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III. FUNDING THE FACTORS

Having orthogonalized those factors that lead to improvements in
semiconductor circuitry, we can now identify the major efforts cur-
rently underway and recommend support for activities not adequately
covered. In the following discussion, we will elaborate on the four
recommendations summarized in Table 1 regarding the efforts that should
be directed toward factors 1, 4, 5, and 6 in that table. We believe
that the existing private funding is not and will not be adequate to

accomplish the work that needs to be done in these areas.

FEATURE SIZE (FACTOR 1)

Our first recommendation 1is that the limits of feature size (fac-
tor 1) permitted by semiconductor physics be explored. There is much
to be learned about the fabrication processes, defect mechanisms, and
performance of such small devices, independent of the difficulties in-
troduced by making complex chips. It may be, for example, that a whole
new set of defect mechanisms exists for very small devices that would
cause us to alter, dramatically, our expectations of chip yield. Then
there is the possibility that devices with 0O.l-micron features may prove
sufficently faster than larger devices to warrant their production even
in simple circuits. Finally, simple techniques for making very small
devices may be found that capitalize on the small size and are not ap-
plicable to larger devices. It is certain that experience with very
small devices will serve to verify theoretical predictions, and experi-
ence in making them will provide valuable insights into the course that
our minification efforts should take. For example, subthreshold cur-
rents become larger as size 1s decreased and probably will make dynamic
devices with very small features unusable at room temperature.

Early experience with small circuits helps us to avoid two diffi-
culties that could be encountered with a continuing gradual decrease
in feature size. Very small circuits will require voltage levels much
lower than those now in use. With some agreement on what these ulti-

mate standards might be, we may be able to avold a series of standards
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changes. As will be shown later in this report, in order to make very
small circuits with electron beams, it will be necessary to use elec-
tron-sensitive "resists" similar to those now available; resists that
are more sensitive to electron radiation are relevant only to devices
with intermediate-size features. Experience in the manufacture of wvery
small circults may obviate the need for developing more sensitive re-
sists. It is possible that from efforts ailmed at making small dewvices,
albeit in small numbers, there will emerge a complexity at the new

slze scale that will leapfrog the combined efforts to decrease size

and Increase complexity now prevalent in industry.

Devices with very small features are more important for defense
applications than for commercial exploitation. In many defense ap-
plications, size, weight, and power-consumption limitations are severe,
8o that very small devices are essential. Also, very small devices
have the potential of providing an enormous amount of compute power,
not only because of the numbers of them that might be interconnected
but also because of their high speed. This power will be vital to a
number of signal-processing applications important to defense needs.
Moreover, privately funded efforts are not trying to develop devices
as small as are theoretically possible because of their economic need
to maintain complexity and their inability to bear an additional de-
velopment burden. If new developments are to result Iin very-small-

8ize devices, new funding will be required.

CHIP SIZE (FACTOR 2)
There is adequate private investment for improving chip size (fac-

tor 2). The economic reasons for Increasing chip size are so obvious
that every semiconductor house in the country is continually tryimg to
improve yields and thus make larger and larger chip areas available.
Theoretical efforts aimed at gaining a fundamental understanding of
the ingredients that affect yield are already In progress under ARPA
sponsorship at the University of Florida. There seems to be no justi-

fication for recommending additional research efforts in this area.






