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new semiconductor startups also provided a managerial mod.cl fo; l(::c::.i
entrepreneurs. Following the patrern pl.oncered. by t].w _semllcoill 1:ﬁn
ventures, these entrepreneurs had little interest 111.bulld1ng ong- a.‘ fj
social institutions. Rather their goal was to use the.ir firms as v?ctor;
personal enrichment and technological innovzmor‘x. I:hery Wdl:]ti/la;o,
bring their company public and sell shares to outside 1rf\esiora;e = j_
entreprencurs adopted the new forms of n1m1§gc,1116f.nt-;,n1p ayer. %‘l.ni-
tions, which had been developed at Intel, at .National, rll‘l(. at o tl .i >
conductor startups. They gave stock optlgns to their pro e‘ses;‘ (;Llrs
employees in order to align their intere.sts with tbose of fﬁ\l]l,rep? lcr,ea&
and venture capitalists. These Ina.nage‘rlal. tcchm_ques i]);,r(,f;ne) 31 : a,nd
ingly central to the Silicon Valley way of doing busmrfas%.. }P A : d)a -
mid 1970s, the manufacturing cluster on the Sa.n Frzm(:II SCO ‘ etlumtd ok
profoundly different from the one Charlesl Litton, Bill E1‘1:<:1‘, a-; S
McCullough had helped build 30 years earlier. It had crye‘afd .:zznducmr
new type of industrial district—one c.entercc‘l around s%m‘u}‘.] . he.a
electronics and characterized by the culture of emrcp.renu.us 1rp, \;};
reliance on inexpensive Asian labor, and close ties with financi

markets.”

Conclusion

“It seems remarkable (o me,” William Eitel reflected in 1962, “that on
the San Francisco Peninsula, off the beaten paths of commerce, grew so
many independent new industries, all now of national and international
importance.” In the 1960s, the Peninsula was indeed much different
from the region Eitel had known as a young radio amateur 40 years car-
lier. In the late 1920s, the Peninsula was mostly a rural region and home
to a handful of radio firms. These firms had a cumulative workforce of
a few hundred engineers and operators. Four decades later, the region
had become the main center for electronic component manufacturing
in the United States, employing 58,000 engineers, technicians, and
operators. Local firms dominated both the domestic and foreign mar-
kets for advanced tubes and semiconductors and had become major
suppliers to the Department of Defense as well as a wide range of com-
mercial industries. From an economic backwater, the San Francisco
Peninsula had, in less than 40 years, become a major technological and
commercial center,

The manufacturing district grew by bri nging together a variety of tech-
nological groups. Three partially overlapping technical communities
emerged and expanded on the San Francisco Peninsula: radio amateurs,
microwave engineers, and semiconductor technologists. Radio amateurs
were indigenous to the Peninsula. Starting in the 1900s, and partly
because of its strong maritime tradition, the Bay Area was one of the
nation’s largest centers for amateur radio. The other two technological
groups converged around a nucleus of western-born scientists and engi-
neers who had worked at East Coast firms during and after World War II
and then moved back to California after the war. For example, the Varian
group, which had worked at Sperry Gyroscope on Long Island during the
war, organized a microwave tube firm on the Peninsula in 1948, Similarly,
William Shockley, a Palo Alto native who had made his career at the Bell
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Silicon Valley firms fared well under these changing conditions. They
grew faster than their Fast Coast co unterparts and often surpassed them
in the late 19505 and the 1960s. Several factors explain the “success” of
Silicon Valley as a manufacturing district. The entrepreneurial groups
and their firms developed very unusual manufacturin g and product engi-
neering competencies. Silicon Valley's Innovator-entrepreneurs recog-
nized manufacturing process knowledge that was critical and they
pursued, captured, and leveraged this knowledge over the whole period.
For example, Charles Litton, William Eitel, and Jack McCullough
devoted themselves to the making of vacuum tubes. They engineered
innovative manufacturing techniques, which enabled them to produce
tubes with a very high vacuum. Varian Associates devised new ways of
making reflex and high-power klystrons. But it was the group at Fairchild
Semiconductor that was the most innovative in manufacturing. It devel-

