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Benefits of Scaling
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Vacuum Switches 14E

Vacuum tubes, being much faster than any mechanical switch, were soon g zoes
enlisted for the new computing machines. But because a computer, by its

nature, requires switches in very large numbers, certain shortcomings of 4 &5
the tubes were glaringly obvious.

They were bulky and power hungry; they produced a lot of waste heat; SMEBE L
and they were prone to failure. The first big, all-electronic computer, a WiETZ
calculating engine known as ENIAC that went to work in 1945, had 17,468
vacuum tubes, weighed 30 tons, consumed enough power to light 10
homes, and required constant maintenance to keep it running
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Semiconductors

The first integrated circuit(1958)
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Transistors —— 15E

Some investigators were convinced that semiconductors could be given the powers of a triode as well. EEELZE“EPE_
In late 1947 that goal was met by John Bardeen and Walter Brattain at Bell Labs. Their invention e B
(the little cylinder that provoked a shrug from the New York Times) essentially consisted of two BZ9 <& %

"cat's whiskers" placed very close together on the surface of an electrically grounded chunk of 1§ _
germanium. A month later a colleague, William Shockley, came up with a more practical design—a ZL
three-layer semiconductor sandwich. The outer layers were doped with an impurity to supply extra Fimd s FHi¥
electrons, and the very thin inner layer received a different impurity to create holes. By means of = nE:}
complex interactions at the junctions where the layers met, the middle portion of the sandwich FE 1k
functioned like the grid in a triode, with a very small voltage controlling a sizable current flow

between the outer layers. Bardeen, Brattain, and Shockley would share a Nobel Prize in physics as

inventors of the transistor. Although Shockley's version was incorporated into a few products where ,, .. —

small size and low power consumption were critical—hearing aids, for example—the transistor HERT]
didn't win widespread acceptance by manufacturers until the mid-1950s, because Germanium MERER R
transistors suffered performance limitations.

. i 16E
Silicon Transistors

A turning point came in early 1954, when Morris Tanenbaum at Bell Labs and Gordon Teal at Texas
Instruments (TI), working independently, showed that a transistor could be made from silicon—a
component of ordinary sand. These transistors were made by selective inclusion of impurities Hhdr Ay
during silicon single crystal growth and Tl manufactured Teal’s version primarily for military o
applications. In early 1955, Tanenbaum and Calvin Fuller at Bell Labs produced high performance BHicR m=snnA
silicon transistors by the high temperature diffusion of impurities into silicon wafers sliced from a
highly purified single crystal.
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integrated circuits - chips S ME 17E]

The following year, Robert Noyce, then at Fairchild Semiconductor, independently arrived

at the idea of an integrated circuit and added a major improvement. His approach =

involved overlaying the slice of silicon with a thin coating of silicon oxide, the BEhb B4
semiconductor’s version of rust. From seminal work done a few years earlier by John &1 | PP
Moll and Carl Frosch at Bell Labs, as well as by Fairchild colleague Jean Hoerni, Noyce ,\"" ! “ﬁ

eraLaicy

knew the oxide would protect transistor junctions because of its excellent insulating i S __ A
properties. Delicate lines of metal could simply be printed on the coating; they would 1% 88 ”é
reach down to the underlying components via small holes etched in the oxide. ey U

BE, ON—b /AR, BFITT7FrAILE- 2207544, (FEMIZERBRIREVSTATPITUYESE
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Jack Kilby 18E

Any electronic circuit is an assemblage of several types of components that work #H#&EHE &
together as a unit. Previously, the various circuit elements had always been
made separately and then laboriously connected with wires. But in 1958, Jack #5325 FEiéR
Kilby, an electrical engineer at Texas Instruments who had been asked to )
design a transistorized adding machine, came up with a bold unifying strategy. jﬁﬁmﬁ
By selective placement of impurities, he realized, a crystalline wafer of silicon BRHE HRO
could be endowed with all the elements necessary to function as a circuit. As Bt 59 5%
he saw it, the elements would still have to be wired together, but they would
take up much less space. In his laboratory notebook, he wrote: "Extreme A
miniaturization of many electrical circuits could be achieved by making
resistors, capacitors and transistors & diodes on a single slice of silicon."
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EX_105 Gordon E. Moore(1) Chairman Emeritu Intel Corporation #E&&  19E

The discovery of the electron in 1897 set the stage for electronics to develop over the ensuing #& #®&l2Hi<
century. Most of the first half of the 20th century was devoted to controlling electrons in a
vacuum with electric and magnetic fields to make amplifiers, oscillators, and switches. These @z
gave us, among other things, radio, television, radar, and the first computers. igmg%?}ﬁ%ﬁ

The last half of the century saw the rise of solid-state electronics, beginning with the invention [E{&
of the transistor in 1947. | arrived on the scene in 1956 to join William Shockley, one of the
inventors of the transistor, who was establishing the Shockley Semiconductor Laboratory to
develop a commercial silicon transistor. By then the advantages of transistors over vacuum Fls
tubes were apparent for many applications; it was only necessary to make transistors reliable 5 8

and cheap.
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EX_105 Gordon E. Moore(2) 20E

But Shockley changed his original goal, turning his focus to another semiconductor device he had invented
while at Bell Labs—a four-layer diode possibly useful in telephone switches but not much else. A group of
us (the Fairchild 8) went off to found a new company, Fairchild Semiconductor, to continue to pursue the

silicon transistor.

Fortunately we at Fairchild were on the right track technologically when Jack Kilby of Texas Instruments
demonstrated a complete circuit made of semiconductor materials. My colleague Bob Noyce saw how the
Fairchild technology could be extended to make it practical to manufacture a complete circuit, rather than
just individual transistors. Shortly after Bob's inventions he was promoted to general manager and | was
left to oversee development of the technology extensions that ultimately led to the computer chips we are

all familiar with today.
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=X195 Gordon E. Moore(3) 21EJ

The new integrated devices did not find a ready market. Users were concerned because the individual transistors,
resistors, and other electronic circuit components could not be tested individually to ensure their reliability. Also,
early integrated circuits were expensive, and they impinged on the turf that traditionally belonged to the circuit &z
designers at the customer's company.

Again, Bob Noyce made a seminal contribution. He offered to sell the complete circuits for less than the customer
could purchase individual components to build them. (It was also significantly less than it was costing us to build
them!) This step opened the market and helped develop the manufacturing volumes necessary to reduce
manufacturing costs to competitive levels.

BLE IR (i
To this day the cost reductions resulting from economies of scale and newer high-density technology are passed
on to the user—often before they are actually realized by the circuit manufacturer. ;g@ﬁ%)ﬁ -
D

As a result, we all know that the high-performance electronic gadget of today will be replaced with one of higher
performance and lower cost tomorrow.
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EX_105
Moore’s Law
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X105 Moore’s Law(L—7 D ;ERI) 22E

By 1965 integrated circuits—chips as they were called—embraced as many as 50 elements. &a&v5%
That year a physical chemist named Gordon Moore, cofounder of the Intel Corporation HRBILE
with Robert Noyce, wrote in a magazine article: "The future of integrated electronics is the
future of electronics itself." He predicted that the number of components on a chip would  s#L#-
continue to double every year, an estimate that, in the amended form of a doubling every #%42 gro
year and a half or so, would become known in the industry as Moore's Law. While the
forecast was regarded as wild-eyed in some quarters, it proved remarkably accurate. The T8
densest chips of 1970 held about 1,000 components. Chips of the mid-1980s contained as E#E HEEL
many as several hundred thousand. By the mid-1990s some chips the size of a baby's
fingernail embraced 20 million components.
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