have chosen five cru­
cial factors that will shape semiconductor busi­
ness conditions in Europe over the next few 
years. 

I will begin by putting Europe into perspective 
in the global scene, and then look at a few of 
the strands of 1992 that touch on European 
electronics. This will lead us to areas related to 
1992 — namely, trade measures, such as floor 
pricing, and the EC Origin Rule. I will then look 
at how Europe is beginning to guide its electron­
ics industries, through focus on research, stan­
dards and applications. Finally, I will touch on 
Eastern Europe and review some of the funda­
mental implications this area will have on the 
semiconductor markets. 
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Europe's Semiconductor Market 

First, let us put the European semiconductor 
market in a worldwide perspective. 

WORLDWIDE SEMICONDUCTOR 
CONSUMPTION BY REGION 
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I l lustrat ion #1 

For Europe, the last decade was a rather painful 
one. In 1980, our market was second in size 
only to North America, accounting for more than 
one-quarter of world consumption — although, I 
am afraid to say, Europe has been in free fall 
practically ever since. 

By the end of the 1980s, the scene had 
changed beyond recognition. Unlike North Amer­
ica, we have long since been overtaken by semi­
conductor consumption in Japan. Last year, our 
market accounted for less than one-fifth of the 
total world market. 

However, when you look at the past couple of 
years, things don't look quite so bad. 

European semiconductor consumption grew fast­
er last year than any other world region. The 
estimate for this year indicates a continuing com­
paratively high growth, although I should point 
out that we have revised our estimate very slight­
ly, down by two points. 

WORLDWIDE SEMICONDUCTOR CONSUMPTION 
GROWTH BY REGION 
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Illustration #2 

Origin of Growth 

What is its origin? From the perspective of Eu­
rope's indigenous firms, this recent growth may 
be a false dawn. 

RECENT GROWTH - KEY FACTORS 

Foreign Investment In production: 
- Just-In time 
• Yen stppreciation 
- EC local content 

Strong US operations in computers: 
- IBM (UK, f. I) 
- Compaq (UK) 
- Hewlett-Packard (UK, WG) 
- NCR (WG) 
- Sun (UK) 
- Tandon (Aus) 

Illustration #3 

The lion's share of this growth in the European 
market is coming from Far Eastern and North 
American firms who, for logistic, macroeconomic 
and other trade reasons, have moved their pro­
duction into Europe. 

Nearly all the North American computer firms are 
now manufacturing in Europe. Our recent re-
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search indicates that 60% of all PC production 
and more than 90% of workstation production in 
Europe comes from American-owned companies. 

Until recently, Japanese activities in data pro­
cessing have been confined mainly to printer 
manufacture. Growth in the printer segment has 
been truly astronomic. Back in 1987, there was 
only one Japanese printer manufacturer in Eu­
rope (Epson, near Paris). A year later, the num­
ber of Japanese printer manufacturers had risen 
to 14. 

We are now seeing a similar trend in computers. 

JAPANESE PRODUCTION - COMPUTERS 

RECEr4T DEVELOPMENTS 
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nlustration #4 

Mitsubishi and Fujitsu have, very significantly, 
been through acquisitions of European com­
panies, Apricot and ICL 

A key difference between Far Eastern and North 
American companies is that the Far Eastern ones 

JAPANESE PRODUCTION (continued) 

Activities not confined to computers alone 

strong presence In printers, cellular, 
consumer and facsimile 

Consumer (prod, lines) 
- TV (22) 
- VCR (32) 
- CD (13) 
- microwaves ovens (8) 

Illustration #5 

have not confined themselves to computers and 
data processing peripherals. For example, in the 
consumer segment, some 65 Japanese-owned 
factories have been established in Western Eu­
rope, most of them less than four years old. 

The point I want to make is that the recent 
growth in European consumption is due more 
to the efforts of foreign-owned companies begin­
ning to purchase locally than to Europe's indige­
nous players. 

The picture is worse when you compare Eu­
rope's semiconductor vendors with the rest of 
the world. 

WORLDWIDE SEMICONDUCTOR MARKET 
SHARE BY VENDOR ORIGIN 

Illustration #6 

As shown in Illustration #6, the European firms 
steadily lost ground during the 1980s. There is 
little from recent history to suggest that their 
fortunes are changing. Today, only one com­
pany, Philips, figures in the worldwide top 10 
ranking, in tenth place. 

Europe In the 1990s 

This is the situation today. I now need to con­
vince you that this recent performance does not 
form a reliable basis for predicting where Europe 
wHI be in the 1990s. 
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Put simply, Europe is rearranging its borders on 
every front, and the borders to trade within Eu­
rope are being dismantled and replaced by mea­
sures that will confer on its industries opportuni­
ties that they have never enjoyed before. 

I need to dismiss straight away the worth of 
making militaristic analogies between the penta­
gon you see in Illustration #7 and the one in 
Washington, D.C. 

Illustration #7 

Suggestions that Europe is becoming a 'lortress" 
are certainly true, in the sense that industrial and 
foreign trade policies are increasingly being con­
ducted in a coherent way from one center in 
Brussels. But, in other respects, these five pillars 
represent to non-European companies more op­
portunities than threats. I hope to demonstrate 
this to you. 

1992 

Let's start with 1992, the top and central pillar. 
The single market in Europe has theoretically 
been in place for more than 30 years now, dat­
ing back to the Treaty of Rome in 1957. That 
was fine in theory, but in practice nobody paid 
very much attention to it. So, 1992 must be re­
garded as a renewed quest toward achieving a 
single market in Europe. 

PRE-1992 PREDICAMENTS 

• National protectionism 

• Players confined to small markets 

• Single Market - 279 measures 

• Semiconductors affected by many factors 

I l lustrat ion #8 

Historically, out of a myopic sense of national 
duty, European governments have discriminated 
in favor of their own national suppliers where 
they perceived industries of long-term value. 
Nurturing national players has meant excluding 
foreign rivals. Thus, until recently, Siemens would 
have sold switches only into the West German 
market, Olivetti would have sold computers only 
into Italy, or why Matra Communication would 
have sold telephones only to France. 

1992 is about breaking the many invisible bor­
ders between European states that permit this 
to continue. These borders vary from industry to 
industry, which is why the Single European Act 
is not one directive, but 279, each targeted to a 
specific industry or to a specific aspect, such as 
technical standards, monetary union or competi­
tion policy. 

Assessing the impact of 1992 on the semicon­
ductor industry in Europe is about as imponder­
able as assessing the effect, say, the Gulf Crisis 
is having on DRAM prices. That may have woken 
a few of you up, but I am not going to talk 
about the Gulf Crisis. What I am going to do, 
instead, is explore 1992 in more detail. 

Telecoms Policy 

Telecoms is one such area. Europe's PTTs are 
prime examples of how industrial nationalism has 
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gone rife in Europe. In addition to charging what 
they like, each PTT buys telecom hardware from 
preferred national suppliers and prohibits its 
customers — ordinary people like you and me 
— from buying telephones from anybody except 
themselves. So far, the United Kingdom is the 
only major case where a PTT has been pri­
vatized and has competition, but even here the 
competition is weak and the government still has 
control. 

1992 - TELECOMS POLICY 

• Telecoms run by monopolistic PTTs 

• 1992 will weaken their hold 

• Uberaiization of equipment suppliers 

• GlobsU companies growir^ from national ones 

Illustration #9 

This scene is rapidly changing. Since July 1990, 
liberalization of hardware supply has been in 
force in Germany. 

Beginning in 1992, telecom equipment will be 
included in the European Commission's new 
procurement rules, so that when, for example, 
Milan's town council wants to install a new tele­
phone system, its business will not automatically 
go to Stets or Italtel. As a result, pan-European 
hardware telecom markets are now forming from 
fragmented ones. 

Hardware suppliers — your customers — are un­
dergoing the same process. Europe is now 
breeding the equivalent of IBM in the computer 
world. Today we believe it is ALCATEL, not 
AT&T, that ranks as the world's largest telecom 
supplier. ALCATEL is followed very closely by 
Erickson and Siemens, two other very aspirant 
European companies. 

Electronics Restructuring 

One key measure of 1992 success is how quick­
ly European industry will adapt to this new com­
petitive deregulated climate. With more than two 
years to go before the end-of-1992 deadline, we 
can already cite major cases where restructuring 
is already occurring. 

1992 - EUROPE RESTRUCTURING 

Siemens/GEC 
Siemens 
Siemens 
Bull 
Thomson-CSF 
AerospatialeTThomson-CSF 
GEC 
PhiNps 

Plessey 
Nixdorf 
Bendix 
Zenith Data 
Philips Defense 
Sextant Avionics 
Ferranti Defense 
Bang & Olufsen 

Illustration #10 

One example is the GEC (of the U.K.) and Sie­
mens (of West Germany) acquisition earlier this 
year of the British telecom and defense com­
pany, Plessey. A few years ago, such an acquisi­
tion would have been unthinkable anywhere in 
Europe. Indeed, only four years ago, GEC had 
attempted to buy Plessey, but was blocked by 
the British government on the grounds that it 
reduced competition at a national level. 

Nixdorf's merger, again earlier this year, is anoth­
er case of how critical mass is being achieved 
from within Europe. Their combined operations 
now rank them firmly as global players in the top 
10 computer companies worldwide, alongside 
other Europeans, such as Bull and Olivetti. 

Semiconductor Restructuring 

What about semiconductors? Some restructuring 
has already occurred. 
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SEMICONDUCTORS - RESTRUCTURING 

Waiting for a Bang? 

• SGS-Thomson acquires Inmos 

• Low activity in MC^ memory 

• High investment compared to revenues 

• Collaboration in production inevitsdile 

I l lustrat ion # H 

Witness SGS-Thomson's acquisition last year of 
Inmos. Inmos, as acquisitions go, is rather small; 
and, thus far, we have not seen anything like the 
shakeup needed to transform the European play­
ers into the global force needed for their survival 
into the 1990s. 

Each of the major firms — Philips, Siemens and 
SGS-Thomson — openly recognizes the impor­
tance of being at the leading edge of semicon­
ductor technology. Only one, Siemens, is in the 
DRAM business today, although SGS-Thomson 
has openly stated its intention to be in DRAMs 
as soon as possible. 

The investment needed to start DRAM production 
has never been higher, with estimates on the 
order of $1 billion required to build a new gener­
ation 16 Mb plant. From the European perspec­
tive, this is nearly twice the total revenue of all 
MOS memory sales — not just DRAM, but SRAM 
and other nonvolatile forms — twice all world­
wide MOS memory sales of all European firms 
last year. 

Given that DRAM capability is essential to stay in 
the game, these companies now recognize that 
they must merge or collaborate at the production 
level. This is a very major step beyond the tech­
nology collaborations that they have entered into 
so far. 

With a two-year gap between breaking ground 
for a fab and commencing production, and with 
16 Mb parts likely to appear from Japanese 
players by 1992, these decisions from the Euro­
peans cannot be far away. 

Trade Policy 

I would now like to turn to trade policy and con­
vey to you, not just the details, but some of the 
spirit In which it is conducted in Europe. Prob­
ably the best way to illustrate this is with a meta­
phor. 

In Illustration #12, the plankton represent the 
equipment and material suppliers to the semi­
conductor vendors. The little fish are the semi­
conductor vendors themselves. The big fish are 
their customers, the systems companies. 

THE EUROPEAN ECOSYSTEM 

0 
G 

Equlpmanl A , » 8«<irioonductor « 
kiduMiy 

Illustration #12 

Today, the integration of systems with silicon is 
recognized everywhere as a crucial success 
factor, particularly if you are in the highly com­
petitive computer or consumer segments. If you 
allow the plankton and the small fish to die, the 
big fish starve and die also. 

However, this interdependence of semiconductors 
and systems is much more two-way than this 
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food chain analogy here suggests. If the systems 
industry tums sick, local semiconductor vendors 
become starved of their customers and die also. 

In Europe, semiconductors and systems have 
come to be regarded by the European Commis­
sion as one ecosystem, with mutually consistent 
policies developed for each. This is not surpris­
ing, because some of the Commission's keenest 
lobbyists are powerful, vertically integrated com­
panies —like Philips, Siemens and Thomson — 
whose feet stand firmly in both camps. 

Illustration #13 shows some of the steps being 
taken to presen/e this ecosystem in Europe and 
the impact of each along the chain. I will look at 
only the more prominent ones. 

REFERENCE PRICE 

Voluntary ORAM price agreements 

Commenced April 1990 

Preventive measures - preferable to 
antidumping duties 

Few criticisms (but price fluctuation 
is a problem) 

EPROM prices to follow 

nlustrat ion #14 

type of DRAM based upon cost data supplied by 
the manufacturers. Normally, these prices are 
somewhere below market prices so that market 
forces are not affected. 
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I l lustrat ion #13 

Reference pricing is claimed to act as a safety 
net, with European vendors benefitting from the 
mechanism only for as long as they need it, and 
no longer. It is also an assurance to new en­
trants into the market, like SGS-Thomson. So 
far, it appears to be working well, with EPROM 
equivalents of DRAM pricing expected to appear 
from the European Commission in October 1990. 

No inten/ention is popular with buyers. But, thus 
far, the only major criticism is the volatile way in 
which these prices have fluctuated over the past 
couple of quarters. 

EC Diffusion Rule 

Reference Price 

Earlier this year, after two years of investigation 
by the European Commission, it chose reference 
price as the way to stop dumping on the Euro­
pean semiconductor markets [Illustration #14]. 

Last January, it struck price agreements with 
Japanese-based DRAM manufacturers. Prior to 
each quarter, minimum prices are set for each 

Of the other trade measures, possibly the most 
widely misunderstood is the Commission's re-
interpretation last year of what qualifies an inte­
grated circuit as "made in Europe." The ruling 
now is that an IC qualifies if the diffusion stages 
occur in Europe. 

There was widespread anxiety when the ruling 
came out that it represented the first break in 
the new trade fortress. With North American and 
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EC DIFFUSION RULE 

Widely misunderstood 

'Made in Europe* if diffusion occurs in EC 

Does not change duties paid 

Targeted at equipment manufadurers faced 
witiT local content requirements 

Illustration #15 

Japanese vendors alike, the thought process ran 
something to the effect that if they didn't diffuse 
in Europe, they would be stung by a 14% duty 
on what they sold there. In fact, this rule is a lot 
more diffuse than that. It doesn't change the 
duties paid on ICs sold into Europe by a single 
cent, no matter what manufacturing stages occur 
or do not occur there. 

Although the rule refers to the semiconductor 
industry, its real targets are those firms hit by 
anti-dumping actions which have or plan to set 
up screwdriver operations in Europe. Today, 
these firms are Japanese manufacturers of print­
ers, typewriters and photocopiers. The rule's 
objective is to encourage these companies to 
procure locally made parts. If these companies 
are your major customers, then, yes, from the 
point of view of the Diffusion Rule, you do need 
to consider diffusing in Europe. 

Research & Devebpment 

Pan-European research projects that span many 
countries and many companies are another criti­
cal factor in preserving the semiconductor eco­
system in Europe. 

One example is the seven-year, $4 billion JESSI 
initiative to allow European industry to catch up 
in semiconductor technology. JESSI reflects a 
recognition that leading edge capabilities in semi­

conductor development depend on mastery of all 
the links in the semiconductor chain, from semi­
conductor equipment and materials through to 
end applications. JESSI's silicon developments 
will be linked to other research programs in 
Europe, including those of ESPRIT, BRITE, RACE 
and Eureka. 

EUROPEAN R&D 

• Shift from national to European R&O 

• Coordinated across EC and EFTA 

• JESSI ($4bn) directed to semiconductors 

• JESSI ties into other programs: 
- Eureka 
- Esprit 
- RACE 
- BRITE 

Illustration #16 

One example of many Eureka applications is a 
prototype high-definition television. The Commis­
sion is funding a "massive," $200,000, 30-com-
pany program to develop a single HDW stan­
dard in Europe. This is chicken feed compared 
to the $3.5 billion that Philips and Thomson plan 
to jointly commit to research and development 
on this one application over the next few years. 
Without the Commission's initiative and guidance, 
it is very questionable whether either company 
would have the confidence to commit so much 
of its own resources to such a rewarding, but 
highly speculative, area. 

Standards 

The development of pan-European standards is 
another example of how European countries are 
coordinating their activities as a single market. 

ETSI [European Telecommunication Standards 
Institute], based in France, is a new center for all 
of future European telecom standards, including 
those for HDTV. 

142 1990 Semiconductor Industry Conference 



European Perspective 

EUROPEAN STANDARDS 

ETSI to develop pan-European standards 

Will lead to major semiconductor 
markets In: 

- digital cellular (GSM) 
- cordless telephony (DECT) 
- personal communic^ons (PCN) 
- high-definition TV (HD-MAC) 

Large single market - good for everyone 

I l lustrat ion #17 

Another major ETSI standard being set is GSM 
[Group Special Mobile], a standard for the new 
digital cellular networks expected to commence 
in the middle of next year throughout the whole 
of Western Europe. 

Parallel advances are being made in cordless 
telephony, where ETSI is working on DECT [Digi­
tal European Cordless Telephone]. 

To better its achievements in cellular and cord­
less telephony, ETSI has now commenced work 
on standards for personal communications net­
works [PCNs], making it probable that Western 
Europe will be the first world region to enter the 
PCN era. 

potential market. We believe that benefits will 
accrue for both European and non-European 
firms alike, because single standards and ap­
proval procedures make everybody's job easier, 
wherever and whoever you happen to be. 

This is evidenced in the GSN case by the fact 
that, quite undoubtedly, one of the main market 
leaders in this area is expected to be an Ameri­
can firm, Motorola. 

Eastern Europe 

Finally, I have reached the last, and least predict­
able, pillar to impact semiconductors in Europe 
during the 1990s: Eastern Europe. 

EASTERN EUROPE 

• Pillar of least certainty 

• Sharply diminished output hampers 
ability to purchase 

• Highest priority: technokigies that enable 
industrial efficiency 

• Telecommunications: next after food? 

I l lustrat ion #18 

PCNs are derivatives of today's cellular networks, 
but likely to open up radio telephony to truly 
mass markets in a way that cellular never will. 
Research indicates that if there is any application 
that will make the same splash in the semicon­
ductor markets of the 1990s as did the personal 
computer during the 1980s, we believe that will 
be PCNs. 

Highly advanced systems (e.g. GSM, HDTV, or 
PCN for that matter) are also extremely costly to 
develop. Consequently, we see this coordinated 
approach to standards as essential for the grow­
ing fixed costs to be spread across the greatest 

Scarcely a day passes without an announcement 
of some form of contract or venture with the 
West. But the dire economic conditions in East­
ern Europe and Russia will dictate and limit their 
trading and venture options for many years. 

In some of these countries, Poland and Russia 
particularly, the transition away from a command 
economy is causing sharply diminished econom­
ic output, causing even worse shortages and 
making new investment much harder to make. 
For these countries, we see a growing hierarchy 
of basic technology needs that will dominate all 
areas, including semiconductors. 
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EASTERN EUROPE: A HIERARCHY OF NEEDS 
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Illustration #19 

In this hierarchy, telecom has become the most 
basic requirement, after food. For instance, in 
some parts of Russia, their lines actually predate 
the Bolshevik Revolution. Installed by Erickson in 
1907, they are still working. The real problem is 
not their age, but their absence. In the Soviet 
Union, only one in eight homes currently has a 
telephone. Each level here depends on the level 
beneath it. Without a telecom infrastructure that 
works, no industry in Eastern Europe can com­
pete effectively. Without an industry, there will be 
no private income for individuals to sustain the 
consumer electronics market. 

East/West Ventures & Trade Agreements 

One interesting exercise is to count the an­
nouncements of ventures and trade agreements 
between East and West. There have been many 
hundreds in total. To keep things simple, I have 
recorded in Illustration #20 only those that have 
occurred over a recent three-month period. 

Eastern Europe cannot afford to wait to build its 
own telecom infrastructure from the inside, which 
means that it must import these systems from 
the West. [See Illustration #21.] 

The massive scale of opportunities in telecom is 
as clearly evident here as the apparent dearth of 

EAST EUROPEAN JOINT VENTURES 
AND TRADE AGREEMENTS 
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Illustration #20 

EASTERN EUROPE (continued) 

TELESTROIKA 

• Very low on Infrastructure 

• Cannot wait to build own industry - must import 

• Contracts going predominantly to Westem 
European firms 

• Already driving Westem (not Eastern) European 
semiconductor martcets 

Illustration #21 

opportunities in semiconductors. But appear­
ances can be rather deceiving — deceiving be­
cause, today, big opportunities exist to sell com­
ponents to West European telecom firms export­
ing to the East. The main applications affected 
include switches, transmission systems, line 
cards and telephones. 