oped the planar process—arguably the most important innovation in
twentieth-century technology. The planar process made possible the
manufacture of integrated circuits. In the 1960s and the early 1970s, the
Fairchild group and the engineers they trained developed many variants
of this process. In addition, these men gained unequaled expertise in the
mass production of silicon devices. They maintained their leading edge
well into the 1970s.
These manufacturing capabilities made Silicon Valley. They enabled
local firms to engineer and produce highly reliable electronic compo-
nents with very high pertformance. l*litcl—]\-‘lc(]ullough, Litton Industrics,
Varian Associates, Fairchild Semiconductor, Intel, and National
Semiconductor produced some of the highest-quality vacuum tubes and
semiconductors in the country. Significantly, the district’s bias toward
quality matched the evolution in the demand for electronic components,
In the mid and late 1950s, the military shifted its procurement of clec-
tronic components toward highly reliable tubes and semiconductors,
Likewise, the makers of computers and consumer electronics were seek-
ing faster and more reliable microcircuits in the following decades. While
local firms gready benefited from this shift in markets, East Coast corpo-
rations, which emphasized cost and volume production, lost market
share and were often forced to leave the component business,
Manufacturing expertise also enabled Silicon Valley firms to achieve
high production yields—the main economic variable in the electronic
component industries. For example, during the Korean War Litton
Industries obtained yields of 95 percent on some advanced magnetrons.
I'his contrasted with the competitors’ yields, which were in the 5-30 percent



298  Concluston

range. Similarly, semiconductor corpoa"ationjs. on th.e‘ Pe:(;n!i;glg i:;;l-
higher yields than most of their competitors tcn: bipolar .an :1 o
grated circuits. These yields gave Silicon Valley firms 3 tremen ];])u A
petitive advantage over their East Coast rivals. Better }I-'u:]‘ds engk 4:'( '10 :
firms to obtain higher profits (which was important in 111dus‘m(d5.\'f ;e:‘;
the general level of profitability was low) and to lower their price
I to increase market share.

Or?_:?:r;(;)]?t:lcxlullg their manufacturing expertise, compo.nent .ﬁrrms 0:_
the Peninsula developed strong marketing and s?'stem eng_,m.lﬁetlr(;;?'c.al:‘) ‘
bilities. Eitel-McCullough, Litton, Varian, Fairchild, and F:dllt.]'ll(: '1 jr[flzf
offs acquired deep knowledge of their customers and 0.{_ tl;.e lequ '
electronic systems. They knew nearly as much af.)out fhf:n f‘_“i‘n s p o
ucts as the clients themselves knew. Because of ltfi origins 11‘1 1mm ray -
and its employment of radio amateurs, Ei.tcl-l\«lc;(,ullough h_di( a;‘n j:rzan
lent expertise in radio system engineering. The founder ;0 v
Associates were experts both in klystrons and I:aclar systems. 1r1‘1 .at yl,
the early 1960s, Fairchild Semiconductor acquired a CUIII])E'!Y.(‘!I.}(}" 1.n elec-
tronic s;’stem design, by hiring engineers from the computer, ln'htl'. cllxmerll-
tation, énd consumer electronics industries, In‘the late 19605 an 'ezlar y
1970s, Fairchild’s spinoffs followed suit by l.cart?mg a!?our the III] any t;tni::;
tronic products that could use integrated circuits. This éyfatems_ exglfi-. p
enabled the vacuum tube and semiconductor corpor 21[[03'15 n dl “.: ;
Valley to anticipate the needs of their customers and engineer device

: *ir requirements. ‘ .
th(;tillirclzrlt:l’;;efgrms also learned how (o create new markets for their
products. Because they made tubes and semiconductors that wer(z1 ccrm-
plex and difficult to use, they had to help their customers learn to es;g:
them into their own products. In some cases, they 'actually ‘engn?;frf:ru
new products for their customers. Ei cel—McCullough is3:case 1n go;l .u :
create a market for its power klystrons in I:he 1950s, ‘E‘lte‘le; u OT:“
designed a tropospheric scatter corn:mu:_ncatlon t.ra11:~;nmte.1 JE iga:zri"s
design to Radio Engineering Laboratories at ng cost. Radio 'n%imb e
Laboratories produced this transmitter undcir its Gwn Rame an dns.}:n .
Eitel-McCullough’s klystrons to power it. Varian Associates follm\;e :md
lar tactics by educating academic chemists about the new technology

science of NMR spectroscopy. These educational efforts enabled Varian to

create users for its NMR spectrometers. . —
The “art” of market building was pushed to new highs by Fairchil

