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Hermann Schumacher, DF2DR
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Ein hundertjähriger Traum
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Lee  de Forest (Quelle:  Betmann/Getty Images)

Das muss auch 
kleiner gehen! 

Julius Edgar Lilienfeld 
(Quelle:  gemeinfrei)

Eine Halbleiter-
Triode?
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Zwischenbetrachtung: Halbleiter
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Dotierte Halbleiter
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Arsen: 1 Bindungselektron zu viel: 
n-Dotierung!

Bor: 1 Bindungselektron zu wenig: 
p-Dotierung!

n ≈ ND
„Donator“

p ≈ NA

„Akzeptor“

n ⋅ p = n2
i
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Verarmungszone

Oberflächenzustände
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ni = 1010cm−3 n ≈ ND = 1016cm−3 → p =
n2

i

ND
= 104cm−3Si

„Majoritäten“ „Minoritäten“
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Den Oberflächeneffekten auf der Spur
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Unsere Hauptdarsteller:

John Bardeen (1908-1991) 
US-amerikanischer Physiker

Walter Brattain (1902-1987) 
US-amerikanischer Physiker

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

Die Idee …

Rückseitenpotential

n-Germanium

p-dotiert

Stimulus Messelektrode



Ortsverband Ulm, P14    

Der berühmte Messaufbau
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Quelle: Nokia Bell Laboratories

Germanium

Kupferblech

Druck

Goldfolie
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Das Labortagebuch
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Das Patent
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Patented Oct. 3, 1950 2,524,035 

UNITED STATES PATENT OFFICE 
2,524,035 

THREE-ELECTRODE CIRCUIT ELEMENT 
UTILIZING SEMCONDUCTIVE MATE 
RIAELS 

John Bardeen, Summit, and Walter H. Brattain, 
Morristown, N. J., assignors to Be Telephone 
Laboratories, Incorporated, New York, N. Y., a 
corporation of New York 
Application June 17, 1948, Serial No. 33,466 

This application is a continuation-in-part of 
application Serial No. 11,165, filed February 26, 
1948, and thereafter abandoned. 
This invention relates to a novel method of and 

means for translating electrical variations for 
Such purposes as amplification, wave generation, 
and the like. 
The principal object of the invention is to am 

plify or otherwise translate electric signals or 
variations by use of compact, simple, and rugged 
apparatus of novel type. 
Another object is to provide a circuit element 

for use as an amplifier or the like which does not 
require a heated thermionic cathode for its op 
eration, and which therefore is immediately oper 
ative when turned on. A related object is to pro 
Wide such a circuit element which requires no 
evacuated or gas-filled envelope. 
Attempts have been made in the past to con 

vert solid rectifiers utilizing selenium, copper Sul 
fide, or other semi-conductive materials into am 
plifiers by the direct expedient of embedding a 
grid-like electrode in a dielectric layer disposed 
between the Cathode and the anode of the rec 
tifier. The grid is supposed, by exerting an elec 
tric force at the surface of the cathode, to mod 
ify its emission and so , alter the cathode-anode 
current. As a practical matter it is impossible to 
embed a grid in a layer which is so thick as to 
insulate the grid from the other electrodes and 
yet so thin as to permit current to flow between 
them. It has also been proposed to pass a cur 
rent from end to end of a strip of homogeneous 
isotropic semiconductive material and, by the 
application of a strong transverse electrostatic 
field, to control the resistance of the strip, and 
hence the current through it. 
So far as is known, all of such past devices are 

beyond human skill to fabricate with the fine 
ness necessary to produce amplification. In any 
event they do not appear to have been commer 
cially successful. 

It is well known that in semiconductors there 
are two types of carriers of electricity which dif 
fer in the signs of the effective mobile charges. 
The negative carriers are excess electrons which 
are free to move, and are denoted by the term 
conduction electrons or simply electrons. The 
positive carriers are missing or defect "electrons,' 
and are denoted by the term "holes.' The con 
ductivity of a semiconductor is called exceSS or ; 
defect, or N or P type, depending on whether the 
mobile charges normally present in excess in the 
material under equilibrium conditions are elec 
trons (Negative carriers) or holes (Positive car 
riers). 
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When a metal electrode is placed in contact 