ALCATEL, for example, recently won a single 
contract to install a quarter-of-a-million lines in 
the Soviet Union, valued at about $1 billion. But 
that is nothing compared to Siemens, who won 
another contract to supply one million lines in 
Poland. And, of course, we can cite many other 
cases. 
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Following German unification, growth in telecom 
semiconductor demand has already begun, with 
German book-to-bill figures for telecom IC sup­
plies reported to be in the 1.3% to 2% range this 
quarter. 

Summary 

To conclude, I did not boast today about shatter­
ing new developments from Europe, the 64-bit 
RISC chips or 64 Mb DRAMs, because leading-
edge products, until now, have not been their 
major strength. But I do hope that I have dem­
onstrated that these five pillars will comfortably 
drive rejuvenation in the European semiconductor 
market which will bear little resemblance to the 
history of the 1980s. 

Whether the European semiconductor industry 
will enjoy the same fortune as we predict for the 
market is less clear, but the outlook is good for 
two reasons: 

• First, the top players are integrated into much 
larger systems companies that now recognize 
the importance of silicon to the whole European 
econosystem. 

• Second, collaboration between these and other 
European players is growing at a very rapid 
pace, partly due to the growing participation in 
Community projects, like JESSI and ESPRIT, and 
partly due to the fact that, with the imminence of 
1992, they now face the same market. 

For those contemplating business in Eastern 
Europe, I suggest that you consider Western 
Europe as your springboard. Many of the oppor­
tunities to sell in the East are going to come 
through this back door, particularly in the first 
few years. 

I make no apologies for giving telecom as much 
coverage as I have. Whether due to Western 

Europe's new liberalized climate and proactive 
approach on standards, or whether due to East­
ern Europe's urgent needs, this is clearly Eu­
rope's most dynamic segment. If the sheer eco­
nomic size of Europe were all that counted, the 
semiconductor market of a united Europe would 
surpass those of Japan and the United States. 
But it isn't, and our progress will be much less 
dramatic than that. 

Decades after the single market is accomplished, 
we will still live with the limitations of some 20 
different languages, many conflicting cultures and 
six-week holidays per year. 

Questions & Answers 

MR. GRENIER: We have time for a couple of 
questions before the break. 

QUESTION: Do you see Eastern European coun­
tries becoming part of the EC, and if so, when? 

MR. DRAZIN: I don't know the answer any more 
than I knew the answer on the fall of the Berlin 
Wall and what followed. But I think it will be 
sooner rather than later, because if you go back 
two years and you look at what the West Euro­
pean statesmen stated that the main condition 
for Eastern countries being included in the Com­
munity was that they have democracy. At that 
time, they didn't believe that would happen. Now 
it has happened. 

There are other hurdles to come, but they are 
smaller. So, I think the answer — and I will now 
stick my neck out — is yes, I would foresee 
some of those countries being included — pos­
sibly Hungary, obviously East Germany. That is 
taken for granted now. But there are other coun­
tries trying to get into the EC which are far more 
Western than these Eastern European countries. 
I'm thinking of countries like, for example, Tur­
key. 
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So, there Is a series of priorities, and those East­
ern European countries will be somewhere low 
down as a priority. 

QUESTION: Philips has gotten out of the JESSI 
program and SRAM. How much will that hurt 
JESSI and the R&D program? 

MR. DRAZIN: I think the first point is that Philips 
has only pulled out of SRAM. Philips has gone 
to a great deal of effort to emphasize that its 
main core Interests — consumer, and particularly 
HDTV — carry on unabated and uninterrupted. 
Philips has gone through a fair amount of trouble 
over the last year, so consolidating to its core 
activity is, I guess, a wise business decision. 

From the point of view of JESSI, yes, I think that 
this is a blow. JESSI was intended to be the fo­
cus for European collaboration on all forms of 
memory, both SRAM and DRAM. The loss of 
SRAM clearly indicates that some of those West 
European companies will look outside Europe for 
collaboration If they cannot find it within JESSI. 

QUESTION: Can you comment on how IPR 
rights will be determined and shared in Euro­
pean-wide R&D projects? 

MR. DRAZIN: I understand that, for many of 
these Eureka projects, IPR still belongs to the 
Individual participants. For example, Siemens 
recently bought IPR patents from Motorola. 
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Panel Moderator 

David Angel 

Group Vice President and 
Director of Worldwide Researcli 

Dataquest Incoiporated 

Good morning. I want to reminisce for a moment 
before we get Into our DRAM panel. I would like 
to go back just a little bit. Some of the folks In 
the room will remember this. 

1972 Perspective 

The year was 1972. Richard Nixon was in the 
White House, China had just opened up to the 
Western world, the Supreme Court ruled that the 
death penalty was unconstitutional, the Miami 
Dolphins were the first professional football team 
to go unbeaten In a single season, and the 
memory market was flat. 

I was working for a company that was producing 
semiconductor memories, and, while many sys­
tems companies were still using magnetic core 
for storage, we knew that it was going to be just 
a matter of time before semiconductor memories 
would rule the world. 

Our yields were good, we thought. I should ex­
plain, for the youngsters in the crowd, when I 
said in 1972 that our yields were "good," I meant 
that we produced some wafers that actually had 
good working die on them, as opposed to the 
90% yield that we all get today. 

The problem was that the parts were not selling 
very well. We had some of the very best techni­
cal and marketing minds In the business. In a 
moment of desperation, we assembled all these 
great minds to see If a solution to this problem 

could be found. At the end of the day, the reme­
dy that came down the mountain from this as­
sembled enclave was so simple and so straight­
forward that It would set the pattern for the In­
dustry for many years to come. The message 
was contained in three simple one-syllable 
words: "Cut the price." 

So, we elected to sell a 1024 bit DRAM — no 
"K" or "M" In there — for a penny a bit, $10.24. 
And boy, did we take heat for cutting prices! 
Quite simply, my friends, the DRAM world would 
never be the same. 

Future of the Semiconductor Memory Market 

I think, however, the future of the semiconductor 
memory market, as we have talked about and as 
Makimoto-san has shown us, is, indeed, good. 

Most of us have read about the forecast in­
creased use of memories and personal commu­
nication devices In nonrotating storage and In 
many other applications. We are starting to see 
a proliferation of memories In automobiles. As 
Makimoto-san Indicated earlier, there Is the belief 
that a whole new era exists In hand-held custom 
computers for specific applications which will be 
memory-intensive. 

Growth in Memory Demand 

A key force that will drive the substantial In­
crease In memory consumption this decade is 
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that knowledge is doubling about every four 
years. All of this information needs to be ac­
cessed, manipulated and stored. This will create 
an immense need for memory. 

One deep thinker at Dataquest believes that we 
are not going to see any real saturation in the 
demand for memory until systems possess the 
same level of memory as the human brain. I am 
probably down a few bits, but, for reference, he 
believes that the memory capacity of the human 
brain is about 1x10^̂  bits. If my math is correct, 
that is equivalent to about 1 billion 64 Mb chips. 
So, we have a ways to go. 

There is the argument that the interconnect 
scheme isn't as good and that access time is 
going to be an issue, but I think you get the 
point — that is, we think memory demand is 
going to be strong for quite a long time. 

Near-Term Memory Market Forecast 

I want to take a look at how strong we think the 
memory market is going to be over the next few 
years. Illustration #1 is a rather traditional Data-
quest graphic showing actual DRAM unit ship­
ments in 1986, 1987, 1988 and 1989; and then, 
we have put in our forecast for 1990-94. 

256K, 1Mb AND 4Mb DRAMs 
Units Actual/Forecast 

Millions 0( Units 

1.400 

1.200 

1.000 

800 

600 

400 

200 

0 

1 ^ ?%£H 

\Z3 «UB 

u 

J 

1 

- 1 

n 
1 

: 

^ 1 

> 
: 

n ^ 1 '' 1 
1986 1987 1988 1989 1990 1991 1992 1993 1994 

Illustration #1 

The 256K DRAMs peaked in 1988. The 1 Mb 
device is forecast to peak next year. The 4 Mb 
device, we believe, will crest in the 1994-95 time 
period. 

The 4 Mb device shows its first serious produc­
tion in the 1992 time frame, then climbs to about 
1.2 billion units by 1994. We also begin to see 
the first significant production of 16 Mb DRAMs 
in the 1994 time frame. 

On the basis of what we have talked about so 
far, I think we can see why this business is so 
attractive. We begin to get an appreciation for 
why the Japanese im» invested so much 
money in this business, why the Korean 
companies are moving very aggressively at this 
point, why various Taiwan chip producers are 
now entering this market, and why certain Asian 
chemical and steel companies, particularly in 
Japan, have announced that they are entering 
the DRAM market. 

The Future of DRAM Manufacture 

It was not until I began to dig deeper into this 
situation, trying to understand what was behind 
this forecast, that I developed a serious appre­
hension about the future of the DRAM manufac­
turers. 

One of the joys of being associated with Data-
quest is that there is an almost unlimited amount 
of information on the semiconductor industry 
available to anybody with an inquiring mind. If 
you couple that with a cadre of highly intelligent 
and informed people who are always willing to 
sit down and discuss an issue, you can come 
up with some very unusual insights as to what 
the future might hold. 

I set out to try to understand what the numbers 
meant. Now, a word of caution. The Chinese 
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have a saying that when the numbers are tor­
tured, they will tell you anything. I have given 
you one confession already. I am going to give 
you a second one. I will admit to torturing some 
of these numbers almost to the point of being 
inhuman. I will confess that I did not take the 
decimal point out to the fifth place for unparal­
leled accuracy. I tried to gain an understanding 
of the trends and the events that would give us 
some specific insight as to what the future may 
hold for this growing group, or nucleus, of DRAM 
manufacturers. 

I am going to skip over Illustration #2. Maki-
moto-san gave us a good idea, and I would like 
to give our panel a little more time. 

64K DRAM 
256K DRAM 
1Mb DRAM 
4Mb DRAM 
16Mb DRAM 

Revenue 

$'1.6B 
$ 9.9B 
$24.9B 
$41.88 

Multiple 

6.2 
2.5 
1.7 

Illustration #Z 

DRAM Price Trends 

One of the first observations is that the selling 
price of DRAMs has traditionally declined down 
a fairly sharp price curve. Illustration #3 indicates 
the price decline curve for both the 1 Mb and 
the 4 Mb DRAMs. If we torture the numbers a 
little, we can gain more insight. In the five-year 
period from 1987-91, the average selling price of 
the 1 Mb DRAM declined 68%. 

Let me go at that another way. The price that 
we forecast for the end of 1991 will only be 38% 
of the price as it entered this box in the 1987 
time frame. 
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Illustration #4 

This took a certain amount of doing. If we inte­
grate the area under the curve, this goes up in 
1987, where the 1 Mb chip reversed the price 
trend. It actually increased in price for about two 
years. The 1 Mb DRAM suppliers enjoyed about 
a $2.6 billion increase in revenues over what 
they would have realized if the 1 Mb device had 
stayed on its traditional curve. This, of course, as 
all the users know, was the famous DRAM short­
age of 1988. 
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Let's change our view for a moment to the 4 Mb 
DRAM. By 1994, the average selling price is 
forecast to be $8.72, only 25% of what the price 
was five years earlier. 

Profitability 

I would like to direct some questions to our 
panel. Is this a developing trend? Will each suc­
cessive DRAM generation come down the price 
curve at a steeper decline than the previous 
generation? 

There are those who argue that, even at the 
lower ESP [estimated selling price], the DRAM 
producers should, nevertheless, be making ac­
ceptable profit margins, the rationale being that 
the industry has almost 20 years of manufactur­
ing experience. 

Manufacturing Cost Estimates 

Illustration #5 is Dataquest's view of DRAM man­
ufacturing cost per bit over time. 
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Illustration #5 

The curve is fairly consistent until just beyond 
the 4 Mb generation where we branch out into 
what appears to be a family of curves. These are 

not our curves; basically, they are based on the 
opinions of several producers and users we have 
interviewed over time. The Japanese producers 
represent the most upward curve on this slide. In 
general, the Japanese producers hold that the 
immense capital investment must have a greater 
cost impact than in the prior generations. They 
state that the cost of manufacturing is going to 
go up and, consequently, the price per bit to the 
user — possibly for the 16 Mb DRAM, but cer­
tainly for the 64 Mb DRAM — will be higher than 
for the 4 Mb part. 

The advocates of the curve in the center hold 
that, as we approach 0.25 micron geometries, up 
to 25 or 30 masking levels, and perhaps three to 
four dielectric layers, we are no longer going to 
be able to realize continued increases in yield. 

One individual proposed this model: The number 
of good bits that we are going to get off a wafer 
of 64 Mb DRAMs will be less than the number of 
good bits off an equivalent size wafer of 1 Mb 
DRAMs. 

The proponents of the bottom curve, showing 
the continued downward trend in bit cost, claim 
that the other two camps are alarmists, that the 
industry has always overcome technical chal­
lenges, and the ever-increasing volume of each 
generation over the prior density will more than 
allow for the increased capital investments. 

So, to the panel: Who is right? Who is wrong? 
What is the answer? 

Woridwide DRAM Production Capacity 

Another function Dataquest serves is one of 
being an industry integrator. Over the past year 
or so, we have been listening to industry ana­
lysts talk about all the capacity that they are 
installing for DRAMs so as to be positioned when 
the good times return. I have heard this in Ja-
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pan, in North America, in Korea, in the Republic 
of China, in Singapore and, as Jonathan just told 
us, in Europe. 

What concerned us was whether the world's 
DRAM users could consume all of the DRAMs 
that could potentially — and "potentially" is a key 
word here — come to market in the 1990s. We 
have what we think is the world's only compre­
hensive data base of all the wafer fabrication 
facilities in the world, including the capacity that 
is planned to be added in 1991, 1992, 1993, 
1994 and so forth. 

Using a sophisticated model we have developed, 
we converted all the existing capacity specifically 
stated to be for 1 Mb or 4 Mb DRAMs into units 
that could be shipped if the facilities were oper­
ated at capacity as stated by the owners. 

We have a good understanding of yields, effi­
ciencies, defect densities and other parameters. 
We can vary the parameters in our model by 
geographic region, by a certain manufacturer's 
position on the bit learning cun/e — that is, has 
the facility produced 100 million parts, or is it 
just coming on line and so forth — so it is a 
fairly sophisticated model. 

1Mb DRAM INSTALLED CAPACITY 
Millions of 1Mb DRAMs per year 
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Illustration #6 

What we see in Illustration #6 is that, based on 
this rather conservative model, there is enough 
capacity in place in 1990, at least intrinsically, to 
produce over 1.5 billion 1 Mb DRAMs. The capa­
city is sorted by geographic region. We focused 
upon wafer fabrication capability within a specific 
geographic region, regardless of country of own­
ership. For example, a Japanese factory in Cali­
fornia is treated as North American capacity. A 
Korean factory in the United Kingdom is consid­
ered European capacity. A U.S. wafer fab in the 
Republic of China is considered Taiwan capacity. 
I will accept your arguments that is not neces­
sarily the best approach; however, it keeps the 
model simple, which was our goal. 

Potential Future Capacity 

The significance of the information can be seen 
in Illustration #7, which depicts Dataquest's esti­
mate of 1 Mb DF^M through 1993, under what 
we believe to be the potential worldwide capac­
ity. 

1Mb DRAM INSTALLED CAPACITY 
MUllons of 1Mb DRAMs per Ysar 

ZjDOOl 

Illustration #7 

When I started my analysis, one question was to 
resolve whether or not there is concern for an­
other DRAM shortage based upon demand ex-
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ceeding planned capacity. This does not appear 
to be the situation. 

Illustration #8 indicates the potential 4 Mb DRAM 
installed capacity. The same rules apply as for 
the 1 Mb chip. 

4Mb DRAM INSTALLED CAPACITY 
Millions or 4Mb DRAMS 

Illustration #8 

I want to make it clear that we only included 
capacity that was specifically stated to be for the 
manufacture of 4 Mb DRAMs. If an entity indi­
cated that they were going to install 0.8 micron 
wafer fabrication which they might use for micro­
processors or gate arrays, or maybe DRAMs, we 
did not use this capacity in our model. 

Growth in Demand 

Illustration #9 is the "holy Toledo!" slide. This 
slide is an overlay of the 4 Mb DRAM demand 
onto what we believe to be the intrinsic installed 
4 Mb capacity. 

I think it speaks for itself. It is obvious that the 
amount of 4 Mb DRAM capacity that the world­
wide producers claim they are going to install 
appears to be substantially out of line with what 
we believe to be the demand. 

4Mb DRAM INSTALLED CAPACITY 
Millions of 4Mb ORAMs 

Illustration #9 

Another word of caution, particularly as it applies 
to the 4 Mb device: Planned capacity is just that; 
it does not guarantee that any bricks and mortar 
will be put into place. If the building is actually 
put in place, it doesn't mean that the clean 
rooms will be completed; if the clean rooms are 
completed, it doesn't necessarily mean that the 
steppers will be put into place; if the steppers 
are in place, it doesn't really mean that they will 
be run at full capacity. 

4 Mb DRAM Shortage 

However, let's go back to the other side of this 
equation for one moment. Our data base con­
firms that the capacity that was forecast for the 
1 Mb chip largely came into being. It is possible 
there could be an error in our model, and you 
should know that for your own planning. How­
ever, if there is an error by as much as a factor 
of two, it still appears that there is minimal po­
tential for a 4 Mb DRAM shortage based upon 
capacity. 

Questions for the Panel 

I have purposefully been controversial. I wanted 
to stir things up a little bit. Let's get on with our 
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panel. The purpose of the panel is to address 
these and other issues. Let's ask some ques­
tions. 

• There are so many entrants to the DRAM mar­
ket, is it a buyer's market, or is that just wishful 
thinking on the part of the user community? Is 
anybody going to be able to make any money? 
We are not necessarily in this business for the 
fun of it, and if we can't make any money, what 
is the answer? 

• We have heard that the low 1 Mb prices may 
extend the lifetime of that chip and the acceler­
ated 16 Mb activity may produce parts sooner 
than anticipated. Will this compress the 4 Mb 
generation? Will the manufacturers of the 4 Mb 
chip be able to get any return on the massive 
investment which has already been made in the 
4 Mb device? 

• Finally, who is right and who is wrong on the 
manufacturing bit cost curve? 

Panel Introductions 

Today we have some people who ought to un­
derstand this business: David Sear, Vice Presi­
dent of Fujitsu America; Bob Brown, Vice Presi­
dent and Group Executive of Toshiba America 
Electronic Components; Bill Gsand, Vice Presi­
dent and General Manager of Hitachi America, 
Ltd.; Joseph Parkinson, Chairman and Chief 
Executive Officer of Micron; and Frank Jelenko, 
Vice President of NEC Corporation. 

We will give each panelists time to make some 
opening remarks about their position, and then 
we will bring everybody up to begin the panel 
discussion and answer questions. 
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David Sear 

V7ce President 
Fujitsu America 

Thank you, David. I think you have posed some 
very tough questions which I hope my presenta­
tion will answer. 

Long-Term Market Demand 

The long-term market demand for DRAMs ap­
pears to be excellent. On a per bit basis, mem­
ory demand has maintained a quarterly com­
pound growth rate of 20% for the past few years. 
This is expected to continue at a somewhat 
slower rate for the next five to 10 years. 

This insatiable demand for memory is driven by 
the fact that, on a price per bit basis, the cost of 
memory has historically fallen dramatically since 
the introduction of the IK DRAM. 
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Illustration #1 

In my opinion, this cost reduction will continue, 
but at a somewhat slower pace, as we enter the 
megabit generation of products, as opposed to 
the kilobit generation that we are now exiting. 

Driving Factors for Memory Usage 

The spectacular success of the personal com­
puter business has driven the demand for mem­
ory in a manner that is unprecedented In the 
semiconductor industry. 

DRIVING FACTORS BEHIND MEMORY USAGE 

' Proliferation of personal computers dianging ll̂ e way we perfonn our 
day to day tasks 

' Evolution from terse' computer syntax to user friendly interfaces which 
require complex software thereby driving memory consumption 

' High resolution graphics •• Real time graphics »• Color 

' Easy to use man machine interface 

' Sound and real time NTSC/PAL video 

' Dramatic reduction in cost per bit of memory over the last 10 years has 
resulted in the following statement 

'Software developers treat memory as though it were infinite and zscQ cost'. 

FOjffrsu — 

Illustration #2 

The proliferation of the PC is changing the way 
we perform our day-to-day tasks. This increased 
dependence on computers has forced develop­
ers to evolve from terse computer syntax to user-
friendly interfaces utilizing very complex software. 

Complex software consumes enormous amounts 
of memory. Other devices, such as high-resolu­
tion graphics, real-time graphics and color, all 
become part of a general sophisticated man/ 
machine interface — which, again, consumes 
large amounts of memory. 
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Futuristic applications, such as real-time NTSC/ 
PAL video and CD quality audio, will continue to 
drive DRAM demand. All of this is possible be­
cause the cost of memory, on per bit basis, has 
been dramatically reduced, i believe that when 
software was being developed over the last five 
(possibly eight) years, the software designers 
never thought about the amount of memory that 
software was going to use; in fact, I believe that 
they treated memory as though it were infinite in 
size and zero in cost. It was not a consideration. 

