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THE SEMICONDUCTOR INDUSTRY
WILL SOON ABANDON ITS PURSUIT
OF MOORE'S LAW.

NOW THINGS COULD GET A LOT
MORE INTERESTING.

ext month, the worldwide semiconductor industry will formally
acknowledge what has become increasingly obvious to every-
one involved: Moore’s law, the principle that has powered the

technalogy revol since the 1960s, is nearing

BY M. MITCHELL WALDROP

infor
itsend.
A rule of thumb that has come to dominate computing, Moore's
law states that the number of transistors on a microprocessor chip

will double every two years or so — which has generally meant that
the chip’s performance will, too. The exponential improvement that
the law describes transformed the first crude home computers of the
1970s into the sophisticated machines of the 1980s and 1990s, and from
es and the wired-up
velopers came up with
sting chips; consumers
rs rushed to meet that
5 ~ A 990, in fact, the semi-
International weekly journal of science f e
d suppliers are doing
es called More Moore.
Not for much longer. The doubling has already started to falter,
thanks to the heat that is unavoidably generated when more and more
silicon circuitry is jammed into the same small area. And some even
more fundamental limits loom less than a decade away. Top-of-the-
line microprocessors currently have circuit features that are around
14 nanometres across, smaller than most viruses. But by the early 2020x,
says Paolo Gargini, chair of the road-mapping organization, “even with
~— if only because at that scale, electron behaviour will be governed by
quantum uncertainties that will make transistors hopelessly unreliable.
And despite vigorous rescarch efforts, there is no obvious successor to
today’s silicon technology.

The industry road map released next month will for the first
time kay out a research and development plan that is not centred on
Moore’s law. Instead, it will follow what might be called the More
phones and supercomputers to data centres in the doud — and work
downwards to see what chips are needed to support them. Among
those chips will be new generations of sensors, power-management
circuits and other silicon devices required by a world in which com-

puting is increasingly mobile.
The changing landscape, in turn, could splinter the industry’s long
tradition of unity in pursuit of Moore's law. “Everybody is struggling

ming prevalent today.

| It has been largely thanks to this road map that computers have followed
super-aggressive efforts, we'll get to the 2-3-nanometre limit, where

than Moore strategy: rather than making the chips better and letting

with what the road map actually means” says Daniel Reed, 2 computer

rately chose to st
the law's exponential demands.
features are just 10 atoms across. Is that a device at all?” Probably not
the applications follow, it will start with applications — from smart-
scientist and vice-president for research at the University of lowa in lowa

ILLLSTRATION Y A EREOC A MOOK

City. The Semiconductor Industry Association (SIA ) in Washington DC,
which represents all the major US firms, has already said that it will cease
its participation in the road-mapping effort once the report is out, and
will instead pursue its own research and development agenda.

Everyone agrees that the twilight of Moore’s law will not mean the
end of progress. “Think about what happened to airplanes.” says Reed.
"A Boeing 787 doesn't go any faster than 2 707 did in the 1950s — but
they are very different airplanes”, with innovations ranging from fully
electronic controls to a carban-fibre fuselage. That’s what will happen
with computers, he says: "Innovation will absolutely continue — bat it
will be more nuanced and complicated™

LAYING DOWN THE LAW

The 1965 essay' that would make Gordon Moore famous started with
a meditation on what could be done with the still-new technology of
integrated circuits. Moore, who was then research director of Fairchild
Semiconductor in San Jose, California, predicted wonders such as
home computers, digital wristwatches, automatic cars and *personal
portable communications equipment” — mobile phones. But the heart
of the essay was Moore's attemnpt to provide a timeline for this future.
Asa measure of a microprocessor’s computational power, he looked at
transistors, the on-off switches that make computing digital. On the
basis of achsevements by his company and others in the previous few
years, he estimated that the number of transistors and other electronic
components per chip was doubling every year.

Moore, who would later co-found Intel in Santa Clara, California,
underestimated the doubling time; in 1975, he revised it to 2 more real-
istic two years”. But his vision was spot on. The future that he predicted
started to arrive in the 1970s and 1980, with the advent of micropro-
cessor-equipped consumer products such as the Hewlett Packard hand
calculators, the Apple II compater and the IBM PC. Demand for such
products was soon exploding, and manufacturers were engagingina
brisk competition to offer more and more capable chipsin smaller and
smaller packages (see ‘Moore's lore’).

This was expensive. Improving a microprocessor's performance
meant scaling down the elements of its circuit so that more of them
could be packed together on the chip, and dectrons could move between
them more quickly. Scaling, in turn, required major refinements in
photolithography, the basic technology for etching those microscopic
elements onto a silicon surface. But the boom times were such that this
hardly mattered: a self-reinforcing cycle set in. Chips were so versa-
tile that manufacturers could make only a few types — processors and
memory, mostly — and sell them in huge quantities. That gave them
enough cash to cover the cost of upgrading their fabrication facilities,
or ‘fabs), and still drop the prices, thereby fuelling demand even further.

Soon, however, it became dear that this market-driven cycle could not
sustain the relentless cadence of Moore's law by itself. The chip-making
process was getting too complex, often involving hundreds of stages,
which meant that taking the next step down in scale required a net-
work of materials-suppliers and apparatus-makers to deliver the right
upgrades at the right time. *[f you need 40 kinds of equipment and only
39 are ready, then everything stops.” says Kenneth Flamm, an economist
who studies the computer industry at the University of Texas at Austin.

To provide that coordination, the industry devised its first road map.
The idea, says Gargini, was “that everyone would have a rough estimate
of where they were going, and they could raise an alarm if they saw
roadblocks ahead”. The US semiconductor industry launched the map-
ping effort in 1991, with hundreds of engincers from various companies
working on the first report and its subsequent iterations, and Gargini,
then the director of technology strategy at Intel, as its chair. In 1998,

the effort became the International Technology

ONATURE.COM Roadmap for Semiconductors, with participa-
Tohearmoreabowt tiom from industry associations in Europe, Japan,
whatwill comeafter  Taiwan and South Korea. (This years report, in
Moore’s law, visi: keeping with its new approach, will be called the

gosatarecom/npplyr  International Roadmap for Devices and Systems.)
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CLT Medios de transporte de datos:
METACOM implicancias del aumento de la velocidad
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METACOM implicancias del aumento de la velocidad
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1952

El fisico Narinder Singh Kapany

apoyandose en los estudios de John
Tyndall, realiz0 experimentos que

condujeronalainvencionde la fibra
Optica. >
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El Ingeniero Eléctrico
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CharleKaoy el Standard
1966 Telecommunicationlsaboratories

Su trabajo pionero se llevo a cabo en el Standard
TelecommunicationkaboratorieSTL) en

Harlow, InglaterraEn este estudio se propuso

por primera vez usar fibra de vidrio para
Implementar la comunicacion opticague
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CharlesKaorecibe elPremio
Nobel de Fisicpor su aporte de |

Fibra Optica en
Telecomunicaciones
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Charles K. Kao, Ph.D. and his wife Gwen









Fibra Optica

CLT

METACOM




METACOM

CCLT Fibra Optica




CLT

METACOM




MMMMMMMM



