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			Praise for The Code

			Shortlisted for the J. Anthony Lukas Book Prize

			Named a Best Book of 2019 by the Financial Times and Publishers Weekly

			“How an otherwise unexceptional swath of suburbia came to rule the world is the central question animating The Code, Margaret O’Mara’s accessible yet sophisticated chronicle of Silicon Valley. An academic historian blessed with a journalist’s prose, O’Mara focuses less on the actual technology than on the people and policies that ensured its success. . . . O’Mara toggles deftly between character studies and the larger regulatory and political milieu.”

			—New York Times Book Review

			“[A] fresh, provocative take that upends the self-serving mythologizing of the valley’s own, . . . O’Mara spotlights the village of institutions, networks, and ancillary services—corps of bankers, lawyers, and marketers overlooked in many accounts of the valley’s exceptionalism—behind the big moments.”

			—San Francisco Chronicle

			“Condensing this range of stories into a compact narrative isn’t a task for the timid, but Margaret O’Mara, a historian at the University of Washington, has pulled off the feat with panache in The Code: Silicon Valley and the Remaking of America. She distills voluminous monographs and biographies, newspaper articles, and trade-industry publications, unpublished company materials, and transcripts that she gleaned from various university archives into a briskly paced narrative. She also enlivens the book with the reflections of dozens of participants who played roles in the Valley early on, obtained through interviews she conducted and from oral histories collected by others. . . . The Code is a wise chronicle of the accretion and deployment of power and is especially sharp in tracking the Valley’s evolving relationship to Washington, D.C. By taking the long view, Ms. O’Mara provides us with the ability to see the roots of contemporary problems created by Silicon Valley’s rise, such as for-profit companies compiling vast digital storehouses of personal information or freedom in the internet era being used to spread hatred and disinformation.”

			—The Wall Street Journal

			“O’Mara embeds Silicon Valley in the sweep of American political history. . . . The Code’s great strength is that it captures the various meanings projected onto Silicon Valley. . . . What comes through most powerfully in her narrative are the wild social hopes once projected on to computers.”

			—New Republic

			“In her wide-ranging history of Silicon Valley, Margaret O’Mara gets behind the myth of geniuses in garages and uncovers the true origin story. O’Mara . . . brings sophistication and nuance to her narrative, covering not only the engineer-dominated culture of building products, but also the absence of attention to their implications for the world.”

			—The National Book Review

			“Puts a gloriously human face on the history of computing in the U.S. . . . Extraordinarily comprehensive . . . A must read for anyone interested in how a one-horse town birthed a revolution that has shifted the course of modern civilization.”

			—Publishers Weekly (starred review)

			“In a field crowded with accounts of how the tech industry has developed, this work places the story of our techno-human transformation within a thoughtful Darwinian context. A necessary addition to both public and academic library collections, it will become a reference for how technology has influenced America.”

			—Library Journal

			“Entertaining and nuanced history . . . Concerned technology users—which pretty much sums up all of us—will find much of interest here.”

			—Booklist (starred review)

			“Illuminating history . . . A well-researched book students of technological history and the emergence of the digital economy will want to know.”

			—Kirkus Reviews

			“The Code will rightfully take its place as the definitive single-volume account of how tech got to be Tech, from its infancy in the fruit orchards of Northern California to the present-day juggernaut that is Silicon Valley. O’Mara captures the stories of transformational founders and leaders, technical breakthroughs, and organizational innovations over the past half century as no one has before.”

			—Mitch Kapor, Kapor Capital

			“From Fred Terman to Mark Zuckerberg, The Code provides a panoramic account of the people who, over the past half century, transformed northern California and the U.S. West into a twenty-first-century mecca. O’Mara artfully narrates the complex interactions between public and private sectors, old and new economies, and individual and collective resources that underlie the region’s technological dynamism.”

			—AnnaLee Saxenian, dean of the School of Information at University of California, Berkeley

			“For more than half a century, Silicon Valley has been the most consistently innovative region in the world. In this panoramic history, Margaret O’Mara delivers the full portrait: from the engineers in their pressed shirtsleeves to the communalists of the Homebrew Computer Club, from the Valley’s free-market mythos to its canny political lobbying.”

			—Sebastian Mallaby, author of More Money Than God

			“The Code unlocks the secrets of Silicon Valley’s success, but it does much more. With the deftness of a novelist and the care of a scholar, Margaret O’Mara guides readers on an exciting journey—from the pioneers who birthed Silicon Valley, to often overlooked government dollars that served as its spur, to portraits of both famed individuals like Jobs and Gates and of those who deserve to be famous, to an industry that both inspires and horrifies. This is a vital, important book.”

			—Ken Auletta, author of Googled and Frenemies

			“Silicon Valley’s long and complicated relationship with the U.S. government has gone largely unchronicled. Until now—in The Code Margaret O’Mara opens a significant new window into that history. She has captured a portrait of an industry that has until now largely operated outside of the public eye. The Code reveals that Valley is both more of a creature of its partnership with government and an increasingly powerful influence upon it. The Code is an important addition to the literature that seeks to understand Silicon Valley and its impact on the entire world.”

			—John Markoff, author of What the Dormouse Said

			“A definitive chronicle of how one small group of people, in one particular place, changed everything for the rest of us. Margaret O’Mara tells the story with just the right level of detail, allowing you to form your own opinion as to whether the fire was an accident or deliberately set.”

			—George Dyson, author of Turing’s Cathedral

			“O’Mara’s sweeping, fast-paced account puts Silicon Valley at the center of twentieth-century American history, right where it belongs. If you’re wondering how the Valley became what it is today, this is the book to read.”

			—Fred Turner, author of From Counterculture to Cyberculture
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			To Jeff

			

			Want to know why I carry this tape recorder? It’s to tape things. I’m an idea man, Chuck, all right? I’ve got ideas all day long, I can’t control them, it’s like, they come charging in, I can’t even fight ’em off if I wanted to.

			Night Shift (1982)1

		

	
		
			
			
				On behalf of the future, I ask you of the past to leave us alone. You are not welcome among us. You have no sovereignty where we gather.

				JOHN PERRY BARLOW,

				“A Declaration of the Independence of Cyberspace,” 19962

				The machine that is everywhere hailed as the very incarnation of the new had revealed itself to be not so new after all, but a series of skins, layer on layer, winding around the messy, evolving idea of the computing machine.

				ELLEN ULLMAN,

				Life in Code, 19983
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			INTRODUCTION

			

			The American Revolution

			Three billion smartphones. Two billion social media users. Two trillion-dollar companies. San Francisco’s tallest skyscraper, Seattle’s biggest employer, the four most expensive corporate campuses on the planet. The richest people in the history of humanity.

			The benchmarks attained by America’s largest technology companies in the twilight years of the twenty-first century’s second decade boggle the imagination. Added together, the valuations of tech’s so-called Big Five—Apple, Amazon, Facebook, Google/Alphabet, and Microsoft—total more than the entire economy of the United Kingdom. Tech moguls are buying storied old-media brands, starting transformative philanthropies, and quite literally shooting the moon. After decades of professed diffidence toward high politics, the elegant lines of code hacked out in West Coast cubicles have seeped into the political system’s every corner, sowing political division as effectively as they target online advertising.1

			Few people had heard of “Silicon Valley” and the electronics firms that clustered there when a trade-paper journalist decided to give it that snappy nickname in early 1971. America’s centers of manufacturing, of finance, of politics were three thousand miles distant on the opposite coast. Boston outranked Northern California in money raised, markets ruled, and media attention attracted.