INCREASE OF MEMORY USEAGE IN COMPUTERS 
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Illustration #3 

The first PCs, such as IBM's, utilized an operat­
ing system which was developed from the early 
micro development systems. Its total memory 
capacity was 64 KB, which was considered 
enough then. This rapidly changed, with the 
introduction of the PC/XT, which uses 640 KB; 
and the PS/2, running OS/2, which requires 6 
MB. The Apple Macintosh family requires be­
tween 5 MB and 8 MB. Both systems run so­
phisticated multi-user operating systems with 
Windows as the man/machine interface. 

The latest trend is the migration to workstations 
based on UNIX, sophisticated graphics and man/ 
machine interface. These machines could easily 
use 16 MB — and, in fact, if we include other 

applications, it is not out of the question that 
they could be up to 30+ MB. 

Is there an end to this growth in memory de­
mand? Based on history, it seems unlikely. 

Price Learning Curve 

Historically, price reduction in memory has fol­
lowed something like a 60% or 70% learning 
curve. That means price is reduced by 30% for 
every doubling of volume on a per bit basis. As 
shown in Illustration #4, this traditional straight-
line learning curve is an approximation to the 
actual observed pricing. Over the long term, it 
appears to have been reasonably accurate. 
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Illustration #4 

Significant departures from this line occurred in 
1980-82, when prices fell more rapidly due to 
extreme competitive pressure. This period was 
followed by a strengthening, in 1983 and 1984, 
due to demand exceeding supply, before de­
mand fell way below supply in the crash of 1985. 

Since 1987, the actual pricing trend has stabil­
ized and has not shown the wild vagaries of the 
past. The primary reason for this stabilization 
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was U.S. government intervention, in the form of 
the Trade Agreement with Japan. This put into 
effect the FMV [fair market value] system of 
pricing, which set a minimum selling price for 
DRAMs imported from Japan. At this time, the 
highest percentage of DRAM production was in 
Japan. Consequently, the introduction of FMVs 
helped stabilize prices. 

Another factor that caused prices to rise instead 
of fall during the 1988 period was that demand 
exceeded supply. After the crash of 1985, most 
of the semiconductor industry, and especially the 
Japanese, decreased capital spending, resulting 
in insufficient capacity in place when demand 
started to rise. 

Massive expansions ensued, but were late in 
bringing new capacity on line for the 1 Mb, 
thereby causing a shortage and higher prices. In 
fact, according to David, we may have been in 
an oversupply situation for some time. 

Today, supply definitely exceeds demand. It is 
generally felt that prices will once again fall in 
line with the traditional learning curve. 

SEMICONDUCTOR INDUSTRY CAPITAL SPENDING 

YEAR 

However, I feel that, with the introduction of the 
1 Mb DRAM, which is the megabit generation of 
products, the fundamental economics of silicon-
based memories changed. In my opinion, the 
megabit generation will not follow the same ag­
gressive erosion that we have become used to. 
A price reduction learning curve of possibly 80% 
or 85% might be more applicable than the 70% 
curve that we have been used to in the past. 
What are the reasons for this? 

Die Size 

Let's look at die size. When the actual die size 
plus some projected die sizes of memories are 
extrapolated, from IK to the 1 Gb, there are 
some interesting trends [Illustration #8]. 

The IK was introduced in 1979. By 1974, when 
it had reached its peak, it had die size of ap­
proximately 20,000 square mils and sold for 
$10.24. By the time the 4K had reached its ma­
turity, its die size was only 25,000 square mils 
— a small increase in die size for a quadrupling 
of the number of bits. 

Illustration #5 

ORAM SIZE TRENDS 
FKSURE 2: ACTUAL PLUS PROJECTED DIE SIZES OF EACH DRAM GENERATION 
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The containment of die size was achieved by 
improving processing resolution from 10 microns 
down to eight, and then to five. The cell size 
was sufficiently reduced, enabling four times the 
number of bits to be packed into virtually the 
same size of die as the 1K. This die size con­
tainment, in fact, did continue to the 16K and 
64K by further improvements in process resolu­
tion, as well as by reducing the number of tran­
sistors per cell from three to one. 

Storage Capacity 

In addition, the cell area was continuously re­
duced and some clever schemes were devel­
oped to increase the cell storage or capacity 
size. Amazingly, while the density increased 64 
times (1K to 64K), the die size stayed virtually 
constant. This trend caused many people in the 
industry to expect that DRAM prices would al­
ways fall to some historical low. In fact, many a 
purchaser has been heard to say, "DRAM prices 
always eventually fall to $2.00 per chip," regard­
less of what generation it is. 

As seen in Illustration #7, successive generations 
of DRAMs have required further reduction in 
process line resolution. Today, 4 Mb requires 0.8 
micron technology and 16 Mb will require 0.5 or 
below. The megabit generation is forcing us to 
develop creative ways to increase capacity size 
while reducing area, such as a vertical capacitor. 

In order to reach the gigabit generation, other 
improvements will be essential. It seems clear 
that, even when we allow for this incredible scal­
ing improvement, we still cannot keep the die 
size of progressive generations from increasing. 
The straight line (rising from 256K up to 1 Gb) 
on a logarithmic scale, such as shown here, is 
an exponential increase. 

I would point out that, even though the die size 
can no longer be contained, as these projections 
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show, it still provides an incredible demonstration 
of the ability of semiconductor technology to 
provide ever-improving cost/performance. While 
the bit density is increasing 4000 times (256K to 
1 Gb), the die area will only increase 20 times, 
based on some of the extrapolations that I have 
just talked about. 

What is so important about die size? Die size 
determines how many you get per wafer. In­
creases in the die size I have indicated will result 
in far fewer being available on a wafer of fixed 
size. 

Wafer Size 

In parallel to the improvements in process tech­
nology and cell design, the wafer size being 
used for production has been increasing. This 
increase helps offset the potential cost increases 
due to the die size increases by providing more 
available die. 

For example, the 5" wafer, a 40,000 square mil 
die, which costs $300, will generate approximate­
ly 300 units; whereas, a 6" wafer, which only 
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costs $400, will generate approximately 450 
units. Therefore, the potential cost of a 40,000 
square mil die on a 5" wafer will be about $1.00, 
and on a 6" wafer it would be $0.89. So, you 
can get cost reductions by simply increasing the 
wafer size. However, this kind of improvement is 
only achieved with the sizable capital investment 
needed to upgrade 5" to 6" and onwards. 

Defect Reduction 

Further improvements in cost can be achieved 
by increasing the production yield through reduc­
ing the number of defects present in the pro­
cess. Regardless of all these improvements be­
ing made, concurrently, as quickly as possible, 
the die size is still increasing, thereby changing 
the basic economics of memory production. 

Let me take a moment to explain Illustration #8. 
The downward slide in the number of available 
die, from 64K down to 84 Mb, assumes that the 
1 Mb would be on 6" wafers throughout. I be­
lieve we have to go to 8" when we get to 16 Mb. 
If we do, that lifts the curve slightly in terms of 
available die; but it is certinly not back to the 
levels experienced in the old days when we got 
many hundreds per wafer. 
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When the cost is normalized to the IK level, it 
becomes clear that, for many years, we have 
enjoyed ever decreasing costs for successive 
generations of DRAMs. 
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Illustration #9 

This curve is normalized to 100%, which is the 
1K. Let's compare how everything changed since 
the introduction of the 1K. The lowest-cost prod­
uct relative to the 1K was the 64K, which was a 
good deal. In terms of cost, it was 70% of the 
cost of a IK, even though it was 64 times the 
number of bits. By the time the 256K arrived, it 
was not quite as good, at 83%. So, it started to 
climb. 

The break in this economic curve occurs at the 
1 Mb level. It has now gone above IK. It is ac­
tually 140% of the IK because the die size is 
growing faster than we can contain using all the 
techniques I mentioned. 

From the 1 Mb point on — the "megabit genera­
tion" — the economics are clearly on a different 
curve than we have traditionally been used to. 
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This trend will continue to the 4 Mb, 16 Mb and 
all of the megabit generation of products, there­
by causing, I believe, a slowdown in the rate at 
which the price per bit will erode. 

Hie 'Ultimate Manufocturing Challenge' 

For semiconductor companies, the DRAM has 
long been the ultimate manufacturing challenge. 
The incessant development necessary to remain 
in the DRAM market has enabled DRAM technol­
ogy to be the process driver for other product 
families. Now that the DRAM battleground has 
shifted from the 64K and the 256K to the mega­
bit generation, the rules of the game have 
changed dramatically. The DRAM business is 
now not only brutally competitive, but has also 
become much more expensive to participate in. 

DRAM Life Cycles 

In an attempt to quantify the size of the capital 
investment needed to take our industry into the 
16 Mb and the 64 Mb DRAM, I have made some 
projections on future DRAM life cycles. 

The task of estimating DRAM life cycles is quite 
complex, because the rise time, fall time and 
peak amplitude for each generation are depend­
ent upon the previous generations plus the future 
generation; they are interdependent. However, 
using Dataquest estimates, we can see the distri­
bution for each family in Illustration #10. 

The 256K peaked at about 800 million units 
worldwide in 1988. The 1 Mb is projected to 
peak at about 1 billion units in 1991. The rate at 
which these decline is a function of how fast the 
next generation comes on and the speed at 
which applications can be converted to take 
advantage of high-density product. 

Another overriding factor appears to be that 
when we sum all of the bits consumed each 
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year by all these generations, they would prob­
ably follow that first slide I showed you, which is 
a log demand curve. So, that is another over­
riding factor, the total number of bits in the mar­
ketplace. 

Taking all of these factors into account, as well 
as Dataquest's earlier estimate up through 1994, 
1 extrapolated a little bit. I didn't torture the num­
bers, but rather; I was nice and kind to them. I 
may be somewhat off. It is possible that the 4 
Mb will peak at about 1.2 billion units in 1995; 
the 16 Mb could peak at 1.5 billion units in 
1999; the 64 Mb could peak at something like 
2 billion units in the year 2003. 

Wafer Fab Capital Cost 

What is the result of all that? In Illustration #11, 
the left-hand figure shows an estimate of the 
ever increasing capital cost to build the tabs 
necessary to run process technology down to 
0.3 microns on 8" wafers with defect densities 
below 0.1. 

It is interesting to note that beyond the 4 Mb we 
need to go to 8" wafers. Beyond 64 Mb, we are 
probably required to go to 10" wafers. Currently, 
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PROJECTED WAFER FAB CAPFTAL EQUIPMENT COSTS 
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Illustration #11 

there is virtually no 8" capacity in the world — 
there is some, but not a lot — and there is defi­
nitely no 10" capacity in the world. 

Assuming that each successive generation of 
DRAM will reach the peal< volumes I have indi­
cated, which certainly seems to be the trend so 
far, and one fab is capable of processing 20,000-
25,000 wafers a month, the capital investment 
needed to supply the market demand for 16 Mb 
and beyond can be predicted. 

As seen on the right-hand side, with all the 4 Mb 
capacity that David talked about as being in 
place to date, our industry has probably spent 
something like $1.2 billion on the 1 Mb and $3 

or $4 billion on the 4 Mb. The interesting point 
is, though, if we go to the 16 Mb and there is 
no 8" capacity, it has to be put in place. So, the 
industry is going to have to invest something on 
the order of $8 billion to meet that demand. If 
you go up to 64 Mb, it is a staggering $24 bil­
lion. That is food for thought. Today, DRAMs 
have become an ultra-large-scale proposition. 

Future Outlook 

In conclusion, long-term demand for memory 
appears to be insatiable. The economics of the 
megabit generation, I believe, have changed from 
the kilobit generation. The price per bit will con­
tinue to fall. It is not that they are getting more 
expensive and prices will rise — I am not in that 
camp — but I believe the rate at which price 
reduction will occur is going to be slower. 

I project wafer fab costs to increase, causing the 
DRAM business to be extremely capital-intensive. 
The ante has been raised. 

I believe DRAMs are still an excellent business to 
be in. In fact, DRAMs have become of such 
national importance, and it is such a large mar­
ketplace, that they have now become almost as 
important to the world economy as a barrel of 
oil. 

Those are my thoughts. I will pass to the next 
speaker. Thank you very much. 
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PRICES, PROFITS, PROJECTIONS: 
IS THIS MARKET TOO DRAM VOLATILE? 

Robert Brown 

Vice President and Group Executive 
Toshiba America Electronic Components 

Good morning. I would like to thank Dave Angel 
for including me in this fantastic set-up. 

After enjoying yesterday moming's panel, I did a 
self-assessment based on T.J.'s comments on 
dinosaurs. I believe his comments were, "Get 
small, get fast and grow hair." For those of you 
who have known me a while, I am not getting 
any smaller, and neither is Toshiba. Along those 
lines, I am not getting any faster — Toshiba is 
getting a little bit faster. But, in terms of growing 
hair, I must say that, after the last seven and a 
half years with Toshiba I now have twice as 
many hairs on my chest as I used to have. So, 
I do not think I am a dinosaur. 

I reflected on other comments that T.J. made. I 
appreciated his objectiveness about Japan. I also 
appreciated having Toshiba included in his quiz. 
Boy, I am sure glad that Toshiba chose his 
SPARC chip set, because I wouldn't want to 
have him talking against us. 

I also appreciated Gordy Campbell's comments 
on the fact that Japanese companies are not all 
alike. I agree that we compete very fiercely. I 
find it amazing that the four people representing 
the Japanese companies at this forum today are 
Americans. I doubt that Dataquest would have 
forecast that 10 years ago. 

I will keep my comments about Frank Gill very 
brief because Frank is an esteemed customer — 
and so is Gordy, so I won't comment on his 
comments. 

I would like to keep my remarks this morning 
rather noncontroversial and general because I 
know that our customers in the audience are 
looking forward to the questions and answers. 
Also, a lot of the points that I had planned to 
make were made eloquently this morning by Dr. 
Makimoto. I can't top them, and his English is 
probably better than mine. 

Tosliiba's Forecast 

I will begin with Toshiba's forecast, as shown in 
Illustration #1. 
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Basically, I have no problem with the forecast 
data in terms of units that have been talked 
about so far. We could quibble about whether or 
not it is plus or minus 10%. I won't spend a lot 
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of time on this, but please understand that I am 
the same guy who said a year ago that the 1 
Mb DRAM price would not fall below $10 in 
1989. Boy, did I blow that! 

DRAM Trends 

Let's talk about DRAM trends. I would like to 
dispel the myth that many people believe, that 
the DRAM business is a simple business — you 
make one part and you sell it for one price. 
Unfortunately, the business Is often reported that 
way. Illustration #2 shows some of the reasons 
why that is not the case. 

• 

• 

• 

• 

• 

• 

• 
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I l lustrat ion #2 

Packaging 

First of all, in the area of packaging, what I have 
shown here are four generations of DRAMs, from 
256K up to 16 Mb. You can see in Illustration #3 
the various packaging technologies — going 
from DIP, PLCC, SOJ, ZIP, TSOP, modules, and 
most recently, memory cards. 

The difference between "X"s and "0"s is that the 
"0"s are products cun-ently in Toshiba's portfolio, 
and the "X"s are those that are nonexistent or we 
don't plan to produce. This is not a "one part/ 
one package" business. 
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Device Organization 

Next, is device organization — again, four gener­
ations of DRAMs. As you can see in Illustration 
#4, we went from two organizations at 256K, to 
three at the 1 Mb level and six at the 4 and 16 
Mb levels. 

McxJule Organization 

Illustration #5 is an interesting one called mod­
ule organization. Once again, the 256K level has 
only two organizations; the 1 Mb has six organi­
zations; the 4 Mb has seven; and the 16 Mb has 
up to eight — and that is probably a minimum 
at this point In time. 

I would like to comment on DRAM modules and 
the chart on DRAM modules that Mary Olsson 
showed us yesterday. Mary's chart showed that 
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Illustration #5 

37% of the DRAM business would be in multi-
chip modules in the year 2000. Our position has 
been that, at least at the 4 Mb level, we will see 
in excess of 50% of the 4 Mb DRAMs being sold 
in module form during the 4 Mb generation. In 
our discussion at the break, Mary agreed that 
the 37% number is probably a little understated. 
I have actually gone on the record as saying 
that at 4 Mb it could go as high as 60% to 65%. 

ASIC Memory 

Another area Is application specific memory. 
Makimoto-san had a nicer slide than mine on 
application specific memory this morning. 
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Illustration #6 

Clearly, this is an area that allows for growth in 
the consumption of DRAMs, as well as the ability 

for DRAM manufacturers to get a better return on 
investment. We depicted that the DRAM business 
will branch out into areas of pseudo-SRAMs, 
VRAMs for graphics applications, field memory 
that will be used in consumer TV, and again, 
frame memory for higher resolution graphics. In 
our opinion, all of these will contribute to length­
ening the life cycle of each generation of 
DRAMs. 

Power Supply 

Another issue that we have to contend with as 
suppliers and customers is the power supply 
trend. 
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We are very quickly going to see an evolution 
from a 5.5 volt to a 3.3 volt DRAM. This will have 
considerable impact on the technology utilized 
by the manufacturers; and also, it will impact the 
start-up of new generation DRAMs as our cus­
tomers need to implement these into their sys­
tems. 

Process 

The next area is process. I am by no means a 
process expert — in fact, far from it. I think Ma­
kimoto-san did an excellent job this morning on 
this. Illustration #8 shows graphically what we 

1990 Semiconductor Industry Conference 165 



Robert Brown 

think is happening in terms of design rules, chip 
size and process steps. 

That chart shows two times the number of pro­
cess steps at the 16 Mb level than at the 256K 
level — getting more complex, die sizes growing 
bigger, and I believe that the cost of producing 
these DRAMs will go up. 
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Application Speed 

Another area impacting DRAMs is the application 
speed in our customer systems. Illustration #9 
shows the speed source of various DRAMs from 
the 256K level to the 16 Mb level. A 150 ns or 
120 ns device will no longer exist at the 16 Mb 
level. In fact, we may see speed sorts even 
faster than 60 at that level. 

Applications 

We have seen that introducing DRAMs to the 
marketplace is very dependent upon the applica­
tions that can use DRAMs. Simply, each genera­
tion is somewhat different in what particular ap­
plication will start to use that part early on. 

On the right-hand side of Illustration #10, HDTV 
and audio are in parentheses because we want­
ed to highlight that at this time we are not sure 
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Illustration #10 

exactly what applications those are in. However, 
we do feel very strongly that the utilization of 
speech in the area of PCs will have a significant 
impact on the application of DRAMs. 

Summary 

In summary, I would like to say that DRAMs are 
not a simple business. Those who succeed have 
a tremendous challenge to manage a consider­
able mix of products. Those who stay in this 
business will continue to make money, continue 
to expand their products, and have a good busi­
ness. 
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Vice President and Generai Manager 
Hitachi America, Ltd. 

Thanl< you, David. We are getting to the point in 
the program where there isn't a lot more to say 
about DRAMs. My direction is going to be a little 
different. I am going to philosophize more and 
use fewer charts. I would lil<e to touch on some 
different points than the other speal<ers. 

Prices 

Let me be prophetic. Prices will certainly go 
down. How fast they go down — in what time 
frame and at what level — is dependent on a lot 
of factors which I will cover. 

Profitability 

The profits are going to go up. The companies 
that do things right will be in a position to make 
money in this business. Certainly, there is no 
disagreement that there will be growth and there 
will be diversification, although it is somewhat out 
of focus. 

What the prices, the profits and the projections 
will do are very heavily dependent on three fac­
tors: 

• Technology 

• Competition 

• Customer needs 

All of these have a relationship to the prices, 
profits and projections we are talking about. 

Getting in Early 

Traditional wisdom says that you must have 
gotten into this business early. The guy on the 
left looks like he probably did it right; the guy on 
the right possibly didn't fare so well. The sign 
says: "Past performances are really no indication 
of future results." 

There was an attitude that getting into the busi­
ness early, making a large investment in R&D, 
jumping on the merry-go-round and grabbing the 
gold ring, and then getting off the merry-go-
round and into the next generation quickly, was 
the way to go. You leave the mature technology 
to the leaders in trailing edge technology who 
will stay and support the customer base after the 
third, fourth or fifth years of a generation. 

That may be changing. As we move forward, we 
have to look at different ways of staying in the 
business longer and ways of making money 
rather than being there for six months, charging 
very high prices up front and then backing out 
once the volume has passed beyond the median 
range and there are seven or eight competitors 
in the market. 

Price Stability 

Longer periods of price stability is one major 
issue. That is driven primarily by supply and 
demand. While there are variations and gyrations 
in the DRAM market, it is certainly much more 
stable and predictable than it has been in the 
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past, with forecasting systems, EDP systems and 
the maturity of the business. 

