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John Bardeen and

8 _#1— Walter Brattain at

Bell Laboratories
constructed the first
solid-state transistor.

This PNP  point-
- contact germanium

transistor operated
with a power gain of
18 on Dec. 23,
1947.
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The Transistor,
A Sem!-Conductor Triode

J. Wonpmdn s WL Peariaw
Jait { dapdenr Lauecw iy, Narvay AL New Loy
June 23, 1ves

THREE-ELEMENT ekxirenic device which mill
res & nevly Sisoovered pisciple lnvelvieg & semi-
corducteor wn the Lask eloment s desribed Tt may be
vonpleyed me an amplficr, osclllazor, aml [or sther pur-
poses for which vacuum 1shen are ordisardy seel. The
device corslets of three electrodes placed on @ Weck of
germaslum' s sbhown schemadeslly ia Fig. L Tag, callad
the emitter and coifecion, are af 1he puind contact socsifor
type and are placed in dose grosinminy {stparation ~ 005
10 025 cm) on e spper wirlsce The thind ie & Large area
fovw redstance consact on the base
The germanium be prepored i the same way as that
merd for bigh tack-veloage recifiers,! Ta this form It isan
N-1ype or escem wemi<canducior with a realauvicy of the
order of 10 o¥mi e, Tn the origina stedics, the upper ssr-
facg was subjecied to an additions) ssodi oxidation in a
slysdd bora te solution® el ter Tt bad beon ground and sicied
i the usan! wxy. The eaide in wasbel ofl 20! plays no
direc: rolo. 1e Bas mince been Jound thay ccher scrface
treatmenis ate oqually efective. Balh tengates and phoe
phor Dreaze points have been used, The culecior paiod
may be clectrically formed by pasing largs corrents in the
reverse direcilen,
Esck poiny, when comiected separately with the base
clecerode, has Cwracteristios similar 10 those of the digh
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PG L s arsatimaiey of an cperimenial s d comlar i dede
The cumemes 200 v lage wre e fefiosied o ¥ig 1,

back-voluape rectifier, OF crincal lnpacta sce Sor the opera-
vom of the device (s the sxture of the current In the fove
wiard dicection. We teliown, for reasons discassed In desall
in the scoampunyiog detter,* that there is a thin layer nest
10 tha surface of Fetiype (Sefeet) conductivity, As a resuln
the current in the forward direction with respect o the
Lock s composed in Darge part of botes. he, of cartlers
of wipn sppesile 1o those nornally in encess on tae body of
tye Dlock

When Lhe 1w0 point contacts sre phaced close togeiher
on Lhe surface and do Blas potentals are appliod, there
is & mwotua! Inflpeece which makes i1 posaiide ta use the
dewvice 15 amplily w e mgdeds, A oecut by which thix may
be sccomphished w sbown (n Flg & There (s a arnall foe-
ward (pomitive) bins o the embiter, which causes a surreni
ol & few oniliamperss 10 Bow laes the sirfacs. A revense
(regative) Mae by appied 1o 1he o ddvior, ferge enoogh o
rrake 1he collectar eurrent of the same order or preater thas
e emitter eurreny, The oign of 1he oollenior Blas s wch
#s w0 autract she bales which fow Cram the el ioer so that
@ Barge part of 1he emiter cwrrem fows o and eoters Lhe
collecion. While the scllectar bas & high dongedasce far
fow of elecuross (awe the semlconducion ey o Erde
impeSiment 12 the fow of holes (nte (he poiar. Il now the
eminier comrent is varied by a o/ paa) voltage, there willbe n
corvespandlng varnson In colector currens, Ic has been
faund that 1he fow of holes from 1he emitier ines the cul-
lecior may alser the vocmal current Aow frem ihe base 1@
the collecir (n soch 0wy 1361 the chiamges in coecior
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J. Bardeen and W. H.
Brattain, "The Transistor. a

Semiconductor Triode. "
Physical Review, Vol. 74 (July

15, 1948),pp.

230-231;
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“My elation with the group’ s success was
tempered by not being one of the inventors, ” he
recalled a quarter century later. “| experienced
frustration that my personal efforts, started more
than eight years before, had not resulted in a
significant inventive contribution of my own. ”

--- Shockley, 1976
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The First Junction Transistor
First transistor with diffused pn junctions by William Shockley
Bell Laboratories, Murray Hill, New Jersey (1949)

Emitter
Collector

Single-crystal Ge

Emitter / Collector

o——— I —_—

p-type

Base
n-type
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The Nobel Prize in Physics
1956

William Bradford John Bardeen Walter Houser

Shockley Prize share: 1/3 Brattain

Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physics 1956 was awarded jointly to William
Bradford Shockley, John Bardeen and Walter Houser Brattain “for

their researches on semiconductors and their discovery of the
transistor effect”.

