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Do transistor ao

microprocessador
[1.2 Parte]

Eletronica

eletrénica

[Var. de electrénica, fem. substantivado do adj. electrénico.]

S. f.

Parte da engenharia dedicada ao estudo do comportamento de circuitos
elétricos que contenham valvulas, semicondutores, transdutores, etc., ou
a fabricacao de tais circuitos.
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Origens...

1906
Lee De Forest: A Valvula Eletrénica / Audion

== Gisas

Leadsto
filarrnd

Valvula triodo
construida por
De Forest para testar
sua idéia

Desenho de uma revista de eletricidade de
1920 mostrando a evolugado da valvula
diodo para valvula triodo

Origens...

THE DE FOREST AUDION

“There is only one Audion—the De Forest’

MOST SENSITIVE
The Bulletin of the U, S. Burea muf‘\ ml~
ards states that the De l‘ﬂr\
fully 50 per cent. more sensi @
other known form of detulur (Vol. 0
4, page 540).

MOST RELIABLE

It is not affected by mechanical vibration

FIRST RADIO sP t
| ACROSS ATLANTIC

e nor burned out by static or the transmitting THE TYPE RJ9 DE FOREST AUDION
THE GENUINE DE FOREST spark. It never fails at the critical moment. DETECTOR
TUBULAR AUDION The detector is the heart of the receiving Ey’y.""’“ﬂ.".h'ﬁ'\',‘ 1 Bl and the genuine De
set. Why waste valuable time on an in- ‘acoeasorics needed

sensitive, unreliable detector? Thg most popular
e The genuine De Forest Audion is now with-
Get the Bulletin ( X16) in the means of every operator.

Get the Bulletin (M16)

went of thi
acuaied detector heotng 3 Slament, o gid and o plate, aswel as tler types, are cooered by oue paienis, and puisfod ol
sible infringers are being prosecuted. Ta be safe and get full salue for your money, insist on the genuine De Forest Audio

TRANSHITTING RADIO MESSABES | SEND FOR BULLETINS X16 AND Mié DESCRIBING AUDIION

WARNING —You are entitled io the genuine Asudion, guaranteed by the owners of the Audion patents, when making an i

f’* {TELEGRAPH AND TELERHONE )

Detectors, Audion Amplifiers and Audion Receiving Cabinets

DE FOREST RADIO TELEPHONE & TELEGRAPH CO.

101 PARK AVENUE -i= NEW YORK, N. Y.
Makers of the Highest Grade Receiving Equipment in the World

Audion de De Forest, 1906
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Valvulas eletronicas
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Apesar de serem consideradas geralmente obsoletas, ainda existem empresas fabricantes de
valvulas eletronicas, que sao usadas em equipamentos de audio de prego elevado e
principalmente em amplificadores para guitarras e baixos elétricos.

https://spectrum.ieee.org/the-cool-sound-of-tubes

Origens...

Memdria de valvulas de um computador Computador ENIAC (1943-1945), com 17.468 vélvulas e
IM 1950. Cerca de 1,5 kbits. consumo de 150 kW, Peso: 27 ton, Area: 62 m2.
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Computador COLOSSUS
(1943-1944), com 1600
valvulas (prototipo,
chamado de modelo Mark |
I) e 2400 valvulas (modelo
Mark 2).

Destinava-se a decifrar o
cédigo gerado pelas
maquinas de criptografia
Lorenz, usadas pelo alto
comando nazista da
Alemanha na II Guerra
Mundial.

Até o final da II Guerra Mundial 10 unidades do
Computador COLOSSUS modelo Mark 2 foram
construidos e usados em Bletchley Park pela
equipe liderada por Allan Turing. Uma 11.2
unidade foi parcialmente montada.

Apos a Guerra, foi ordenado que todos os
computadores Colossus fossem destruidos,
exceto dois que foram levados para uso pelo
Government Communications Headquarters
britanico e supostamente desmontados na
década de 1960. Também ha suposicoes que
uma destas unidades foi levada aos EUA para
uso pela National Security Agency (NSA).

Em 2008 foi colocado em operacdo uma réplica
do modelo Mark II em Bletchley Park, ‘
atualmente sede do National Museum of
Computing.

10
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_IIVAS,A,”O!

