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GIGABIT CHIPS: A CASE HISTORY
OF A TRANSFER OF FEDERAL TECHNOLOGY

The greatest danger fop most of us Is not that our aim Is too high
and we miss it, but that our aim Is too low and we reach it.
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Summary
This paper describes an unusual transfer of technology. It is unusual in that the

transfer, while of immense significance to the nation and the industry, was beyond the capabilities
of any single firm to implement. It is also unusual in that the core technology was needed before
some half a dozen ancillary processes could be developed. The technology base for the core tech-
nology resided in the National Laboratories and no mechanism existed to make it available to
equipment manufacturers. Moreover, the ancillary six technologies resided in a highly fragmented
and fiercely competitive equipment manufacturing sector. Tht obstacles impeding the transfer
were immense; it only occurred because the imperatives of national defense and economic neces-
sity finally prevailed. This is a landmark case study because the mechanisms developed to permit
government and a highly competitive industry to carry out the transfer may be the kernel of a
new institution: one that can meet cooperative government/industry efforts by foreign govern-
ments effectively [Marcuse, 1985].

Background

In 1984, a consortium of European companies, the West German Government and the
Frauenhofer Research Society formed a consortium called the Frauenhofer Institute for Microtech-
nology. They are developing a compact storage ring and processing technology in cooperation
•with BESSY (The Berlin Electron Synchrotron). A venture company, Cosy Microtech, has been
formed and will have all marketing and manufacturing rights for the compact synchrotron [Preci-
sion Engineering 1987]. In 1985, the Nippon Telephone and Telegraph Company announced plans
for building four synchrotrons [Marcuse et al, 1985]. Various reports in trade journals indicate the
Japanese have initiated up to fourteen efforts that incorporate $700 million of government support
with that supplied by industry [Marcuse et al 1986].

In the United States, IBM established an experimental beam line on the National Syn-
chrotron Light Source at Brookhaven in 198'i. However, IBM's interest is in understanding the
technology so that they will be informed consumers. IBM has expressed no interest in manufac-
turing fabricating equipment. No other American semiconductor manufacturer or equipment
manufacturer has displayed any interest. The Office of Technology Assessment published a back-
ground paper for the House Science and Technology Committee in March, 1986 [Office of Tech-
nology Assessment, 1986]. This paper described "...the current state of microelectronics research
and development by examining the technologies emerging from R&D efforts and the range of
institutional support for R&D." No mention is made of synchrotron source x-ray lithography. A
state-of-the-art review conducted by the National Academy of Science for the National Science
Foundation identified the German and Japanese efforts described above, and concluded, "In con-
trast, there is no such activity in the United States." [Panel on Materials Science, 1986].

The Technology
The current generation of mass produced semiconductor chips have memory densities of

256K bits. Chips containing 1M bits have been produced and in February, 1987, IBM announced
that they had produced a chip containing 4 million bits of memory. As shown in Table I [Sanger
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1987]. This is about a year ahead of its projected attainment as presented in a paper in 1985.
Table I also shows that this is close to the limit of density attainable using optical lithography.
For memories in excess of 16 megabits, other sources will be required. There are several alterna-
tive sources for sub 0.5 micron resolution, the two most attractive being electron beam and x-ray.
Whichever of these can produce the least expensive chip is likely to be the technology of choice
[Ruddell 1985]. Ion beam lithography can also attain the required resolution, but there is general
agreement that the mask is damaged at very small production quantities.

TABLE I

Memory^Density,
Year

1985
1988
1991
1994
1997
2000

Memory
Megabits

1
4

16
64

256
1000

Resolution
Resolution

Microns
1.0
0.7
0.5
0.35
0.25
0.18

and Production Technologies
Technology'

Optical
Optical
Optical Limit
e-beam, x-ray
e-beam, x-ray
e-beam, x-ray

Source: Wilson, 1985

Table II indicates why the Japanese and the Germans have undertaken major efforts to
master the technology. Successful development and commercialization of a compact x- ray syn-
chrotron source with the accompanying process technology will characterize the semiconductor
industry and its products by the turn of the century. This technology promises to reduce costs to
half of those of to-day for a chip forty times as powerful. IBM has also recognized that this is the
technology of tomorrow and is carrying out experimental studies at the Brookhaven Light Source
so as to be knowledgeable consumers. However -jiey .iave expressed no desire to enter into the
semiconductor equipment manufacturing busine. and are prepared to buy foreign processing and
manufacturing dquipment if necessary.