Fabv. Fabless 

I wasn't here for Gordy Campbell's presentation 
yesterday, but I know his position. l\/lost people 
look at the fabless environment as a situation 
where you are designing and using the value of 
that design to justify paying a price to a foundry 
that is slightly higher than it would cost you to 
do it yourself. It may be lower, depending upon 
how much boundary you can put in or how 
much capacity you can afford to put in. 

On the other end of the spectrum is staying in 
the business longer by phasing down and not 
having your own fab in the latter part of a gener­
ation phase. That is a way to continue to make 
a profit and take advantage of transferring that 
technology to someone else. In that way you can 
continue to have the profitability advantage on a 
longer term basis without limiting moving forward 
into the next generation. 

The big companies in DRAM are multidivisional, 
and in most cases multinational. They have the 
capability — and probably the necessity — of 
building in-house semiconductor equipment. That 
can definitely give you a leadership position, and 
will drive your business in-house more strongly. 
You are less dependent on a marketplace where 
each of your competitors is able to get the 
equipment at the same price as you can. 

Intellectual Property & Patents 

The last point is tied to royalties, alliances, and 
to some extent, intellectual property, where the 
return on a technology extends well beyond the 
first six to 12 months of being in a market. 

if you look at the patents issued in 1989, accord­
ing to Department of Congress numbers, five of 

the top 10 are in the DRAM business. That in­
cludes Siemens and IBM. We don't like IBM 
being in the DRAM business because we would 
like to sell them many more, but they claim they 
want to be there and they are in a very strong 
technology position. 

Nonetheless, there is a tie between the patents 
and the high technology companies with the 
money to make investments in R&D and stay 10 
to 15 years ahead on the patent technology. 

Market Differentiation 

Let's look at the second piece of competition. 
There are probably more than a dozen com­
panies out there at this point looking for ways to 
provide a differential advantage to their customer 
base in order to succeed in this very competitive 
marketplace. 

Unfortunately, the market — our customers — 
does not allow us to be loners anymore. Cus­
tomers want multiple sourcing. They want stan­
dards. They don't want somebody who is out 
there well ahead of the pack because it puts 
them in a much higher risk situation. 

I think the solution to this sole-source environ­
ment is that you need to fit into a classification 
if you are going to succeed. 

• Category 1: Mainstream Suppliers — the ones 
who are speaking today, plus several others — 
are integrated suppliers. They also are involved 
in the second and third categories. 

• Category 2: Alliances. 

• Category 3: Benevolence. This includes ties to 
university technology, U.S. government-backed 
technology and some situations where major 
companies who have semiconductor technology 
(e.g. AT&T, IBM, Bell Labs) will share that with 
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the industry. Those interactions are going to be 
necessary in order to profitably stay in this busi­
ness. 

Unless you are involved in at least two of these 
categories, you are going to have a major prob­
lem competing in this industry. 

Market Responsiveness 

The customer is what we are all about. We really 
cannot substantiate the prices or the profitability 
in our projections with any reasonable validity 
unless we are responsive to the market. Pacl<ag-
ing complexity, modules, integration, the "mogic 
chip" combining memory and logic on a single 
chip, which Dr. Makimoto alluded to, are all go­
ing to be key issues in servicing customers and 
in providing a way to be in the DRAM business. 

The process investment, the knowledge of the 
process and the massive size of the DRAM busi­
ness allow us to be cost competitive, not only on 
the memory side, but on the logic side as well. 

Product Complexity 

Let's now discuss complexity of the product. 
Hitachi will build over 500 configurations or varia­
tions of the 4 Mb DRAM. Again, it is not a sim­
ple business. 

• We will get to the point where only the com­
panies who have access to major resources — 
people and money — and have the staying pow­
er and commitment to be in the DRAM side of 
the business are going to survive. 

• It will require a 10% (or greater) share to be 
able to make money in this business. It is a big 
market, but five or six people are going to end 
up with a greater than 10% share in the future. 
The profits are going to be there. 

• Prices are going to be volatile, but they are 
going to be workable. They will be dependent on 
the supply and demand in the industry. 

• Regardless of what available capacity could 
be, it will be geared toward market demand. 

Conclusions 

The DRAM business is not going to be easy. It 
probably will not be dominated by any one or 
two people, although the leadership generation 
to generation tends to bounce back and forth. 
There will be several major companies involved. 

• it will probably be more predictable than it has 
been in the past, but certainly not as predictable 
as some of the more stable industries such as 
Hitachi's — power plants that take 10 years, 
railroad cars and those kinds of businesses. We 
have to stay flexible to continue to compete in 
this market. 

• It will be profitable. All the numbers show that 
it is going to be very big. There is no question 
that it is going to be exciting. 

Hitachi is committed to being a factor. We are 
moving fonward. Hopefully, with our talent and 
resources, we can crusade around the world to 
grow our business on a worldwide basis, as 
unification happens in Europe and localization 
occurs in the United States. We are looking 
foHA/ard to a very strong future in DRAM. 
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I think there is plenty more that could be said 
about DRAMs, but if we were to touch on the 
really sensitive issues I am afraid we would 
touch off the earthquake, as Dataquest did last 
year. So far, everyone has very studiously avoid­
ed FMVs, patent la\A«uits and other realities of 
the industry, and I probably should also. 

I want to thank Manny Fernandez and Dave An­
gel for inviting Micron to participate. Whether 
Hitachi believes we deserve a place here or not, 
we are pleased to be here today. 

I do agree, Hitachi probably will take a 10% 
market share; but I am not sure I agree with 
Hitachi's implication that Micron is not going to 
be a part of this business in years to come. We 
are certainly here to compete, and I think we 
have a shot at doing that. 

Worldwide DRAM Market 

First of all, I want to echo what has been said 
before about the strength of the DRAM business. 
While I respect Dave's charts and the theoretical 
excess capacity, I am not sure all that capacity 
is going to be around. 

I recall the last downturn. What started out with 
a boom was shortly followed with a severe bust. 
In my experience, cycles are not over until peo­
ple exit the business. I believe that will happen 
again in this next downturn, and it will not be 
over until we have a narrowing of the crowd. In 
any event, the long-term demand is going to be 
phenomenal. 

Worldwide DRAM Market 
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Related SRAM & VRAM Markets 

I want to touch on some related markets to also 
show the importance of being in the DRAM busi­
ness. In my estimation, you cannot compete in 
the second and third largest markets — which, 
I want to emphasize, are the SRAM and VRAM 
markets — without a foundation in DRAM. I be­
lieve that they are all closely related, that the 
same process advantages you have in DRAMs 
will carry over to SRAMs and to VRAMs. Accord­
ingly, I would anticipate that the same basic 
players will dominate all three. If you are not in 
all three markets, you will have difficulty compet­
ing on a long-term basis. [See Illustrations #2 & 
#3.] 

Micron has used their expertise in DRAMs to 
expand very effectively into the SRAM and VRAM 
markets. [See Illustration #4.] 
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Other Emerging Markets 

We are also targeting other emerging markets 
that we see as very promising, based, I empha­
size, on our DRAM technology. 

Die Size 

The other fallacious point, in my mind, of the 
earlier charts is the notion that everything is fairly 
predictable. Do you remember the chart that 
showed that the IK through 64K were fairly sta­
ble in die size, and the chart showed a 25,000 
square mil die size? That was at a time that 
Micron was producing a 64K at a 14,000 square 
mil die size, which was half the size of the next 
smallest producer. Motorola was in there at 
about 50,000 square mils. 

So, die sizes are not the same for all producers. 
Those with the smallest die sizes and fewest 
mask layers tend to dominate this business long 
term. 

Technological Breakthroughs 

There are technological breakthroughs that ex­
plain why some players are in this market today 
and why others exited. 

il/Hcron Has Used DRAM Technology 
and Production Expertise 

To oxpand Into 

SRAMs 
VRAMs 

To adtfross onMrging markets 
with darlvatlva products 

l^lplo Port DRAM 
64K X 16 DRAM 
QUAD CAS DRAM 
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Illustration #4 

One of the breakthroughs that Micron has ~ 
which explains why we will be a sun/ivor — is 
the triple port DRAM that we have developed. It 
was recently featured on the cover of one of our 
technical magazines. We have been getting a lot 
of press. 

I believe that our small die sizes and adding 
logic to the DRAM will give us a very strong 
position long term, as well as in other markets 
(e.g. 64Kx16 and Quad CAS DRAMs) which are 
important in the modules and were alluded to as 
eventually growing to over half the market, as 
well as the cache data SRAMs. 
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Financial Trends 
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Micron's Rnancial Trends 

Our financial trends mirror the industry generally. 
In Illustration #5, you can see periods of incredi­
ble revenue growth and periods of losses, partic­
ularly in the 1985-86 time period. But, in the 
current time period, where we are again facing 
a severe price pressure, we have, at least so far, 
managed to keep out of the loss column. I 
would attribute that to a couple of things. 

• A much narrower supply base, at least in the 
United States production. 

• We have a broader product line, with the 
SRAMs and VRAMs, and a much broader cus­
tomer lineup going into this downturn than we 
had in earlier downturns. 

U.S. DRAM Production 

That is important for maintaining DRAM produc­
tion here in the United States. I would quibble 
with the Hitachi assertion that IBM should not be 
in the DRAM business. I think It would be a 
tragedy if the United States lost yet another 
producer. 

The infrastructure is so important, and much of 
that infrastructure is built around DRAM produc­

tion. So, I guess I would take the opposite view­
point and say that I hope IBM not only stays in 
the DRAM production business, but also contin­
ues to help others in the business in the United 
States, including Micron. 

Net Worth vs. Debt 

As shown in Illustration #6, our net worth has 
improved dramatically. We have been able to 
hold our debt down, which gives us a financial 
strength going into this downturn — a strength 
which we certainly have not had in the past. 

Net Worth vs. Debt 
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Endurance Factors 

The biggest factors, I would say, for Micron's 
long-term endurance — and, for that matter, 
anyone's endurance — are not the factors that 
Hitachi alluded to. I don't believe that you have 
to be a multinational giant with integrated power 
plants and such. I would say that the key ingre­
dient to success in any business is going to be 
focus [Illustration #7]. 

• Our focus has resulted in consistently smaller 
die sizes in virtually every generation of DRAMs, 
SRAMs and VRAMs that we have been in. 
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• Another factor alluded to by one of the speak­
ers was the multiplication of mask steps, as if 
this were an inevitable phenomenon, in that you 
have to have more mask steps as you get to 
greater density. Again, I think Micron belies that 
notion by virtue of our having, in some cases, 
half the mask steps of our competitors. 

• Concerning equipment selection and automa­
tion, I would severely question Hitachi's belief 
that you have to make your own equipment in 
order to be in this business. The big thing is that 
the equipment be available on the open market. 
For that reason, I see IBM as a very important 
long-term player, with its support to Etec, the 
photolithography spin-off from Perkin Elmer. 

We need to maintain this equipment base in the 
United States to be able to compete with Japan 
long term. This is one reason that the majority 
of the money issued by SEMATECH today is 
going to the American base of equipment suppli­
ers. We, at Micron, see that as vital. 

• Fab configurations and wafer sizes also figure 
greatly in the cost of production. When I look at 
these multinationals and the time that their exec­
utives must spend flying continent to continent, 
looking at their facilities, flying their parts from 
continent to continent depending on where they 

are performing a certain step or production, 
whether it is wafer, assembly or test, it looks like 
a headache to me. You must suffer severe jet 
lag and increase your cost of production. 

Micron will eventually have to face that situation 
someday if we are going to achieve that 10% 
market share that seems so important in Hita­
chi's opinion. We have now concentrated all of 
our production in Boise, Idaho, and we somehow 
manage to survive against these giants from the 
Far East. 

• Product speed, I agree, is important, but not at 
the expense of mask layers and cost. If it re­
quires double-metal processes, BICMOS on 
SRAMS to get the high speed, it will not be 
competitive long term, unless you can get those 
exotic processes in the same number of mask 
layers that your competitors have. 

• Finally, quality and reliability. When you are 
going against Japan, with its perceived quality 
advantage, whether in automobiles, consumer 
products or DRAMs, you cannot be equally 
good; you have to be better in order to neutral­
ize that perceived advantage. 

Quality Advantage 

I believe that one of the reasons Micron has 
survived is by virtue of NCR going public and 
announcing an unprecedented Quality Award to 
Micron. That award and others, from Northern 
Telecom for instance, reflect the fact that Micron 
has a unique quality advantage over the Japa­
nese. 

Ours is not just built-in quality through process 
control, but such unique systems as our intelli­
gent burn-in (AMBYX), whereby we not only burn 
in all of our product, but we monitor what is 
happening during that burn-in so that we get 
real-time data. This increases the types of tests 
that we can do, and, most importantly, acceler-
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ates the feedbacl< to our production line so that 
we can make improvements that widen our mar­
gin and give us that long-term higher quality. 

These are the advantages that Micron has over 
these foreign giants, without regard to their size 
or current market share. 

Summary 

In conclusion, I want to just briefly touch on 
issues that I think have been studiously avoided 
in earlier speeches. 

• One would be the prospects for the current 
Trade Agreement. As you know, the American 
industry has finally come together, not only the 
user community in the form of CSPP, but also 
the supplier community, in the fomri of the Semi­
conductor Industry Association. We have an­
nounced a joint effort to try to resolve the very 
serious trade issues that we are facing. 

You will remember the two-part Trade Agreement 
that involved a commitment by Japan not to 
dump any longer. This was after eight American 
producers had gone out of business. 

You saw the cartoon: The guy sitting on the 
street with his hand out was an American. That 
represents the 55,000 jobs that were lost in the 
DRAM business when all of these companies 
were going out of production in the face of ille­
gal Japanese dumping. 

• The other was a commitment on the part of 
Japan to open up its markets and to achieve a 
20% foreign market share by next year. Neither 
of these objectives were honored by the Japa­
nese. It is very clear — and everyone acknowl­
edges it — that 20% market share will not be 
achieved next year. 

I have to give credit to the SIA and the user 
community for coming together and trying to 
avoid a conflict this time around in order to 
reach some resolution with the Japanese 
government that will somehow extend the 
agreement, allowing a little more time to work 
with these people to resolve these issues in a 
friendly fashion, without an earthquake. 

Based on that, I want to thank you all for the 
opportunity to present here today. Micron will be 
here, with or without a 10% market share. 
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I have an interesting position to play in the roles 
of the speakers. As you will see, my presentation 
is a little more focused on what customers and 
suppliers can do to help stabilize the DRAM in­
dustry. I do promise that I will try to be reason­
ably brief. 

Before I start off on this path, I feel some re­
sponsibility to make a comment to my esteemed 
colleague regarding the previous presentation. I 
have been around for a few years and I have a 
different view in terms of how the dumping was 
started in the 1983-84 time frame. 

NEC's DRAM Industry Perspective 

I would like to give you our view of the DRAM 
industry. We see DRAMs as being similar to 
many attractive things in life: It is very hard to 
live without them, but they always seem to be 
giving you some type of headache. 

Clearly, DRAMs have become worldwide strategic 
commodities, certainly to electronic equipment 
manufacturers and to semiconductor manufac­
turers. As mentioned before, they are often con­
sidered in national and international policy by 
nations throughout the world. So, we can't live 
without them, but they still keep giving us a 
headache. 

Like many commodities, there is a lot of compe­
tition. Due to the strategic nature of DRAMs, 
there has been — and probably will continue to 
be — a continual stream of new competitors. 
This severely competitive environment, along with 
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Illustration #1 

Other factors, is causing a highly volatile market­
place. 

Entering a Period of Change 

While our industry, as many people have shown, 
has been constantly changing, we are now enter­
ing a period of change as great — and perhaps 
greater — than ever before. 

DRAM volume was previously limited mainly to a 
few standard part types. In the future we will see 
an increasing number of variations in the mem­
ory organizations and package styles. 

We will see the popularization of so-called appli­
cation specific memory [ASM]. These ASMs, as 
has been mentioned, will be configured by the 
users, the customers, in terms of memory array 
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organization, itself, and with some dedicated 
logic. 

Also, we are entering a period, or era, of glo-
calization. That is, suppliers will have worldwide 
reach, but will provide products and sen/ices 
tailored to the local customer. 

Finally, as we are all very aware, the capital 
requirements for DRAMs are increasing at what 
is virtually a geometric rate. This causes DRAM 
manufacturers, quite frankly, to carefully consider 
the timing for each new fab, and to find ways to 
extend the productive and useful life of these 
fabs. 

Volatility 

What is actually the volatility in all this? 

Why It Is Volatile 

• Poor demand visibility 

• Capital Intensity 
• Timing of decision 

• Increasing number of competitors 
• Critical Industry 
• Low barriers to entry 

DMt»qumat Contannca '90 NEC 
Illustration #2 

From the semiconductor manufacturer's stand­
point, if we just had a clear picture of future 
demand, we would easily prepare the necessary 
production capacity. However, accurate forecasts 
are rather like hen's teeth. They are not so easy 
to find. So, we don't always have the right pro­
duction capacity when our customers need it. 

Another factor, as I mentioned, is the increasing 
amount of cash required for each new fab. You 
can't put up just any old fab. To keep the end-

customer demand growing, we must all provide 
constantly improving cost/performance. This, 
combined with the various business cycles so 
clearly shown by other people, means that some­
times the cash required is actually not available. 

And, of course, we have a whole bunch of new 
guys trying to get into DRAMs. While competition 
is basically good for any industry, dedicated 
newcomers have a habit of making waves. So 
far, the DRAM industry has been relatively vola­
tile. 

Reducing the Volatility — Suppliers 

As responsible members of this community, we 
should have some ideas on how to reduce the 
volatility. 

To Reduce Volatility 
Suppliers should 

• Improve visibility for demand 
• Customers 
- Vendors 

• Support maricet trend for increasing diversity 
' Develop application-specific memory 

• Establish flexible manufacturing 

Dataqum»t Confsranc* '90 SEC 
Illustration #3 

From the suppliers' side, we need to: 

• Continue to improve our visibility for future de­
mand. We should continue to develop our own 
forecast capabilities, and work closer with the 
customers to understand the final demand. Also, 
we need to improve our forecast to the semicon­
ductor equipment and material manufacturers so 
that they can also be better prepared. 

• We all need to support the trend toward mar­
ket diversity. We need to be prepared with the 
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internal design capability to support the increas­
ing number of memory organizations and pack­
age styles as well as provide the CAD support 
necessary for these application specific mem­
ories. 

• Finally, we must prepare our DRAM manufac­
turing facilities to handle the number of small lots 
inherent in this trend toward diversity. We have 
to do this in a cost-effective manner so that we 
can all continue to deliver products that the end 
customer will buy. 

Reducing the Volatility — Users 

Certainly, DRAM suppliers, as you would expect, 
have a role in reducing volatility. How about the 
users? You bet they do. 

To Reduce Volatility 
Customers should 

• Improve future demand visibility 

• Develop closer relationships with global 
technology companies 

- Ensure pmduct supply 
- Develop customized memory 

• Glo-callzed purchasing 
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• As I mentioned before, our biggest fundamen­
tal problem is visibility for future demand. Of 
course, no one knows exactly what the future will 
hold, but the users should increase their own 
efforts to improve their understanding of the 
future demand and to communicate this to the 
suppliers. 

• Users should work closer with global technol­
ogy companies to establish assured supply and 
to develop the various customized and ASM 
products. 

"Glo-calization" 

NEC's wafer fab and assembly facility in Rose-
ville is an example of so-called glo-calized sup­
port. This aerial photo shows our Phase 1 (the 
darker buildings) which is currently manufactur­
ing DRAMs, SRAMs and micros. These are main­
ly delivered to customers in the United States, 
although we are exporting some to Japan, Hong 
Kong and Europe. It also shows Phase 2, which 
is still under construction. 

Through facilities such as these, global technol­
ogy companies can design and manufacture the 
right products for local customers, improve visi­
bility for supply and demand, provide ensured 
supply of products and provide quick response 
on delivery and technical issues. 

• Further, we would recommend that customers 
should take a more glo-calized approach to 
DRAM procurement. That is, they should negoti­
ate based upon their total worldwide require­
ments, but actually purchase as best fits the 
need. 

For example, they could place a purchase order 
centrally or locally. The products could be 
shipped either from a local production facility, 
such as the ones in Roseville, Ireland or South­
east Asia, drop shipped from overseas, or trans­
shipped, as many companies like, through an 
international purchasing office. 

The Future 

Now, I would like to show you our view of the 
future for DRAMs [Illustration #5]. Basically, we 
are bullish on DRAMs. 

• We see strong growth in the demand for total 
megabytes of memory. Again, I think that this is 
very clear. There is no question about strong 
demand. 
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Illustration #5 

We see the drive to improve user friendliness 
requiring continual increases in existing applica­
tions, such as PCs, network file servers, page 
printers and so on. Also, there is no question 
that future growth will be driven by new applica­
tions, such as notebook PCs, voice I/O and in­
stantaneous language translation. And, for the 
United States, we should not rule out HDTV; that 
is going to happen. 