Protegidas por grandes forcas aereas
e navais, tropas anglo-americanas
iniciaram na madrugada o assaltoem
Iarga escala 4 Fortaleza da Europa

'.r... r.-m EDIC A O
EXTRA‘
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Eletronica na Il Guerra Mundial

Grande investimento militar
Crescente demanda por

. . » no desenvolvimento da ANTENNA AN.120-A
equipamento eletronico militar eletrdnica

RADIO RECEIVER
AND TRANSMITTER
=1000-A

: ) o » Grande investimento militar
Ficou demostrada a importancia estratégica no desenvolvimento das
das telecomunicagdes e do radar © VO V" 0
telecomunicagoes

HANDSET
TS-15-(#}

casg _
CS-128-A

Cristais de germanio usados como detectores Grande investimento militar
de radar deram uma vantagem estratégica nas pesquisas sobre

aos aliados semicondutores

Equipamentos portateis de radio-comunicagdo Necessidade de diminuir o

foram essenciais para a vitéria aliada tamanho dos equipamentos

Necessidade desse ter
alguma coisa mais confiavel
que as valvulas

Desenvolvimento dos primeiros computadores
(célculos balisticos & criptografia)

12
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MATERIAIS SEMICONDUTORES

Ao contrario de que muitos acreditam, matérias semicondutores eram conhecidos e estudados
muito antes da invencao dos transistores e foram usados para construir alguns equipamentos
1876:Adams & Day descobrem o efeito fotovoltaico no selénio.

1883: Charles Fritts constroi a primeira fotocélula de selénio
(eficiéncia < 1%). Langamento de diversos tipos de fotometros para fotografia
1925: E. Presser patenteou o retificador a 6xido de selénio

1926: O. Grondahl patenteou o retificador a 6xido de cobre

for all Good Instruments

mmM\“ﬂ&‘:ﬂfﬁm.

to suit all types of instrument

movement
The performance data and
details of the types available
\  are given In our publicition
\  No. COR. 53052
Fleaselopply to the following
address i—

. SELENIUM RECTIFIERS |~

L AMAAAAADAL

Retificador com éxi;io de cobre

refully controlied
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MATERIAIS SEMICONDUTORES

George Clarke Southworth (1890-1972)
Bell Labs

Cristais de galena (PbS) em radares

Russel Shoemaker Ohl (1898-1987)
Penn State University

Bell Labs
Jungdo PN, Diodos de Ge, Célula Solar

Karl Lark-Horovitz (1892-1958)
Purdue University

Propriedades elétricas dos cristais de Germdnio

14



03/12/2022

BELL LABS

1941: A AT&T (ex Bell Telephone Co.) inaugura as novas
instalagoes do Bell Labs, em Murray Hill, New Jersey, EUA.

1945: Com a Segunda Guerra Mundial proxima ao seu fim, a
Diretoria do Bell Labs estabelece o Solid State Physics Group. -
O fisico William Shockley é nomeado Chefe deste grupo de pesquisa.

Shockley convida o fisico Walter Houser Brattain, que ja trabalhava no Bell Labs,
para integrar o grupo. Brattain era conhecido por sua habilidade em montar
experimentos inéditos.

John Bardeen foi admitido no Bell Labs em outubro de 1945 e passa a integrar
também o grupo de Shockley. Bardeen era graduado em Engenharia Elétrica e PhD
em Fisica, e tinha trabalhado em um laboratério de pesquisas da Marinha dos EUA
durante a Guerra. A admissao de John Bardeen no Bell Labs foi resultado de uma
indicagao pessoal de Walter Brattain (John Bardeen era amigo do seu irmao Robert

Brattain, que sempre elogiava a inteligéncia prodigiosa do amigo ao irm&o). William Walter John
Schokley Brattain Bardeen

Gordon Teal, que trabalhava no Bell Labs desde 1930, também passou a fazer parte
do grupo de Shockley. Em sua Tese de Doutorado, Gordon Teal havia conseguido
produzir cristais de germanio de alta pureza usando o processo de Czochralski.

PROCESSO DE CZOCHRALSKI

Memlng of Introducing Beginning C!ySta" CWStaf boule Jan Czochralski (1918) "Ein neues Verfahren zur
oxide seed to of the Crystaf pu”,rng Cooﬁng Messung der Kristallisationsgeschwindigkeit der
material the melt growth Metalle" [A new method for the measurement

of the crystallization rate of metals], Zeitschrift
fiir Physikalische Chemie, 92 : 219-221.