Photos: Copyright ® The Nobel Foundation
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an MOS Transistor
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Lilienfeld FET Transistor (1930)

J. E. Lilienfeld, who obtained several
concept patents on a field-effect tran-
sistor nearly twenty years before the
work on the transistor started at the
Bell Telephone Laboratories. The pat-
ents created interference with
Shockley’s application. The photo-
graph is taken from Lilienfeld’s U.S.
naturalization documents. (Reprinted
with permission from Physics Today
[May 1988]: 87. © 1988 American
Institute of Physics.)
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Julius Edgar Lilienfeld (1882-1963) : E=EA,
fEUniversity of Leipzig{f2k, EHTEEHTE
IHRKHNEENARAANEAMBEEE, ELFHY
BATEIM, T 1925F5—MEHTIHHN

RAERINESFHTF 19301857,

19354, Oskar HeiligiA 7 —fS U FERYI7%0
MBS EZEHS (O. Heil, British Patent 439,457,
1935).
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Lilienfeld could not build FET because of
excessive surface states at the interface between
the oxide and the semiconductor. Charges were so
numerous that current flowed with zero bias. It
was only possible to turn OFF the device by
driving the carriers deep (now called a “depletion
mode” FET). Charges were such that only n-type
semiconductors could be used. During the 1950s,
methods reduced the surface states and enable
the fabrication of a normally OFF device with zero
bias, "enhancement-mode” FET. The first
working MOS-FET was announced in 1960 (ATT).

Now, most MOS-FETs are "enhancement -
mode" devices made on p-type silicon.
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Lilienfeld transistor { 1930s)

Field eftect electrode _/

Current flows between Lami : :
M .- ") ::-.- --{::--" I =

the ohmic contacts A and T s

B 42

Metal contact
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Regency .~ EFAHIHRAITR- 11,

The first transistor radio was a joint
project of the Regency Co. and
Texas Instruments. Tl built the
transistors; Regency built the radio.
It hit the consumer market on
October 18, 1954. It was a scant five
iInches high, the unit weighed
eleven ounces and cost $49.95.


http://www.regencytr1.com/Regency Electronics product images.html
http://www.regencytr1.com/Regency Electronics product images.html
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The Regency TR-1 featured four germanium
transistors operating on a 22.5-volt battery
that provided over twenty hours of life. It
was discontinued in 1955.
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In Japan, a tiny company had other ideas. Tsushin
Kogyo (@I k) was close to manufacturing its
first radios when it heard that an American
company had beaten them to market. But they
persevered and made a radio, the TR-52. When
Regency quit producing their radio, the Japanese
company immediately started shipping their radio
to the U.S.
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One immediate problem was that Americans
couldn’ t pronounce their name. The founders, Ibuka
(FHFRA) and Morita (BXHAEX) , thought of using
a Latin word sonus meaning "sound." Akio Morita
knew some English, and made a simple variation that
became their name from then on:

Sony "RHEFETSHY

hTS‘Zﬂd‘E" sonus “#]
SONY 2NR" IRAETZE /Y
" sonny “FEMEIZEBLT

KA, 2 \_F?I% "IRIR
BfE Rt |
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FEERLEBERRIINES, FSEHR TR TETRRER
FEitEegsSharp QT-8D "micro Compet”,

£
/ //////////////i/?ﬁ‘ )

Sharp Q7-8D "micro Compet"”

Display i1s 8 digits, green
vacuum fluorescent "ltron"
tubes.

Size: 245 x 132 x 70 mm.

(9.6" x 5.2" x 2.75").
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Sharo were pioneers In the field of calculator
electronics and had a collaboration agreement with
Rockwell to develop Large-Scale Integration (LS/)
integrated circuits for calculators, thereby greatly
reducing the component count. They were first used in
the AC powered QT-8D of late 71968 .
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"Without the invention of the transistor, I'm quite
sure that the PC would not exist as we know it
today"’

--- Bill Gates

"....the story not only of one of the greatest
Inventions of the 20th century but of the birth of the
Information age."

--- PHYSICS TODAY book
review of CRYSTAL FIRE, the
history of the transistor



