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21st. Century Innovations
https://www.nae.edu/

1. Electrification 2.Automobile 3.Airplane

4 Water Supply and Distribution 5.Electronics

6.Radio and Television 7.Agricultural Mechanization

8.Computers 9.Telephone

10.Air Conditioning and Refrigeration

11.Highways 12.Spacecraft 13.Internet 14.Imaging

15.Household Appliances 16.HealthTechnologies

17.Petroleum and Petrochemical Technologies

18.Laser and Fiber Optics 19.Nuclear Technologies

20.High-performance Materials
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Electronics 02E

* Barely stifled yawns greeted the electronics novelty 3 .
(0 L&D
that was introduced to the public " in mid-1948. M5 B< AL

* A device called a transistor, which has several

applications in radio where a vacuum tube BE HEY
ordinarily is employed, was demonstrated for the
first time yesterday at Bell Telephone Laboratories," S

. . . EE.nEE):I:ijﬁ
noted an obviously unimpressed New York Times
reporter on page 46 of the day's issue.
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1947 First pointcontact transistor 01EJ

. - : EX 101 P31 &g
* John Bardeen, Walter H. Brattain, and William B. Shockley of Bell Labs discover the
transistor. Brattain and Bardeen build the first pointcontact transistor, made of two REfh
gold foil contacts sitting on a germanium crystal. When electric current is applied 445
to one contact, the germanium boosts the strength of the current flowing through

the other contact. Shockley improves on the idea by building the junction BESrSUTURS
transistor—"sandwiches" of N- and P-type germanium. A weak voltage applied to )
the middle layer modifies a current traveling across the entire "sandwich." In ZE(EHR)TS

November 1956 the three men are awarded the Nobel Prize in physics.

. . . . . 03E
e 1952 First commercial device to apply Shockley’s junction
transistor
« Sonotone markets a $229.50 hearing aid that uses two vacuum tubes and one TiHICH$ fRiEd HEZE
transistor—the first commercial device to apply Shockley’s junction transistor. Ba R
Replacement batteries for transistorized hearing aids cost only $S10, not the nearly
$100 of batteries for earlier vacuum tube models. TH(BEHRZ)  MHEEIhT-
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1954 First transistor radio 04E

* Texas Instruments introduces the first transistor radio, the Regency
TR1, with radios by Regency Electronics and transistors by Texas
Instruments. The transistor replaces De Forest’s triode, which was =HEE
the electrical component that amplified audio signals—making AM &Y%
(amplitude modulation) radio possible. The door is now open to the  igigZ g
transistorization of other mass production devices. KEEE B &

e 1954 First truly consistent mass-produced transistor is
demonstrated O5E

» Gordon Teal, a physical chemist formerly with Bell Labs, shows MELFE
colleagues at Texas Instruments that transistors can be made from [l %
pure silicon—demonstrating the first truly consistent mass-
produced transistor. By the late 1950s silicon begins to replace
germanium as the semiconductor material out of which almost all  #&#41%
modern transistors are made.
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1958-1959 Integrated circuit invented  ymas swsne

Jack Kilby, an electrical engineer at Texas Instruments and Robert Noyce of Fairchild
Semiconductor independently invent the integrated circuit. In September 1958, Kilby {& A=
builds an integrated circuit that includes multiple components connected with gold #%i» &
wires on a tiny silicon chip, creating a “solid circuit” (On February 6, 1959, a patent is E{ARBIFE 4F5F
issued to Tl for “miniaturized electronic circuits.”) In January 1959, Noyce develops his
integrated circuit using the process of p/lanar technology, developed by a colleague, FmE®
Jean Hoerni. Instead of connecting individual circuits with gold wires, Noyce uses
vapor-deposited metal connections, a method that allows for miniaturization and mass &% £REEH
production. Noyce files a detailed patent on July 30, 1959.

1958-1959 E£FERIFEAFE AN - (B ENFNER)

TERHRAVRYILAIHDERBMED v 7 - FTIVE—ETITFrAILE-£IaV 2 /31O O/N—
b/ AZRDMERICERBRIBERALET

1958 F DI A ICFILE—(Z/NSBI) AV FYT (M) LICERTEESNEROBRZ SO EERIKE
EY, “BEMAREIEZE"RIELT=.

19592 A6 BICTI#t IC“Milib SN -EF R BN PEFEINT-.1959F 1B IT/A R, REDO—2 A
UIZKYBEAR SN -FEEM IO ( EERMNZF BT 5EEBREBEERLET.

ZRREEHRTEBEITIRDYIC/AREBB N -ERBEREZFIALEY, TNIEMBILEXREEEZT
BEICT BAETY . /A RIF1959F6 A308 IZEE M Fsr2HELET.
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1958-1959 &£ 15
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07E

1962 MOSFET is invented

* The metal oxide semiconductor field effect transistor (MOSFET) is &/&—EiL¥—F B

invented by engineers Steven Hofstein and Frederic Heiman at BERAMBRINSUDRA
RCA's research laboratory in Princeton, New Jersey. Although

slower than a bipolar junction transistor, a MOSFET is smaller and —BHEENSVURSE
cheaper and uses less power, allowing greater numbers of =0 AT

transistors to be crammed together before a heat problem arises.
Most microprocessors are made up of MOSFETs, which are also
widely used in switching applications.

e 1967 First handheld calculator invented 08E

* A Texas Instruments team, led by Jack Kilby, invents the first
handheld calculator in order to showcase the integrated circuit.
Housed in a case made from a solid piece of aluminum, the
battery-powered device fits in the palm of a hand and weighs 45 it ERES
ounces. It accepts six-digit numbers and performs addition,
subtraction, multiplication, and division, printing results up to 12
digits on a thermal printer.