16
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A INVENCAO DO TRANSISTOR

Logo no inicio das atividades do Solid State Group, William Shockley lanca a ideia de um dispositivo amplificador baseado no efeito do campo
elétrico em uma barra de material semicondutor. No entanto as tentativas de construgao de um dispositivo fisico baseado neste principio
falham (este € o principio de funcionamento do transistor de ‘efeito de campo’ que se tornou realidade anos depois).

1947 John Bardeen acha que o dispositivo vislumbrado por Shockley nao funcionava devido a “cargas
superficiais” na interface entre o semicondutor e o eletrodo de metal. Shockley ndo concorda com esta
explicagao, mas Bardeen mesmo assim publica um artigo com a sua teoria.

1947 John Bardeen & Walter Brattain, T
desejando demonstrar praticamente a :
influéncia das “cargas superficiais”,

constroem um dispositivo amplificador
baseado em um cristal de de germanio.

No dia 23 de dezembro de 1947 Bardeen &
Brattain apresentam formalmente o dispositivo
(ainda sem nome) aos membros do Solid

State Group.

1948: John Bardeen & Walter Brattain publicam um trabalho
descrevendo o dispositivo que construiram, usando pela primeira vez
a palavra ‘transistor’ (o nome foi uma sugest&o de um funcionario do Bell Labs)

1948: John Shive constréi um transistor de germanio com o coletor e o emissor em
lados

opostos de uma fina Iamina de germanio provando que o ‘efeito transistor’ se dava no
interior do semicondutor e ndo na superficie como imaginavam Bardeen & Brattain.

Tentativas de fabricar transistores com Silicio em vez de Germanio mostram-se sem W
resultados. Motivo: O Silicio disponivel na ocasiao nao tinha o grau de pureza |
necessario para a fabricacao de transistores.

Em janeiro de 1948 Shockley preenche um formulario de patente do transistor !
constando apenas com o seu nome como inventor. Bardeen e Brattain ao saber da

manobra de Shockley protestam violentamente. Os advogados do Bell Labs acabam ok
registrando duas patentes, uma com os nomes de Bardeen e Brattain como L
“inventores do transistor de germanio” e outra apenas com o nome de Shockley | ’ D
como “inventor do transistor de jungao”. '

1956: Bardeen, Brattain & Shockley sdo agraciados com o Prémio Nobel
de Fisica. Nesta época, apenas Brattain ainda trabalhava no Bell Labs, mas Na capa da revista Electronics de setembro de 1948 foi
em um setor diferente do Solid State Group_ publicada uma fotografia feita no Bell Labs por ocasido do

anuncio publico da invencio do transistor.
Shockley é o que observa o protétipo do transistor de
germanio de 1947 com um microscépio. Bardeen esta com
os brago sobre um instrumento e Brattain, o mais velho dos
trés, observa atras de Shockley.

18
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O Transistor

230 LETTERS TO THE EDITOR

to bave & positive dn/dT and is considersd t have largs

‘homopolar bonding, similas reasoning predicts that du/de
s poctive; e 231 In cryals comtiniog il and
in mas dnfdT values are frequently

btuine athersgh tne dn/dy valtesare negative. In these
imaterials there are effects within the radical which con-
tribute mainly ta dn/dT and only slightly to duide. A
e compee et of e b il b e
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e Transister,
A Semi-Conductor Triode

1. Bamns ave W. H. Baariai
el Telephons L akoratrier. Murray 34, New Jorscy
June 25, 1043

A THREE-ELEMENT electronie device which util-
o newly discovered principle invalving @ semi.
conductor as the busk sment s deribed. 1t may be
ermployed a3 an. amplifier, oacillatoe, and for other pur.
poses for which vacuum tubes are ordinarily used. The
device consits of three electrodes placed

elose proximity fseparation ~.003

10,025 cia) on the upper surkice, The third is a large area
lanw resistance eontact on.

e excess semi-conductor with a resistivity of the
order of 10 o cen. In the original studies, the upger sur-
face was subjected te an additional anodic oxidation in a
glycol barate salution® after it had been ground and etched
in the usual way. The oxide is washed off and plays o
dint ol 1 b soce been found (st otber sufuce

¥ effoctive. Both tungsten and phos-
phor bronze vmmu iave b e, The collecate pine
may farmed by passing n the

P35, 2. Az, charmcueriatics of an experimental sembeondector trisde
T Clareaia s VOILAgES dce 4 LGS 5 FIE. 1

back-valtage rectifier. Of critical impartance for the opera-
tion of the device is the nature of the current in the for-
ward direction. We believe, for reasons discussed in detail
iin the accompanying letter,* that there s a thin layer next
1o the surfuce of Priype (defect) conductivicy, As & result.
ihe current in the forwand direction with respect ta the
block s compased in large part of boles, ie., of
of slgn epposite to those mormall

e block.