With a semiconductor and a potential difference 
is applied across the junction, the magnitude of 
the current which flows often depends on the 
sign as well as on the magnitude of the poten 
tial. A junction of this sort is called a rectify 
ing contact. If the contact is made to an N 
type semiconductor, the direction of easy cur 
rent flow is that in which the seniconductor is 
negative with respect to the electrode. With a 
P-type seniconductor, the direction of easy flow 
is that in which the semiconductor is positive 
A similar rectifying contact exists at the bound 
alry between two semiconductors of opposite con 
ductivity types. 
This boundary may separate two semiconduc 

tor materials of different constitutions, or it may 
separate zones or regions, within a body of 
semiconductor material which is chemically and 
stoichiometrically uniform, which exhibit differ 
ent conductivity characteristics. 
The present invention in one form utilizes a 

block of Semiconductor material on which three 
electrodes are placed. One of these, termed the 
collector, makes rectifier contact with the body 
of the block. The other, termed the emitter, 
preferably makes rectifier contact with the body 
of the block also. The third electrode, which 
may be designated the base electrode, preferably 
makes a low resistance contact with the body of 
the block. When operated as an amplifier, the 
emitter is normally biased in the direction of easy 
current flow with respect to the body of the 
Semiconductor block. The nature of the emit 
ter electrode and of that portion of the semi 
conductor which is in the immediate neighbor 
hood of the electrode contact is such that a sub 
stantial fraction of the current from this elec 
trode is carried by charges Whose signs are op 
posite to the signs of the mobile charges nor 
mally in excess in the body of the Semiconduc 
tor. The collector is biased in the reverse, or 
high resistance direction relative to the body of 
the semiconductor. In the absence of the emit 
ter, the current to the collector flows exclusively 
from the base electrode and is impeded by the 
high resistance of this collector contact. The 
sign of the collector bias potential is Such as to 
attract the carriers of opposite sign which come 
from the emitter. The collector is so disposed in 
relation to the emitter that a large fraction of 
the emitter current enters the collector. The 
fraction depends in part on the geometrical dis 
position of the electrodes and in part on the bias 
potentials applied. As the emitter is biased in 
the direction of easy flow, the emitter current 
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Wut macht erfinderisch!
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31.12.1947-2.1.1948: Shockley erfindet den 
Sperrschicht-Bipolartransistor als Volumen-Bauelement.

Sept. 25, 1951 W. SHOCKLEY 2,569,347 
CIRCUIT ELEMENT UTILIZING SEMICONDUCTIVE MATERIAL 

Filed June 26, 1948 3. Sheets-Sheet 
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Patented Sept. 25, 1951 2,569,347 

UNITED STATES PATENT OFFICE 
2,569,347 

CIRCUIT ELEMENT UTILIZNG SEMCON 
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 

(C. 332-52) 34 Claims. 

This invention relates to means for and meth 
ods of translating or controlling electrical signals 
and more particularly to circuit elements utiliz 
ing semiconductors and to systems including such 
elements. 
One general object of this invention is to pro 

vide new and improved means for and methods 
of translating and controlling, for example am 
plifying, generating, modulating, intermodulating 
or converting, electric signals. 
Another general object of this invention is to 

enable the efficient, expeditious and economic 
translation or control of electrical energy. 

In accordance with one broad feature of this 
invention, translation and control of electric sig 
nals is effected by alteration or regulation of the 
conduction characteristics of a Semiconductive 
body. More specifically, in accordance with one 
broad feature of this invention, such translation 
and control is effected by control of the charac 
teristics, for example the impedance, of a layer 
or barrier intermediate two portions of a Semi 
conductive body in Such manner as to alter ad 
vantageously the flow of current between the two 
portions. 
One feature of this invention relates to the 

control of current flow through a Semiconductive 
body by means of carriers of charge of opposite 
sign to the carriers which convey the current 
through the body. 
Another feature of the invention pertains to 

controlling the current flowing through a semi 
conductive body by an electrical field or fields 
in addition to those responsible for normal cur 
rent flow through the body. 
An additional feature of this invention relates 

to a body of semiconductive material, means for 
making electrical connection respectively to two 
portions of said body, means for making a third 
electrical connection to another portion of the 
body intermediate said portions and circuit 
means including power sources whereby the in 
fluence of the third connection may be made 
to control the flow of current between the other 
connections. 
Another feature pertains to a semiconductive 

