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El amplificador operacional

Si pudieramos construir un amplificador con las
propiedades:

a) muy alta impedancia de entrada (no cargaria,
no influiria en las etapas anteriores).

v Vo = A (vi - vref)

A >
: vref — p - '
Zin Zout
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y realizar operaciones:
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Estado tecnologico.

Valvulas de vacio (patente 1941)

Dispositivo comercial 1953.

Transistores
Dispositivo P45, 1961

Integrados
P.ej.: tA709 en 1965
uA741 en 1968




Nace la industria de los Circuitos Integrados

- William Schokley. co-inventor del transistor (1951), funda la
compania “Shockley Semiconductor” (1956) en Mountain View,
para estar cerca de la casa de la suegra. Seria pronto “Silicon
Valley”. Contrata jovenes doctores en fisica como parte de su
equipo. Hay serias dificultades de ambiente de trabajo.
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gue se convierte en lider de la microelectronica rapidamente.

- Robert Noyce co-inventa el primer
circuito integrado (1959).

- Cerca de 65 empresas de los siguientes
20 anos estaran “emparentadas” con
Fairchild.

- Posteriormente Noyce y Moore
abandonan Fairchild y fundan Intel (1968)




Articulo de Gordon Moore, “Electronics” , 1965

”Abarrotando mas componentes en circuitos integrados”

http://web.eng.fiu.edu/npala/EEE6397ex/Gordon_Moore_1965_Article.pdf

The experts look ahead
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La “"Ley de Moore” hoy

Moore’s Law — The number of transistors on integrated circuit chips (1971-2018)

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.

OurWorld

in Data

This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products — are

linked to Moore's law.
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Data source: Wikipedia (https://en.wikipedia.org/wiki/Transistor_count)

The data visualization is available at OurWorldinData.org. There you find more visualizations and research on this topic.

Licensed under CC-BY-SA by the author Max Roser.



Puede oirlo directamente del Dr. Gordon Moore

https://www.intel.com/content/www/us/en/silicon-
innovations/moores-law-technolo

Tan solo recuerden que Io que se ha
hecho puede superarse.f»




Bob Widlar (1937-1991)

* Pionero en la concepcion, diseno y construccion
de circuitos integrados analogicos lineales.

* Fairchild Semiconductor (1963-1965)
uA702 (1964) - Primer amplificador operacional
monolitico (ganancia 2.800, precio U$ 300)
tA 709 (1965) (ganancia 70.000, precio $70).

» National Semiconductor (1966-1970) ﬁ{;ﬁsﬁ
LM100 - Primer regulador lineal de voltaje Wl e == R\
LM101 — Op-amp, mayor ganancia, menor consumo, proteccion contra

cortocircuito.
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Pionero en la concepcion, diseio y construccion
de circuitos integrados analogicos lineales.

Fairchild Semiconductor (1963-1965)
uA702 (1964) - Primer amplificador operacional

monolitico (ganancia 2.800, precio U$ 300)
tA 709 (1965) (ganancia 70.000, precio $70).

National Semiconductor (1966-1970) {fﬁ%w_a@w“ =
LM100 - Primer regulador lineal de voltaje N ESS

LM101 — Op-amp, mayor ganancia, menor consumo, proteccion contra
cortocircuito.

Numerosas patentes, p.ej.: fuente de corriente Widlar, referencia de
voltaje Widlar bandgap, etapa de salida Widlar.

Para 1970 mas de la mitad de los Cl's del mundo fueron disefiados por
Widlar y Talbert.

1970 vende sus acciones en U$ 1: y se retira a "no trabajar" a Puerto
Vallarta (México) a los 33 anos.



Bob Widlar (1937-1991)

 Patente de fuente de corriente para Cl’s

(1967)

May 16, 1967 R. J. WIDLAR 3,320,439

Filed May 26, 1965
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NOW-A COMPLETELY INTEGRATED
OPERATIONAL AMPLIFIER

New Silicon Planar zA702 features low offset, high gain

* Low input offset voltage —2ZmV

ORI L6 FREGUENEY RESPONSE ®* Low Thermal Drift-5,V/°C

: ® High voltage gain- 2800

® Large Output Swing —=5.5V

* Operation over a wide range of
supply voltages
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Bob Widlar (1937-1991)
* uA709, fotografia (1965)
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Bob Widlar (1937-1991)

Fig. 8.25. The Fairchild Operational Amplifier pA 709 has fourteen bipolar tran-
sistors and fifteen resistors. Actual die size: 1880 x 1880 um

De “History of Semiconductor Engineering”




Op-Amp uA741  (Fullagar, Fairchild 1968)
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- Gran capacidad de
“simplificacion”.

- Crear reglas nuevas de
diseno aprovechando las
caracteristicas de la
iIntegracion.

-Trabajador incansable.

- Perseguia los detalles en
cada etapa del proceso.