When the two point contacts are placed close together
on the surface and d.e. bias potentials are applied, there
s a mutusl influence which makes it posible 1o use the
device to amplify a.c. signals, A circuit by
be accomplisked in shown in Fig. L. Thers is a small for-
&) bias an the emitter, which eauses a enrrent
jamperes 1o flow into The surface. A reverst

reversa direction
h point, when consected separately with the base
electrode, has characteristics similar to those of the high

e e e

o 1. Sehematie of e condectar tride,
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is applied 1o the collector, largs enough w

LETTERS TO

cument is larger than the change in emitter curvent
Furtbermore, the collector, being operated in the reverse
direction as a rectifier, has a high impedance (104 10 10%
ohms] and may be matched t0 a high impedance load.
Alarge ratio of output to input voltage, of the same order
s the ratio of the reverse to the f
point, is obtained Thero s u correspon
plifieation of the input signal,

The d.c. characteristics of a typical experimental unit
re shown In Fig. 2. There are four variables, two currents

m, To, I, and ¥, are positive, and Vi is aegative,
‘The emitter current, L. is simply related o ¥, and I,
Taa close approsimation

whaee R [s & constant independent of biss. The interpreta-
tiom is that the callector current lowers the potential of the
surface in the vicinity of the emitter by Rele and th

incresses the elfective bias voltage on the emitter by an

The current amplification factor o is defined as
ST ——

This factor depends on the operating biases. For the unit
shown in Fig. 2, o lies between oac and two if ¥, <2
ol .

fiers at frequencies up to 10 megacyeles.
We wish ta acknowledge our debt 10 W. Shockley for
ing and dirccting the research program that led

cat is based. We are
v colleagues at these
Laborataries for material assstance and valusble sug-
gestions.

e che et s e foset ith Vot i nd ek,
vt i iy T e

T gremarium -...m
For metkas of 1o
T g €50

greater than
he emitter current, The sign ol the collector bias is such
w fram the emitter so that
2 Tarcn parcof the rvitte currant Aows o and caters the
collector. While the collector has a high i noe for
flow of electrons into the nm{wﬂdul.‘wr. there is Htthe
mpecdiment to the fow of holes o the peiat. 1 new the
nnhrn-rurmm in varbed hy a signal voltage, there will be a

I

lector may alter the normal current flow from the base
the collector in such a way that the change in callector

N Bt w1 Hareee. Py, .. this e,

Nature of the Forward Current in
Germanium Point Contacts.
H. Buarane am J. Bampzon
B T Toersinis, Merss W i Sy
Jume 25, 1548

HE forward current in germanium high back-valtage
recers e muck arer than that evinated from

the formula for the speeading resistance, R, |

THE EDITOR 231

‘of uniform resistivity, p. For a contact of diameter d,
Rympf2d.
Taking as typical values p= 10 ohm cm and &= 0025 cm,
the formula gives R,=2000 obms. Actually the forward
current at one volt may be s large as 5 to 10 ma, and the
differential resistance is not more the hundred
ohims. Hray® has attemptend to aceount for this discropancy
by assuming that the resistivity decreases with increasing
feld, and has made ests t0 obeorve such an effec
comnection with the development of the semi-condic-
t0r tricede discussed in the preceding Jotier? the nature of
he exonss conductivity has been investigated by means of
probe measurements of the poteatial in the vicinity of the
pini.* Measurements were made on the pline surfsce of 1
i lock Varows srce e En, il andisio
o e i different tests,
in adiition 1 the etch customariy emploved in. the
preparation of rec

The potential, ¥r], at a distance  from & paint carry
a current, [, is measured relative to a large area low res
ance contact at the base. In Fig. 1 we have plotted some
il daa o safac prepaced by seedingand ling.
and then oxidizing in air at 300°C for
nate i 27 ¥ir)/1 wehich fo  body o unifoar mn:lw}ly.
£, should be a constant equal in magnitude to g. Actually
it s found that the ratio is much less than p at small dis-
tances from the point, and increases with 7, approaching
the value p asymptotically at large distances. The depar-
ture from the constant value indicates an exoess conduc-
tivity in the neighborbood of the point.

