Historischer Ruckblick

Die Entwicklung der Technik, die Produkte, die Firmen, die Leute, ...
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1947 — Der erste Transistor

= 'Point Contact Transistor' aus Germanium

= AT&T Bell Laboratories: William Shockley <= Walter Brattain and John Bardeen

= 1956: Nobelpreis in Physik fiir die drei
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Wann war was ?

Logarithmus
Taylorreihe
Fourier Transformation?

2 (Nachkomma)-Stellen von x
7 Stellen

35 Stellen

100 Stellen

1000 Stellen

Allgemeine Relativitatstheorie

Magnetische Induktion
Kathodenstrahlrbhre

Schwefelsaure
Uran

Radioaktivitat

John Napier (1550 - 1617)
Brook Tailor (1685 - 1731)

Jean Baptiste Joseph Fourier (1768 - 1830), Zeitgenosse Napoleons

Archimedes, 287-121 v. Chr.
Zu Chongzhi (China), ~480
Ludolph van Ceulen, 1596
John Machin, 1706

ENIAC, 1949

Einstein, 1915

Michael Faraday, 1831
Karl Ferdinand Braun, 1897

Albertus Magnus, 1200-1280
Martin Heinrich Klaproth 1789 (Oxid)

Antoine Henri Becquerel, 1896
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Die Vakuumrohre - Diode
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Die Vakuumrohre - Triode
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Vakuumrohren
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Patentschrift des Transistors

Patented Oct. 3, 1950 2,524,035 . - | _ _ Brattain

UNITED STATES PATENT OFFICE ‘ ———
2,624,025 b g U

THREE-ELECTRODE CIRCUIT ELEMENT
UTILIZING SEMICONDUCTIVE MATE-
RIALS

John Bardeen, Summil, and Walter H. Brattain,
Morristown, N. J., assignors to Bell Telephone
Laborateries, Incorporated, New York, N, Y., a

K\

corporation of New York
Application June 17, 1048, Serial No. 33,466
(CL 179—1T1)

40 Claims.

1 2
This application is a continuation-in-part of When a metal electrode is placed in contact
application Serial No. 11,165, filed February 26, with a ductor and a | difference

1948, and thereafter abandoned.

This [nventlon 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 1s immediately oper-
ative when turned on. A related object is to pro-
vide such a circult element which requires no
evacuated or gas-filled envelope.

Attempts have been made in the past to con-
vert solid rectifiers utllizing selenium, copper sul-
fide, or other semi-conduciive materials into am-
plifiers by the direct expedlent of embedding 2
grid-like electrede in a dielectric layer disposed
between the eathode and the uhode of the re
tifier. The grid is supposed, by exerting an elec-
trie foree at the surface of the cathode, to mod-
ify its emission and so alter the cathode-anode
current. As a practical master it is tmpossible to
embed a grid In a layer which is so thick as to
insulate the grid from the other electrodes and
yet 50 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
fleld, to control the resistance of the strip, and
hence the current through it

S0 far as is known, all of such past devices are
beyond human skill to fabricate with the fine-
Deas necessary to produce amplification. In any
event they do not appear to have been commer-
clally succesaful,

It [ 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
tonduction electrons or simply eclectrons. The
Positive carrlers are missing or defect “electrons,”
and are denoted by she term “holes.” ' The con-

. ductivity of a semiconductor is called excess or

defect, or N or P type, depending on whether the

. Mmobile charges normally present in excess in the

Miterial under equilibrium conditions are elec-
Ons' (Negative carriers) or holes (Positive car-
5), e \ B

B8]

a0

40

Is applied acress 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 semiconductor is
negative with respect to the electrode. With a
P-type sermiconductor, the direction of easy fiow
is that in which the semiconductor is positive
A similar rectifying contact exists at the bound.
ary between two semiconductors of opposite con-
ducttvity types.

This boundary may separate two semiconduc-
tor materials of different constitutions, or it may
soparate zones or regions, within a body of
semiconductor material which is chemically and
stoichiometrically uniform, which exhibit differ-
ent conductlvity characteristics.

The pregent invention in one form utilizes &
block of semiconductor material on which three
clectrodes are placed. One of these, termed the
collector, makes rectifier contact with the body
of the block. The other, termed the emitter,
preferably makes rectifler 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 operatad ns an amplifier, the
emitler 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 clectrode and of that portion of the semi-
conductor which is in the Immediate nelghbor-
hood of the electrode contact Is such that a sub-
stantial fractlon of the current from this elec-
trode Is carrled by charges whose signs are op-
posite to the signs of the mobile charges nore
mally In excess in the body of the semiconduc-
tor. The collector is bissed 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