TABLE II

Estimated Relative
Technology

Optical
E-Beam
X-Ray

plasma
conv. storage ring
compact storage ring

Cost of Lithography Processes
Relative Cost/Exposure

1
15-100

8
2

0.5

Source: Wilson, 1985

Although x-ray radiation is essential for the production of very high density chips at
high throughput rates, several other technologies must also be mastered to produce billion bit
chips commercially. Development of these ancillary technologies awaits the availability of an x-
ray source. Successful commissioning of an x-ray synchrotron source is the initial goal of the Ger-
mans and the Japanese and must be the first milestone in any American effort. Fortunately
thirty- five years of effort and immense amounts of money spent by DOE (formerly ERDA and
AEC) on particle accelerators provides the United States with a knowledge and personnel base
that far surpasses that in other parts of the world. Thus, a U.S. effort has a high degree of
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likelihood of recapturing the world lead in the commercial production of billion bit chips if it can
initiate development soon and overcome institutional barriers.

The Transfer - Stage 1
Before 1986, with the single exception of IBM, no U.S. chip producer or equipment

manufacturer was seriously considering x- ray lithography as the technology of choice for the mid
to late 1990's. There simply was no U.S. R&D program directed to exploiting this technology.
However, difficulties in the European program caused an English firm to withdraw and brought its
research director to the U.S. in December, 1985. Two staff members at Brookhaven met with him
and, recognizing that a window of opportunity still existed if U.S. industry wanted to play in the
game, convinced the Laboratory leadership to sponsor a workshop. The purpose of this workshop
was threefold:

first, to inform industry that, as a legacy of thirty five years of accelerator research,
the technology base for a synchrotron source existed at Department of Energy Labora-
tories;

second, to notify industry that this technology base was available if they desired to
commercialize it;

and third, to inform industry of the efforts underway in Europe and Japan to perfect
this technology.

Eighteen industrial firms including IBM and Bell Labs attended the March workshop. This
group concluded that indeed there was a window of opportunity and American industry should
take advantage of it.

The Transfer - Stage 2

Following the initial workshop, the original two persons augmented by a third
attempted to maintain the momentum. A steering committee was formed composed of the senior
industry people who attended the workshop. It was hoped that they might be able to infiltrate to
higher levels of management. A plan was developed that proposed two more workshops, one in
the summer to examine straw man designs and generate parameters for a commercial synchrotron
and a second in the fall to generate rough costs and schedules for a synchrotron program.

Visits were made to some of the major industrial companies. Others, that had not
attended the March workshop were contacted, informed and invited to participate. One of the
BNL technology proponents spent several months at BESSY in Berlin and came back well
informed on the status of the German effort. A key event was the Symposium held at the
National Academy of Science in June, to hear the report of their Panel on Materials Science on
Advanced Processing of Electronic Materials in the United States and Japan [Panel on Material
Sciences, 1986]. Following this report, the Laboratory and the National Synchrotron Light Source
management became strong supporters of the effort. Shortly after this the Department of Energy
was approached. Their response was that industry should be encouraged to form a limited R&D
partnership. Unfortunately, this approach had already been explored but the lead times were too
long and the risks too high. Dr. Bruce Merrifield of the Department of Commerce's Office of
Productivity, Technology and Innovation was in attendance at the National Academy symposium
and became a strong supporter of the effort.

The second workshop was held at the end of August. Three straw man designs were
presented. Design parameters were generated and agreed upon by the technical people present.
Over twenty industrial firms were represented at this workshop. The keynote speech was given
by Dr. Merrifield who stressed the importance of the technology and promised to run antitrust
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interference so that companies could cooperate.