BHE

RET )5
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1971 Intel introduces "computer on a chip”

Computer on a Chip

Processor
(CPU)

|< 14" >~
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From Computer Desktop Encoyclopedia
& 1998 The Computer Language Co. Inc.

An

entire
computer
ona

single chip.

* Intel, founded in 1968 by Robert Noyce and
Gordon Moore, introduces a "Computer on a
chip," the 4004 four-bit microprocessor, design by
Frederico Faggin, Ted Hoff, and Stan Mazor. It can
execute 60,000 operations per second and
changes the face of modern electronics by
making it possible to include data processing
hundreds of devices. A 4004 provides the
computing power for NASA's Pioneer 10
spacecraft, launched the following year to survey
Jupiter.

3M Corporation introduces the ceramic chip
carrier, designed to protect integrated circuits
when they are attached or removed from circuit
boards. The chip is bonded to a gold base inside a
cavity in the square ceramic carrier, and the
package is then hermetically sealed.

ZE e
[EHIE

09E



Intel 40044207 O+tyH

* Intel 4004(MCS-4)(&, KEAMVTILHIZLKH>THFES
h-HATEIOD VT ILVFYITDOER<TAo07
OtyHTHS.

¢ 1971F([ZRRINF-AEVNDBEEREHEEDL,
500kHJ;75\6741kHz0)/7|:|\y’J'G.%IXEJJL,T:(’JEI‘y’JIﬂ
HAERET)

» P£REIL0.06 MIPS (B F)60000EIDEE)

e ImMm X Amm®D/NF D EI1Z2,300D 50 XA 452%
£7E 10um (0.01mm) EvFD7OLATHESN
=5 EFEFDICELTIFEAEML16EDIPT, 4
HWEHENN—TBE=HIZPRLRNRET—4
INRITBFDEITEBINTLV-.
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ntel 4004

- EEERIRE 741kH2. =120, A7 RLAH AIZ3/0v Y, s waiaHL
(2290w, aiFETIZ3VOYIDE8I/OvIEES 5.
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Intel microprocessor(20064F)

¢ ,r > _7 )l/ ;o b : j A4I 7 X I\ IJ A From Computer Desktop Encyclopedia
‘/ —~ Reproduced with permission.

T 71232 (Dual Core)lF2001E/E)/ TR i
POmMTzNETEDS (F— ;

« 2006 FE A TIVELTUMNEI7EF
TR B TATILVATHE
BRCIRBIEENEEEL-RER
ltanium 2 T# 5 "Montecito(E2T
Uk EFEI—F)"
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. . 10E
1972 Home video game systems become available
FI AT REZR

* In September, Magnavox ships Odyssey 100 home game systems to distributors. P IESE X

The system is test marketed in 25 cities, and 9,000 units are sold in Southern

California Alone during the first month at a price of $99.95.

In November, Nolan Bushnell forms Atari and ships Pong, a coin-operated video Hfm9 5

arcade game, designed and built by Al Alcorn. The following year Atari

introduces its home version of the game, which soon outstrips Odyssey 100.

1974 Texas Instruments introduces the TMS 1000

Texas Instruments introduces the TMS 1000, destined to become the most widely 11E
used computer on a chip. Over the next quarter-century, more than 35 different
versions of the chip are produced for use in toys and games, calculators,

photcopying machines, appliances, burglar alarms, and jukeboxes. (Although TI *EE*%
engineers Michael Cochran and Gary Boone create the first microcomputer, a 3@'5-@5“
four-bit microprocessor, at about the same time Intel does in 1971, Tl does not EHER
put its chip on the market immediately, using it in a calculator introduced in

1972.)
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12E

1997 IBM deve/r%é)%a copper-based chip technology

* IBM announces that it has developed a copper-based chip technology,

using copper wires rather than traditional aluminum to connect 45
transistors in chips. Other chip manufacturers are not far behind, as sz 2=
research into copper wires has been going on for about a decade. 104

Copper, the better conductor, offers faster performance, requires less &k  THHE
electricity, and runs at lower temperatures, This breakthrough allows [E5 225

up to 200 million transistors to be placed on a single chip.
13Ex

» 1998 Plastic transistors developed

* A team of Bell Labs researchers—Howard Katz, V. Reddy Raju, Ananth
Dodabalapur, Andrew Lovinger, and chemist John Rogers—present
their latest findings on the first fully "printed" plastic transistor, which BN
uses a process similar to silk screening. Potential uses for plastic ARG — E Rl di
transistors include flexible computer screens and "smart" cards, full of
vital statistics and buying power, and virtually indestructible. FERR IR
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