@
&

o
=

from the base clectrode and is impeded by the
high resistance of this collector contact. The
aign of the collector blas potential 1s such as to
astract the carriers of oppesite 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
fractlon depends in part on the geometrical dis-
position of the electrodes and In part on the blas
potentials applied. As the emitter is biased in

the direction of easy flow, the emitter current

Nobel Physics Prize
Goes to 3 Americans;
2 Chemists Honored

By FELIX BELAIR Jr, .
Special to The New York Times, |
STOCKHOLM, Sweden, Nov. 1
—The 1958 Nobel Prize in Phys-
ics was awarded today to three
Americ iad_'worked As
am in developing the S
sistor. This is a tiny and highly
efficient substitute for the vac-
um tube in electronics,

1]«
liam Shockley, the team captain;
Dr. Walter H. Brattain and Dr.
John Bardeen. The three, who
idid their work as research sclen-
{tists of the Bell Laboratories of|
{Murray Hill, N. J., will share the
laward of about $38,700 made
{ynder the terms of the will | of
[Alfred Nobel, the Swedish jin-
[ventor of dynamite.
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Aufbau des ersten Transistors

Film: Pointcontact.mov

= Schdne Zusammenstellung von Infos unter http://www.pbs.org/transistor

= Zitat von Walter Brattain 1974 Gber Shockley's Vorstellung wer den 'credit’ fur die Erfindung des
Transistors bekommen sollte:

"He called both Bardeen and I in, shortly after the demonstration, and told us that sometimes the people
who do the work don't get the credit for it. He thought then that he could write a patent, starting with
the field effect, on the whole damn thing."

= N.b.: John Bardeen bekam als erster Mensch einen zweiten Nobelpreis (Supraleitung) !
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Verbesserung: Die Schicht-Struktur

Film: Sandwitch_T1.mov

= Preis eines Germanium-Transistors: $16 (Vakuum-Rdhre: $1)

= Der umstrittene Shockley machte dann seine eigene Firma auf.
Nach 1 Jahr verlieBen 8 wichtige Mitarbeiter die Firma wegen personlicher Streitigkeiten.
Sie stiegen bei der Firma Fairchild Semiconductor ein, die in den friihen Jahren mit

Texas Instruments fihrend in der Entwicklung war.
Film: Traitorous_8.mov
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1954 — Erstes 'Pocket Radio’

» Texas Instruments:
"To sell a pocket radio at that point, it was our opinion that it would have to list at $50,"

Jonsson recalled. But four transistors times $16 wouldn't do it, so we had to design a
manufacturing process so much better than any other at the time we could sell them for
$2.50 each. We figured if we could get $10 for four transistors, the manufacturer could put
the rest of the parts together for $17 or $18, sell a $50 radio, and still have a little left over
for himself after paying a dealer. Well, we came up with the technique, and Regency
bought the idea, and that radio went on the market at $49.95."

= Design-Optimierung: Ein Radio aus 4 Transistoren!

1957:
Konkurenz
von SONY.

Verkauft
sich viel
besser.

'Regency’

WORLD'S FIRST POCKET RADIO
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Regency: Innenleben

¢ Drenic
- Kondensator
o .
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Regency: Schaltplan
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1954 — Erster Silizium Transistor

» Prasentation auf einer Konferenz:

"Teal, who came to TI in December 1952, was a speaker before the National Conference on
Airborne Electronics to be held May 10, 1954, in Dayton, Ohio. The topic of his talk? "Some
New and Recent Developments in Silicon and Germanium," an inauspicious title. The
germanium transistor was no longer news.

Industry-wide research had been conducted for some time on the use of silicon for
transistors, because of its ability to withstand higher temperatures. However, as far as
anyone knew, no one had been able to grow silicon crystals with the characteristics needed
for a workable transistor.

Speaker after speaker at the conference denied the near-term feasibility of the silicon
transistor. Teal, next to last on the agenda, took his turn. TI cofounder Erik Jonsson recalled
that Teal, "a quiet man," put everyone to sleep until, at the end of his speech, he
calmly remarked, "Contrary to what my colleagues have told you about the
prospects for silicon transistors, I happen to have a few here in my pocket".

Teal's announcement that someone from TI was standing in
the back of the auditorium with literature on the new device
caused a stampede. "The poor last speaker was in trouble,"
Jonsson remembered. "He had no audience left."

Vorteil von Silizium (zunachst):
- H6here Betriebstemperatur (bis 150°C)
- héhere Ausgangsleistung
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1958 — Die erste 'integrierte Schaltung’

Erste integrierte Schaltung — Jack Kilby, Texas Instruments
1 Transistor, 1 Kondensator, 3 Widerstande auf einem Chip, Germanium
Nobelpreis 2000

http://www.ti.com/corp/docs/company/history/tihistory.htm
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Mesa Technology oder Planarprozess ?