The recommendations of this workshop were [Barton et al, 1986]:

"1) Establish a plan to build, at the earliest possible date, a prototype synchro-
tron source. This machine should be located within an IC processing environment so
that other manufacturing associated technologies can be developed.

"Establish a parallel research and development plan on critical technologies which
could improve the cost effectiveness of the synchrotron source. These include, in par-
ticular:

a) Superconducting magnets
b) Low energy injection options

"Distribute a small number of second generation prototype synchrotrons to other
IC manufacturing centers to expedite the commercialization of the synchrotrons as
well as other technological components."

At the conclusion of this workshop there was general agreement that another workshop
was necessary to generate a preliminary program plan including initial estimates for cost and
schedule. The steering committee agreed to bring this about.

The Transfer - Stage 3

The third workshop met in November, 1986, and consisted of six panels [Godel et al,
1986]. Each addressed a specific activity required for the development of processing technologies
for commercial x-ray lithography. Each panel developed a plan for its piece of the program, a
schedule for undertaking the work and an estimated cost for completion. The six panels, their
function and the estimated costs were:

o Conventional Magnet Synchrotron. To build a conventional synchrotron in the
shortest possible time period to get a beam to develop the process technology - 30
months, $31 million.

o Cryogenic Magnet Compact Synchrotron. To develop and build the compact
machine desired by industry - 36 months, $28 million.

o Building and Processing Area. Building to house synchrotrons and provide clean
room space for the development of process technology - building 30 months, processing
facility 36 months, $77 million.

o Pre-Construction R&D and Resists. Research on existing Univ. of Wisconsin Syn-
chrotron - 30 months, $13 million.

o Mask Development. Industrial development of masks using the beam lines avail-
able at the prototype facilities for 1/2 micron production - 48 months, $121 million.

o Beamlines and Aligners. Industrial development of process equipment for 1/2
micron production - 48 months, $28 million.

o 0.25 Micron IC Demonstration Pilot Line - 72 months, development by industry
for process equipment for billion bit chip - 72 months, $98 million.

The Transfer - Stage 4
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In February. 1987, the National Research Council invited representatives of the U.S.
semiconductor industry, high level U.S. government officials and Deparu...;;.. ox" Energy Labora-
tories to a workshop. The purpose of the workshop was to explore the potential role of DOE
Laboratories in cooperating with the semiconductor industry, identify areas of opportunity for
applying Laboratories" resources and capabilities to industry's needs, and propose mechanisms
that would allow the Laboratories and industry to fulfill such potential roles. This workshop
played a key part in providing industry and government leader with the possibilities inherent in
coupling Laboratory capabilities to industry requirements.

The Transfer - Stage 5

The Government has recognized the need to take action [Robertson 1986]. It is assisting
the industry in the near term through a consortium called Sematech [Sanger 1987]. For the
farther out billion bit technology, a million dollars has been directed to initiating a synchrotron
based capability [Lane 1987]. Congressional committees are authorizing additional funding for
both Sematech and the compact synchrotron (COSY). Because industry has not as yet committed
itself to supporting COSY, the initial government authorizations are directed to performing plan-
ning studies for the design and construction of a conventional ring and developing a supercon-
ducting compact ring. For the effort to succeed industry must commit itself to developing the
ancillary process technologies. Although the first hurdle has been surmounted, it is clear that
there are still some major hurdles to overcome if the U.S. is to have this technology in place in
time to beat the foreign competition and assist in restoring balance of payments equilibrium and
world technology leadership.

The Transfer - Stage 6

As part of the preconstruction study, private sector firms that have expressed an
interest in producing a commercial synchrotron have been invited to attend a workshop at
Brookhaven in July, 1987, The purpose of this workshop is to explore mechanisms to carry out
the technology transfer. A number of moels will be presented and discussed. This meeting may
be the most important element in the transfer of x-ray lithography as it will serve to support the
hands-on technology transfer that will take place between the Laboratory and the private sector.
To attain a competitive 0.25 micron capability requires that one or more beam lines, optimized
for x-ray lithography must be used at the earliest possible date for process technology develop-
ment. However, industry has a long history of developing improved process technology. What
the Department of Energy Laboratories can contribute is the experience derived from many years
of accelerator design and production.