• We see the meaning and execution of custom­
er service or support greatly improving. Basical­
ly, DRAM suppliers need to see themselves more 
from the customer's view. With this view, they 

will improve the basic business infrastructure that 
is required to make doing business easier for all 
of us. 

• Finally, we see the application specific memo­
ries playing a more predominant role, driven 
mainly by the increasing segmentation in the end 
markets. 

Summary 

In summary, DRAMs have become strategic 
components, not only for users and suppliers, 
but they have also assumed international impor­
tance. In the past we have had to live with vola­
tility in these markets due to insufficient visibility 
of future demand, the capital intensity inherent 
in the industry, and more recently, an increasing 
number of new competitors. 

There are things that we can do. The initial steps 
are being taken, such as establishing local pro­
duction facilities throughout the world, developing 
closer communication between customers and 
suppliers, and finally, improving the basic infra­
structure necessary. While I won't predict that we 
are going to eliminate volatility, I think we will 
make a big dent in it. 

Thank you very much. 

180 1990 Semiconductor Industry Conference 



PRICES, PROFITS, PROJECTIONS: 
IS THIS MARKET TOO DRAM VOLATILE? 

PANEL DISCUSSION AND OPEN Q&A 

Moderator 

DAVID ANGEL 
Group Vice President and Director of Worldwide Researcti 

Dataquest Incorporated 
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ROBERT BROWN 
Vice President and Group Executive 

Toshiba America Elecbronic Components 

WILLIAM GSAND 
Vice President and General Manager 

Hitachi America, Ltd. 

FRANK JELENKO 
Vice President 

NEC Corporation 

JOSEPH PARKINSON 
Chairman and Chief Executive Officer 

Micron Technology 

DAVID SEAR 
Vice President 

Fujitsu America 

MR. ANGEL: Thank you. Now, if I could get the 
other four to come up, we will go to our panel. 
We already have a lot of questions, so I assume 
that there is a lot of interest. There is a lot of 
kindness up there. I haven't seen this much 
kindness since the Mother Theresa convention. 
Let's get to some issues while waiting for the 
questions to come up. 

As Joe has indicated, SIA and the computer 
organizations have said, 'We don't need fair 
market prices anymore. That is no longer neces­

sary." What is your view on that? Is that real? 
Can the industry operate with FMVs [fair market 
values], or are we through that period, and can 
life go forward now? 

MR. JELENKO: Let me confirm the question. The 
question is are we through the period for FMVs, 
and can we live without them? 

MR. ANGEL: Pretty much so. I believe the recom­
mendation was made that we do not need to 
renew FMV prices. 
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MR. PARKINSON: I think we need to be clear, 
though, that the FMV measure by the Commerce 
Department under this two-part proposal would 
be deleted as a formal mechanism monitored by 
Commerce, but it would continue to be moni­
tored by MITI, so that the data is available for a 
quick action by the Commerce Department 
based on that MITI data in the event that there 
was alleged dumping. 

MR. ANGEL: Joe, I have a question directed to 
you. Micron is perceived — and I will inject that 
perception is not fact — to be somewhat more 
at risk because of the enormous amounts of 
capital that this business requires. Generally 
speaking, you have to go to the equity markets 
to raise capital. We heard T.J. say yesterday that 
it took him six rounds to accomplish what one 
company accomplished in one round in Japan. 
How are you going to get around that problem, 
compared to the other four gentlemen up here 
who would like us to believe that their resources 
are deeper? 

MR. PARKINSON: I would say that capital is the 
least of the problems. I don't think we have ever 
encountered difficulty getting the facilities up. We 
happen to have four fabs, counting a research 
and development fab we have recently put up. 
We have converted the earlier fab to 6", so we 
are probably the only producer who will be ex­
clusively on 6" by the end of the year. I would 
say we have no excuse, from that standpoint. 

I think all of the panelists would agree that the 
real challenge is a technological one, in terms of 
design for die size and process for reduced 
mask layers and in keeping up with the prolifera­
tion of package types. So, I would say our ob­
jectives and obsessions would move more to the 
R&D side of the equation and the enormous 
costs involved there, which I think are potentially 
even greater, in terms of getting the manpower, 
the team arranged and the right tools in their 

hands. That is an even bigger challenge than 
raising capital. 

MR. ANGEL: We are swamped with questions. 
You gentlemen certainly provoked some interest. 

A question for Toshiba. Bob, when is the DRAM 
power supply crossover going to occur? 

MR. BROWN: The answer to that is, I really don't 
know, but I would suggest that it is probably 
going to happen around 1994-95. 

MR. ANGEL: Question for NEC. In the slide enti­
tled, "Why is the DRAM Industry Volatile?", you 
said that the reason that there are many players 
is that there is a low entry barrier. This seems to 
contradict your earlier statement that this is a 
very capital-intensive business. Would you clarify 
that, please? 

MR. JELENKO: I would be happy to. Our view is 
that, while the capital requirements to enter the 
DRAM business are not low, they are among the 
lowest, considering the other opportunities within 
the semiconductor industry, such as micropro­
cessors and ASICs. In microprocessors and 
ASICs, the research and development effort is 
much greater, and particularly in the micropro­
cessor area, the merchandising or the selling of 
the architecture is an enormous task. So, simply, 
given the technological barriers, it is one of the 
lower barriers of the three. 

MR. ANGEL: David, let's route this one your way. 
When, if ever, DRAMs go to EPI wafers, what is 
the incorporation of epitaxial growth into the 
process? Basically what we are saying here is 
that the reference is that a 6" non-EPI wafer sells 
for about $35; if you have to go to EPI, it is 
about $85. The implication is, is the industry 
going to have to go to an EPI based wafer? If 
so, when? And what is going to be the impact of 
that? 
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MR. SEAR: That is a good question. What I tried 
to show in my charts was the fact that we cur­
rently are on 6" wafers. I believe in order to go 
to the 16 meg we have to be on 8" wafers. I 
tried to keep away from absolute costs. I showed 
some numbers at one time that showed $100 to 
$200 a wafer. 

Yes, we have to do something to get the wafer 
cost down. I think that is inevitable. I think it will 
probably occur between 16 and 64 meg. 

MR. ANGEL: Bill, you have indicated that in-
house development of equipment has been a 
strong asset to your company. Would you com­
ment about in-house development of materials? 
The allusion here is to photoresist technology. 
Does Hitachi have something unique going on 
here? Is this also an added strength? Is this 
going to be one of the tools that is going to be 
necessary to carry fonward into this decade? 

MR. GSAND: I think they are all pieces. The big 
issue is that you have a little piece of everything 
in order to drive the DRAM business. It does 
drive the processing; it does drive the semicon­
ductor industry. In order to be on the leading 
edge, you have to have either outside suppliers 
or inside suppliers who can move in volumes 
with the demand of a major market. You cannot 
support a major market without those things. 

As a large semiconductor company, the niche 
business is not really a viable solution. You are 
at the leading edge of almost every piece of the 
technology when you are driving this business 
three to five years ahead. 

So, yes, I think you need both. 

MR. ANGEL: How does the panel view the effects 
of multichip modules on the next generation of 
semiconductor memories? 

MR. BROWN: I'll assume you are referring to 
Mary Olsson's presentation yesterday. 

MR. ANGEL: Yes, please do. 

MR. BROWN: I would expect that the comments 
that Mary made are relatively accurate. It is prob­
ably going to require companies like ours to take 
a different view toward the die business. 

I think I can speak for my counterparts here, that 
it has not been desirable to sell die. But I think 
we may have to reassess that. Multichip modules 
will be a significant market. 

MR. SEAR: I would like to make a comment. One 
of the speakers did talk about the fact that we 
were going to go by 1, by 4, by 8, by 16, by 18 
— many, many different configurations. When 
that happens the number of I/O pins goes up. 

In reality, when you look at what we do with 
memory, it is a packaging problem. Traditionally, 
we have small packages. They are growing larg­
er and larger as time goes on. When you need 
high performance, it is inevitable that we are 
going to need some kind of module approach 
which can give high-density packaging. I agree 
with Bob, it needs to be looked at carefully. 

MR. ANGEL: Any other comments? 

MR. PARKINSON: I would add that the die size, 
where we spend a lot of time in evaluation, is 
growing, as demonstrated on those charts. In 
part, that is due to the bonding pads taking up 
a bigger and bigger percentage of the die area. 
It is inevitable that we are going to have to make 
some kind of fundamental break from the past 
and move to some substitute, either in the form 
of these cards or some other breakthrough, that 
would eliminate this problem of the bonding 
pads. 
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MR. JELENKO: The multichip module business is 
clearly an emerging trend. I think that it is impor­
tant from our side to watch carefully what appli­
cations actually develop. 

As an example, I would separate it into two 
kinds of things. One is memory modules. The 
other might be some type of functional module, 
like a CPU module. 

So, whether we strongly support some kind of 
die business depends upon how this works out 
in terms of being evaluated for our own com­
pany, versus competing with ourselves in the 
market. 

MR. ANGEL: For Mr. Parkinson: Should the 
United States government's intervention be 
included in Micron's list of strengths? Didn't the 
Trade Agreement allow Micron to not only 
survive, but to prosper? 

MR. PARKINSON: I am glad to have that question 
asked. I feel very strongly that the timely action 
by President Reagan, Malcolm Baldridge, Clayton 
Yeutter — the people who were certainly in the 
forefront at that time — and their intervention 
and moving forward with our 64K DRAM dump­
ing case, the first dumping case filed, put the 
world on notice that these people were in fact 
dumping. 

We had at that time a die size much smaller 
than our competitors'. When they started selling 
below our cost we proved that every one of 
these Japanese suppliers was dumping and 
selling below cost at that time. That then caused 
a self-initiated case for the 256K. 

The comment was made earlier that, as a result 
of FMVs, pricing stabilized and moved up. I hat­
ed to let that comment slip by. Since you have 
given me another excuse now, I would have to 
say that an equally valid point is that 10 of the 
American producers were driven out of the busi­

ness. Those included MOSTEK, the leading pro­
ducer of the prior decade; Intel, the inventor of 
the DRAM, and some other major players. You 
eliminate the supply, and that is also a factor in 
the pricing equation. 

The government is slow to move, but when it 
did, it certainly had an effect. Micron gives a lot 
of credit to them. We certainly do. 

MR. ANGEL: I have another one which came 
down sort of burnt around the edges. I am going 
to summarize the question. The question 
basically begs the question as to where the price 
competition really is right now? In talking with 
most of the Japanese-based suppliers, it is clear 
that the Japanese companies would prefer to 
have higher prices for 1 megs and 4 megs. 
Empirical information seems to prove that the 
price leaders are coming now from sources other 
than the Japanese. 

Are any of you brave enough to tackle that one? 

MR. GSAND: Sure, 
has to start, right? 

give it a try. Somebody 

With DRAMs, I think the pricing and the leader­
ship on the pricing side has not come from the 
Japanese in the last several years. 

Part of it has been because of government inter­
vention. I think Joe is right. I think it did a lot of 
good things for stabilizing this business. The two 
pieces of the suspension agreement are the 
market access and the FMVs. As long as the 
FMVs are there, and as long as the Japanese 
dominate the market share, the prices from Ja­
pan will probably be higher. The flexibility is not 
there to go in and get market share and to re­
allocate cost to support a marketing strategy. So, 
there are limitations. 

It appears that, in the long run, the cost will 
come down in Japan; the market share will be 
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maintained in Japan, at least at this point; and 
the pricing will stay competitive. If you want to 
consider the Japanese were dumping, you could 
apply the same rules to anyone else. There were 
exchange rates. There were a lot of things that 
changed that. Dumping tends to be an interna­
tional issue, but it may be a national issue as 
well. 

There are limitations on the amount of competi­
tion and the amount of price aggressiveness the 
Japanese companies can have because of the 
FMV, and because of the dumping rules and 
laws. I don't think there is anybody up here 
representing the Japanese companies who would 
say that anybody has even come close to violat­
ing these laws since they have been in effect. 

Whether that has been a good deal or a bad 
deal for the users in the United States, or wheth­
er that will be good or bad in the future is a 
tough question. We have to stay competitive at 
the system level. Our customers have to stay 
competitive. From that perspective, I think the 
government would do well to focus on market 
access and let the U.S. buy in a free market on 
FMVs. 

MR. ANGEL: Another comment? 

MR. BROWN: I'll get brave. I don't have any con­
flict with Bill's comments, but today's price com­
petition is clearly coming from U.S. suppliers, 
European suppliers, Asian suppliers, and prob­
ably, the lesser level Japanese suppliers. 

MR. SEAR: This is the third comment from a 
Japanese supplier, and it is very similar. Definite­
ly, the price competition is coming from U.S. 
suppliers and others outside of Japan. 

We, as a company, have not been the most 
aggressive in pricing, but we try to be as com­
petitive as we can and stay with the major Japa­

nese. I have heard comments from users that 
they would like to get their product as low cost 
as possible. 

Earlier, the gentleman showed an interesting 
curve. It showed a smiling face and a tearful 
face, depending on where the pricing was. Users 
want to get their memory at as low a price as 
they can. I have seen prices from other sup­
pliers. They are quite low. I am getting very 
close to FMVs for our company. I can't do much 
about that. 

We just talked about Intel, one of the companies 
forced out of the business. They are one of the 
most aggressive companies today in the DRAM 
business — albeit it is not their own product — 
but they are still in the market. 

MR. JELENKO: From our side, we recognize that 
there are complex issues involved in terms of 
both national and international balance of trade. 
Mainly, we would say that we are happy to see 
that there is apparently some consensus 
between the SIA and the user community, so 
that whatever constructs we go forward with will 
be something that we can all live with more 
easily. Hopefully, it will allow the kind of stability 
we have seen in the past. 

Our focus is mainly that we are able to support 
our users and customers here, in the United 
States, without having to revert to some kind of 
artificial construct. 

MR. ANGEL: One final question. I sketched some 
companies that just came to mind that were 
supplying DRAMs. Just quickly, I came up with 
19. If all have a 10% market share — carry the 
three, divide by two, integrate this — I can't do 
the math, but I think I have a problem. 

I know all five of you clearly believe that if we 
hold a conference in 1995 and we talk about 
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leaders in DRAMs, all five of you are going to be 
up there. But let's face some realities. This is not 
a Dataquest endorsement, but I think probably a 
10% market share or something in that range is 
going to be necessary due to the dynamics of 
the capital investment. 

Are any of you able to say where the fallout 
might occur? 

MR. QSAND: I think you are going to see more 
alliances. That's not a cop out. I believe you are 
going to see some more joint ventures, and you 
are going to see some more sharing of the tech­
nology that is coming from overseas in the Unit­
ed States, and vice versa. 

The world is going to get smaller, and people 
are going to start dealing with each other be­
cause of necessity. You won't have 19 guys who 
look like 19 guys in the marketplace. I think that 
is what is going to happen. 

MR. ANGEL: Anyone else? 

MR. SEAR: Absolutely, I think there will be many 
more alliances. But one of the other things is 
that the capital cost is very high. That would 
perhaps indicate a shakeout. And actually, I 
agree with Joe on this one. 

Getting the most use out of the fab capital that 
you spend is important. DRAMs are the first 
process driver, or the first product, but then you 
have SRAMs and ASICs and other products be­
hind that. So, the trick is to get the best use out 
of your fab possible and average those costs, so 

you don't necessarily have to depreciate every­
thing over the first product. If you do, you would 
be out of business. So, there are other products. 
If you are a diverse, broad range supplier, I think 
that is going to help. That will force some alli­
ances. 

MR. ANGEL: Joe? 

MR. PARKINSON: Let me say that I am not posi­
tive that even Micron will be one of the survivors 
for sure. It is a tough row to hoe. But I would 
say it is not going to be based on how much 
money you have in your pocket, which is the 
simple way people would like to look at things. 
They like to assume that the guy with the deep 
pocket or the big structure is going to be the 
one that survives. 

I am absolutely convinced that it is a technology 
challenge. I will repeat what was on the slides. 
I believe that a guy could predict the fallout in 
1984-85 by sitting down and looking at the die 
sizes and the mask layers. The ones with the big 
die sizes and lots of mask layers are not with us 
today. And you could do the same thing today 
and arrive at the conclusion of who will not be 
with us two or three years from now. 

You can also throw the performance into that 
equation, the 60 nanosecond units that we talked 
about earlier. That is what will decide the out­
come of this battle more than anything else. 

MR. ANGEL: I want to thank the audience. We 
could not get to all of the questions. Gentlemen, 
I thank you. Our audience thanks you. 
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Doing business in the semiconductor industry is 
expensive, and becoming more so every day. 
Whether we are companies, industries, part of 
the infrastructure, or — like Silicon Valley — a 
geography closely aligned with semiconductors, 
the cost of healthy survival is rapidly escalating. 
I would like to explore some aspects of this cost 
with an eye to shaping our thinking and our 
actions for the future — in order to ensure the 
future: the price we must pay. 

Historical Perspective 

To look at the future, please excuse me if I refer 
to history. But historical developments that have 
been changing costs in the industry are, with 
some exceptions, also a reasonable guide to the 
future. While costs have been rising for a long 
time, it is the magnitude of current and future 
costs that make a critical difference. They are to 
the point where the structure and nature of the 
industry will change. 

I go back a long way, so history comes easy to 
me. I joined the semiconductor industry in 1961 
as a technician — I was working my way 
through Stanford — and soon found myself en­
meshed in device processing and design. I was 
paid $2.00 an hour; some things change. But I 
didn't know anything then; some things never 
change. For the current discussion, however, I 
will stay within modern history, the last 20 years, 
and the foreseeable future, the next five years. 

Industry Accomplishments 

Since, as an industry, we like to pat ourselves 
on the back, we often hear many impressive 

numbers regarding the accomplishments of the 
industry: how density has increased; how toler­
ances have shrunk; how cost per transistor or 
gate or bit has plummeted. And we hear how 
those meritorious figures will improve in the fu­
ture. Rightly so, the industry should be proud. 
But those astonishing improvements have not, 
and will not, come free. Let's look at design 
costs, marketing costs, and wafer fab and pro­
cessing costs. 

Design Cost 

Chip density has increased 2000-fold in the last 
20 years. Design cost, per bit, transistor, or gate 
is now about 1/40th the cost of the early 1970s. 
Truly immense progress. But that means that the 
design cost per device has gone up, way up. 
Obviously, there is a lot of variation depending 
on what figures are used, but that should not 
detract from the fact that this is a major trend. A 
good rule of thumb is that design and/or devel­
opment costs go up with the square root of 
density. While CAD is tremendously beneficial, it 
only partially offsets the tremendous increase in 
complexity of today's devices, and that trend will 
continue. 

According to Intel, development cost for the 486 
microprocessor is $250 million (a quarter of a 
billion dollarsi) versus $100 million for the 386 
microprocessor and $25 million for the 8086 
microprocessor more than 10 years ago. Big 
bucks! Of course, other designs (especially de­
sign only) are less, a lot less, but for apple-to-
apple/orange-to-orange comparisons, the range 
of change is similar: by my estimate, an increase 
of 45 times over the last two decades. 
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(On a personal note, I did 19 designs. The first 
18 worl<ed the first time through fab, and the last 
convinced me that market research was a better 
idea. Total development cost, including special 
processing for several designs, averaged about 
$25,000 each.) 

Marketing Costs 

Marketing costs have similarly skyrocketed, but 
for different reasons. In the old days marketing 
barely existed. More recently, costs have in­
creased because of the increase in market size 
and the movement to worldwide markets. The 
former accounts for about an eight times in­
crease and the latter about a three times in­
crease, or about 25 times altogether. Currently, 
attention and competition at the applications level 
is rapidly pushing these costs up. 

Wafer Fab Costs 

But the sweepstakes winners in costs are wafer 
fabrication facilities. What price dimension reduc­
tion? In the past — my past — the cost of a 
wafer fabrication facility was in the six figures, 
i.e., hundreds of thousands of dollars, not hun­
dreds of millions. If anything, the increasing 
costs of fabs has accelerated recently. What's 
going on? 

Dimension reduction is getting tougher and the 
advantages of scaling less and less because the 
physical limits of devices are being approached; 
that is, the minimum possible size for transistors, 
resistors and interconnects. This does not stop 
progress. But unfortunately, the "cleverness" to 
continue to increase density is exacting a toll on 
design, processing and equipment. Over the next 
two generations of DRAMs the number of mask 
levels will reach (in some cases) 27, an increase 
on the average of about 70%. This is necessary 

in order to provide more interconnect levels, 
wells, BICMOS, et cetera. The number of proc­
ess steps will double. Routinely, equipment costs 
for a single station are exceeding $1 million and 
increasing rapidly. 

The demands for control and dimensional toler­
ance are intense. It is instructive to look at a 
microcosm of this world — an individual part — 
to see at that level the efforts being made to 
meet the demands of the industry, the quality 
demands up and down the vertical infrastructure, 
and the cooperation required both horizontally 
and vertically In the infrastructure. Five years ago 
the part cost $50, today it costs $200, and five 
years from now its costs may exceed $1,000. (In 
certain instances that is the case today in Ja­
pan.) 