Foto: © Bo Lojek, “History of Semiconductor
Engineering”, Springer 2006
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Segun algunos
colegas y companeros
de trabajo, era algo
excentrico e

histrionico...




Era algo bromista

44k San Jose News BSat., Dec. 12, 1970 '3

Economy  Buiuuuuimunnsmuibsman
Mowing

This is not Mary’'s little

lamb grown up and fol-
lowing her to work. It is
alawnmower. Bob
Widlar, director of ad-
vanced circuils develop-
menl, “borrowed” the
sheep for the front lawn
of National Semiconduc-
tor in Santa Clara to help
the firm’s austerity pro-
gram by cutting mowing
expenses. Widlar ad-
mitted it is “putting a
lot of gardeners out of
work,"” but notes “at the
same time the grass gels
cut, it gels fertilized,
too."

i
Ergs tTe




Era algo bromista

444 San Jose News Sat., Dec. 12, 1970

— e e
g L . . EF e Ly l!' ol Tl T T T
EconOm t ey ps iy rrrgrh :5. . 1“”1: f:: 5 pagl b gy 0 g =:“ht.,,
r"r""r’t' !I'-‘-“ iy ”I! eyt Ere A 1 By L"'---.“--.'.=-'-.-:_ LT iy
bl Frrk-it'!h‘u"”r "'E -. r ',.-.,.‘T‘:'IIE.:T;.,."L';.‘ !1 .'L.H-:t" : il

A

m Economy Mowing

lamr
low

;.Ii This is not Mary’s little lamb grown up and following her to
var work. It is a lawnmower. Bob Widlar, director of advanced

ey

e Circuit development, "borrowed” the sheep for the front lawn of -
o= National Semiconductor in Santa Clara to help the firm’s 5
" austerity program by cutting mowing expenses. Widlar v

gra

“r admitted it is “putting a lot of gardeners out of work,” but notes

mit

ot “at the same time the grass gets cut, it gets fertilized, too.”

Wi

B8N e s a DL - L w 'ww g -
B o0 Tl F : = § R _ b h £
i K. i ‘ ﬁi ¢ | (& . e T | - i Taki
i i

cut, it gets fertilized, & : g i
foo & . ot LR Y







También tenia otro costado, temperamental...



Tambien tenia otro costado, temperamental...

Su gesto mas
caracteristico




Con opiniones muy firmes,
por ejemplo respecto los
cicuitos digitales
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¢, Circuitos digitales
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Era un momento de competencia durisima

Our message to the

iraighiforward.

We've hiad it with namby-panshbe bue sky advertizng,
Froen now o, Matkonal digsn pussytoot, We're

grars to take om the rest of the semiconductor industry

and bet the chips fall whene they o

We're the second largest ma
ahout every product category and
everyone know it

We're alss poiog 1o meroduce some new products
that will koneck U competition right on their profit
TS,

There arealen a fow things we'ne Rl gring todo.

W 're mot puinge H:-m.!]u:' lot of penducts nobady
neede. That's Signetica’ jol.

Were nol going Lo introduce o e, hot-shet devics
that isn't even off the drawing boand yet. Falrchild i
much bettor at it anyway
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september that we couldn't possibly deliver beflore
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Era un momento de competencia durisima

We’'re also going to introduce some new products that will knock
the competition right on their profit margins.

There are also a few things we're not going to do:

We’'re not going to make a lot of products nobody needs. That's
Signetics’ job.

We're not going to introduce a new hot-shot device that isn’t
even off the drawing board yet. Fairchild is much better at it
anyway.

We’'re not going to promise a shipment for September that we
couldn’t possibly deliver before Christmas. That's TI's game.

And we’re not going to sit around on our ingots waiting for the
seconds source business. Motorola’s cornered the market on
that one.

You know where nice guys finish.




Retorno

- Afines de 1974, decide trabajar periodicamente como consultor de
National Instruments, combinando su retiro en Puerto Vallarta.

- Disefnos muy importantes, p.egj.:
> LM12 power amplifier.
> Etapa de salida “Widlar” de bajo voltaje.

> LM10 ultra-low-voltage amplifier, capaz de operar con fuente de 1.1v
(1978)

Aun en produccion en el s.XXI. Durante 10 anos no hubo otro diseno
en la industria que alcanzara su desemperno.

- En 1981 funda “Linear Technology”, donde trabaja hasta 1984.

- Vuelve a National Instruments (1984 — 1991 ).



Referencia de voltaje 0.2v - Widlar subbandgap LM10 (1976)
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Periodo corto de grandes avances tecnologicos
Transistor (inv) 1951
Fairchild Semic. (fund) 1957
Circuito int. (inv) 1959
Ampl.Oper. (inv) 1964
J INTEL (fund) 1968

\/ \/ \/ i
1 A950 1951 1957 1959 1A961 1964 1968 1 ?69

Apolo en luna (1969)
Guerra Vietham(1964-1975)
Yuri Gagarin (1961)
SPUTNIK (1957)
Guerra Corea (1950-1953)
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