= Es wurden einfache & gute Verfahren zur Massenfabrikation von Transistoren gesucht
= Beim 'Mesa'-Prozess werden Lagen sukzessive aufgebracht. Die Methode setzt sich nicht durch.
= — pnp-Transistor aus Silizium

Kollektor
(Substrat)

Basis
mit Al-Kontakt

Emitter
mit Al-Kontakt
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1961 — Erster kommerzieller planarer IC

= Fairchild Electronics - Jean Hoerni und Robert Noyce: Planartechnologie
= Fairchild - Ein Bit Digitaler Speicher (Flipflop) in Resistor-Transistor-Logic (RTL)
= 4 Transistoren, 5 Widerstande — Integration von weiteren Elementen in Planartechnologie einfach!

= Beginn der 'Small Scale Integration' SSI — selbst TI tibernahm nun die Planartechnologie.

= Die Planartechnologie setzt sich durch:
Das Si-Substrat wird durch Eindiffundieren
von Fremdatomen (Dotieren) verandert,
um Basis und Emitter anzulegen.
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1962 — Der erste MOSFET

= Metal-Oxide Semiconductor Field-Effect Transistor
= Radio Corporation of America (RCA)
= 'General Purpose Chip' mit 16 Transistoren:

Film: fieldeffect.mov
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1963 — RTL Logic

= Fairchild '907': RTL Logik: 4 Transistoren, 5 Widerstande
= 'Burried Layer' unter dem Kollektor reduziert Widerstand = hoéhere Geschwindigkeit

Isolation von
Transistor-
Gruppen
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1946 — ENIAC, der erste elektronische Computer

= Electronic Numerical Integrator And Computer
= 19.000 Roéhren, 175 kW Leistung, 30 Tonnen Gewicht
» Durchschnittliche Zeit zwischen 2 Wartungen: 5.6 Stunden

= Pro Sekunde: 5000 Additionen, 360 Multiplikationen oder 38 Divisionen

http://ftp.arl.mil/~mike/comphist

Rechner von Konrad Zuse:
1938: Z1, mechanisch, 1Hz
1939: Z2, 200 Relais, 3Hz
1941: 73, 2000 Relais, 5Hz

4022
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ENIAC: Vakuum-Rohren
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By FELIX BELAIR Jr. |

Special 1o The New York Times,
STOCKHOLM, Sweden, Nov. 1
—The 1958 Nobel Prize in Phys-
ffge%0 )] ics was awarded today to three
4 ' America ) orked RS

am in developing the S
sistor. This is a tiny and highly
efficient substitute for the vac-
um tube in electronics,

Ty

-
- ' |

C

Wil
liam Shockley, the team captain;
Dr. Walter H. Brattain and Dr.
{John Bardeen. The three, who
idid their work as research sclen-
itists of the Bell Laboratories of|
A |Murray Hill, N. J., will share the|
- jaward of about $38,700 made

lynder the terms of the will|of
{Alfred Nobel, the Swedish in-
{ventor of dynamite. 1

Replacing a bad tube meant checking among ENTAC's 19,000 possibilities.
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ENIAC 'Board’' & spatere Generationen
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1964 — Erster analoger IC

» Fairchild: Operationsverstarker pA 702
» Der erste integrierte Differenzverstarker

) C

.gw 1.5cm (1)
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1965 — Ein 'Bestseller’

= Fairchild: OV pA 709 - Entworfen vom 'legendaren' Robert (‘Bob') Widlar
» 14 Transistoren, 15 Widerstande
= Wird immer noch hergestellt!

= Verstarkung ~ 70000

= Preis 1968: $100

= Heute: $0.5
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1966 — ECL

Motorola

Gate mit 3 Eingangen

Bipolare Transistoren und Widerstande
Wie alle bisher nur 1 Metallage
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= TI eréffnet Produktion in Freising
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1967 — Erster IC, der mit CAD generiert wurde

= Fairchild: MICROMOSAIC A

= ca. 150 AND, OR, NOT Gatter

= Generiert aus einem Pool von
Transistoren durch

-
‘anwendungsspezifische' Verdrahtung :
= 'Mask programmable transistor array' f ;
B
4 mm E
g
B
Y
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1969

= 20. Juli 1969: erste Mondlandung (Apollo 11) — mit der zu diesem Zeitpunkt verfugbaren Technik...

¢
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1970 — 256 Bit statisches RAM

Fairchild 4100
Mit Decoder W/ = —_—

0.25cm x 0.3 cm

Eingebaut in den
ILLIAC IV Computer
(NASA)

i
|
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1970 — 1024 Bit dynamisches RAM

= Intel Corporation (Integrated Electronics)

= Gegrindet 1968
von Mitarbeitern
von Fairchild
(Bob Noyce,
Gordon Moore)

= 4 x mehr Bits auf
gleicher Flache wie
statische RAMs
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1971 — Der erste Mikroprozessor 4004

Intel 4004 (Marcian E. Hoff)
Der erste 'Computer' auf einem Chip — Beginn der Large Scale Integration (LSI)

2300 MOS Transistoren
4bit
108 kHz Clock

Aluminium-
Wire-Bonds

'Richtige’
Eingangs- Pads
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1971 — das erste EPROM

Intel 1702

2k Bit (256 x 8)
UV-loschbar
3.7mm x 4.1 mm

!