			Even ten years later, when personal computers mushroomed on office desks and boy-wonder entrepreneurs with last names like Jobs and Gates seized the public imagination, the Valley itself remained off to the side of the main action. An ochre haze of smog hung over its tidy bedroom suburbs when the wind didn’t blow right, its dun-colored office buildings were impossible to tell apart, and you were out of luck if you tried to order dinner in a restaurant past 8:30 p.m. One horrified British visitor called it “the land of polyester hobbitry.”2

			Keeping the hobbits but losing some of the sleepiness, the Valley and its sister technopolis of Seattle soared to staggering heights in the dot-com 1990s—“the largest single legal creation of wealth we’ve witnessed on the planet,” quipped venture capitalist John Doerr—only to plummet to earth as the new millennium dawned with a massive, NASDAQ-pummeling pop, leaving the carcasses of once-shining Internet companies strewn across the landscape. Magazine cover stories declared the end of the mania, grim-faced analysts switched their “buy” ratings to “sell,” and Wall Street attention shifted back to the more predictable rhythms of blue-chip stalwarts. The rocketing rise of Amazon felt like a fever dream, Apple had run out of product ideas, Microsoft had been ordered to split itself in two, and Google was a garage operation whose leaders seemed more interested in going to Burning Man than turning a profit.3

			How quickly things change. Fast-forward to the present, and Silicon Valley is no longer merely a place in Northern California. It is a global network, a business sensibility, a cultural shorthand, a political hack. Hundreds of places around the world have rebranded themselves Silicon Deserts, Forests, Roundabouts, Steppes, and Wadis as they seek to capture some of the original’s magic. Its rhythms dictate how every other industry works; alter how humans communicate, learn, and collectively mobilize; upend power structures and reinforce many others. As one made-in-the-Valley billionaire, Marc Andreessen, put it a few years back, “software is eating the world.”4

			This book is about how we got to that world eaten by software. It’s the seven-decade-long tale of how one verdant little valley in California cracked the code for business success, repeatedly defying premature obituaries to spawn one generation of tech after another, becoming a place that so many others around the world have tried and failed to replicate. It also is a history of modern America: of political fracture and collective action, of extraordinary opportunity and suffocating prejudice, of shuttered factories and surging trading floors, of the marble halls of Washington and the concrete canyons of Wall Street. For these, as you shall see, were among the many things that made Silicon Valley possible, and that were remade by Silicon Valley in return.

			

			—

			From the first moment that Silicon Valley burst into the public consciousness, it was awash in revolutionary, anti-establishment metaphors. “Start your own revolution—with a personal computer,” read an ad for the new Personal Computing magazine in 1978. “The personal computer represents the last chance for that relic of the American Revolution, our continent’s major contribution to human civilization—the entrepreneur,” proclaimed the tech industry newsletter InfoWorld in 1980.

			Four years later, as they prepared to announce the new Macintosh computer to the public, Apple executives focused on marketing messages that emphasized “the radical, revolutionary nature of the product.” One result was one of the most famous pieces of television advertising in history, the jaw-dropping spot broadcast into millions of American living rooms during the 1984 Super Bowl, when a lithe young woman ran through a droning audience, hurled a hammer at a Big Brother–like image projected on a blue screen, and shattered it.5

			The barely veiled punch at IBM, Apple’s chief rival, reflected a broader anti-establishment streak in this techie rhetoric that went beyond marketing plans and ad slogans. “Mistrust Authority—Promote Decentralization,” read one plank of the “hacker ethic” journalist Steven Levy used in 1984 to describe the remarkable new subculture of hardware and software geeks who had helped make the computer personal. “Authority” meant Big Blue, big business, and big government.

			It was the perfect message for the times. After more than ten years of unrelentingly dismal business news—plant shutdowns, blue-collar jobs vanishing overseas, fumbling corporate leaders, and the pummeling of American brands by foreign competitors—high-tech companies presented a bright, promising contrast. Instead of exhausted middle managers and embittered hard hats, there were flashy executives like James “Jimmy T” Treybig of Tandem Computers, who threw weekly beer parties for his staff and held alfresco press briefings beside the company swimming pool. There were CEOs like Jerry Sanders of Advanced Micro Devices (AMD), who bought a Rolls Royce one week and a top-of-the-line Mercedes the next. And of course there were Steve Jobs of Apple and Bill Gates of Microsoft, who came to exemplify a new sort of corporate leader: young, nonconformist, and astoundingly rich.

			Then there was the man who gave his name to the era, Ronald Reagan, crusader against big government, defender of deregulated markets, standard-bearer of what he called “the decade of the entrepreneur.” For the Great Communicator, no place or industry better exemplified American free enterprise at work than Silicon Valley, and he was particularly enthusiastic about extolling its virtues to foreign audiences.

			During his historic visit to the Soviet Union in the spring of 1988—the first appearance of an American president there in fourteen years and a stunning move for a leader who had referred to the USSR as an “evil empire” only a few years earlier—Reagan stood before an audience of 600 computer science students at Moscow State University and rhapsodized about the glories of the American-made microchip. These miracles of high technology, the president told the crowd as a giant statue of Vladimir Lenin loomed behind his podium, were the finest expression of what American-style democracy made possible. Freedom of thought and information allowed the surge of innovation that produced the computer chip and the PC. No one better demonstrated the virtues of American free enterprise—particularly the low-tax, low-regulation variety beloved by Reagan—than the high-tech entrepreneurs (“no older than you,” he reminded the students) who started out tinkering in suburban garages and ended up leading hugely successful computer companies.

			The next revolution, Reagan explained that day in Moscow, would be technological. “Its effects are peaceful, but they will fundamentally alter our world, shatter old assumptions, and reshape our lives.” And leading the way would be the young technologists who had worked up the courage “to put forth an idea, scoffed at by the experts, and watch it catch fire among the people.”6

			Many of the men and women who had been at the ground floor of what they called the “personal computing movement” were children of the sixties counterculture, whose leftist politics were as far from Reagan’s conservatism as you could get. Yet here was one place where the hippies and the Gipper could agree: the computer revolution had a free-market soul.7

			The revolutionary metaphors weren’t new, of course. Since the age of Franklin and Hamilton, American inventors and their political and corporate patrons had made bold (and prophetic) claims about how new technology would change the world. From Horatio Alger to Andrew Carnegie to Henry Ford, politicians and journalists lifted up the figure of the ingenious, bootstrapping entrepreneur as an example and inspiration of what Americans could and should do. Only in America could you rise from rags to riches. Only in America could you be judged on your own merits, not your pedigree. In this telling, Silicon Valley seemed just like the latest and greatest example of the American Revolution in action.

			

			—

			
			Ronald Reagan was right. The high-tech revolution was an only-in-America story. And he and so many others were right to laud people like Jobs and Gates and Hewlett and Packard as entrepreneurial heroes. Silicon Valley could never have come to be without the presence of visionary, audacious business leaders. Reagan and his conservative allies also were right when they argued that overly regulated markets and nationalized industries could present big hurdles to entrepreneurial innovation—many of the globe’s would-be Silicon Valleys attest to that.

