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“The startling rate of change which
microelectronics is producing in world societies has
caused organizations to ponder how long this rate

of change can endure and at what level of
performance it might end.”

- George Hellmeler
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The startling rate of change which microelec-
tronics is producing in world societies has caused
organizations to ponder how 1 this rate of
change can endure and at what Tevel of performance
it might end. This paper traces the historical
development of microelectronic capabilities, how
this has fueled ever greater capabilities im
electronic systems, which, in turn, created the
explosive growth of the microelectronics industry.

It is projected that the factors which have

owth in microelectronic capabili-
ties n'll reach maturity within the next decade
and electronics may became a low-growth industr
within & to 10 years following that event unless
new revolutionary approaches to microelectronics
are developed which ass foreseen Timitations.
Same possible paths these revolutionary approaches
might take are outlined.

MICROELECTRONICS: WHERE HANE WE BEENT

The most important fa asing the
usefulness of integrated i has been
the crease in the number of dev
put on a single chip, The number of dewices per
chip has been increased by reducing the minimum
featurg size, increasing chip area, and increasing
the efficiency with which devices are packed on
the chip, Betwesn 1959 and 1383, minimum feature
size decreased 11% per year for a factor of 8.7
increase in devices per sq.cm. per decade; chi
area increased 19% per year for a factor of §
increase in devices per chip per decad and
packing efficiency increased by a facie 2.1 in
devices per chip per ade. Together, these
three factors produced a 100-fold increase in
devices per ¢ fpm ade

awesomeness of
recognized. At the end of the '70s, the WM
ed the IC world, linear scaling
g, oxide thi krles,, i
tions, and channel doping
size, and lo

were tolerable,
will dominate the VLST world of the late
and a number of barriers to performance
V' Th: 11|1ear ,:a'l—

1—1EDM 84

and improved device and circuit design techniques.
With greater device speeds, interconnect de
will dominate clrcuit response,

MICROELECTRONICS: THE SYSTEM EMABLER

Microelectronics has impacted electronic
stems  through reducing costs and increasing
formance, where performance includes nat only
the ability of the system to do the job, but also
0 within the allowable
gr, and environmantal traints.
transistors, only mainframe
economically justifiable and thei o
dominated by cpu costs. The advent of TTL ICs
made the minicomputer feasible and made mainframe
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15 a dominant cost item and Teft mini ame
mainframe computer purchase costs domfnated by
peripheral costs with the l1ifetime costs of
mainframes dominated by the cests of
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End of the Beginning or Beginning of the End?

“Stagnation of innovation”

“The gap would narrow between the electronic ‘haves’ and ‘have-nots’
and electronic sophistication would become less of a

‘differentiator’ between societies.”

“The U.S. defense strategy of using superior weapon
performance to offset the numerical advantages of potential enemies

could lose much of its validity
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Challenges

* Driving future circuit e Addressing the data
performance explosion
 Overcoming the skyrocketing e Achieving microelectronic

cost of integrated circuit design security
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“Innovation depends In part on anticipating where
technology and its applications are going in the
future and daring to trust that intuition.”

- George Hellmeler
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New Materials
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“What is needed are NEW deVICes which
perform much more complex digital functions
than switching or elementary logic.”

New Materials
& Devices
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“_..we shall see the appearance of Self-
learning systems which
accumulate expertise based on
their prior use.”
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“...progress in this area is anticipated as a
result of current and future efforts to

shorten VLSI design cycles by
defining standard higher-order primitives.”

Design &

Security
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“The long-term solution is a revolutionary
digital technology which solves the
Interconnect problem..”

3D Heterogeneous
Integration
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“It appears that minimum geometries for high-volume ICs will
saturate in the range of 0.3 to 0.5 microns.”

90nm 65nm 45nm 32nm 22nm 14nm

Strained Si HK/MG HK/MG FINFET FINFET FINFET
(1t Gen) (2" Gen) (1t Gen) (2nd Gen) (1t Gen) (2n Gen) (3 Gen)

Source: Intel
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Collaboratively Innovating
the 4" Wave of
N\, Electronics Development
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