The bad news is clear. More steps; more costs 
per step; and the more steps the more need for 
tolerance control in the processing. All of this 
multiplies cost. 

To a certain extent, this is a new phenomenon. 
While facility costs have been going up steadily 
for a long time, the costs were offset in the 
1970s by increased throughput and holding the 
number of mask steps down. More recently, 24-
hour operation and higher yields (a basic tripling) 
have kept cost per good die reasonable. No 
longer. In the past two decades fab costs have 
Increased 100-fold. They will continue to increase 
more than 60% for each new product generation. 
Projections are that five years from now state-of-
the-art wafer fabs will cost $500 million to $1 
billion. This is not penny ante. The stakes re­
quired to compete are very high. 

Wafer processing costs tend to track capital 
costs. Future wafers will be hit both with high 
capital cost and high processing cost, and in 
some cases major design and development cost. 
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Quality of Life 

Let me switch, for a moment, from manufacturing 
to Silicon Valley. Many of you represent non-
manufacturing segments — companies or divi­
sions where the output relies on the creativity or 
intellectual effort of people. Now, for the record, 
in the last 20 years the GNP deflator has risen 
2.5 times and engineering salaries have risen five 
times. Engineers are paid significantly better now 
than in the past. But the price of housing in the 
Valley is up 15 times; highways are clogged; 
education is deteriorating; open space is disap­
pearing; and the environment is not getting bet­
ter. Quality of life is an issue. These problems 
and these imbalances must be redressed for Sil­
icon Valley to remain a viable location that at­
tracts talent. The piper must be paid; costs will 
skyrocket. 

Annual Growth Rates 

To summarize these costs, let me put them in 
the perspective of annual growth rates as best 
as I can calculate, and please take all of the 
caveats of imprecision into account: 

Marketing 
Design & development 
Wafer fab facility 
Processing 
Professional salaries 

14% per annum 
17% 
22% 
20% 
9% 

Not a pretty picture. 

Given these facts I'd like to draw some conclu­
sions: 

• For a large part of the mainstream of semicon­
ductor products the minimum ante to compete 
is, or will be, very high, and it is growing faster 
than the semiconductor market itself. At the SIA 

Dinner, Andy Grove said that scale is important. 
He is right. The entry fee (or continuation fee) is 
high enough to endanger a significant segment 
of the U.S. semiconductor industry — and, for 
that matter, industry worldwide. A corollary: there 
will be significant attrition. 

• In some product areas success will have as 
much to do with finance as with technology 
(assuming technology crosses borders). There 
appear to be lots of folks willing to pay the bill. 

• The cost, and the complexity, of building a 
state-of-the-art fab is moving management of fab 
construction from the company to outside profes­
sionals. The fabs are contracted. To a certain 
extent, aided by suppliers, this has a leveling 
effect on technology and technological ad­
vantage. (The lead times that some companies 
enjoyed in the past no longer exist.) Both fab 
financing and fab productivity become critically 
important. A slow ramp in production will be 
disastrous both in terms of carrying cost and 
market prices. If this was true in the past, it will 
be more true in the future. 

• Because the number of chips per wafer is 
expected to decline, and wafer capital and proc­
essing costs increase, it is clear that chip costs 
will rise substantially. I believe that a conse­
quence of these costs will be a marked slow­
down in the rate of price/performance improve­
ment, i.e. prices will not fall as fast as in the 
past, technology change will be slower, the mar­
ket (in bits or gates, not dollars) will grow slower, 
and products and fabs will have a longer lifetime. 
They are all interconnected. The analysis is com­
plex, and murky, but I repeat: price/performance 
improvements will slow. Heresy? Yes! For 20 
years I have been a proponent of the industry's 
experience curve. No longer. That slope is break­
ing; it will be plainly evident in two to three 
years. 
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• There will be more pressure on mid-sized 
semiconductor companies, undersized in the big 
markets and oversized for a protected niche. In 
major product areas there will be fewer bou­
tiques, if any. A corollary: there will exist a large 
quantum step for small players to become major 
players. 

• To some extent, companies will choose be­
tween competing with dollars or with creativity. 
Furthermore, but not the same thing, companies 
will choose to forego fabs (as some have done 
already), or marketing, or design. (Personally, I 
see a plethora of fabs under construction or in 
planning. Without a killer application to drive the 
market, supply is not likely to be endangered for 
the fabless. Economic generated growth can be 
supplied adequately.) 

• Lastly, companies must look to new alterna­
tives for reducing costs. These lie outside their 
corporate walls, but encompass cooperation with 
suppliers, customers and other industry partici­
pants: shared resources; joint alliances to 
provide scale; and division of capabilities among 
companies according to what they do best. The 
full-sen/ice company will disappear. 

Survival & Prosperity 

So, what does this mean in terms of the indi­
vidual manager? Two things. 

First, I believe that a large majority of semicon­
ductor (and related) companies will either not 
survive or not prosper through the next five 
years. Those that do, either large or small, will 
have pursued a role that makes long-term strate­
gic sense. The time has come to think deeply 
about that role and act upon it. 

Second, it is clear that no company is an island. 
The costs of our technologies and their com­
plexity make that a reality. Sun/ival and prosper­
ity need the help of the federal, state and local 
governments, industry consortia or cooperation, 
alliance, joint efforts, et cetera. There is a long 
list of items that can, should, and must be done 
to affect the level of the competitive playing field 
or to help reduce costs. I do not mean subsidies 
or monopolistic conspiracies, but the healthy 
ground in between. This includes industry con­
sensus and government action on trade, finance, 
R&D, intellectual property, shared research in 
industry, and so forth. This is a fundamental, 
major long-term change in industrial organization 
and operation. It will arffect not only the 
semiconductor industry and other electronics, 
but eventually all industry. 

The point is, there is a need for external action 
and cooperation that is multiplying tremendously, 
on the political front, with industry, with other 
groups with aligned interests, and with suppliers 
and vendors. The SIA and SEMI have accom­
plished tremendous things, but those accom­
plishments are a small drop in the bucket com­
pared to what is needed. And, of course, a con­
sensus on that is a place to start. U.S. industry 
and government need to get their act together. 
Corporations need to adapt to the future, chang­
ing how they operate. The stakes are huge. 

The costs of fabs, et cetera, can be enumerated. 
But what must be done to ensure healthy com­
panies and industry requires a quantum increase 
in the efforts outside the walls of our respective 
corporations. You, me, all of us. That is the real 
price of the future. 

I 
I 
I 
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MR. ANGEL: After a couple of hours, we should 
have a better understanding of what this decade 
holds for us in the area of personal computers, 
personal electronics and user-supplier relation­
ships. 

As I mentioned yesterday, a few months back I 
was privileged to spend some time with Western 
Digital in one of their strategy meetings. At the 
end of that meeting, I felt that this company had 
a unique view of the future. We would like to see 
if we could get them to share that with us today. 

I met Roger Johnson at another meeting and 
asked if he would spend some time with us. He 
graciously consented. Mr. Johnson is President, 
Chief Executive Officer and Chairman of the 
Board of Westem Digital. He joined the company 
in 1982. I think those of you who follow the fi­
nancial performance of the company know that 
there has been a marked improvement. Prior to 
that, he was President of the Office Systems 
Group of Burroughs Corporation. He has had 
numerous other executive positions. 

Roger, we are delighted that you could take 
some time to be with us today. 

MR. JOHNSON: Thank you. I am always in­
trigued by how people introduce you. I guess 
Dr. Mizuno, Irv and I are senior people. At least 
for me, that must mean that I am old. I know I'm 
old because yesterday my wife read me some­
thing in the paper, and she said, "Look at this. 
It says that old people should not eat health 
food anymore because we need all the preserva­
tives we can get." 

Someone was asking me how business was. I 
had just gotten off a plane and saw a mug that 
depicts how I sometimes feel these days. The 
mug said: "Since I've run out of sick days, I'm 
going to call in dead." 

I do not know enough to talk for 45 minutes. In 
fact, I am not going to talk. You have had a long 
two days of conference where you have heard 
from wonderful people. You know more about 
what I am going to talk about than I do. So, I 
am just going to make some observations; then, 
perhaps, we will have some time for discussion. 

PC Driving Force 

The evolution of the personal computer is some­
thing that we all feel is very real in our everyday 
lives. The practice of putting more and more into 
less and less stopped being any type of revolu­
tion long ago; it is merely ho\w things are. it is 
the consistent migration that is driving the semi­
conductor industry. 

The evolution toward smaller — which means 
less weight, more function, less power, lower 
cost — is the driving force in the future for those 
of us who build semiconductors, not only be­
cause of the personal computer, but because of 
the pervasiveness of computing, which also has, 
at its core, smaller, more function, less weight 
and lower cost. 

Without acting either like an historian or some­
one with a crystal glass, I would like to talk 
about some of the technologies behind that, or 
at least our view of that. I will then discuss mar­
ket opportunities. I will conclude with some com-
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ments — perhaps controversial — about the at­
mosphere in which we have to live and grow our 
businesses. This is an atmosphere which I think 
may be more threatening to us than any of the 
things we normally talk about. 

It is hard to believe that the personal computer 
is less than 10 years old. It is hard for me to 
believe that, because I came into this industry in 
the early 1960s with a company called Friden, 
that built rotating calculators, with a specialized 
sales force that sold on applications. So, I can 
see, even in my short career, quite a parallel. 
We are seeing a similar story between the evolu­
tion of the calculator from the 1960s and 1970s 
and what we now call the personal computer. 

As products change over time, so must the ap­
proach to product development. Desktop com­
puters have a predetermined set of parameters 
for size and functionality. They have become 
quite standard over time. The evolution of the 
personal computer (which is really a synonym for 
small things that compute) is and will be, to a 
greater degree, driven much more by people's 
needs. This means you need to have a more 
flexible view when you are planning a product. 

People's needs change. We don't like to be 
standard. The only people who like standards 
are manufacturers. If people liked standards, we 
would all be driving black, square cars. 

I think those of us involved in helping to define 
what the products are and how we contribute to 
them really have to understand that people want 
things that do different things that they need, not 
what we want to produce in some standard way. 

New Product Evolution 

More importantly, the computer that is evolving 
will be a companion to the way people think. It 

is going to go with its user everywhere, every 
day. 

Being carryable, as opposed to portable, I think 
is an important distinction. For the most part, 
today's laptops, and even notebooks, are port­
able; they are not really carryable. They are 
comparable to a bowling ball. You can get it 
around, but you don't want to take it to lunch. 

By following this path that we are on, this indus­
try — which we, the people who make things 
smaller, tend to drive — will offer personal com­
puters in the next three to five years that provide 
today's desktop performance and functionality 
that can be held in your hand. They are com­
monly called "palmtop." I think the palmtop of the 
next two to three years will have that level of 
power, full function, weigh less than four pounds, 
with all intemal circuitry (maybe 10 chips or 
less), in about a 3x4 motherboard. 

This type of very small computer will replace pad 
and paper in some instances. It will, for the first 
time, bring it into the hands of truly noncomputer 
users. In the 1960s and 1970s, we took the cal­
culator out of the specialists' hands in ac­
counting and moved it out to people who didn't 
really understand anything about its insides. 

Enabling Technologies 

Many technologies enabled that degree of evolu­
tion. Some basic technologies that enabled the 
migration from desktops to laptops are the 
same; others are new. Among the major driving 
technical forces are mass storage, computer 
display, input, connectivity, communications, 
digital signal processing and power manage­
ment. All of these rely heavily on what we in the 
semiconductor business do. 

As designers and manufacturers, we need to find 
ways of driving higher and higher levels of inte-
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gration. That, of course, is what drives the size 
situation. 

Mass Storage 

It will be necessary for us to understand more 
about battery technologies, as well as some 
other technologies that are akin to what we do. 
Mass storage is crucial to the future development 
of small computers, because storage require­
ments for small computers will vary more than 
they have in the past. The days of standard 
capacities, standard interfaces and form factors 
are for the most part gone. 

In fact, many portable applications cannot take 
anything mechanical because their size, power 
and performance will be destroyed as they go 
into environments that are not very friendly. 
Therefore, an alternative to rotating storage is 
absolutely necessary. 

I have worked in the rotating storage and semi­
conductor businesses long enough to see every 
chart predicting that every technology will be 
wiped out by every other technology. It never 
happens. And I am not predicting that here. 
However, there is a need for solid-state storage, 
which will probably come in the form of a flash 
EPROM. We and several others are working on 
that. 

Proprietary Rash Product 

We are developing a proprietary flash product 
that can be managed like magnetic media. This 
is a little different approach. It can interface to a 
system, just like a disk drive. The catch here is 
that nothing rotates. This is achieved by utilizing 
existing storage technologies, such as data com­
pression, defect management buffering and error 
correction, with nonvolatile high density memory. 
The result will be a solution that meets stringent 
requirements for small computers. It is light, fast, 

rugged and consumes very little power when 
compared even to a ZVz Winchester drive. Solid-
state storage can be up to 100 times faster and 
deliver performance using up to 300 times less 
energy. It is currently too costly. However, those 
problems, as we all know, are something our 
industry addresses quite nicely. 

Perhaps the most unique feature of this technol­
ogy is that it is not limited to a specific form 
factor. It can be configured to look like a very 
small drive or a memory card. It can be imbed­
ded on a motherboard or it can be designed into 
almost any form factor needed. So, it inherently 
possesses the versatility and flexibility required 
by emerging small computers. 

Flash goes where Winchester technology can't 
go, and therefore, we feel it will be a major en­
abling technology for small computers. 

Eliminating the Keyboard 

In parallel, the natural evolution of the computer 
will also lead to functional systems that could be 
operated without a keyboard. We have seen a lot 
of those things coming along with limited func­
tion, stylist-based machines. They are now a 
reality. 

As we move toward the in-your-hand computer, 
another once-distant technology may come to 
fruition. Advanced features, such as touch 
screens, write-on screens, and the application of 
more sophisticated pointing devices will become 
commonplace. All of these can benefit from the 
advancement of data signal processing that 
basically embeds the code information within the 
sound, pictures or written material the user has 
at his control. 

Digital signal processing in small systems was 
not feasible a couple of years ago. Today, there 
are strides being made and we are working in 
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some of these areas. With regard to handwriting, 
voice recognition, the ability to store condensed 
written and spoken information efficiently, it is 
really not that far away. A system could be de­
veloped that can recognize and translate informa­
tion using advanced forms of digital signal pro­
cessing. 

Communications 

The evolution toward smaller machines will also 
dictate that we find new ways to communicate 
and use the information. It does little good to 
have this hand-held computer if, to access and 
get at your work, you have to rent a pack horse 
to bring along your personal printer and fax. 
Dedicated fax and modem capabilities, realized 
through a single chip or a mini insertable card, 
will be one of the ways that tomorrow's small 
computers can attain true usability. Some of this 
functionality is already available or in develop­
ment. 

Connectivity 

Along with the ability to quickly communicate, 
connectivity is going to be central to the useful­
ness of this little computer. The next generation 
of small computers will need to be dockable. It 
means that same physical computer will be used 
at home, on the road or at the office. Through 
advanced functionality integrated into the silicon, 
a hand-held computer could be utilized in this 
environment and still function quite effectively. 

The hardware in these very small computers will 
need to be totally configurable. For example, 
when using the computer on the road, the sys­
tem interfaces with specific video and storage 
functions and a limited set of peripherals. How­
ever, when that same computer is brought and 
applied to the office environment, those inter­
faces will change. There will be different key­
boards, a larger monitor and higher resolution 

video. The system may be retrieving data from 
a tape and interfacing with a laser printer or the 
fax machine over LAN. 

Integration 

Again, many technologies and innovations that 
make this continued evolution toward small com­
puters possible depend on the engineering in­
genuity that we all are familiar with and our abil­
ity to translate that into silicon. 

The geometries are, of course, one of the bar­
riers. To get the levels of integration that we 
need to drive this functionality, we have to keep 
making things very much smaller. 

Today, many of these disparate functions are 
working well and are being successfully inte­
grated in themselves. Several of us are begin­
ning to merge those functions and physically 
integrate across functions. More and more of that 
will be necessary in the future. 

One of the successful techniques that must be 
employed by our industry is that those of us 
who grew up on the semiconductor side of 
things and those who grew up on the systems 
side will have to put those together. It is going 
to be very difficult for us to succeed unless we 
have people in our organizations who are sys­
tems knowledgeable and who understand how 
these generic functions really work in computing. 

We need people who can talk with their OEM 
customers at a system design level and 
understand what the customer is telling us he 
needs, and then be able to interpret that to our 
logic designers. I think the day of the technical 
process driving the products needs in the 
semiconductor business is pretty well finished, 
unless you are really moving into the commodity 
high-volume RAM business. 
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A lot of these approaches are with us today. 
There will be a whole variety of new systems 
introduced at COMDEX. I think, if you look inside 
some of those, you will find some hints of what 
may come in the future. 

Market Impediments 

I would like to switch for a second to a discus­
sion of markets, and to a little bit of what might 
be considered to be impediments to this. 

One of the things that can limit us is the lack of 
market. Right now, we are all going through 
some difficult times. Yet, if we step back from 
that and look at market opportunities, we see a 
variety of things happening. 

The small computer will drive extraordinary mar­
ket expansion — maybe not this quarter or next 
quarter, but it certainly will. As we bring this 
power to people not technically inclined — as 
with the calculator, the automobile and a variety 
of other examples — we will observe that they 
will find miraculous additional things to do with 
it. So, within our existing free world markets, we 
have a huge growth opportunity ahead of us. 

Emerging New International Markets 

There is a lot of talk about the great emerging 
markets of Soviet Russia, East Germany and 
Eastern Europe and a lot of debate on how long 
it will take. But, for those of you who deal there, 
the small computer is a national objective. They 
need to manufacture their own computing; they 
are going to do that, one way or another. That 
is a huge market. I had some studies done for 
my company that say the Eastern market, alone, 
over the next 10 years, represents a doubling of 
today's free world markets for the things we do. 
You can argue about when that will evolve. 

If you believe that the People's Republic of 
China will someday go, and if the surrounding 
infrastructure which speaks the language and 
knows the culture moves in rapidly, that will be 
a third growth market. 

So, you could say that in 10 years the 
opportunity exists to grow two times what we 
know today. To do that will take many things: 
Mostly, it will take a long-term view; it will take 
patience; it will take money; it will take a lot of 
perseverance. We are, of course, not alone in 
looking at those markets, speaking now as an 
American executive looking to the future of our 
industry. Everyone is looking at that. 

Capital Cost 

Set that aside for a second. We have heard a lot 
of discussion on the cost of what we do — huge 
numbers, half-a-billion dollars, a billion dollars — 
and some prediction that there will be a lot of 
dropout. I agree with that. But I don't think that 
it has to be necessarily so. 

The capital structures of our country have real 
fundamental flaws in them. I asked about the 
Tokyo Stock Exchange before I left this morning. 
After yesterday's close, it had a price/earnings 
ratio of about 40:1 after collapsing. My 
competitors and myself, whom I watch very 
carefully, are somewhere in the area of 6:1 to 
8:1. That means that we have to earn, 
depending on the multiple you want to use, five 
to seven times the earnings to raise one dollar 
of equity. 

Why is that? Is that because we are inherently 
shortsighted? With all due respect to my 
Japanese friends and associates, is that because 
of the wine they drink or their cultural heritage? 
No, it's arithmetic. 
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Capital Gains Tax 

Let's look at one simple thing. The long-term 
capital gains tax and the incentive to save, not 
only in Japan, but in Taiwan and some other 
countries, is very large. Essentially, there are no 
long-term capital gains. And there is a very high 
tax on current earnings. 

Our country, however, from a capital structure at 
this point, encourages consuming. From our 
viewpoint, it not only encourages consuming, but 
it encourages eating past investments. That is 
what LBOs are all about. You make more money 
eating the seed com than waiting for It to grow. 
So, we do not invest in the future, but we eat 
what somebody did yesterday. That's why we 
are all sitting and being driven by the equity 
markets for short-term results. 

I was in Washington last week, which is one of 
the more depressing trips you can make. I talked 
with some people there, and suggested they 
raise the capital gains tax. I am a Republican 
from Orange County. They almost didn't allow 
me back in. While in Washington, I did get Bob 
Dole's attention, along with the attention of a 
couple of other people. They asked me how I 
could suggest that. 

I said, "What is a capital gain? How long do you 
hold it? What is it, nine months?" There's an 
interesting definition of investment. So, I said, 
"What I think we want to do is raise any taxes 
on capital gains within one year to 50%, take 
two years to 35%, leave three years where it is, 
make four years 20% and five years zero." 

All the hubbub is because we are trying to pro­
tect the gains of the traders, the people who are 
churning paper and don't build anything. 

What we need is a structure that allows people 
to come back and invest in us, the people who, 

when we do earn a dollar, will say, "Fine, I'll give 
you 30," not "What are you going to do next 
week?" 