			Yet, in its celebration of the free market, the individual entrepreneur, and the miracles of a wholly new economy, the Silicon Valley mythos left out some of the most interesting, unprecedented, and quintessentially American things about the modern tech industry. For these entrepreneurs were not lone cowboys, but very talented people whose success was made possible by the work of many other people, networks, and institutions. Those included the big-government programs that political leaders of both parties critiqued so forcefully, and that many tech leaders viewed with suspicion if not downright hostility. From the Bomb to the moon shot to the backbone of the Internet and beyond, public spending fueled an explosion of scientific and technical discovery, providing the foundation for generations of start-ups to come.

			To declare that Silicon Valley owes its existence to government, however, is as much of a false binary as declaring that it is the purest expression of free markets in action. It is neither a big-government story nor a free-market one: it’s both.

			As we’ll see in these pages, as important as the fact that the U.S. government invested in tech is how that money flowed—indirectly, competitively, in ways that gave the men and women of the tech world remarkable freedom to define what the future might look like, to push the boundaries of the technologically possible, and to make money in the process. Academic scientists, not politicians and bureaucrats, spurred the funding for and shaped the design of more-powerful computers, breakthroughs in artificial intelligence, and the Internet—a marvelous communication network of many nodes but no single command center.

			Government largesse extended beyond the military-industrial complex, too. Deregulation and tech-friendly tax policies, lobbied for and especially benefiting computer hardware and software companies and their investors, helped the Valley grow large; ongoing public investments in research and education trained and subsidized the next generation of high-tech innovators. All the while, an increasing political distaste for grand government schemes and centralized planning kept political and military leaders largely out of the industry’s way. Despite the millions in federal investment coursing through its veins, the region’s tech cluster was allowed to grow organically, over time, largely off the political radar screen.

			This freedom had unanticipated consequences. From the mainframe era forward, national politicians used a remarkably light hand in regulating the data-gathering behaviors of an industry whose technologies they only vaguely understood, but whose hockey-stick growth boosted the domestic economy. When the government-built Internet finally opened up to commercial activity at the start of the 1990s, both Democratic and Republican politicians agreed that regulation should be minimal, with companies largely policing themselves when it came to things like user privacy. All this ultimately permitted a marvelous explosion of content and connectivity on social media and other platforms, but the people designing the rules of the Internet didn’t reckon with the ways that bad actors could exploit the system. The people building those tools had little inkling of how powerful, and exploitable, their creations would become.

			Another twist on a seemingly familiar story: the high-tech revolution is the result of collective effort as well as individual brilliance, and many non-technologists played critical roles. Success came thanks to a vibrant and diverse cast of thousands, not just the marquee players who became the subjects of bestselling biographies and Hollywood films. Some were brilliant engineers; others were virtuoso marketers, lawyers, operators, and financiers. Many became rich; many more did not. Operating far away from the centers of political and financial power in a pleasant and sleepy corner of Northern California, they created an entrepreneurial Galapagos, home to new species of companies, distinctive strains of company culture, and tolerance for a certain amount of weirdness. It was a place filled with smart people who had mostly come from somewhere else—other ends of the country, other sides of the globe—and who had a willingness to leave the familiar behind and jump into the unknown. “All the losers came here,” a tech veteran once told me in wonderment, “and by some miracle they pulled it off.”8

			The geographic and psychic separation between the Valley and the hubs of finance and government—not to mention the ivied halls of East Coast academia—was both its great advantage and its Achilles heel. Innovation blossomed within a small, tightly networked community where friendship and trust increased people’s willingness to take professional risks and tolerate professional failures. Yet the Valley’s tight circle, born in an era when the worlds of engineering and finance were all-white and all-male, programmed in sharp gender and racial imbalances—and narrowed the industry’s field of vision about the products it should make and the customers it could serve.

			Myopia extended further. The Valley’s engineering-dominated culture rewarded singular, near-maniacal focus on building great products and growing markets, and as a consequence often paid little attention to the rest of the world. Why care too much about the way government institutions or old-line industries worked, when your purpose was to disrupt them in favor of something far better? Why care about history when you were building the future?

			But there, again, revolutionary reality departs from revolutionary myth. For all its determination to push away the gatekeepers, dismantle ossified power structures, and think differently, the “new economy” of tech was deeply intertwined with the old.

			Venture capital came from Rockefellers and Whitneys and union pension funds. Microprocessors powered Detroit autos and Pittsburgh steel. Amid 1970s stagflation and 1980s deindustrialization, when all of America was looking for a more hopeful economic narrative, old-line media and old-line politicians championed technology companies and turned their leaders into celebrities. The whole enterprise rested on a foundation of massive government investment during and after World War II, from space-age defense contracts to university research grants to public schools and roads and tax regimes. Silicon Valley hasn’t been a sideshow to the main thrust of modern American history. It has been right at the center, all along.

			The Valley’s tale is one of entrepreneurship and government, new and old economies, far-thinking engineers and the many non-technical thousands who made their innovation possible. Even though every other industrialized nation has tried in some form to mimic its entrepreneurial alchemy, even though its companies have spread their connective tissue and disruptive power across the globe, it is an only-in-America story. And it is one born of a particularly lucky place and time: the West Coast of the United States in that remarkable quarter century after the end of the Second World War, where grand opportunities could await a young person with technical inclinations, the right connections, and a sense of adventure.

		

	
		
			ACT ONE

			START UP

			

			We all grew up together, really, and it all turned out very well.

			FRED TERMAN1

		

	
		
			Arrivals

			PALO ALTO, 1949

			The sunshine hit his face as soon as he stepped off the train. Born in South Carolina, raised in Florida, and living amid the snowdrifts of Erie, Pennsylvania, David Morgenthaler missed this kind of warm and welcoming climate. It was January 1949. Tall and loose-limbed, with traces of the South in his speech and the restless energy of the North in his manner, Morgenthaler was thirty years old and already had a remarkable résumé. He had graduated from MIT at age twenty-one, turned down a job offer from GE at the age of twenty-two, and had wartime command of 300 soldiers by the age of twenty-four. The young officer built airstrips in North Africa for Allied bombers, became the Army’s Chief Technical Officer in the Eastern Mediterranean, and was preparing to ship out to the Pacific when the United States dropped an atomic bomb on Hiroshima, one day after his twenty-sixth birthday.

			Returning to civilian life, Morgenthaler joined an up-and-coming engineering firm in the busy industrial city of Erie. Now, he had moved on to a second entrepreneurial company, a maker of superheated steam boilers for electrical power generation, and his bosses had sent him out West to give a series of lectures on their cutting-edge products.

			You have to think of it like a horse race, Morgenthaler would explain. That’s how the high-tech game worked. The horse was the technology. The race was the market. The entrepreneur was the jockey. And the fourth and last ingredient was the owner and trainer—the high-tech investor. You could have the best jockey, but if he rode a slow horse, then you wouldn’t win. Same thing if you had a fast horse, but a terrible jockey. Great technology without good people running the shop wouldn’t get very far. And the race had to have good stakes. Riding a fast horse to a win at the county fair wouldn’t reap many rewards, but the Kentucky Derby was another matter indeed. So it went with the market. There needed to be customers, and growth, not saturation.