The manner in which the excess conductivity varies with
curreat indicates that two components are favolved. One
s ohmic and s represented by the upper eurve of Fig. 1

which appiies for reverse (negative) currents and for small
forward currents. This eomponent is attributed to a thin
conducting Layer on the surface which is believed to be
Ptype (i, of oppasite type to that of the biock). A layer
with a surface conductivity of 002 mhos is suficient 1
account far the departure of the upper curve from a cane
stant value, The second component of the es con-
ducti Ieh Increatng forwird curvent, and

L st o & goine come

from.
inte s geriani o Sarfacn

O primeiro artigo
técnico onde a
palavra transistor foi
mencionada tem
como autores
BARDEEN &
BRATTAIN (ndo
contém o nome de
Shockley...

Phys. Rev. 74, p230-p231 -

Published
15 July 1948

O Transistor

Gold foil

Collector
lead

- p-type

Dr. Wilkom Shocbiey. whe rsed e essarch, . Jhs Bas.  TIG. |Bromuss
S i e e e o W ol s Sk ot gt rocen e T s
e 1 aesns BT f Tosmiin T e R ey iy et

The TRANSISTOR-
A Crystal Triode

s of grounded-grid
atte output at frequencics up to 10 meg*
place vacunm tubes in many applivations and open new elds for electronies

<= n-type

cyeles, I\nl!l

Collectar

Bardeen, Brattain & Shockley
| (1956: Prémio Nobel de Fisica)

Leaz

O primeiro transistor
Bell Labs, dezembro de 1947

L -
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O transistor:
* transfer resistor
* Dispositivo de chaveamento
da corrente elétrica
* Dimensodes reduzidas em
relagao as valvulas eletronicas

Collector

d 1A \

N-type semiconductor
P

Indium pellet
Emitter

Uma pequena corrente
possibilita o controle de
uma grande corrente!

22

A partir de 1950 os transistores de
germanio comegaram a ser produzidos
em série pela Western Electric, brago
industrial da AT&T, em Allentown. Esta
fabrica havia sido projetada para a
produgio de valvulas e teve uma parte
adaptada para a fabricagio de
transistores.

No entanto, no inicio os transistores
eram somente destinados a uso
proprio em equipamentos de
telecomunicagdes da prépria Western
Electric. Nos raros casos em que eram
comercializados, a Western Electric
cobrava de US$16 a US$25 por cada
transistor.

11
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OS PRIMEIROS TRANSISTORES

* RCA

* GE

e Raytheon
* Sylvania

* Motorola

ceees

23

1952: A Western Electric inicia o licenciamento da
fabricagao de transistores a empresas interessadas

e Texas Instruments
* Philco (Ford) .

Licenca: US$ 25 mil
Curso de 9 dias
12 turma 1952: 40 empresas

OS PRIMEIROS TRANSISTORES

Capacitors
Two metal plates near each other but not in contact form
a capacitor and can store a charge [45]. If we connect a
voltage 1o X-X a deficiency of electrons arises al one
plate, and a surplus at the other. Electrostatic stress arises
in the insulating space between plates. The capacitor is
‘charged’ with a power depending on ‘capacity’ or charge-
storing ability. Unit of capacitance = farad (F). <

If X-X arc joined together, the capacitor gives up its
charge. We can increase the capacity to hold a charge by
placing the plates nearer each other, and in other ways.
The insulation between plates is the ‘dielectric’. Capacitors
are made with mica and ceramic insulation, or foil rolled
up with insulating paper and in a tube [46]. Or metallic
conductors may be deposited on an insulator.

‘Electrolytic’ capacitors are so made that an applied
voltage must be of the correct polarity. These capacitors
are of some set value and are called “fixed capacitors

We may need to change the capacitance at any time and

45 A fixsd capacitor

olectrolytic

24

g

for this we want a ‘variable capacitor’, A small variable
capacitor can have onc fixed plate, and one moving plate
attached 10 a spindle [47]. Rotating the spindie changes
the extent 1o which moving and fixed plates overlap cach
other, and thus alters the capacity. Capacity is least with
the plates not overlapping at all.