Semiconductor and its spinoffs. Fairchild’s engineers wrote nutf‘l;

applications notes to explain to customers what they could do wit
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transistors and integrated circuits. They also engineered new products
such as transistorized television monitors around the firm’s components
and promoted these designs to their customers. Many Fairchild’s designs
were later put into production by consumer electronics firms such as
Zenith and General Electric. In the late 1960s, National Semiconductor
went one step further. It deployed field applications engineers who

became actively involved in the engineering of their customers’ products.

Some field applications engineers went as far as directing the product
engineering teams at user firms. These marketing and system engineer-
ing capabilities enabled Silicon Valley firms to open up new markets for
their products, especially in the civilian sector, and to grow enormously
in the late 1960s and the first half of the 1970s.

As these markets grew, the groups that built the powergrid tube,
microwave tube, and semiconductor industries on the San Francisco
Peninsula acquired a unique know-how in creating, financing, and man-
aging startups. At these startups, Silicon Valley entrepreneurs pioneered
new funding mechanisms and shaped novel managemen temployee rela-
tions. Charles Litton and the Varian brothers developed an uncanny abil-
ity to use military contracts as a means to finance the growth of their
firms. The entrepreneurs and financiers who formed Fairchild Semi-
conductor went on to establish the venture capital industry on the San
Francisco Peninsula.

Innovator-entrepreneurs in Silicon Valley also devised new ways of
relating with employees. They were under the constant threat of union-
ization and they needed to secure the cooperation of a skilled workforce
in order to build and control complex manufacturing processes. As a

result, Silicon Valley firms developed a corporatist approach to manage-
ment. They gave substantial autonomy to their engineering staffs and
often organized engineering work around teams. They sought to involve
their professional employees in the decision-making process. In addition,
they developed unusual financial incentives for their work force:
sharing programs, stock ownership, and stock option plans.

Within this corporatist framework, one can distinguish three different
approaches. Eitel-McCullough, Litton Industries, and many microwave
tube firms adopted a participatory and paternalistic management style
that emphasized profit sharing and generous employee benefits. Varian
Associates had a socialist streak, developing a communal organizational

and ownership structure, In contrast, Fairchild Semiconductor and most
semiconductor firms pioneered an entrepreneurial form of corporatism
organized around stock options. Starting in the early 1960s, Fairchild and

profit-
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its spinoffs granted stock options to engineers and middle managers.
These options, which offered the right to buy stock at a predetermined
price at a future date, had been reserved until then to upper manage-
ment at East Coast firms. Instead, managers on the Peninsula offered
these options to engineers and middle managers as well. As a result,
employees were able to henefit from an increase in the valuation of their
companies’ stock.

Because of these new financial incentives and 01‘ganizationa1 forms,
electronics firms on the Peninsula attracted some of the best design, pro-
cessing, and manufacturing engineers in the United States from the
1940s to the 1970s. These innovations also permitted Silicon Valley firms
to deploy their enginecring workforce elficiently and to improve
employee productivity. Flat organizational structures, profit sharing, and
stock option programs gave them a substantial competitive advantage
over their more traditional Eastern counterparts.

The constant circulation of design, production, and management skills
within the district also explains the squecess” of individual corporations
and the manufacturing cluster as a whole. Manufacturing processcs,
design methodologics, and managerial techniques moved quickly from
firm to firm and from industry to industry. Tube and semiconductor
firms developed close alliances with their suppliers of manufacturing
equipment. For instance, Eitel-McCullough used Litton Engincering’s
glass lathes and devcloped new assembly techniques. Skills and tech-
niques flowed within industries as enginecrs moved from one corpora-
tion to the next. For example, many semiconductor entreprencurs
appropriated the manufacturing processes they had mastered (and often
helped develop) at their previous employers and built new businesses on
the basis of this know-how. Skills, practices, and techniques also moved
across industries. Semiconductor manufacturers relied heavily on the
competencies nurtured by the vacuum tube corporations. They hired
technicians and process engineers from the vacuum tube firms. They

borrowed new managerial techniques from Varian Associates and used
them (with some modifications) to relate to their own employees.