			This stop on the speaking tour: Stanford University’s campus nestled against the coastal foothills thirty miles south of San Francisco. “What a lovely place to get a job,” Morgenthaler thought. But when he started asking around, his hopes deflated. “We’d love to have you,” his local contacts told him, “but we can’t afford you.” Palo Alto was a place for farmers and ranchers, or for people who were already rich. The war had made the region a hive of activity, but peacetime had returned it to rural sleepiness. Nearly everything happening in the electronics business was three thousand miles distant; local electronics companies were still small. Their finances were often unsteady. Plus, it was so far away from everything. A long-distance phone call to family back East would have cost 5 percent of his monthly salary.

			Palo Alto didn’t seem to have horse, race, jockey, or owner. David Morgenthaler reluctantly returned to the snows of Erie.1

			NEW YORK, 1956

			Before she got on the subway for her interview at IBM, Ann Hardy looked up the word “computer” in her college dictionary. She didn’t find an entry. No matter. She wanted an interesting job, and work in computing sounded like it might be the ticket.

			Cheerful, confident, and technically minded, the twenty-three-year-old Hardy had always hoped to be a scientist. She had been frustrated at every turn. First came her early years in Chicago’s North Shore suburbs, in a family that deeply disapproved of female professional ambition. When she won admission to Stanford, her mother forbade her to attend. So she consoled herself by enrolling in Pomona, another California college where she could find sunshine, distance from family, and a major in science.

			There, once again, authority figures got in the way. “Women can’t major in chemistry,” the chair of Pomona’s department told Hardy flatly. Similar turndowns came from elsewhere in the hard sciences. The resourceful freshman looked further. She found her future at the edge of campus, in the university field house. Phys ed: an academic program, chaired by a woman, whose premed degree requirements included all the math and science classes a geek could desire.

			After graduating in 1955, Hardy headed east to New York City and to Columbia University’s graduate program in physical therapy. Within weeks came further disappointment. Doctors knew better than physical therapists, explained the professor to a lecture hall full of quietly attentive students. It would be unwise to disagree with a physician’s diagnosis, publicly or privately. That did it. Hardy knew that she would not last long in a position that wouldn’t let her speak her mind. Getting an MBA might help, but those programs didn’t accept women. She dropped out of graduate school and began a furious round of professional networking. Surely someone knew someone who might help her find something exciting, perhaps even exceptional. At last: a man she knew from Chicago now worked as a computer programmer at IBM. They needed lots of programmers, he told her. No prior experience needed. All you had to do was pass an aptitude test.

			IBM was well on its way to controlling 75 percent of the computer market on the day Ann Hardy walked through its front doors. Its plate-glass windows shone brightly around the clock, framing a clean, fluorescent-lit roomful of what newly installed CEO Thomas J. Watson Jr. called “well-dressed technicians” busily programming the newest IBM model. Young women got the most visible seats in the house. If passing businessmen saw the women working the computers, Hardy remembered the IBM brass telling her, the machines “will look simple and men will buy them.”

			All those undergraduate classes in the phys ed department paid off. IBM was a company whose success depended on a strong understanding of their customers, and it sought out premed types who, as Hardy put it, “cared about people” along with having a scientific background.

			Hardy passed the aptitude test with flying colors and proceeded to hammer through IBM’s six-week training program, emerging as one of the top three graduates in a cohort of fifty. While men with comparably high scores got offered jobs in sales, all she got offered was a spot as a “Systems Service Girl,” a winsome assistant who’d help new customers learn how to work their machines. No, thank you. She’d stick to being a computer programmer. Downstairs she went, to the gleaming lobby showroom.2

			PALO ALTO, 1957

			One year later and three thousand miles to the west, another bright and ambitious young person started a new job, too. Burton J. McMurtry was just about the same age as Ann Hardy, old enough to remember depression and war, entering young adulthood in the prosperity and anxiety of the Cold War 1950s. The second son of a modestly middle-class Houston family, McMurtry set his sights early on going to college across town at tuition-free Rice University. There still wasn’t much money around to pay for college living expenses, so he spent several summers out in the oilfields, where a young man could earn more than $1,000 a season.

			The hard, physical work was completely different from anything they taught in school. Throughout the sun-blasted, 100-degree days, he learned how to handle a six-foot-long pipe wrench while high up on a refinery platform. His roustabout coworkers had little formal education, but they understood how to solve problems. “You learned a lot,” he remembered, “about how to do things in a practical way.”3

			After graduating with an engineering degree from Rice in 1956, McMurtry landed in Schenectady, New York, as a summer intern at General Electric’s microwave laboratory. He was hooked. Microwave technology was an “electronic war baby”—a tool that came into its own during World War II, its R&D fueled almost totally by military contracts. A decade later, it was turning into a big business. Those frequency radio waves had many applications, from beaming wireless television signals to cooking potatoes to generating vast amounts of energy through particle acceleration.

			If Burt McMurtry wanted to get into the microwave business, his GE supervisors told him, he needed to head to Northern California. Stanford had the best graduate training in the field. Nearly every big electronics firm in the country was opening up microwave labs nearby. Applying there was a pretty simple matter back then, particularly for a sharp young man with the right references. In those days, the school accepted about half of the undergraduates who applied; for a Rice graduate with good connections, admission would be a breeze.

			Since David Morgenthaler’s 1949 visit, Stanford’s engineering program had more than doubled in size. An added bonus for a newly married man with a baby on the way: Stanford had a cooperative program with local companies that allowed grad students to work full-time while earning their degree, all tuition free.4

			It was just a matter of tracking down one of those jobs, and McMurtry found it with New York–based Sylvania, which had just expanded its microwave laboratory operations in Mountain View just to be close to Stanford’s faculty expertise and talent pool. Not even a recruiting visit during an especially cold and rainy February day dampened his excitement at the prospect of going to Stanford and working in microelectronics. Six months later, the twenty-three-year-old and his wife, Deedee, were packing up their car and driving out West.5

			

			—

			Burt McMurtry and his bride joined a mass migration of some five million people who came to California in the 1950s, an exodus that included some of the best engineers in the country making their way to the twenty-square-mile patch of South Bay countryside. Most were just like him. They were in their twenties and early thirties, nearly all white and male. Many hailed from small towns and cities of the Midwest and Southwest rather than the metropolises of the East. Some were veterans who had picked up engineering skills while working on battleships and radar stations during the Korean War. They were Silent Generation squares who sported sharp crew cuts and neatly pressed shirts and slacks. They lacked pedigree, prep school ties, or Ivy League diplomas. Instead, they had energy, mobility, and engineering degrees—a most valuable currency in a Cold War world propelled by technology.

			No single thing is responsible for the economic phenomenon that later became famous as “Silicon Valley.” It came from a perfect storm of luck and circumstance, geopolitics and macroeconomics, talent and leadership, and young men in search of the sunshine. Many of these drivers of transformation were budding when David Morgenthaler made his 1949 visit. By the time the McMurtrys rolled into town in 1957, they were in full blossom.

			For one big thing had changed in those eight years. The U.S. government got into the electronics business and became, in a sense, the Valley’s first, and perhaps its greatest, venture capitalist.

