75 Jahre Transistor

Hermann Schumacher, DF2DR




Eine Halbleiter-
B 4 Triode?

Das muss auch
kleiner gehen!

Jan. 28, 1930. J. E LILIENFELD 1,745,175
MITEOD AND APPABATUS POR CONTROLLING ELECTRIC CURMENTS
Filed Oc¢t. 8, 192¢

Julius Edgar Lilienfeld
(Quelle: gemeinfrei)

Lee de Forest (Quelle: Betmann/Getty Images)
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Unsere Hauptdarsteller: Die Idee ...

John Bardeen (1908-1991) Stimulus Messelektrode
US-amerikanischer Physiker

Walter Brattain (1902-1987) p-dotiert

US-amerikanischer Physiker

William Shockley (1910-1989)
US-amerikanischer Physiker
Boss von Bardeen und Brattain

Ruckseitenpotential
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THREE-ELECT'IJR‘ODBEACRI%CEIET ELEE‘I:iEI:\NL’I‘ UTILIZING
SEMICONDUCTIVE MATERIALS
2,524,035 Filed June 17, 1948 3 Sheets~Sheet 1
THREE-ELECTRODE CIRCUIT ELEMENT
UTILIZING SEMICONDUCTIVE MATE- ’
RIALS . . F16./
»0. 4

John Bardeen, Summit, and Walter H. Brattain,
Morristown, N. J., assignors to Beil Telephone
.. Laboratories, Incorporated, New York, N. ¥, a
corporation of New York weyr

UNITED STATES PATENT OFFICE Oet. 3, 1950 N 2,524,035

TE o

Application June 17, 1948, Serial No. 33,466
40 Claims. (CL 179—171)
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Da fehlt doch wer ...
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w“"’) 31.12.1947-2.1.1948: Shockley erfindet den

Sperrschicht-Bipolartransistor als Volumen-Bauelement.

" Patented Sept. 25, 1951 2,569’347

UNITED STATES PATENT OFFICE

2,569,347

CIRCUIT ELEMENT UTILIZING SEMICON-
DUCTIVE MATERIAL

William Shockley, Madison, N. J., assignor to Bell
Telephone Laboratories, Incorporated, New
York, N. Y., a corporation of New York

Application June 26, 1948, Serial No. 35,423
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Die Strome sind Diffusionsstrome: c~ g ~ (Beispiel npn-Transistor)
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The original building where Shockley Semiconductor Laboratory opened in 1956.

https://www.eejournal.com/wp-content/uploads/2018/08/Quonset-Hut.jpg
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Die verraterischen Acht (Foto: 1960)

"“ TELEDYNE
TECHNOLOGIES

INCORPORATETD

Gordon Moore

- Robert Noyce x ‘v .| -
b0 AT |=A|RCH|LD—W intel

14 ' SEMICONDUCTOR

AMD Y

By Wayne Miller - Original publication: Magnum Photos for
Fairchild Semiconductor Immediate source: Magnum Photos NYC33964,
Fair use, https://en.wikipedia.org/w/index.php?curid=38191310
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... aber welche Transistoren?

1959: Md. Attalah, D. Kahng erfinden den MOSFET.
1962: Erstes MOSFET-IC.

1963: Frank Wanlass erfindet CMOS.

1972: Intel 4004 (MOS).

1975: Erster reiner CMOS-Mikroprozessor (Intersil)

Huge Volume, Small Price

Price per trillion transistors, US $; transistors sold per yeer, trillions

® Transistors scld « Price
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Source: TecnIncights IEEE Spactrum
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FInFET Gate-All-Around
Gate ~z

Bipolartransistor: Steuerung der Steigung der Minoritatstragerdichte in der Basis.
MOSFET: Steuerung der Majoritatstragerdichte im Kanal.
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IHP 2016

B. Heinemann et al., SiGe HBT with fr/fmax of 505 GHz/720 GHz, IEDM 2016
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SAR-Bild von Reflektoren 5x5 mm?2
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Comare

 Prof. Dr.-Ing. Hermann Schumacher,

IDF2DR

IDARC OV P14

|Email: df2dr@darc.de

Ortsverband Ulm, P14


mailto:df2dr@darc.de