Solutions 

We talked a little bit earlier about what to do 
about that. I really think that there are a couple 
of things we can do. 

Cooperative Alliances 

First of all, in a very practical sense, the notion 
of working together is something that needs to 
be taken out of theoretical discussion and 
brought into practicalities. 

Our company has a very good relationship with 
AT&T. We worked out an arrangement three 
years ago that was quite unique. We had to 
build a wafer fab, we had no choice; we were 
looking at a huge bill which we were ready to 
pay. At that point the AT&T people came to us. 
They had a lot of capacity. We didn't want to 
work out a foundry relationship, however, 
because we can get foundry all over the place. 
We said, "Let's try to work out an arrangement 
where your fab looks like ours and we both 
make out." 

Without getting into the details, we came within 
a few dollars of what we thought the cost was. 
Then we said, "Fine. If we are going to build a 
fab, we are going to incur certain costs. If you 
build for us, we will avoid those costs. We are 
willing to pay you the costs we avoid. If that's 
enough cost for you to load your fab, we're both 
okay." We did, and we were, and we have lasted 
for three years doing that. 

In addition, the yield data coming off the Orlando 
fab and the yield data coming out of Madrid now 
comes in real time to my engineers. We now get 
the probe data right there. It looks like our fac-
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tory. We don't give them purchase orders, we 
give them forecasts, and we mess them up just 
like we do our own people. 

The point here, I think, is not to go through 
something we have done, but we do need to 
look across our industry and deal at much more 
strategic levels. I grew up in the General Electric 
Company, where I leamed that if I didn't sell or 
buy from my competitors I wouldn't sell or buy 
from anybody, because we built everything but 
automobiles. 

This industry is mature enough now to start 
looking at some of those things amongst our­
selves. It is not unmacho to share some things 
and figure out joint developments of products 
and improve the cost effectiveness of very ex­
pensive resources. 

Although our current situation is a little like the 
coffee cup, I think our long-term situation looks 
pretty good. We have some very creative people 
in this industry. I look fon/vard to being with you 
and being in this business for a long time. 

Questions & Answers 

MR. ANGEL: Thank you, Roger. Questions and 
comments? 

QUESTION: How much data compression are 
you achieving on your solid-state disk? 

MR. JOHNSON: I think Kathy told me we are 
now pushing 2:1 in certain applications. 

QUESTION: What will the right selling price be 
for the personal computer? When will the market 
take off? 

MR. JOHNSON: I think we are selling 20 million 
of them a year. So, it's not too bad right now. 

Where did the calculator take off? At under $100. 
I would guess that, under $500, the full-function 
personal computer will be as pervasive, selling 
hundreds of millions of units around the world, 
maybe five years from now. That is my personal 
guess. 
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Executive Vice President and 
Member of tlie Board 

Matsushita Electric Industrial Co. Inc. 

MR. ANGEL: We are most pleased to have Dr. 
Mizuno, Executive Vice President and Member 
of the Board of Directors of Matsushita Electric 
Industrial Company, Ltd., here today. He is in 
charge of all engineering and research and de­
velopment activities for the company, where he 
has been employed since 1952. 

Of particular note, Mizuno-san served as Chair­
man of the Foreign Semiconductor Users' Com­
mittee of the Electronics Industry Association of 
Japan, the committee studying ways to increase 
the penetration of U.S. chip makers' products of 
the Japanese semiconductor market. 

By way of background, he holds both a B.S. and 
a Ph.D. in Physics from Kyoto University. He also 
attended the University of Illinois. 

DR. MIZUNO: Thank you. Good afternoon, ladies 
and gentlemen. I am honored to have been 
asked once again to participate in Dataquest's 
Annual Semiconductor Industry Conference and 
to be here today with you. 

As you are well aware, enormous changes have 
occurred in our world during the 12 short 
months since we last came together here in 
Monterey. The course of East-West political and 
economic relations has been fundamentally al­
tered, and a new and major threat to world 
peace suddenly arose in the Persian Gulf. Also, 
while less noticeable, this past year has brought 
great technological changes as well. 

Future years are bound to be just as full of 
change and uncertainty. Today, in an effort to 

make the future slightly more predictable, I would 
like to provide my assessment of the changes 
which we can expect to see in the area of con­
sumer electronics during the next decade. 

I would like to begin with an overview of the 
current state of home electronics. Second, I will 
discuss the technologies which have supported 
the home electronics revolution. I shall then give 
my thoughts on the incipient transformation from 
home to personal electronics. After that, I will 
attempt to forecast how changes in electronic 
technologies and markets will impact upon our 
lifestyles in the future. I shall conclude with a few 
comments regarding my recent tenure as Chair­
man of the ElAJ's Foreign Semiconductor Users' 
Committee and the future of U.S.-Japan relations. 

Home Electronics Overview 

I thought it might be useful to begin my overview 
of the current state of home electronics with a 
quick look at my own company, Matsushita Elec­
tric, since I believe we are fairly typical of the 
major multinational electronics manufacturers in 
terms of our sales and product breakdowns. 

Illustration #1 shows Matsushita's sales and 
product breakdowns for each of the past three 
years. During this period, the category of infor­
mation/communication equipment (which includes 
such items as facsimile machines, telephone 
equipment and PCs) has been rapidly and stead­
ily gaining ground against our traditional home 
electronic products areas, such as video equip­
ment (namely TVs and VCRs), audio equipment 
(including radios and stereo systems) and home 
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Illustration #1 

appliances (such as refrigerators and washing 
machines). 

Information/Communication Products 

Of course, a major reason for this is that ad­
vancements in semiconductor technology have 
allowed us to reduce the size and cost of these 
information/communication products, such as the 
products shown in Illustration #2, to the point 
where they have become available and suitable 
for home use. As a result, Japan's factory output 
of facsimile machines, for example, rose during 
1989 to the level of $4 billion. 

This transformation in the use of information/ 
communication products should not have come 
as a complete surprise, because the traditional 
pattern in the electronics field has been one of 
new innovations being developed first for use in 
the scientific, military and other special markets, 
and then being transferred through industrial 
applications to the home market. 

What has been surprising, however, is the extent 
to which the former boundary between industrial 
electronics and consumer electronics has begun 
to fade away during the past few years. 

INFORMATION/COMMUNICATION EQUIPMENTS 
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Illustration #2 

Home Electronic Products 

Illustration #3 shows a few familiar home elec­
tronic products. They are categorized as audio, 
audiovisual or appliance products. Their operat­
ing cores actually consist of a number of infor­
mation processing technologies. 

For instance, remote control for TV sets and the 
digital recording/playback for CD players are 
clearly based upon such technologies. Also, 
state-of-the-art video cameras contain 11 micro­
computers, and new washing machines utilize 
fuzzy logic to automatically regulate detergent 

INFORMATION PROCESSING TECHNOLOGIES 

TV 

WASHING 
MACHINE 

VIDEO CAMCORDER 

Illustration #3 
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use and wash time based upon the amount of 
dirt in each load of clothing. 

Home Bus 

Given the broad use of information processing 
technologies in our current crop of electronic 
products, it was inevitable that someone would 
come up with the idea of iinl<ing all such house­
hold products, appliances and equipment, onto 
a single home bus. Illustration #4 gives you a 
feel for the probable scope of such a home bus 
system in the future. 

Via a home bus, we will be able to both receive 
and send information. This will allow us to re­
motely monitor and regulate in-home lighting, 
audiovisual equipment, heat and air-conditioning, 
security systems, et cetera. 

H O M E B U S 

I l lustrat ion #4 

As you can see, a number of microcomputers 
are used on the bus lines in connection with 
various pieces of equipment and at each con­
nection node in the bus. Thus, future home elec­
tronics will integrate more computer and commu­
nications technologies than ever before. 

Our cutting-edge Hi-Vision (or high definition) TV 
is, once again, a type of information processing 
equipment in that it is comprised of a series of 
computers and memory devices. One advantage 
of HDTV is that its resolution is some five times 
that of conventional NTSC sets. In addition, this 
technology can be utilized to transmit movies, 
publishing materials and medical information. 

CD-I will become another key electronic applica­
tion during the coming 10 years. As you l<now, 
the CD player is a piece of audio equipment; 
however, CD-I products will be multimedia prod­
ucts which will include text and video that can 
be utilized interactively. 

As Illustration #5 reveals, CD-I equipment con­
tains almost the same structure as a computer. 
It has a central system processor which controls 
its overall functions via a system bus. Information 
is sent from the disc on the left and, after being 
recorded and synthesized, emerges on the right 
in the form of sound and image. 
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"Human Electronics" 

Matsushita has developed the concept of "Hu­
man Electronics" which dictates that products be 
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designed and manufactured from the viewpoint 
of the consumer. In other words, we are commit­
ted to the development of innovative and highly 
user-friendly products. Illustration #6 lists a few 
examples of such products and technologies. 

HUMAN ELECTRONICS 

COMFORT and USER FRIENDLY 

• l/f FLUCTUATION PHENOMENA 
electric fans, air conditioners, lighting products 

• FUZZY LOGIC 
washing machines, vacuum cleaners, 
video camcorders 

NEUROCOMPUTER 
air conditioners 

Illustration #6 

To begin with, we will see the emergence of a 
new group of products based upon the 1/f fluc­
tuation phenomenon, which was first observed in 
the field of physical phenomena, such as electri­
cal noise, and which has recently been found to 
exist in the fields of biology, sociology and even 
economics. 

An electric fan employing 1/f technology is capa­
ble of sending both a strong and faint breeze at 
irregular intervals. This mixed current of air cre­
ates a more refreshing and comfortable atmos­
phere than a conventional fan. And this principle 
applies to lighting and air-conditioning systems 
as well. 

Fuzzy Logic 

Secondly, as touched upon earlier, we will see a 
heightened use of fuzzy logic. In the past, home 
appliances, such as washing machines and vac­
uum cleaners, could not respond in any precise 
way to the input of ambiguous information (such 

as "hot" or "cold," or "clean" or "dirty") since they 
were designed merely to respond to digitized val­
ues. But now fuzzy logic will now render them 
capable of responding to such input with great 
precision. 

Neurocomputers 

Finally, we will witness the introduction of neuro­
computers in everyday life. For example, neuro-
computerized air-conditioning systems will be 
able to provide customized comfort by regulating 
temperature and humidity in accordance with the 
number of persons in the room, outside tempera­
ture and so forth. 

In summary, we can see that future home elec­
tronic products will increasingly make use of the 
kind of advanced technologies which, until re­
cently, were limited to scientists and very ad­
vanced applications. 

Fundamental Technologies 

I would now like to discuss the technologies 
which have supported the home electronics 
boom of the past two decades and which will 
continue to be the driving force behind the con­
sumer electronic trends during the 1990s. 

As you are well aware, the fundamental technolo­
gies that drove the advancement of electronics 
in our era have been semiconductor technology 
and computers (or digital) technology. 

Semiconductor Technology 

Needless to say, there could not have been an 
electronics revolution without the incredible prog­
ress made in the area of semiconductor technol­
ogy. During the past five decades, the size and 
price of semiconductors have been reduced 
1/100,000,000 and 1/10,000,000, respectively. 
And, in terms of performance, today's tiny micro-
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Illustration #7 

processor, weighing only 10 grams and priced in 
the range of several hundred dollars, is far more 
powerful than the IBM 370 mainframes of about 
20 years ago. 

As for the future, Illustration #7 provides a fore­
cast for semiconductor performance 10 years 
hence. 

We predict that memory capacity will be in­
creased from 4 Mb to 256 Mb, which is roughly 
equal to the volume of infomnation contained in 
an entire encyclopedia. Also, microprocessor 
performance will increase from 10 mips to 1000 
mips, which is comparable to that of present-day 
supercomputers. Above all, in 10 years, we will 
be able to purchase such devices, encapsulated 
in tiny packages, at very low cost. It is mind 
boggling to contemplate the impact which such 
semiconductor devices will have upon home and 
personal electronics. 

Digftal (Information Processing) Technology 

During the past few decades, the conversion of 
analog signals into digital signals has become 
common in the electronics industry [Illustration 
#8]. 

ADVANCE IN DICITAL TECHNOLOGIES 

• EVERVmiNG (DATA, TEXT, OPERATION) IS 
REDUCED TO ARRAYS OF BrrS (0. 1), AND 
ARrrHMETICALLY MANIPULATED 

• TIME IS ALSO DISCRETE. REGARDLESS OF TIME 
SEQUENCE, ARRAYS OF BrTS ARE REARRANGED, 
PROCESSED, AND RESTORED 

• AUDIO AND VIDEO SIGNALS ARE ALSO ABLE TO BE 
REDUCED TO ARRAYS OF BITS. AND PROCESSED 
AS WELL 

I l lustrat ion #8 

Data, text, graphics, and even operations, have 
been reduced in the world of computers to ar­
rays of numbers (O's and 1's) which can be 
arithmetically manipulated to express human 
thought and ideas. Likewise, recent technological 
advances have made it possible to process au­
dio and video signals on a computer. This will 
add a whole new dimension in home and per­
sonal electronics. 

Expanding From Home to Personal Use 

Radio and TV sets were originally home electron­
ic products in that they were used by family. 
members as a group. Gradually, though, with 
size and price reductions, they have come to be 
owned and used by a single member of the 
family. 

During the past year or two, we have begun to 
see an acceleration in the shift from home to 
personal use. In my view, there are at least three 
reasons for this: 

• First, economic development has allowed vast 
numbers of people to shift their goals from mere­
ly satisfying basic living requirements to the 
search for heightened comfort and convenience. 
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We have now reached a point where people are 
seeking comfort, convenience and creativity 
through the personalization of their consumer 
products. 

• Second, Japanese, American and European 
societies have come to demand, or expect, peo­
ple to act more individually. Manufacturers have 
responded to this by attempting to differentiate 
their mass-produced goods.. 

• Finally, various technological advances of the 
past several years have both enabled and 
spurred this personalization trend. For example, 
new technologies have given us compactness, 
portability, lower prices and greater ease of use. 

Personal Electronics 

In my view, there are already three distinct cate­
gories of personal electronics: 

• The first category includes small and inexpen­
sive items which can be owned and used by a 
single individual as opposed to an entire house­
hold. In terms of audiovisual equipment, this 
category would include: pocket radios, head­
phone stereos, liquid crystal TVs and, as they 
become palm-sized and less expensive, video 
camcorders. 

This category also includes "information" prod­
ucts, such as calculators, word processors, per­
sonal computers and workstations, which are 
becoming personalized in the form of desktop, 
laptop, notebook and card models. 

Lastly, this first category includes communica­
tions equipment, such as portable facsimile ma­
chines and cellular mobile telephones. 

• The second category of personal electronics 
consists of educational, business and entertain­
ment products which are still operated by a 

single individual, but which are interactive in 
nature. Video games are a typical example of 
such products, but this category also includes 
CD-ROM, CD-I and DVI. 

• The third category consists of products de­
signed to assist small children, handicapped 
persons and the elderly. For example, until now, 
the programmed recording and editing functions 
on most VCRs have been far too complicated for 
even the general consumer to use. In the near 
future, electronics firms will need to provide 
much more user-friendly and useful products for 
these groups based on neurocomputers, artificial 
intelligence and cognitive science. 

At Matsushita, we have developed speech ther­
apy systems containing visual aids which com­
pare the user's speech against a normal speech 
pattern, to help the orally handicapped with pro­
nunciation and word ordering. Not only are such 
efforts important for the handicapped segment of 
the society, but they have also taught us a great 
deal about machine/human interface in general. 

Changing Lifestyles 

How will this trend toward personal electronics 
affect our lifestyles during the coming decade? 

• To begin with, this trend will, for better or 
worse, enhance the drive toward greater individu­
ality and creativity. Lifestyles will become more 
personalized. 

• Second, this trend will lead us to rely more on 
interactive multimedia technologies for our enter­
tainment and education. 

Multimedia — Information 

For example, this depicts a multimedia movie 
tour of India. A participant in this tour who might 
become curious about India's history could stop 
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the tour to receive historical information on any 
given topic or place of interest. And, if the viewer 
suddenly decided that he wanted to visit India, 
he could use his multimedia computer to check 
airline fares, travel schedules and to make his 
resen/ations and purchase his tickets. 

Multimedia — Education 

Similarly, the study of mathematics and physics 
could be made more interesting and enjoyable 
through multimedia systems providing immediate 
feedback and assistance. This will lead to yet 
another lifestyle trend: the fusing of study and 
hobby. 

Multimedia — Business 

In addition, this trend will encourage working at 
home. Given the right communication tools, it 
would appear possible to do both our individual 
and collaborative office work out of our homes, 
thus freeing us from an unproductive and time-
consuming commute. 

An employee working at home could utilize a 
communication system to discuss a work topic 
with several colleagues at the same time. Thus, 
the distinction between home and office will also 
begin to fade away within the coming decade. 
Personal electronics will also enable us to per­
form complex scientific and research chores on 
our own. For instance, with new advances in 
computer graphics, a lone researcher will be 
able to perform new and better simulations. This 
will allow him to acquire research results much 
faster than before and to provide a more visual 
presentation of those results. 

Computer Animation 

Likewise, the next 10 years will usher in great 
advances in the area of animation. Illustration #9 
depicts a computer animation of seaweed and 

Illustration #9 

fish movement in the sea. Using such animation, 
a single researcher would be able to explore fish 
and undersea flora behavior which could only 
have been understood by a team of researchers 
in the past. 

Advanced Simulation & Computer Graphics 

By the way, I should mention that since the U.S. 
remains about five to 10 years ahead of Japan 
in the area of advanced simulation and computer 
graphics, I believe that the emergence of per­
sonal electronics presents U.S. firms with a gold­
en commercial opportunity. 

The Japan-U.S. Relationship 

During the past year, I had a rare opportunity to 
witness first hand the process of dealing with a 
major trade dispute between our two nations. I 
want you to know that I did my best to help 
advance the 20% market share goal for Ameri­
can chip sales in Japan. 

For example, upon becoming Chairman of the 
Users' Committee, I asked the major Japanese 
electronics firms to establish company goals and 
procurement arms dedicated to buying foreign 
chips. I also asked these firms to participate in 
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market access exhibitions and seminars and to 
send procurement teams to the U.S. to discuss 
automotive, consumer electronics and HDTV 
design-ins. 

As a result of this and other efforts, foreign mar­
ket share in Japan has improved considerably, 
but we have a ways to go. However, I am more 
optimistic than before that we will in fact reach 
our mutual goal in the near future. 

I learned a great deal from this experience, and 
I came to several conclusions about U.S.-Japan 
relations in general: 

C O N C L U S I O N 

LESSONS LEAflNED FROM MY TENURE AS CHAnmAN OF THE 

QAJ'S F0REI6N SEMICONDUCTOR USER'S COMMITTEE: 

WE'VE MORE IN COMMON 
THAN WE HAVE DIFFERENCES. 

STICKS AND STONES 
•• WORDS CAN INDEED HURT US. 

DONT UNDERESTIMATE THE POWER OF 
AMERICAN INNOVATION. 

I l lustrat ion #10 

• To begin with, despite all the talk about how 
unique Japanese society is, I have come to be­
lieve that, in the present era, Japanese and Am­
erican citizens have far more in common than 
we have differences. We share the same basic 
values and are increasingly interested in each 
other's history, language and popular culture. In 
short, we are not the strangers we once were. 

• Second, I have come to the conclusion that 
American and Japanese officials, journalists, 
commentators and other opinion makers need to 
use more discretion in their use of language 

when discussing our bilateral relationship. Terms 
such as "war" (as in "trade war") and "threat" (as 
in "the Japanese threat to the U.S."), and all of 
their Japanese counterparts, greatly overstate the 
areas of disagreement and friction in our bilateral 
marriage. If nothing else, this year's Persian Gulf 
Crisis should have served as a reminder that we 
need to apply such terms sparingly and only in 
situations where they are truly warranted. 

• Finally, I have come to the conclusion that, to 
borrow a phrase from Mark Twain, the rumors of 
America's economic demise have been greatly 
exaggerated. My contact with numerous Ameri­
can high tech companies during the past year 
has confirmed my belief that America remains 
the most innovative nation on earth. And, as 
discussed in this conference, now that you are 
re-emphasizing your industrial and manufacturing 
roots, I suspect that you will give Japanese firms 
like Matsushita a great deal to think and worry 
about. But we welcome that competition and we 
wish you well. 

Thank you very much. 

Questions & Answers 

MR. ANGEL: That was wonderful. Are there any 
questions? 

QUESTION: What are the key technologies need­
ed to bring multimedia capabilities to the main­
stream PC user? 