		

	
		
			CHAPTER 1

			

			Endless Frontier

			Palo Alto, California, in the mid-1950s was a tidy railroad village, filled with wood-frame Victorians, low-slung bungalows, and prim storefronts. Freshly built subdivisions of ranch houses fanned out from the city center, their winding roads dotted with scrawny, newly planted trees. Yet this was no ordinary suburb. Letters to the editor debated the merits of Mozart, classical records outsold rock-and-roll, and “appallingly brainy” high schoolers regularly scored in the “genius” level of IQ tests. At a time when only 7 percent of American adults had completed four years of college, more than a third of Palo Alto men had college degrees. Even more remarkably, so did 20 percent of the women. Unfortunately, all the educational firepower didn’t bring much in terms of nightlife. “You couldn’t pay me to live here,” said one young bachelor to a visiting reporter. “Night falls,” the correspondent noted, “with a deep yawn over much of this city.”1

			THE FARM

			The university at the center of this sleepy outpost had been unusual from the very start. Opened in 1891 by Southern Pacific Railroad tycoon Leland Stanford and his wife, Jane, Stanford University was no liberal arts enclave like Harvard and Yale, founded to educate clergymen and the literate gentry. The Stanfords weren’t pointy-headed intellectuals, and their charge was pragmatic: their university’s purpose was “to qualify its students for personal success, and direct usefulness in life.” They admitted women. Tuition was free. Stanford wasn’t a place for the elite; it was for working-class strivers like Leland Stanford once had been himself. It was to be a place where anyone, no matter how humble, might one day become a tycoon too. “We have started you both on the same equality,” Jane Stanford told the men and women of the first entering class, “and we hope for the best results.”2

			What’s more, the founders bequeathed the school thousands of acres of land with the proviso that the property could be leased, but never sold. A grand campus of sandstone and red tile—so different from the Gothic quads of the Ivy League—was only one piece of “the Farm,” which stretched west, north, and south into open fields and grass-covered hills where horses and sheep grazed and students and professors picnicked and hiked.

			Before World War II, a very similar landscape had stretched north and south from Palo Alto along the fertile Santa Clara Valley. The region had been best known for its prodigious harvest of prunes, occasionally making national headlines during its annual “prune week” (slogan: “Eat five prunes a day and keep the doctor away”). Travel magazines wrote glowing features and local writers penned sentimental poems praising “the Valley of Heart’s Delight.”3

			Plenty of fruit trees remained in the middle of the 1950s, but prunes were beginning to give way to bigger things. Dotted with military installations and airplane factories, the state of California was the number-one recipient of the giant swell of federal defense spending during and after World War II. During the war, soldiers streamed through San Francisco on their way to the Pacific Theater. Thousands more civilians had migrated west for work in the state’s shipyards and armaments factories. Many stayed for good, and the military installations and defense contractors webbed up and down the West Coast roared to life as the Cold War intensified. While Seattle, Los Angeles, and parts of the Bay Area specialized in building big—warplanes, battleships—the towns and cities that stretched south down the San Francisco Peninsula specialized in building small. Thanks to federal spending, the Valley of Heart’s Delight was quickly becoming the valley of sophisticated electronics and instrumentation.4

			The postwar explosion didn’t come out of nowhere. A few Bay Area start-ups had long been in the business of making the delicate, high-tech components that gave larger computing and telecommunications machines their power: vacuum tubes, wireless transmitters, electromagnetic tape.

			Stanford was a critical catalyst from the start. Seed capital from the university’s first president, David Starr Jordan, and other faculty investors started up a wireless radio company called Federal Telegraph in a Palo Alto bungalow in 1909. Stanford grad Charles Litton worked at Federal Telegraph, then left to start his own wireless company in a Redwood City backyard in 1932. Litton’s fellow ham radio enthusiasts Bill Eitel and Jack McCullough left a company founded by another Stanford alum to start a pioneering manufacturer of exquisite, expensive vacuum tubes needed to power radar systems. Faculty member William Hansen partnered with Sigurd and Russell Varian to invent the klystron—a foundational wave-frequency technology—in a Stanford laboratory in 1937. The brothers commercialized their innovation a decade later as Varian Associates. Last but hardly least, Stanford alums Bill Hewlett and David Packard scraped together $595 to start an electronic instrumentation firm in a Palo Alto garage in 1939.5

			The military had a prewar presence as well. In 1930, the heyday of giant gas-filled dirigibles, the Santa Clara Valley beat out San Diego to become home to a major U.S. Naval blimp station. The tipping point came when a group of local boosters pooled resources to buy the thousand acres the Navy needed. It also didn’t hurt that the man signing the authorizing legislation for the station, President Herbert Hoover, was a Stanford alumnus with strong local ties. The result was Moffett Field, a major hub of aviation and aerospace research sprawling along the newly constructed Bayshore Freeway, straddling the border of Mountain View and Sunnyvale. It opened in 1933; the National Advisory Committee for Aeronautics (NACA) opened a research center next door six years later.6

			As tempting as it might be to read history backward, however, the San Francisco Bay Area was not unique. In the furiously industrious early decades of the twentieth century, you could find similar little clusters of young entrepreneurs in cities across the continent. High-tech products blossomed everywhere: automobiles in Detroit, biplanes in Dayton, cameras in Rochester, lightbulbs in Cleveland, radios in New York. Military installations dotted the landscape too. Yet Northern California quickly pulled away from, and ultimately surpassed, all the competition. The region did so because of extraordinary opportunity flowing its way in the 1950s—and because of extraordinary people who took advantage of that opportunity.

			ARMY OF BRAINS

			It began with the Bomb. To scientists and politicians alike, the technological mobilization of World War II—and its awesome and ominous centerpiece, the Manhattan Project—showed how much the United States could accomplish with massive government investment in high technology and in the men who made it. America’s wartime investment not only marshaled physics to produce the most fearsome and powerful weapon in human history, but it also catalyzed development of sophisticated electronic communications networks and the first all-digital computer—technologies that undergirded the information age to come.

			Even before peace had been declared, leading scientists had started to make the case for continued public spending on blue-sky technological discovery. As Cold War chill set in after the hot war’s end, national security now depended on having the most sophisticated weapons in one’s arsenal. Government spending on research and development shot up further. Thus began an extraordinary market disruption that accelerated the growth of new companies, sectors, and markets.