We may wish 1o tune two circuits simultancously in a
radio recciver and can then use a 2-gang capacitor [48].
By having many fixed and many moving plates, the total
capacity of each section can be increased. Sometimes the
capacity has 1o be adjusted when first putting a circuit
into proper working condition. A “trimmer’ is then used.
Itis adjusted with a screwdriver or other tool, and brings
moving and fixed plates closer to increase the capacity.

2

Transistor OC71
fabricado em 1954 pela
Mullard Ltd na
Inglaterra

12
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Raytheon CK722:

S = TRANSISTORS
1953: US$ 7.60 ~ | ARE IN STOCK %( '::::"

1954 US$ 350 FOR IMMEDIATE DELIVERY
A Raytheon assume a lideranga mundial il ,{bﬁ
fabricagdo de transistores AT RAD'O SHA(K L
+1956: US$ 0.99 !
* anuncios em revistas de eletronica
«concurso de projetos o
* avenda nas lojas RADIO SHACK 12 PARTS TO BUILD YOUR OWN EXPERIMENTAI.

TRANSISTOR RECEIVER, °21.95

DESCRIBED (Pg. 35) IN THE
:
v s mavon wews | IMPORTANT FACTS
. ABOUT TRANSISTORS

lokz22 28
Qe S

N J
AY. CHARACTERISTICS AT 30° € | Tearsy (sinue

\Qn 50

RADIO SHACK

coRFoORATION
167 Washington 5t., Baston 8, Mass.

Aparelho de Surdez Zenith, 1953
o7 Com 3 transistores Raytheon
Prego: US$ 100

E
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O TRANSISTOR DE SILICIO

1953: Carl Marcus Olson, na empresa DuPont (EUA) consegue e e
produzir silicio em grau de pureza elevado (0,001% de impurezas). °

By-product
— removal

Janeiro 1954: Morris Tanenbaum fabrica prototipos de
transistores de silicio no Bell Labs, com silicio “grau eletrénico”

~ . zmtgm‘
fornecido pela DuPont, mas a diregdo da Western Electric, de :
forma surpreendente, ndo se interessa em produzi-los =—e )
Porous distzibutor ‘

industrialmente. b
Silicon particle E 1

e B e es “iutdtsation)]

TS AT T AR

1954: Gordon Teal, que havia pedido demissao do Bell Labs para et i
trabalhar na Texas Instruments (Dallas, Texas, EUA) apresenta o "d' S .

primeiro transistor de silicio disponivel comercialmente.

https://spectrum.ieee.org/tech-history/silicon-revolution/the-lost-history-of-the-transistor
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Texas Instruments

1930: Geophysical Service

Il Guerra Mundial: detector de submarinos por anomalia magnética
1951: General Instruments muda de nome para Texas Instruments
(Dallas, Texas, EUA)

1952: Tl compra a licenca de fabricagéo do Transistor
Gordon Teal: deixa o Bell Labs — emprego na T/
1953: Inicio da produgao de transistores na T/ (Ge):

US$ 2.50 A

1953: A empresa DuPont consegue produzir silicio em grau de pureza
elevado.

Janeiro 1954: Morris Tanenbaum fabrica protétipos de transistores de
silicio no Bell Labs, com silicio “grau eletronico” fornecido pela DuPont,
mas a direcdo da Western Electric ndo se interessa em produzi-los
industrialmente

1954: Gordon Teal apresenta o primeiro transistor de silicio disponivel
comercialmente

Durante alguns anos como Unica empresa com tecnologia para a
fabricagdo de transistores de silicio, a T/ assume a lideranga mundial na
fabricagdo de semicondutores (que era até entdo da Raytheon)

WORLD'S FIRST POCKET RADIO

28

Uses tiny transistors ... no bulky tubes,
combines amazingly compact size, high performance

$4995 ;
less battery # First truly personal radio! Weighs only 12 ounges,
measures 3" x 5" x 124 ". Slips in pocket or purse, i.!:'\,ll
able with leather carrying case. Genuine superheﬁef’o-
dyne circuit; astonishingly clear tone . . . through
acoustically-baffled speaker or tiny earphone. Shock-
resistant, virtually service-free . . . engineered for life-
time performance. Uses standard 22}4 V. battery. Smart
plastic case in black, ivory, mandarin red, cloud gray,
mahogany or olive green. See it! Hear it! Get it!