MR. MIZUNO: That is a very difficult question. I 
don't believe that the computer is going in the 
way we are imagining. I don't know what it will 
be. But at least I can say that the future is in 
mass production computers. When the computer 
is made in mass production styles, the same as 
TVs, the computer should be equipped with a lot 
of the video and audio features. At the present 
time the computer is not so people friendly. 
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So, in order to develop very friendly computers, to sub-microns, because in order to realize the 
we have to include a lot of capabilities in the graphics we will need very fast microprocessors, 
audiovideo performance. The technology for that, faster than the present ones. And we need larger 
I believe, is software for graphics. And second, memories to store the image. So, we need very 
to realize semiconductor technologies might go much, indeed, the sub-micron VLSI technology. 
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HOW USER/SUPPLIER RELATIONS WILL CHANGE 

Irv Abzug 

GTD Vice President and 
Director of Corporate Component Procurement 

IBM Corporation 

MR. ANGEL: We are privileged that Irv Abzug 
has joined us today to provide, I think, a special 
perspective. As I mentioned yesterday, we think 
that IBM is the largest consumer of semiconduc­
tor devices in the world. This is the gentleman 
who oversees the acquisition of those electronic 
components. 

Irv is Vice President of the General Technology 
Division and Director of Corporate Component 
Procurement for IBM Corporation. He joined IBM 
in 1947, and has been associated with a series 
of highly successful programs. As you can see 
in his biography, these are immediately recogniz­
able major achievements of the corporation. 

Irv, we are most pleased to have you here today, 
and I look forward to your comments. 

MR. ABZUG: Good afternoon. There is something 
enviable about being the last speaker on the 
agenda here. 

David, I want to thank you for inviting me to join 
this Dataquest Conference. It has been a real 
pleasure for me, a visitor from the East, to come 
to California and to mingle with "dinosaurs" and 
'labless bigots" — I guess that's the word. 

Today I would like to discuss the evolution of the 
relationship between IBM and the electronic com­
ponent industry. I will briefly review the history 
and the changes in this relationship, and then 
talk to the challenges of the 1990s. 

But first, for those of you who are not familiar 
with IBM's Corporate Component Procurement 

[CCP] Organization, I would like to describe our 
mission and our structure. 

COP'S Mission & Structure 

You might say that CCP is the bridge between 
the world of IBM and the world of the electronic 
component industry. Our mission is to support 
IBM's development and manufacturing product 
divisions with technologies that we procure from 
qualified suppliers. 

CORPORATE COMPONENT PROCUREMENT 

MISSION 

Support IBM Product Development and 
Manufacturing Requirements with Competitively 
Procured and Technically Qualified Supplier 
Component Technologies. 

I l lustrat ion #1 

We are a self-contained organization. Our struc­
ture includes: 

• Our Product Support group interfaces directly 
with our internal IBM customers, to assist them 
in defining their technology requirements. 

• Our Engineering arm works closely with sup­
pliers' engineers to specify the application and 
reliability requirements. 
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• Materials Management consolidates production 
demands from IBM plants around the world. 
They place the necessary purchase orders and 
manage the flow of incoming parts from our 
suppliers to IBM's assembly plants. 

• Quality Assurance verifies the ongoing quality 
of our purchased components. 

• And finally, Finance manages our financial 
plans and activities. 

I should also add that we serve as a strong 
advocate of industry technology within IBM. 

CORPORATE COMPONENT PROCUREMENT 
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• Supports 38 IBM Sites 
• Worldwide Supplier Base 
• 20,000 Qualified Part Numbers 
• Procures 1.5+ Billion Devices Annually 

Illustration #2 

CCP provides purchased components to 54 de­
velopment and manufacturing organizations at 
38 IBM sites located around the world. As you 
can see on Illustration #2, we have identified 
COMPEC [Component Procurement European 
Center], our sister organization, which is located 
in Bordeaux, France. Its primary responsibility is 
to provide purchased component technology to 
IBM's manufacturing facilities in Europe. 

Our supplier base is worldwide, with the majority 
of our purchases coming from fewer than 100 

suppliers. We have a product menu of about 
20,000 part numbers, and we procure more than 
1.5 billion devices per year. 

Component Purchase Strategy 

CORPORATE COMPONENT PROCUREMENT 
llHll llHIIII I l l i l 1 ^ ^ — I ^ ^ ^ 

MMAM 

PURCHASE STRATEGY 
• utilize the Unique Capabilities of ttie 

Electronic Component industry 

• Worldwide Product ExceHence 

Illustration #3 

Our purchase strategy is rather straightforward. 
It is to employ those special and unique capabili­
ties of the semiconductor industry which comple­
ment IBM's internal development and manufac­
turing strategies. 

Those industry capabilities, which are of prime 
importance to IBM, include: memory and logic 
commodity products; application-specific devices; 
microprocessors and controllers; optics, including 
LED and lasers; and discrete passive com­
ponents. Our procurement strategy is predicated 
on worldwide supplier excellence in products and 
services. 

History of Supplier Relationships 

Now that you have a general idea of our mis­
sion, structure and strategy, I would like to briefly 
review the history of our supplier relationships. 
This should help you to understand the evolving 
changes. And, most importantly, it will help you 
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to identify how we are positioned today to meet 
the challenges of the 1990s. 

1970s: "Arm's Length" Relationships 

Then, as now, CCP was the bridge between the 
IBM world, with its distinctive culture and pur­
chase practices, and the supplier world, with its 
own ways of doing business. As Illustration #4 
shows, it was a ve/y long bridge. 

CUSTOMER/SUPPLIER ENVIRONMENT 
tOOi^H 

1970s 

"Arms Length" Relationships 

Illustration #4 

Many of you experienced working with IBM dur­
ing the 1970s, in what I refer to as an "arm's 
length relationship" — one that limited our sup­
pliers to just enough information to permit them 
to make parts which met our specifications. That 
relationship allowed for very little in the way of 
communication about IBM's product plans, long-
range strategies, or supplier opportunities. 

In those days, IBM's component requirements 
were almost exclusively mainframe driven, with 
design cycles generally lasting several years. In 
addition, IBM's specifications for function and 
reliability were often tighter and more demanding 
than the standard offerings of the component 
industry. 

CUSTOMER/SUPPLIER ENVIRONMENT 
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1970a 
- IBM- -SUPPUER-

• REOUIREMENTS MAINFRAME DfllVEtt 

• LONG DESIGN CYCUS 

• UMOUE IBM SPECS 

• HIGH REUABIUTY 

• SUPPIIER BASE U:S. DOMINATED 

• INCONSISTENT DELIVERY AND 

QUAUTY PERFORMANCE 

• PREMIUM PRICING FOR COMPUTER 
GRADE TECHNOiaGY 

Illustration #5 

In the 1970s, American companies dominated 
the electronic component industry. Most of you 
will recall that during that decade, a quality level 
(or QL) of 1 % was considered acceptable. Obvi­
ously, we could not tolerate that kind of quality 
today. Nor would we tolerate the delivery per­
formance we considered acceptable in the 
1970s. Back then, it was not uncommon for IBM 
to be obliged to pay premiums for nonstandard 
specifications for computer-grade technologies. 

CUSTOMER/SUPPLIER ENVIRONMENT 

1980 1984 

"Transitional" Relationships 

Illustration #6 

1980-1984: Transitional" Relationships 

As we entered the 1980s, not much had 
changed. Mainframes were still driving our 
component purchases. 
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Then came August 12, 1981, the day that IBM 
announced its first personal computer — usher­
ing in a decade of dramatic transition in the 
relationship between IBM and its suppliers, it 
was a relationship characterized by rapid chang­
es in technology and unprecedented demands 
on the supplier industry. 

CUSTOMER/SUPPLIER ENVIRONMENT 

1980 1984 

' I B M - - SUPPLIER-

• PC MAJOR NEW DRIVER 

• Short Development Cycles 

• Reduced Qualification Time 

- High-Volume Demand 

• INDUSTRY STANDARD PARTS 

• UNPRECEDENTED DEMAND 

• CAPACITY CONSTRAINTS 

• DEUVERY AND QUAUTY 
PERFORMANCE INCONSISTENT 

• GLOBAL SUPPUER BASE 

Illustration #7 

Unlike our long-existing mainframe business, 
IBM's success in the new PC business depend­
ed on our need to adjust to changes in product 
development cycles, reduced qualification times 
and short lead-time/high-volume demands. It also 
depended on a much greater use of industry 
standard or catalog components in IBM prod­
ucts. 

On the industry side, component demand was 
unprecedented. From 1980 to 1984, spurred in 
large part by the PC phenomenon, worldwide 
semiconductor sales doubled from $14 billion to 
nearly $29 billion. The book-to-bill ratio reached 
a mind-boggling 1.66 at the end of 1983. Capaci­
ties became very constrained. We were faced 
with shortages and allocations. Delivery and 
quality continued to be inconsistent, and we 
found it necessary to expand our supplier base 
beyond the United States to meet our require­
ments. 

CORPORATE COMPONENT PROCUREMENT 

AOP/VLSI TECHNOLOGY DOLLAR DISTRIBUTION 

1979 1984 

Illustration #8' 

The pie chart in Illustration #8 gives you an idea 
of the huge growth and the dramatic change we 
experienced in IBM. 

By the mid-1980s, we had doubled our pur­
chases of mature technologies. In addition, we 
had added a whole new VLSI business. It was 
larger than our entire procurement expenditure 
for 1979. 

By the beginning of 1984, CCP and its suppliers 
were under considerable stress. Working at arm's 
length had become as obsolete as the vacuum 
tube. CCP and its suppliers simply had to move 
closer together. 

CUSTOMER/SUPPLIER ENVIRONMENT 

1985 - 1989 

"Closer Working" Relationships 

Illustration #9 
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1985-1989 

1985 marked the beginning of closer relation­
ships with our suppliers. These relationships 
were driven by the demands of CCP's internal 
customers for improved responsiveness, quality 
and reliability. We saw a real need to change 
our business processes. 

Pencil and paper were still used to prepare re­
quisitions and purchase orders in the early 
1980s. But, as we looked into the future, with its 
dynamic growth and demand, we saw the need 
to develop a system which could place purchase 
orders automatically. It became apparent to us 
that EDI [Electronic Data Interchange] between 
CCP and its suppliers was the way to go, not 
only for business placement, but also for the 
timely and accurate transmission of engineering 
and quality data. 

CUSTOMER/SUPPLIER ENVIRONMENT 
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1985 - 1989 
- I B M - •SUPPUER-

• INCREASING CUSTOMER DEMANDS 

- ResponslvenMS 
- QuaUty/Reliabttity 

• CHANGING CCP PROCESSES 
• Automated Business Placement 
- Electronic Data Interchange 

• Source Acceptance 
• Joint Qualiflcadons 

I l lustrat ion #10 

We made other departures from the way we 
used to operate. For example, we established a 
source acceptance program with our better sup­
pliers. As a result, we began to drop ship much 
of what we ordered directly to IBM manufacturing 
sites. 

These closer working relationships produced 
other substantial benefits. 

Qualification testing of components used to be 
done sequentially, first by suppliers, and then by 
CCP. It was a cumbersome process. Slowly, it 
gave way to joint qualifications. This change in 
the way we conducted business was very signifi­
cant in savings of time and resources. 

Even more dramatic was the fact that our rela­
tionship had advanced to the point where we 
had confidence in, and were willing to accept, 
critical engineering testing by our suppliers. 

With the benefit of hindsight, it is obvious that 
this was a major milestone. It was when we 
began to establish the trust, confidence and 
close relationships we believe are essential to 
meeting the challenges of the 1990s. 

CUSTOMER/SUPPLIER ENVIRONMENT 

1985 - 1989 
IBM- • SUPPLIER-

• INCREASING CUSTOMER DEMANDS • IMPROVING PERFORMANCE 
- Responsiveness 
• Quality/Reliability 

• CHANGING CCP PROCESSES 
- Automated Business Racement 
- Electronic Data Interchange 

- Source Acceptance 
• Joint Qualilicatians 

- Delivery 

- Quality 

• Reliability 

- Lead Times 

• Customer Oriented ' 

• NEW WORLDWIDE SUPPLIERS 

Illustration #11 

We were changing, and so were our suppliers. 
The semiconductor industry was advancing on all 
fronts. Deliveries, quality levels, component relia­
bility and manufacturing lead times were all 
showing real improvement. The supplier base 
began to take on new shapes, with the entry of 
dozens of start-up companies in the U.S., Korea 
and Taiwan, and the new Japanese mega-corpo­
rations were also joining the ranks of this rapidly 
growing industry. 
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CORPORATE COMPONENT PROCUREMENT 

AOP/VLSI TECHNOLOGY DOLLAR DISTRIBUTION 

W 

1979 19R4 1SB9 

Illustration #12 

Let's take a moment and review some of the 
changes we experienced In the 1980s. 

IBM's component dollar purchases had grown by 
almost six times in just 10 years. VLSI had now 
become the dominant technology, and it ac­
counted for two-thirds of our purchases. These 
statistics pretty much sum up the progress we 
made with the considerable help of our sup­
pliers. 

DECADE OF CHANGE - 1980s 
wLSMMiMmm^^^^^^^^^m^m^^ 

AVERAGE CYCLE TIME REDUCTION 63% 

AUTOMATED BUSINESS PLACEMENT 85% 

DROP SHIP (VOLUME) 89% 

INVENTORY DOLLAR REDUCTION : v. 60% 

INCOMING QUALITY IMPROVEMENT 150X 

I l lustrat ion #13 

We are especially proud of the 150-fold improve­
ment in incoming quality levels that we were 
achieving through joint quality programs with our 
key suppliers. We have come a long way. And 
I say thanks for a job well done — and, I hasten 
to add, it is just the beginning. 

Challenges of the 1990s 

Now, let's move on to the challenges of the 
1990s. The IBM watchers would tell you that 
during most of the 1980s IBM sold and delivered 
products. Today, delivering products is just not 
good enough. The expectations of IBM's custom­
ers have increased, and their message to us is 
quite simple: "We need solutions; solutions that 
satisfy our business needs and allow us to oper­
ate our enterprises more efficiently and more 
reliably." 

For IBM and its industry, and for other industries 
as well, the decade of the 1990s is shaping up 
as a market-driven decade. Clearly, we are enter­
ing a period when companies will either satisfy 
their customers or simply pass into history. 

We in IBM, from the Chairman of the Board 
through every level of management and every 
employee, are giving market-driven quality our 
very highest priority. Our objective is no less 
than total customer satisfaction. That means we 
are going to deliver products and services on 
time and at the highest quality and reliability 
levels. And we are going to deliver them at the 
lowest total cost, not just the lowest price. 

Though the rate of improvements of the 1980s 
was certainly impressive, it was not nearly suffi­
cient to achieve the market-driven quality objec­
tives of the 1990s. 

Let me give you some perspective on some of 
the challenges we face. 

• Conventional wisdom would say that 99.9% 
defect-free product is pretty good. Recall that 
earlier in my presentation, I stated that IBM pro­
cures in excess of 1.5 billion devices a year from 
the component industry. At 99.9%, the industry 
will ship 1.5 million defective components to 
IBM's manufacturing facilities. This is totally un-
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acceptable in a market that is demanding defect-
free products and services. 

• Considering what I have just said, it should 
not surprise you to learn that we in IBM have a 
new and a greater urgency to quicken the pace 
of change, and to accelerate improvements in 
quality, in reliability and in technology. It is clear 
to us that to become world class in the infomna-
tion systems industry, we must have suppliers 
who are also world class in their industry. 

CUSTOMER/SUPPLIER ENVIRONMENT 
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1990s 

"World Class" Relationships 

I l lustrat ion #14 

• We need — and we will form — special alli­
ances with our very best suppliers. These part­
nerships for the future will be very close. They 
will be founded on a high level of mutual trust 
and considerable confidence in the skills of each 
other. 

CUSTOMER/SUPPLIER ENVIRONMENT 
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1990s 
-IBM- - SUPPLIER-

• STRENGTHENING PARTNERSHIPS 
• Early Supplier Involvement 
- Forecast Sharing 
• Performance Feedback 

I l lustrat ion #15 

• For our part, we in IBM need to involve sup­
pliers in our product cycles earlier than ever 
before. We need to share more detail on our 
volume and technology forecasts with our key 
suppliers. And together, we need to develop a 
measurement and performance feedback system 
that is directed at achieving world class-status. 

Woiid-Ciass Supplier 

Illustration #16 defines our view of a world-class 
supplier. It is one who achieves excellence and 
is a leader in technology, in product and in ser­
vices. A supplier who measures success in terms 
of market driven principles and total customer 
satisfaction. 

CUSTOMER/SUPPLIER ENVIRONMENT 
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1990s 
IBM - SUPPLIER-

• STRENGTHENING PARTNERSHIPS 
• Early Supplier Involvement 
- Forecast Sharing 
- Performance Feedback 

• "WORLD CLASS" 
• Zero Defects 
• Highest Reliability 
• Statistical Process Control 
• Just-ln-Tlme Delivery 
• Electronic Data Interchange 
- Technology Leadership 
• Lowest Total Cost 

Total Customer Satisfaction 

I l lustrat ion #16 

Frankly, I am very excited about the idea of 
world-class partnerships for the future. I am excit­
ed about working with suppliers who are willing 
to commit to the same principles of success in 
their industry as we have in ours. I know that 
both of us, the supplier and IBM, can — and will 
— pull this off. And when we do, we will not 
simply satisfy customers, we will delight them. 
Delighted customers have a habit of coming 
back. 
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CCP Goals 

Let me switch gears and tell you about a set of 
goals that we in CCP developed two years ago. 
They were an early effort aimed at making CCP 
more market-driven in serving the needs of our 
intemal customers. Those of you who have visit­
ed our buildings have seen these goals posted 
in nearly every one of our offices. 

CORPORATE COMPONENT PROCUREMENT 
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GOALS 

• To Grow Consistent with IBM's Demand for 
Supplier Component Technology. 

• To Provide Component Leadership In the Application 
of Supplier Technologies in IBIUI Products. 

• To be the IMost Competitive Provider of Supplier 
Components In Terms of Quality, Cost, Technical 
Support, and Cycle Time. 

• To Enhance Customer and Supplier Relationships. 

• To Create an Environment for Creativity, Excellence 
and individual Fulfillment. 

I l lustrat ion #17 

• Our first goal is to grow, consistent with IBM's 
demand for supplier component technology. Dur­
ing the next decade, IBM's annual procurement 
of electronic components will continue to grow to 
very sizeable dollar values. IBM and suppJiers 
alike must be prepared to meet ail the challeng­
es that growth will entail, and to meet them with 
improved levels of performance. 

• Our second goal is to provide leadership in 
the application of supplier technologies. As we 
have in the past, CCP will continue to serve the 
IBM Corporation as a center of competence in 
the application of supplier technologies. And, as 
never before, we will need the help and the 
involvement of our world-class suppliers earlier in 
our development cycles. 

• The third goal is to be the most competitive 
provider of supplier components. Our objective is 
to assure that our internal customers receive 
defect-free products from the component industry 
when they need them and at their best value. 

• Goal number four captures the essence of 
market-driven quality and customer satisfaction. 
We are going to continue to improve customer 
and supplier relationships whenever and wher­
ever we can. I would like to never have to say 
"no" to an IBM customer again. I am beginning 
to think that this goal may be achievable with 
the right kind of supplier relationships. 

• Finally, we are creating an environment for 
creativity, excellence and individual fulfillment. We 
know that, despite all of the. automation and all 
the sophisticated hardware and software, it is our 
people who make it happen. 

We ask a lot from our, employees. We believe 
that it is part of our responsibility to assure that 
they find their work challenging and that they 
have the opportunity to be creative in their jobs. 
So we empower them with considerable respon­
sibility to get the job done. Empowering our 
employees nurtures a sense of individual fulfill­
ment; and, in general, results in greater produc­
tivity and efficiency. 

When we began to formulate an IBM supplier 
strategy for the 1990s, we considered developing 
a set of goals to help our suppliers understand 
our focus and our direction. We soon recognized 
that we couldn't do much better than the goals 
we had already set for ourselves. We also real­
ized that shared common goals can have the 
effect of fostering an even closer working rela­
tionship and improving teamwork with our sup­
pliers. 
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User/Supplier Relations 

CHALLENGES FOR THE 1990s 
. ^ • . : . » ^ i c t : . ^ . « , » I C , - y « » M i « . M a . 1 B ^ 

Summary 

In closing, I would like 
to say 'Ihanks" for the 
exciting times of the 
1970s and the 1980s. 
We have come a long 
way from that old 
"arm's length" relation­
ship. 

As for the 1990s, we 
in IBM are making 
market-driven quality 
and customer satisfac­
tion an obsession. We illustration #i8 
are looking fonvard to growth in our industry and 
sharing this growth with our suppliers, particularly We will see 
with those suppliers who dedicate themselves to know exactly 
excellence in products and services. ^^^< ' would 

In the demanding mar­
ket of the 1990s, we 
simply cannot afford 
anything less than 
world-class perform­
ance — world-class 
performance achieved 
with world-class part­
ners. 

MR. ANGEL: We are at 
the end of the con­
ference. Thank you so 
much for supporting it. 
Again, thank you for 
your business. 

you next year. While we do not 
where it will be, if I were a betting 
say we will be right back here. 
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