			The human catalyst for much of this change was an engineering professor with an odd name and a talent for connecting people and ideas: MIT’s Vannevar Bush, tapped by President Roosevelt to run the wartime Office of Scientific Research and Development (OSRD), an operation that mobilized thousands of PhDs and spent half a billion government dollars by war’s end. Bush also was co-founder of one of the century’s earliest high-tech start-ups, Raytheon, founded in 1922 to market gas rectifier tubes that provided an inexpensive and efficient power source for home radios.7

			As the architects of the atom bomb labored in secrecy, Bush became the most prominent public face of the government’s research efforts. A 1944 Time cover story dubbed him the “General of Physics.” Yet the MIT man was more than a mere political operator or bureaucrat. He was an audacious, prescient technical thinker. In 1945, he published a long essay in The Atlantic that proposed a mechanized system for organizing and accessing knowledge. Bush called it the “memex,” a machine he cheerfully described as being designed for “the task of establishing useful trails through the enormous mass of the common record.” Generations since have hailed the memex as inspiration for the hypertextual universe of the World Wide Web.8

			Bush’s more immediate impact, however, came from another of his networked creations: the OSRD’s great army of scientific men and university research laboratories, all mobilized at breakneck speed to provide the computational power needed to win the war. Making modern weaponry—from the millions of conventional weapons disgorged from the bellies of B-52s to the singular atomic bomb itself—was at its core a math problem, demanding thousands of lightning-fast calculations to determine a missile’s arc, a radar system’s nodes, a mushroom cloud’s spread. “More than a hundred thousand trained brains working as one,” was how The New York Times described Bush’s scientists at the time, and elite brains they were: having to mobilize a team quickly, the man from MIT drew on people and institutions he knew the best.9

			One of those people entering this close and clubby world of scientific men was a genial but intense Californian who had been Bush’s very first doctoral student: Stanford’s Frederick Emmons Terman. Like so many who would later make their mark on the tech industry, Fred Terman was a faculty brat, the son of famed Stanford psychologist and IQ-testing pioneer Lewis Terman. (The elder Terman’s research into intelligence testing was only a shade removed from the stridently racist work of Stanford’s founding president David Starr Jordan, whose investigations of human “fitness” made the university’s now-notorious early reputation as a hub of eugenics research.) Fred Terman forged a wholly different path, heading east in the early 1920s to study electrical engineering at a place that at the time was still known as “Boston Tech.”10

			After finishing his MIT degree in two years, Fred Terman returned home to become the hardest-working man on the Stanford faculty, working seven days a week and relishing every moment. He spent his brief moments of leisure playing competitive bridge. When once asked why he never took vacations, Terman replied, “Why bother when your work is so much fun?” At one point, he was the main advisor for half of the graduate students in his department. Terman also embarked on a lifelong project of encouraging the best of them to strike out on their own as entrepreneurs. Nine months before Hitler’s invasion of Poland, it was Terman who had persuaded two of his most beloved Stanford protégés, Hewlett and Packard, to start up their eponymous company across town.11

			Although deeply loyal to his university and hometown, when Terman received Bush’s call to come back to Boston and join the grand project of war work, he didn’t hesitate. Destination: Harvard, where Terman headed up a lab devoted to “radar counter-measures.” The furious pace of war work was a perfect fit. “Everything is just ducky here,” wrote his wife, Sybil, to her sister, but “Fred is so busy, I don’t see how he lives.”12

			Terman’s wartime experience was typical. Needing to move fast and produce immediately applicable results, Bush’s research operation operated largely via outsourcing, sending contracts for basic and applied research to university laboratories, and pulling in a team of experts from all over—even if it meant asking people to move across the country for the duration of the war. The prominent role of government was a significant culture shift for American universities, as was the scale of spending. Where before a department counted itself lucky to receive a private donation of a few thousand dollars for an industrial research project or a modest amount of foundation work, now it regularly received government grants many orders of magnitude larger.13

			The bounty wasn’t evenly spread, however. Massachusetts institutions alone received one-third of all the money spent by OSRD. Most of that third went to one place: MIT’s Radiation Laboratory, or “Rad Lab,” tasked with developing a top secret system of radar technology to win the war. (The Rad Lab was offense, and Fred Terman’s lab was defense, developing technologies to jam enemy radar.) Thanks to the fat contracts going to the Manhattan Project architects affiliated with the University of California, Berkeley, California came in second. New York State, home to most of the nation’s largest electronics companies, followed closely on its heels. Everywhere else lagged far behind.14

			BIG SCIENCE

			A few months after Bush’s Time cover splashed over the nation’s newsstands, Franklin Roosevelt wrote an open letter to his “General of Physics” asking for formal recommendations of how the government might encourage research on a permanent basis. The language of the president’s request was as audacious as Bush’s emergent idea of the memex, and likely took editorial cues from the ebullient science advisor himself. “New frontiers of the mind are before us,” Roosevelt wrote Bush, “and if they are pioneered with the same vision, boldness, and drive with which we have waged this war we can create a fuller and more fruitful employment and a fuller and more fruitful life.”15

			An already ailing FDR did not live to see the results of his pitch. In July 1945, Bush delivered his report to a new president, Harry Truman. Titled Science, the Endless Frontier, the brief took up Roosevelt’s high-flying, politically evocative language, and ran with it. “The pioneer spirit is still vigorous within this nation,” wrote Bush. “It is in keeping with the American tradition—one which has made the United States great—that new frontiers shall be made accessible for development by all American citizens.” Scientific discovery could be America’s manifest destiny for the twentieth century, just as westward conquest had been to the nineteenth. The way to do it: a new agency run by scientific experts, a “National Research Foundation.” The next month, the detonation of atomic weapons over Hiroshima and Nagasaki gave Bush’s argument about technological capacity a grim and forceful proof point.16

			From the very beginning, then, there was a cognitive dissonance in the way America’s postwar politicians and technologists talked about the world-changing upsides of high-tech investment—expanding the frontiers of knowledge, pushing out into the unknown, bettering society, furthering democracy—and the far more bellicose and disquieting reasons that this investment happened in the first place. Vannevar Bush talked about an “endless frontier,” but political leaders agreed to such lavish public spending on science and tech in order to fight endless war. Bush’s idea of a public agency devoted to funding basic research (now renamed the National Science Foundation, or NSF) became reality after Congress received the alarming news in 1949 that the Soviets had managed to build a bomb of their own, showing American leaders that the USSR clearly had a scientific capacity far greater than previously imagined. One year later, as the U.S.-Soviet conflict heated up with war in Korea, the Truman White House issued NSC-68, authorizing a spike in military spending—and in this age of physics-driven weaponry, this meant more money for science and technology. By the end of 1951, the U.S. had put more than $45 billion into military procurement.17

			The “New Look” military strategy adopted by Dwight Eisenhower and his Secretary of State John Foster Dulles beginning in 1953 accelerated the shift toward advanced electronics, moving defense spending away from ground troops and conventional arms and toward ever-more-sophisticated weapons and the calculating machines that helped design them. Military planners reckoned that they’d need the electronics industry to increase its production levels five times over to accommodate national security demands.18

			The significance of the push wasn’t just the considerable amount of money America’s political leaders agreed to start spending on science in the decade following the war—it was how they spent it. For the era also was the height of McCarthyite witch hunts, when bold, centralized government planning efforts smacked of socialism and authoritarianism. Thus, the National Science Foundation followed the precedent of Vannevar Bush’s OSRD: it did not conduct basic research itself, but allocated grants to university researchers through a highly competitive selection process. “Every idea,” wrote NSF officials in their first annual report, “must compete against all other ideas in the market place of science.”19

			The same thing happened on the “D” side of R&D: the Army and Navy outsourced the job of designing and building high-tech weapons to private electronics and aerospace companies, reanimating industries that had boomed during wartime and slumped after V-J Day. Defense Department officials persuaded Congress to authorize bigger tax breaks for electronics plant construction, and bought companies the expensive machines needed to build military-grade equipment.

