MOORE’S

NOT A LAW

GORDON MOORE PIONEERED the integrated
circuit and cofounded the chip giant Intel;
in retirement he has focused on science-
and technology-oriented philanthropy. But
thanks to an article he published in April
1965 in Electronics magazine, he’s known
most widely for Moore’s Law, the prediction
that has reflected—and helped drive—steady
and staggeringly fast progress in computing
technology. In preparation for the 50th
anniversary of Moore’s prediction, IEEE
Spectrum Associate Editor Rachel Courtland
visited the man himself at his home on
Hawaii’s Big Island.
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Rachel Courtland: It’s been
50years since the article
came out.

Gordon Moore: It'shard to
believe. | never would have
anticipated anyone remember-
ing it this far down the road.

R.C.: Why is that?

G.M.: At the time | wrote
the article,  thought I was
just showing alocal trend.
The integrated circuit was
changing the economy of
the whole [electronics]
industry, and this was not
yet generally recognized. So
| wrote the article to try to
get the point across—thisis
the way the industry is going
to get things really cheap.

R.C.: At that point, the
integrated circuit was still
fairly new.

G.M.: The integrated circuit
had been around a few years.
The first few had hit the mar-
ket with as many as about 30
components on the chip—
the transistors, resistors, and
so forth. | looked back to the
beginning of the technology
| considered fundamental—
the planar transistor—and
noticed that the [number

of components] had about
doubled everyyear. And | just
did a wild extrapolation say-
ingit's going to continue to
double every year for the next
10years.

And it proved to be amaz-
ingly correct.had acol-
league who saw that and
dubbed this Moore’s Law. It’s
been applied to far more than
justsemiconductors. Sort of

MOORE’S LAW 4 50 YEARS

anything that changes expo-
nentially these days is called
Moore’s Law. I'm happy to
take credit for all of it.

R.C.: Youspoketoacol-
league of mine after win-
ning the 2008 IEEE Medal
of Honor, and | believe you
told her that you didn’t
want Moore’s Law to be
your legacy. You’d moved
onto other things.

G.M.: Well,| couldn’'t even utter
theterm “Moore’s Law” fora
longtime. Itjustdidn’tseem
appropriate. Butasitbecame
something that almost drove
the semiconductorindus-
tryrather thanjustrecording
its progress, | became more
relaxed about the term.
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R.C.:Howlong didit take
to come to terms with hav-

ing alaw named after you?
G.M.: Oh, 20 yearsor so. It
really took along time. But
[now]itis well established.

A while back | googled
“Moore’s Law” and “Murphy’s
Law” and discovered that
Moore’s Law had more refer-
ences than Murphy.

R.C.: Did that feel like a
coup of some sort?

G.M.: | think so. It’sabout as
profound a law [as Murphy’s
Law] too.

R.C.:Coming from asci-
ence background, when
I think of laws, | think of
ironclad, mathematically

MOORE’S BIG MOVE: Moore
[above] wrote his seminal 1965
paper while working at Fairchild
Semiconductor. Just three years
later, he and colleague Robert
Noyce left to cofound Intel.

grounded laws of nature.
And Moore’s Law is...
G.M.:It'snotalawinanyreal
respect. [t was an observa-
tionand a projection.

R.C.: Technological
improvements are nothing
new, but the rapid prog-
ress that’sbeen made
under Moore’s Law has
been pretty special.ls
there something funda-
mentally different about
the nature of silicon?
CONTINUED ON PAGE 56
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THE LAW THAT'S
NOT A LAW

CONTINUED FROM PAGE 40

G.M.: The semiconductor technology has
some unique characteristics that | don’t
see duplicated many other places. By mak-
ing things smaller, everything gets better.
The performance of devices improves; the
amount of power dissipated decreases;
the reliability increases as we put more
stuff onasingle chip. It'samarvelous deal.
lused to give talks about how other
industries might have progressed. You
know, had the auto industry made prog-
ress at the same rate [as silicon microelec-
tronics], you would have gotten a million
miles per gallon of fuel, had cars that could
go several hundred thousand miles an
hour. It'd be more expensive to park [one]
downtown for the night than to buy anew
Rolls-Royce. And one of the members of
the audience pointed out, yeah, butit'd
only be 2 inches long and a half-inch high; it
wouldn’t be much good for your commute.