But what sustained the circulation of practices and techniques
throughout Silicon Valley? This circulation was partially predicated on
the culture of cooperation that clectronics hobbyists developed on the
San Francisco Peninsula. Radio amateurs valued collaboration and the
sharing of inform ation—both in technology and business. Litton, a radio
ham and microwave engineer, freely shared his knowledge of vacuum
techniques and tube production methods. He also helped other entre-
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[‘Jrcncurs start electronics firms in the area. The flow of innovations was
iurthc.r facilitated by a sense of regional pride and the perception of ;Tom‘—
mon interests. The tube and semiconductor corporations on - the
Peninsula were late entrants in industries pioneered by large I;Laq Coa t
firms. Western pride and the imperative of surviving in il]dll:itrif:‘i d:) S
nated by the East led early Peninsula firms to band together ;gai r-1hst th]: ill:
]arge.r cm*.npel.itors. Also critical were the dense networks of pérsonaj
rclat.mnshlps that emerged in the region. In the early 1960s, Fairchild
Semiconductor employed a large fraction of all semicm:nductor,en in' ee

on the San Francisco Peninsula. At Fairchild, these men huii.l, I rif'ngdslii.rs
and professional ties. After leaving the company, l;hev- kept i1.1 I,ouclk)ls

I?elped each other, and traded information across iiu‘m boundari ,

Stanford University also reinforced the regional circulation of sldils TJS.

a;.)propriating process and design technologies from Litton Engineerin ry

Ll tton Industries, and Shockley Semiconductor. The university later ¢ 3,

thedvand systematized this industrial knowledge and imparl,e(i it to e(;i)gi:
ilz'ﬁ:e 1;12, students, who in turn carried it to other corporations in Silicon

) These flows of manufacturing techniques and managerial skills across

firms and industries were critical to the rise of Silicon \,;alle ’i‘he

enabled the rapid adoption of “best practices” across the distri;:yl: Tl V
also led to the formation of region-specific bodies of kﬁow]edg‘e lh?;t w;ez
crucial for the commercial success of local firms. Becausé Llif‘v raidé(i
eaa:?\ oth?r's employees and benefited from informal contaclg amon
lhﬁe]r engineers, MOS startups on the Peninsula developed a repertoiri
of process “tricks” which were known only in the area. These .[rici(s
enabled MOS companies to introduce new products rapidly to .th(-: mar-
ket and to obtain good manufacturing yields, In contrast, MOS firms
located outside of Northern California were not plugged in,l.o these net
wor.ks. and did not benefit from this shared knowledge. This put them at
a distinct disadvantage since the MOS processes \N:CI'C very difficult to
master and control.

‘ The Peninsula’s electronic component manufacturing complex pro-
vided the foundation for much of Silicon Valley's gr()wt_h in tEe 1920%
.f-\]tl.mugh lo.cal tube and silicon corporations retained and adxfa;lre;i.
Ilhclr preeminent position in component manufacturing in the Unit-t;(;l
hlat.¢s, much of the growth during this period came from the system s
tor. The late 1960s and the 1970s saw the emergence of new ‘“‘iql)isdustr‘iec’_’
making calculators, computers, electronic watches, and vi&eo an";es =
the Peninsula. Many semiconductor firms and entl"epreneuriil grouc;)rz



302  Conclusion

entered the digital watch and calculator businesses. There was a similar
entrepreneurial flourish around video games—with the formation of
firms such as Atari. Other groups made mainframes (Tenet) and fail-safe
computers (Tandem). Hewlett-Packard and Varian Associates entered
the minicomputer business. In the late 1970s, a new industry—petrsonal
computers—emerged with the formation of Apple Computer, Osborne
Computer, and other startups.