			New technologies saturated every branch and activity of the Cold War military machine. From walkie-talkies soldiers carried in their pockets to radar systems strung across continents, electronic communications equipment powered nearly every aspect of the modern military. A single bomber now carried twenty different pieces of electronics, each costing as much as the whole plane had merely one decade before. Supersonic planes demanded sophisticated electronics to help their human pilots, because “the airplanes simply blast through space faster than the human mind can think,” as one aerospace executive put it. By 1955, thanks to the money being shoveled in the electronics industry’s direction, it had revenue of $8 billion a year—the third largest in the United States, behind only autos and steel.20

			THE YOUNG AND TECHNICAL

			The military-industrial complex ran on people power too. Ramping up R&D required thousands of physicists, engineers, mathematicians, and chemists with cutting-edge skills and a Terman-esque work ethic. Need far outpaced supply. Altogether, the nation’s universities had produced only 416 physicists and 378 mathematicians between 1946 and 1948. It was a classic chicken-and-egg problem. The military needed the best scientists. At the time, nearly all of them worked in universities. Lure these people away to work on defense projects, and frontier-busting basic research would suffer—as would the capacity of universities to produce more scientists. Pentagon spokesman Eric Walker observed dourly, “we are adding to a strategic national resource at a slow rate indeed.” By 1952, the NSF estimated that the U.S. was close to 100,000 scientists short. But military planners put a positive spin on it. “In a sense,” reckoned Truman’s defense mobilization chief, the former GE executive “Electric Charlie” Wilson, “shortages are a symbol of our progress.”21

			For the young and technical, the world was their oyster. A New Yorker paging through the Sunday Times on any given weekend in the mid-1950s would have found its executive employment section stuffed with pitches aimed at the technical and ambitious. “Wanted: Scientific Frontiersmen,” proclaimed Connecticut defense contractor Avco. “The scope of your future can be as LIMITLESS as the ATOM’S,” exulted Boston-based Tracerlab. “Are you an engineer or draftsman who must see growth?” asked Pennsylvania’s Westinghouse. Men who had worked with military technology during wartime were particularly valuable prospects (“veterans preferred,” noted Sperry Gyroscope), but even more prized were the few possessing PhDs in electrical engineering, physics, or math. “If you have more to offer,” IBM promised, the company would return the favor. “At IBM men find the kind of facilities, associates and climate which stimulate achievement.”22

			All these ads appeared in the “employment wanted—men” section in those days of gender-segregated classifieds, of course, and the tidal wave of technical talent hired on by defense contractors in these early years usually looked like the science and engineering classrooms in American colleges: nearly all male, all white, and under forty. “Modern science,” The New York Times reminded its readers, “is a young man’s business.”23

			Dig a little deeper, though, and you could find engineers that didn’t fit that stereotype. An integrated wartime military had produced a good number of technically trained black veterans, too, and the fierce demand and shortage of engineering talent opened up professional opportunities rarely seen in a racially segregated and deeply unequal America. The nation’s black newspapers held up these men’s accomplishments as a credit to their race. A reader could find glowing stories about men like Raymond Hall, a graduate of Purdue University’s top-ranked engineering program who worked at RCA. Or about an ex-preacher and physicist named Edward W. Jones who supervised junior engineers and ran top secret tests at Westinghouse. “We are going to be physicists like Daddy,” proclaimed his four children (three boys, one girl) to a reporter for the black daily The Pittsburgh Courier.24

			The same went for women. War work had produced scores of female computer programmers, given training and opportunity not simply because so many men were at war, but also because the hardware designers believed that programming was a rote and non-technical job, comparable to a telephone operator or stenographer. The work became known as “coding” precisely because it was considered to be little more than transcription or translation, rather than the creation of original content. In wartime and after, rhapsodic press coverage celebrated the mathematical prowess of the mainframe machines—the “electronic brains”—but paid little attention to the mostly female operational labor force that made those feats possible. In the 1950s, despite the mounting evidence that programming was a creative profession that required a great deal of skill and tacit knowledge, it retained its clerical reputation—giving young women an opportunity to get in the door, and learn by doing. If those women had taken a decent amount of college science and math, like Ann Hardy, they were eligible for supervisory roles.25

			It wasn’t easy to rise up the ranks, though. Hardy managed to do it in her six years at IBM due to her programming ability, a powerful work ethic, and an unwillingness to acquiesce to the sexist nonsense surrounding her. As a result, she had the opportunity to work on groundbreaking computing projects. She became an early member of IBM’s Stretch project (also known as the IBM 7030), an audacious effort to build a scientific supercomputer for the government’s nuclear research at its Los Alamos National Laboratory. Like so many government-funded projects, the Stretch literally stretched the boundaries of what was possible in computing. It sold for close to $7 million; only nine were built. The feds were a demanding client. Los Alamos staff reminded IBM in early planning meetings that “high reliability [was] required” and “compact” size desired. The result was a machine that, at least for a few years, reigned as the world’s fastest computer. Ann Hardy was one of the few people who knew how to program it.26

			By the time the Stretch was done, however, Hardy had become tired of fighting the old boys’ network at Big Blue. She had loyally moved “up and down the Hudson” as she transitioned from one unit of the company to another, bouncing from New York to Ossining to Poughkeepsie as IBM demanded. Her standout programming skills had gotten her promoted to middle management, but she couldn’t advance any further without an MBA—ideally, her supervisors suggested, from Harvard. Except Harvard didn’t take women. “Everything I looked at, I couldn’t do it,” she remembered in exasperation. “There was some roadblock there.” The last straw was discovering that the men she supervised all made more than she did. After she confronted the higher-ups, she got a massive raise—but one that still left her making less than the lowest-paid man on her team.

			That was it. Hardy took a leave from IBM and left the East Coast altogether. If she couldn’t get a Harvard MBA, she would go back to school at one of the best places in the world to learn science and engineering: the University of California, Berkeley. One year later, she joined the federal laboratory in Livermore, a top secret facility at the far reaches of the Bay Area’s sunbaked eastern hills. She was no longer the only technical woman in the room. “I actually shared an office with a woman,” she marveled. Corporate America was utterly unused to having women managers in the ranks; America’s great military-run technical machine, in contrast, had had scores of technical women present at its wartime creation, and the egalitarian spirit lingered on. In the no-nonsense confines of what was then the heart of the U.S. military’s nuclear research operation, “they didn’t completely discount women like you didn’t matter.”27

			Ann Hardy wasn’t alone in making the westward exodus. In an era when so many Americans were on the move, and when so many companies were falling over themselves to employ the young and technical, a great many were picking up and heading toward the sunshine.

			GO WEST

			From his wartime office on Cambridge’s brick-lined quads, Fred Terman had seen the outlines of America’s high-tech future coming into sharp relief, and had become determined that his dusty and quiet little slice of Northern California would be part of it. This was Stanford’s critical moment, he wrote a colleague frankly in 1943. “I believe that we will either consolidate our potential strength, and create a foundation for a position in the West somewhat analogous to that of Harvard in the East, or we will drop to a level somewhat similar to that of Dartmouth, a well thought of institution having about 2 per cent as much influence on national life as Harvard.” Now that high-tech research was a national priority, becoming a powerhouse university was not only a point of academic pride. It could unlock a wave of new economic growth for an entire region. Upon returning to California, Terman set about persuading Stanford administrators to take advantage of the “wonderful opportunity” presented by the coming surge of government contracts—even if it meant reorganizing the university to do it.28

			This would not be an easy task. Even after the war, the action in electronic computing remained overwhelmingly on the East Coast, home to companies large and small, banks and financiers, and most of the private-sector customers. Philadelphia had UNIVAC, the first digital mainframe maker, which had been commercialized from ENIAC, the legendary all-digital machine built at the University of Pennsylvania during the war years. (“UNIVAC” became shorthand for early mainframe computers in the way that “Kleenex” and “Google” later stood in as proxies for whole product or service categories.) New York had IBM, the company that triumphantly positioned itself as “a business whose business was how other businesses do business” and whose sales and marketing prowess swiftly turned it into the dominant mainframe producer.