Technology Transfer Issues

The views presented in this section are those of the author. They are the result of
observation and experience. Although the observations are factual, motivations are only per-
ceived. They reflect the author's assessment and cannot be proven or disproven. However, as
observations the author believes they have value in describing the difficulties associated with
achieving major technology advances where there are long lead times, a highly competitive and
fragmented industry and government developed technology. These obstacles are amplified in an
environment that denies a government role in industrial progress. Some of these issues are:

Industry Issues

1. Decision Levels

The industry people attending the workshops were highly qualified technically,
but did not have ready access to the decision making levels of the companies where
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they worked. There are barriers within their corporate structures that their influence
on opinions or decisions at the decision making level.

2. Economics and Risk

Industry does not see its way clear to provide the necessary investment funds,
even if supplemented by government. This is partly because profits have been very
bad the last few years and partly because of the long lead times before the investment
vvill show a return.

3. Nature of Industry

The semiconductor equipment manufacturing companies are small highly frag-
mented, fiercely competitive and operate under an anti-trust umbrella that has pre-
cluded cooperation among firms.

4. Technical Issues

Some individuals and companies believed that radiation
damage precluded the use of synchrotron x-ray sources as
commercial devices. These people and companies had written
off the technology and were slow to reverse their positions.

Laboratory Issues

1. Laboratory Role and Risk

The Laboratory and the National Synchrotron Light Source were supportive
but felt that their role was to make the transfer available, not to act as its champions.
This attitude is proper for two reasons: first, the Laboratory and its scientists major
interest is research, not applications; and second, if the Laboratory took on the project
without adequate support the likelihood of failure would be high.

2. Laboratory Culture

Creating a sy.nchrotrun x-ray source did not pose a challenge to the accelerator
technologists who had already designed, built and commissioned the NSLS. Their
interest focused on the research challenge of designing and commissioning the next
generation machine, not in essentially duplicating what they had already done. How-
ever, they did recognize their obligation to transrer the technology if industry wanted
it.

Government Issues

1. Agency Roles

The line between where the government participation ends and industry support
commences is not clearly defined and tends oscillate. Sometimes, as in the govern-
ment energy activities of the 1970's, government participation may be considered
appropriate up to and including demonstration projects. At other times, as at present,
the government is seen as ceasing once the basic research has been provided. The
present swing of the pendulum has made consideration of government assistance in
high technology development not acceptable. This seems to be one technology where
the research risk and long lead time precludes industry development without
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government support.

DOE - Although the technology resides in DOE Labora-
tories, the proposed program is neither energy research nor energy applications. Hence
it lies outside the Agency's mission. At any time, and particularly in a period of tight
budgets, Agency funding has the characteristics of a zero sum game. Thus if this mis-
sion is assigned and funded it is likely to be at the expense of existing Agency mis-
sions.

DOD - The DOD has the need for the technology for future
generations of weapons systems, particularly the Strategic Defence Initiative. It also
needs the technology so that Defense systems are not dependent upon foreign chip
suppliers. However, development by DOD, will not place an emphasis on minimizing
cost which is needed if U.S. industry is to regain world market dominance.

DOC - The DOC has the responsibility for
maintaining/restoring American industrial leadership in the semiconductor arena.
Commerce has been very supportive, of all government agencies, it seems to have the
best understanding of the commercial importance of the technology and of the institu-
tional barriers to successful development. However, it does not have the resources or
tbs mission assignment to carry out the development process.

Socio-eultural (Institutional) Issues

An historical strength of the American political-economic system has been its
ability to adapt to changing technological and political developments. This has been
so because of the flexibility inherent in a competitive free enterprise system. Recently,
American industry has had difficulty in competing in markets that have been targeted
by foreign government/industry consortia. As yet no American institution has arisen
that permits normally competitive individual firms within an industry to cooperate
and develop collaborations incorporating large amounts of government funding. In
fact, it is considered inappropriate for government to support applied activities - that
is considered to be industry's job. Hence even though the need seems obvious, the
institutional structure to make it work has not developed. If it does not materialize
there may still be no transfer.