Each of these industries made use of capital and technical and man-
agerial competencies acquired by the tube and semiconductor commu-
nities. The electronic component industries were a source of funds for
the new system ventures as fortunes made in components were reinvested
in system businesses. For example, Robert Noyce and Gordon Moore
financed computer and medical instrumentation startups in the 1970s.
Component firms were a major source of managerial talent for the sys-
tem sector and they supplied engineers knowledgeable about compo-
nent and system design. Fairchild, Intel, and National supplied
integrated circuits to local computer, instrumentation, and consumer
clectronics firms. These components made calculators, digital watches,
and personal computers possible.

Apple Computer was emblematic of the deep ties that emerged
between the system and component industries in Silicon Valley. Apple
Computer was started by two young electronics hobbyists, Steve Wozniak
and Steve Jobs, who were sophisticated users of microprocessors and
other integrated circuits. Farly on, they hooked up with the social net-
works in the semiconductor industry. In the first months of Apple’s for-
mation, Jobs approached Donald Valentine, a venture capitalist who had
formerly directed sales and marketing at Fairchild and National Semi-
conductor, and asked him to invest in Apple. While Valentine declined at
first to finance the startup, he advised Jobs to contact Mike Markkula, one
of his former associates at Fairchild. Markkula, who had made a small for-
tune in the semiconductor business, had recently retired from Intel*

Markkula understood the system possibilities opened up by the micro-
processor and was quick to grasp the potential of Apple’s first machine,
Betting that Apple could become a large and successtul firm, Markkula
joined the company in 1977. He invested $92,000 of his own money i
Apple Computer and convinced Jobs and Wozniak that they needed pro-
fessional managers. To run Apple on a day-to-day basis, Markkula hired
Michael Scott, a former manager at Fairchild and National. Markkula also
raised the capital needed to finance Apple’s growth. Among the investor
were Valentine and Arthur Rock, the venture capitalist who had financed

Conclusion 303

the formation of Intel and Intersil. Valentine and Rock joined Apple’s
board of directors. With this influx of managerial (:h:perlisc Agplc
?’apidly adopted the “best practices” of Silicon ‘Valle\_»"s setrliC();]rllzct()r
industry. The firm emphasized innovation, the dcveI;meem of (illa.lit\’
proc'lucts, and rapid sales growth. It also attracted and retained skiIlc;i
engirieers and managers by granting them attractive stock option ﬁack—
ages (Gupta 2000).
The goal of Apple’s managers was similar to that of most semiconduc-
tor entrepreneurs. They wanted to take the company public within ')
years and make a killing in the stock market. The design skills of Wozniak
and other hobbyists in Apple’s technical staff made ‘this objective possi-
ble. In late 1976 and early 1977, Wozniak developed a succe&hiso.r.m ;I(I_j)hi‘}ilf'
to the Apple I. The revolutionary Apple 11 attracted a strong follo.wino.'
among software programmers, who wrote application prozn*ehns for rh:
Apple II such as VisiCalc, a spreadsheet program. These p[';Jgra ms “ﬂni(l .
the Apple 11 to the American public. As a result, the l'n‘m- grﬂ‘v ;'nm‘-
.mously_-; By 1980, Apple was the leading firm in the persona]_ cmnput.ﬂ‘
industry. It had a user base of 120,000 computers and was one of the ."'r{.}.()
largest corporations in the United States. The company’s rapid ﬁa;les
grm’,vth enabled its management to take Apple public and r'eap enormous
capital gains. In turn, Apple’s stellar success fucled the expansion of th-;'
C.Oll‘l.Plll,(‘:l', software, and disk drive indusiries on the San Franciscﬁ
Peninsula, once again repeating the pattern of Silicon Valley, More Thﬂ-I.]
anything else, the making of Silicon Valley was the rep(-:t.itio;l of lhis.pat—
lcrn—‘as one generation of engineers mastered the mystery of design and
manufacturing sophisticated electronics, so the next gt:ncra.tio‘n bor-
rowed and learned from their predecessors. Man uiact.uri;u,r districts grow
and thrive only so long as they remain communities of Iea.l“uing practice
and collaboration. , a
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