Damit konnten
Intel's Kunden
den
Mikroprozessor
selbst
Programmieren
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1974 — der 8080 Universal-Prozessor

= Intel 8080
= 5000 Transistoren
= 6 um Technologie

= 2 MHz clock
= 8 bit
= 4 mmXxX5mm

= Wird von uber 12 Firmen

in Lizenz immer noch
hergestellt

= 1981 hat Intel 20000

Mitarbeiter und setzt
$780 Mio um (!)
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1974 — Konkurrenz von TI

» Texas Instruments TMS 1000
= 'MicroComputer'

= CPU (4 bit)
+ 256 bit RAM (rechts)
+ 1 kbit ROM (links)
auf einem Chip

= Bereits 2 Jahre vorher in den

Taschenrechnern von TI
eingesetzt

= Sehr weit verbreitet in
Consumer Electronics
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1974 — 8 bit DAC

Precision Monolithic DAC08

140 ns Settling-Zeit
Bipolar
Wird noch hergestellt.

1.6 mMmm x 2.2 mm
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1975 — Ein schneller Prozessor

AMD Advanced Micro Devices

Bit Slice Prozessor 2901 (4bit)
Mehrere Prozessoren arbeiten
gleichzeitig an einem breiteren
Datenwort.

Bipolare Transistoren =

- sehr hoher Stromverbrauch

- aber sehr schnell, verglichen mit
dem CMOS der Zeit.

10 MHz Takt
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1976 — 280

ZILOG

Gegrindet von Intel Mitarbeitern
Faggin (4004), Shima (8080) und
anderen.

Shockley = Fairchild = Intel = Zilog

Verwandt mit 8080
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1977 — Programmable Array Logic

= MMI
(Monolithic Memories Inc.)

Programmierbare Logik
(mit Fuses)

Hier PAL16L8
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1977 — 65,536 Bit dynamisches RAM

= IBM Corporation
(International Busines Machines)

= IBM steigt relativ spat ins
Chip-Geschaft ein

] e
90

. W

P i ket 1]
4 4

» ICs zunachst nur in den
eigenen Produkten

3
|3

= Seht innovativ:
- Speicher Chips mit Redundanz!
- Bump Bonds

Bump bonds

e e o it

§1410/4/074.01010.0.0.:010

01000070
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1979 — 16 Bit

= The Motorola 68000
= Large Scale Integration

= NMOS Transistoren

= 16 bit,
kann 32 bit emulieren.

= Multiplizierer auf dem
Chip, dadurch 50 x
schneller in der
Multiplikation wie der
8080.

Dkievt S et @l s

et e B B 9 ™
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1980 (1) — Die optische Maus

= XEROX

= 16 optische Detektoren
erkennen die Bewegung
des beleuchteten
Untergrundes
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1982 — Intel 80286

6 MHz — 12 MHz

16 bit

120.000 Transistoren
1.5um Technologie
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1993 — Intel Pentium

32 bit
3.1 Millionen Transistoren
0.8 um Technologie

4004 8080 8085 8086 8088

80286 386 860XR 486"CPU 386SL

Pennunr Pentium®l| I = e — ,
Processor Processor AR A R I LT
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2000 — Intel Pentium (1V)

= 1.5GHz
= 42 Millionen Transistoren
= 0.18 ym Technologie

3
"c“
g

U
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Neue Markte

= Handys, Smart-Phones, Tablets, Wearables, ...

o 100% @ 1035
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Chips in der Forschung: Der ATLAS Front End Chip

= GroBe Chip: 7.4mm x 11mm

= Pixels: 18 x 160 = 2880

= GroBe Pixel: 50um x 400um

= Technologien: 0.8um CMOS (FEA,FEB)

0.8um BiCMOS (FED)
0.25pm CMOS (FEI)

= 2880 ladungsempfindliche Vorverstarker
(nur 40uW / Pixel)
= Nullen-Unterdriickung in jedem Pixel

= Daten werden gepuffert bis ein Trigger sie
anfordert.

= Serielle Ansteuerung, LVDS IO

\.-.\.\I.|'g\\.\\\\u\\\\\\\
PO EPR SRR, TP S L

Ve O ey NGRS

it

Ey 0 bt

Digitale Schaltungstechnik - Historischer Ruckblick © P. Fischer, ziti, Uni Heidelberg, Seite 44