R.C.: You’ve predicted the end of
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Moore’s Law several times in the past.
How long do you think it will continue?
G.M.: Well, | have never quite predicted the
end of it. I've said | could never see more
than the next couple of [chip] generations,
and after that it looked like [we'd] hit some
kind of wall. But those walls keep receding.
I’'mamazed at how creative the engineers
have beenin finding ways around what we
thought were going to be pretty hard stops.
Now we're getting to the point whereiit’s
more and more difficult,and some of the
laws are quite fundamental. [ remember we
had Stephen Hawking, the famous cosmolo-
gist,in Silicon Valley one time. He gave a talk,
and afterward he was asked what he saw as
the limits to the integrated circuit technology.
Now this is not his field, but he came up
with two things: the finite velocity of light
and the atomic nature of materials. And
Ithink he’s right. We're very close to the
atomic limitation now. We take advantage
of all the speed we can get, but the veloc-
ity of light limits performance. These are
fundamentals | don’t see how we [will] ever
getaround. Andin the next couple of gen-
erations, we're right up against them.

R.C.: What happens then, once you’ve
reached those limits?

G.M.: Well, things change when we get to
that point. No longer can we depend on
making things smaller and higher density.
But we'll be able to make several billion
transistors on anintegrated circuit at that
time. And the room this allows for creativ-
ity is phenomenal. Now there are other
technologies that are proposed to extend
beyond what we can do with silicon. Some
of the things coming out of nanotechnol-
ogy may have arole to play, and materi-
als like graphene, a single layer of carbon
hexagons, are very interesting. I'm not
close enough to predict that any of them
is going to be successful, but they have a
tough competitor. [Multiple] billion transis-
tors onasilicon chipis hard to beat.

R.C.: Sodo you think the kind of prog-
ress we expect from chips will change?
G.M.: Some things will change. We won’t
have the rate of progress that we've had
over the last few decades. I think that’s
inevitable with any technology; it eventu-
ally saturates out. | guess | see Moore’s
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Law dying here inthe next decade or so,
but that’s not surprising.

R.C.: Do you think the way we consume
electronics will change as Moore’s Law
comestoaclose?

G.M.:1don’t thinkit’s likely to change
much. As long as the new products offer
incremental capability, | think they will
replace the older ones pretty rapidly.
When we run out of ideas of what to add,
then people may decide they don’tneed a
new one every year, hang on to the same
piece of equipment for three, four, five
years. That'll slow down the industry quite
abit. Butlthinkit's inevitable that some-
thing like that occur.

R.C.: There’re the fundamental phys-
ical limits—the atomic scale, the
speed of light—and then there’s also
the cost associated with fabricat-
ing smaller and smaller transistors.
Which do you think we’ll hit first? Is
it going to be the cost or the fun-
damental physical limits? | guess
they’re tied together.
G.M.: Theyreally are, yeah. Making things
smalleris increasingly expensive. Fabs to
operate on the newest technology nodes
are absurd. It's hard to think Intel started
with [US] $3 million total capital. Now you
can’tbuy one tool, you can'teven install
onetool for that much, | don’t think. The
machines have gotten alot more expen-
sive and complex. On the other hand, their
productivity in terms of transistors out per
unittime hasincreased dramatically. So
we can still afford to build a few fabs to uti-
lize the modern technology.

We've had a lot of companies decide
it was too expensive to move to the next
generation already. There are only a few of
usinthe world that are investing in state-
of-the-art fab facilities today. And I don’t
see that number changing much over the
next generation or two.

R.C.: Yourinitial prediction was largely
based ontheideathat the cost of each
component on achip was decreasing.
Soisthat going to be the thing that
decidesitinthe end? It’s an economic
law, so it’ll have an economic demise?
G.M.: | thinkit's going to be a technologi-
cal demise rather than an economic one.
People will continue to squeeze cost out

of the products for quite a while after they
can’t make them any smaller. I’'m sure
that’s happening already.

R.C.:1told afew people that | was
going to meet you today, and | asked
them what questions | should ask.
Some just sort of laughed and said,
“Can you ask him how we get out of this
mess?” Because they’re all struggling
with these technological issues.

G.M.: Whoo. Well, you could always retire
and move to Hawaii.

R.C.:1think they’re trying to get to
that point.

G.M.: Yeah, well, it’s the nature of the busi-
ness. There aren’t many easy businesses,
and this certainly isn’t one of them.

This interview has been edited for length
and clarity.
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