body comprising successive zones of material of 
opposite conductivity type each separated from 
the other by an electrical barrier, means for mak 
ing external connection respectively to two of 
said zones, and means for making other con 
nections intermediate to the two for controlling 
the flow of current across one or more of the 
electrical barriers. 
A further feature resides in a body of Semicon 
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ductive material comprising two zones of material 
of opposite conductivity type separated by a bar 
rier, means for making external electrical con 
nections respectively to each zone and means for 
making a third connection to the body at the bar 
rier for controlling the flow of current between 
the other two connections. 
An additional feature pertains to a Semicon 

ductive body comprising two zones of material of 
like conductivity type with an intermediate Zone 
of material of opposite conductivity type, the 
zones being separated respectively by barriers, 
means for making electrical connections respec 
tively to the two zones, and means for making a 
third connection to the intermediate zone for 
controlling the effectiveness of a barrier to there 
by control the flow of current between the zones 
of like material. 
Another feature of this invention involves a 

semiconductive body which may be used for volt 
age and power amplification when associated 
with means for introducing mobile carriers of 
charge to the body at relatively low voltage and 
extracting like carriers at a relatively high volt 
age. 
A further feature of the invention involves cre 

ation of voltage and barrier conditions adjacent 
an output connection or point of extraction of 
current whereby current amplification in addi 
tion to voltage amplification may be obtained. 
Other objects and features of this invention 

will appear more fully and clearly from the fol 
lowing description of illustrative embodiments 
thereof taken in connection with the appended 
drawings in which: 

Fig. 1 shows in section one embodiment of the 
invention with an appropriate circuit; 

Fig. 2 shows in section another embodiment of 
the invention with illustrative circuit connec 
tions; 

Fig. 3 shows in section an embodiment some 
what similar to that of Fig. 2 with certain struc 
tural differences and with a suitable circuit ar 
rangement; 

Figs. 3A and 3B show in fractional sections 
modifications of Fig. 3; 

Fig. 4 shows in section a modification of Fig. 
3 in which an embedded electrode is used; 

Fig. 5 shows in fractional section a further 
modification of the type of device shown in Fig. 
4 and including features of detail also applicable 
to other embodiments; 

Fig. 6 shows an embodiment of the invention 
similar to that illustrated in Fig. 3 with a differ 
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So funktioniert Shockleys Bipolartransistor
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n p n

==

IE > 0 IB > 0
IC > 0

UBE > 0 UCB > 0
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So funktioniert Shockleys Bipolartransistor
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Die Ströme sind Diffusionsströme: IC ∼
dnBasis(y)

dy
; IB ∼

dpEmitter(y)
dy

(Beispiel npn-Transistor)

E CB

npn

UBE UCB
Emitter Basis Kollektor

y

UBE=UBC=0

nBasis

n2
i

NA,Basis

UBE>0; UBC=0

n2
i

NA,Basis
e

UBE
UT

IC ∼ e
UBE
UT
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Shockley begründet „Silicon Valley“
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https://www.eejournal.com/wp-content/uploads/2018/08/Quonset-Hut.jpg
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… weil er ein unmöglicher Boss ist.
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Die verräterischen Acht (Foto: 1960)

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

Gordon Moore
Robert Noyce

1957

1960

1968

1969
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Transistoren treiben Informationstechnologie
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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)



By Cmglee - Own work, CC BY-SA 3.0,  
https://commons.wikimedia.org/w/index.php?curid=16991155
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Der MOSFET funktioniert ganz anders.
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Bipolartransistor: Steuerung der Steigung der Minoritätsträgerdichte in der Basis. 
MOSFET: Steuerung der Majoritätsträgerdichte im Kanal.
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Bipolartransistor: nicht tot zu kriegen.
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IHP 2016

B. Heinemann et al., SiGe HBT with fT/fmax of 505 GHz/720 GHz, IEDM 2016 
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100-160 GHz FMCW Radar
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SAR-Bild von Reflektoren 5x5 mm2
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Das war’s, Leute!
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Kontakt: 

Prof. Dr.-Ing. Hermann Schumacher, 

DF2DR 

DARC OV P14 

Email: df2dr@darc.de

mailto:df2dr@darc.de

