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Unit 1

Physics and the Information Revolution

[ ]

1. * In the fourth century BC, a young man named Pythias was condemned to death by
Dionysius, the tyrant of Syracuse for plotting against him, but Pythias was granted
three days’ leave to go home to settle his family’s affairs after his friend Damon
agreed to take his place and be executed should Pythias not return. Pythias
encountered many problems but managed to return just in time to save Damon.
Dionysius was so struck by this remarkable and honorable friendship that he released
them both.

2. * The decades-old friendship between computer technology and physics has also been
remarkable and honorable one, and it, too, has produced salutary results.
** Present-day experimental and theoretical physicists depend on computing, and
have incurred a debt that they have repaid many times over by making fundamental

contributions to advances in hardware, software, and systems technologies.



3. In this article, we discuss the physical and economic limits to the geometrical scaling
of semiconductor devices that has been the basis of much of the computer industry’s
progress over the last 50 years. We then look at some of the options that may be
available when we come up against fundamental physics barriers sometime after
2010.

Disruptive Technology

4. The first stored-program ‘electronic computer, ENIAC (the Electronic Numerical
Integrator and Computer), was built in 1946. A major triumph for vacuum-tube
technology, ENIAC could add 5,000 numbers in one second. At that rate, it could
calculate the trajectory of an artillery shell in only 30 seconds, whereas an expert
human with a mechanical calculator would have needed some 40 hours to complete
the task. The machine was large and expensive. ENIAC:
€ Contained 17,468 vacuum tubes
€ Weighed 60,000 pounds
€ Occupied 16,200 cubic feet
@ Consumed 174 kilowatts (233 horsepower) .

5. * The amount of energy ENIAC expended to compute a single shell trajectory was
comparable to that of the explosive discharge required to actually fire the shell.
ENIAC was still the fastest computer on Earth nine years later, when it was turned
off because the US Armmy could no longer justify the expense of operating and
maintaining it.

6. Even in the early days of ENIAC, though, technologists dreamed of smaller,
faster, and far-more-reliable computers. An article by a panel experts in the March
1949 issue of Popular Mechanics confidently predicted that someday a computer as
powerful as ENIAC would contain only 1, 500 vacuum tubes, weigh only 3, 000
pounds, and require a mere 10 kilowatts of power to operate. Such a machine would
be about the size and weight of an automobile, said the experts, with power
consumption to match. What was intended to be a bold projection seems quaintly
conservative to us now. These days, a palmtop computer is thousands of times more
powerful than ENIAC was.

7. The reason for the experts’ now-laughable error is that their prediction was based on
the wrong foundation—reasonable extrapolation of the in-place vacuum-tube
technology. The transistor, which had already been invented and represented a
disruptive technology—that is, a technology that could totally displace vacuum tubes
in computers, as electronic calculators later replaced slide rules—was completely
ignored.

8. By 1949, after 40 years of development, vacuum-tube technology was mature, and
. 2 .



10.

the associated manufacturing infrastructure was enormous. [n 1938 the vacuum tube
had still been a decade away from its ultimate accomplishment. But already there
was a significant search for something that would be better: a solid-state switch.
The development of that switch required a great deal of basic research, both in

material purification and in device concepts.

. Even though transistors as discrete devices had significant advantages over vacuum

tubes and progress on transistors was steady during the 1950s, the directors of many
large electronics companies believed that the vacuum tube held an unassailable
competitive position.

* Their companies were eventually eclipsed by the ones that invested heavily in
transistor technology R&D and that were poised to exploit new advances. ** As we

shall see, there are eerie parallels with the situation today.

Moore’s Law

I1.

12.

13.

14.

1S.

Gordon Moore of Intel Corp was the first to quantify the steady improvement in gate
density when he noticed that the number of transistors that could be built on a chip
increased exponentially with time. * Over the past 28 vyears, that exponential
growth rate has corresponded to a factor-of-four increase in the number of bits that
can be stored on a memory chip in every device generation of about 3.4 years—an
increase of 64,000 times.
* This exponential growth in chip functionality is closely tied to the exponential
growth of the chip market, which has been approximately doubling every five
years. " At the present time, there are two recognized factors that could bring
Moore’s law scaling to an end. The first, according to Moore himself, is economic.
*** The cost of building fabrication facilities to manufacture chips has also
increasing exponentially, by about a factor of two of every chip generation. This is
sometimes known as Moore’s second law.
Thus, the cost of manufacturing chips is increasing to significantly faster than the
market is expanding. * At some point, a saturation effect should slow the
exponential growth to yield a classic s-curve for expanding populations.
In 1995, to build a single fabrication facility, or “fab”, took about $ 1 billion, or
about 1% of the entire annual chip market. By the year 2010, a fab could cost $30
billion to $ 50 billion—or about 10% of the total annual market at that time—if
Moore’s second law continues to hold.
* The second factor threatening Moore’s first law is that the engine that has brought
the industry to this point, the complementary metal oxide semiconductor field-effect
transistor (CMOS), can only take the technology part of the way to where it needs
to go. The Semiconductor Industry Association has established a National
. 3 .