REGENCY DIVISION, 1. D.E. A. INC., INDIANAPOLIS, INDIANA

325

Year's most exciting
now gift ideal

- ? >
& '1042*1.:.
Goes anywhers . . . In tune with outdeor
plays sverywhers! living!
ACCESSORIES

R
Feather-light earphone is no

larger thon @ heoring aid,
fastens comfartably to sar.
$7.50

Leather carrying cese has
belt loap, pocket for sor-
phone or spare ballery,
$3.85
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Regency Madel TR-1 Transistor Radio, US, 1954
The Regency TR-1 with four Tl germanium transistors sold aver

100,000 units and introduced the word “transistor” to the public,

Gt o T bstrumaends, 102711690 an £374.88

B+ UNE

VITH NO SIGNAL INPUT G -*J—
WADE WITH VTVM 5 _I

. SWITCH ON

_,{ il
Fig. '3 The schematic diagram of the Regency model TR-1G receiver. (Howard W. Sams & Co., Inc.)

Diagrama esquematico do circuito eletronico do radio portatil modelo TR-1G marca REGENCY

Cada radio usava 4 transistores de germanio fabricados pela Texas Instruments. Apesar de ter

mais de 100 mil unidades vendidas, o radio tinha sintonia dificil, baixa qualidade de audio € a

bateria de 22,5V era cara.
https://www.petervis.com/Radios/am-pocket-radio-solid-state/circuit-diagrams/early-pocket-radio-circuit-diagram-large-image.gif

29

14 ’
TRANSISTOR DE SILICIO  (texas INSTRUMENTS)
I. M. Ross, "The invention of the transistor," in Proceedings of the IEEE, vol. 86, no. |, pp. 7-28, Jan. 1998, doi: 10.1109/5.658752.
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Os primeiros transistores:

Motorola, Chicago
» 1928: Irmaos Galvin: Carregadores para baterias —
Galvin Manufacturing Corporation
» 1930: “Radiola” (RCA) para automéveis: MOTOROLA
» 1935: Equipamento de radio para a

policia de Chicago
* 1942: || Guerra Mundial: Equipamento militar de radio
* 1947: Assume o nome Motorola Inc.
* 1952: Licenga do Transistor
* 1956: Inicio da fabricagdo de Transistores

The Motorola
Car Entertainment Center
gets it all together

This is an FM and AM car radio, It’s e
made by Motorola. It costs only $139%* =5

s

6. Acoustinator control-reduces cross modulation
(interference) in strong FM signal areas.

response of 50
2. Variable Tone
3.FM or AM Ma

QOMOTOROLA

32

Os primeiros transistores:

1946: Akio Morita & Masaru Ibuka criam a Tokyo Tsushin Kogyo

1954: a empresa compra a licenga do Transistor da Western Electric
Ibuka viaja para os EUA para fazer o curso do Bell Labs

1954: Com a assessoria técnica de Leo Esaki (Universidade de Tokio) a
empresa produz transistores a baixo custo (Esaki: Prémio Nobel, 1973)
1955: Radio SONY TR55 langado nos EUA: US$ 29.95

1957: Radio SONY TR68

1958: a empresa adota o nome SONY

1960: a SONY langa o primeiro aparelho portatil de TV do mundo
1975: gravador de video Betamax (fracasso mundial...)

1979: o “Walkman”

1980: o CD, em parceria com a Philips (Holanda)

1990: PlayStation

1955 1957 1960

16
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Texas Instruments
1958: Jack Kilby

» Concepcgéo do circuito integrado
* Fabricagédo experimental de um protétipo em 1959

=¥

QLT PUT

* Polémica: a Patente de Jack Kilby € mais um “system in a
package”(SIP) do que um verdadeiro “circuito integrado”!

Protoétipo em Ge

33

Fairchild Semiconductor

1958: Jean Hoerni: método epitaxial para fabricacdo de
transistores

1959: Robert Noyce: circuitos integrados em Si

Robert “Bob” Noyce 1959: Primeiro CI Fairchild, com 4
transistores, em substrato de silicio
e fabricagdo epitaxial

34

April 25, 1961

Filed July 30, 1959

R. N. NOYCE 2,981,877
SEMICONDUCTOR DEVICE-AND-LEAD STRUCTURE
3 Sheets-Sheet 2
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