Outlook

In one industry after another American industry finds it difficult to effectively compete
with foreign companies. One reason for this is the targeting of product areas by foreign
government/industry consortia. This is the mechanism that was used by the Japanese to slowly
erase the American lead in the semiconductor industry [Robinson 1986]. Starting several years
ago, the Japanese government sponsored and supported a cooperative effort of Japanese chip
manufacturers to target the semiconductor market, at that time dominated by American com-
panies and technology. By 1985, they had effectively attained dominance over large portions of
the market. As a result the American semiconductor industry has been in crisis for over a
yearfBairstow 1987]. American industry has finally responded to this with the formation of Sema-
tech, an industry consortium seeking government assistance to develop the next generation pro-
cess technology[Sanger 1987]. Sematech's goal is to cooperatively develop a prototype manufac-
turing facility that will permit U.S. industry access to advanced technology .so as to be able to
effectively compete with Japanese manufacturers.

Synchrotron technology, i.e. x-ray lithography, appears to be the lowest cost chip pro-
duction technology once Sematech has pushed optical lithography to its limit. The industry can
scarcely afford Sematech, no less a more advanced effort with a longer wait for returns. Thus the



reluctance of industry to commit financial resources to a synchrotron based x-ray lithography
effort is understandable. Moreover, even if industry had the resources and the willingness to com-
mit them, there is no model that indicates how it would proceed in this cooperative effort with
government as a partner.

In short, a tradition of separation, even distrust, exists between industry and govern-
ment and a tradition of go-it-alone competitiveness exists among industrial equipment suppliers
and their customers, the semiconductor manufacturers. Unless these institutional barriers can be
lowered, the possibility of aborting the effort will remain.

A year ago American industry either did not recognize or had rejected the technology
that would permit them to compete in the computer chip markets a decade and more hence.
Only IBM was actively pursuing the technology and they expressed no interest in becoming an
equipment supplier. They would depend upon foreign suppliers of processing equipment.

Today, the rest of the industry (equipment suppliers as well as chip producers), the
Congress, the Executive Department, and the Departments or Energy and Defense know that the
technology base exists at U.S. laboratories. They recognize that transferring it to industry will
permit the U.S. to compete in this arena. A program has been advanced by scientists at
Brookhaven and technologists from industry that can provide American industry with the capabil-
ity to recapture world electronic markets [Godel et al, 1986]. This foresight to identify and foster
this program is a direct result of the establishment of the Stevenson-Wydler Act and subsequent
emphasis on transferring technology from Federal Laboratories to industry.

Having reached this point, American industry may still stumble and fail to capitalize on
this opportunity. If failure results it will be due to a combination of institutional factors that
have plagued the American system for the past two decades. These are the following:

o Government has created and owns the technology base in Federal Laboratories.
The U.S. has not found a way to effectively transfer public intellectual property to
industry.

o The scale is beyond that of individual companies and requires cooperation and col-
laboration among competing equipment manufacturers with each other and with their
customers. It also requires cooperation among their highly competitive customers, the
semiconductor manufacturers.

o The scope of the effort in cost, time-horizon and risk is greater than can be carried
by any industrial entity. Government support is necessary but will be hard to come
by, both because of overhanging budget deficits and a prevailing philosophy that
believes industry should do it alone.

o Even if government support is forthcoming, there is no precedent in the United
States for the use by industry of government money without government control. A
successful program requires that the management be performed by managers with a
profit motivation, not by researchers at Government Laboratories or program
managers in Washington offices.

o This program may be a real turning point in American's industrial history. If it
can be successfully managed, not only will it regain the nation's leadership on the
international scene, but will supply a model for maintaining that leadership in other
industrial areas. If it fails, the trend of industrial decline that has become increasingly
pronounced in the last two decades will be reinforced.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.