			MIT and Harvard weren’t just the biggest players in the growing federal research complex—the leaders of those universities were the creators of that research complex. Their dominance turned Boston into the postwar era’s first start-up hub, home to companies spinning out of university labs and to the first high-tech venture capital fund. When it came to the marvelous and fearsome world of the giant, blinking, beeping mainframe, the makers and the market were almost entirely restricted to the 500-mile strip of the Northeast Corridor.

			Yet Terman could see what others could not. The great surge of military spending was remapping the nation’s high-tech geography, knocking the East Coast off its perch as the capital of advanced electronics, and creating an extraordinary opportunity for entrepreneurial Westerners to rush in. The nuclear age had given new industrial purpose to the arid zone beyond the Hundredth Meridian, whose vast high deserts had provided the remoteness, the openness, the tiny population base needed to conduct nuclear research and testing in secrecy.

			From the Grand Coulee to the Hoover to every river and cataract in between, the massive dam-building projects begun amid farm drought and Great Depression in the 1930s came online to provide cheap hydropower for the electricity-guzzling demands of the postwar aerospace industry. Up and down the Pacific Coast, cities whose military bases and shipyards had powered the fight against Japan now had factories running at full throttle, producing airplanes and missiles and all kinds of armaments to fight the many fronts of the global struggle between American capitalist democracy and Soviet communism. The Pacific tilt made aerospace companies headquartered on the West Coast—from Boeing to Lockheed to Hughes Aircraft—some of the biggest manufacturers in the nation.

			For the region’s universities, science was, truly, an endless frontier. MIT and Harvard and other Ivies still rested atop the list of federal grantees, but the overall pool of research spending had become so large that institutions in other parts of the country now won considerable chunks of that bounty. Research money gushed toward the universities of the Pacific West, from the evergreen-limned quads of the University of Washington in Seattle to the flower-fragrant plazas of Cal Tech in Pasadena. Buoyed by streams of public money and expanding student populations, they transformed into what University of California Chancellor Clark Kerr famously called “multiversities” of immense economic and political impact.29

			To observers gazing at the faraway strangeness of California from the comforts of the Eastern Seaboard, it made sense that Berkeley, home to the physicists who built the atomic bomb, became one of the most important parts of the postwar research machine. Outsiders were a touch more surprised by Stanford, once written off as the sentimental folly of a nineteenth-century robber baron and his wife, a school best known for its pretty scenery, rugged football team, and Herbert Hoover—who had retired there after his electoral pummeling in 1932. Who could have imagined that this university would become a hub of cutting-edge electronics research? Who would have thought a small Northern California college town would become the capital of the high-tech world?

			Fred Terman never doubted it for a minute.

		

	
		
			CHAPTER 2

			

			Golden State

			Terman returned home ready to get to work. In his quest, he found an invaluable ally in J. E. Wallace Sterling, a historian who took over the Stanford president’s office in 1949. Built like a linebacker and brimming with charm, Wally Sterling was a specialist in foreign relations who had come to Stanford from Cal Tech, giving him a strong appreciation for both the nuances of the Cold War struggle and for the growing importance of research universities within it. Sterling promoted Terman from Dean of Engineering to Provost, and gave his blessing to the reorganization of the university around what Terman called “steeples of excellence,” building up programs like physics, materials science, and electrical engineering.1

			Such a radical reshuffling could never have been possible at Harvard or MIT. But Leland and Jane Stanford had given their university an applied, engineering-first approach from the very start, and had laid down no hard-and-fast rules about how the university must organize itself. The university was also quite young—in business for barely sixty years by the start of the Korean War—and had relatively few traditions or entrenched practices that might resist the machinations of an engineer-administrator determined to turn Stanford into the perfect laboratory for the military-industrial complex.

			Such license allowed Terman to not only build up basic research capacity but also move his university into even more applied work, bringing together star faculty and lab resources into the new Stanford Electronics Laboratories. The facility quickly became one of the military’s most important hubs of reconnaissance and radar R&D. At a moment when America lived in fear of missiles and bombs raining out of the sky, Stanford researchers made the signal jammers and wave tubes that kept that from happening. Humanities professors howled at the shifting of resources away from disciplines that didn’t have much relevance to the Cold War research enterprise. Yet the strategy proved remarkably effective. Within a few years Stanford became one of the largest recipients of federal research dollars and had vaulted up the ranks in prestige.

			Terman and his colleagues also exploited Stanford’s other great, unique asset: its massive real estate holdings. The nearly nine thousand acres bequeathed to the school in the Stanfords’ founding grant had been something of a white elephant for years; in the prune capital of the world, the only parties interested in leasing it were farmers and ranchers. But during the postwar boom, in which not only military riches but new suburban residents poured into the San Francisco Peninsula, Stanford’s acreage went from being a drag on the balance sheet to a moneymaking engine.

			Going against the advice of consultants who encouraged the university to take advantage of the postwar suburban exodus and cover its hillsides with ranch homes and cul-de-sacs, Sterling and Terman in 1952 began developing a 350-acre chunk of open space into a research park for advanced industry. This was something few universities had ever done before (and scores would do afterward, in hopeful imitation of Stanford’s model). Lucky tenants got special access to Stanford students and faculty as well as Class A commercial buildings just a short bike ride away from campus. Designed to blend in seamlessly with the homes and gardens around it, the park’s buildings looked more like suburban middle schools than industrial facilities, sitting in solidary splendor amid extensive landscaping.2

			The big bet paid off, handsomely. At Terman’s urging, homegrown start-ups Hewlett-Packard and Varian Associates became the anchor tenants of the Industrial Park when it opened. And blue-chip East Coast companies like GE and Kodak agreed to join them, paying top dollar to be near university “brains” of both the human and digital variety. Firms across the region signed up to Stanford’s partnership programs. Other electronics behemoths like Litton and Sylvania established microwave-tube research labs nearby. “Obviously, this is not a coincidence,” Terman preened. “There was a real technical fall-out from the Stanford activity.” David Packard agreed. “These people have come to Palo Alto for one reason and one reason only,” he noted two years after the Park’s opening. “They want to be close to Stanford University because [it] is a great source of ideas of the electronic industry and a source of well-trained engineers.”3

			The Stanford Industrial Park brought high-tech companies literally next door to campus and made them “Industrial Affiliates” who (for a fee) could obtain special access to Stanford faculty and graduate students. Professors and grad students bounced between college classrooms and high-tech start-ups, often getting in on the lucrative ground floor of companies that later became high-tech behemoths. Wherever Terman and his engineering faculty found the newest thing in industrial technology, they adjusted academic programs accordingly, ensuring Stanford produced the kinds of graduates these companies needed. As Terman once declared, the West Coast electronics industry was about “selling the products of the intellect.”4

			The new academic enterprise grew remarkably swiftly. By the time Burt McMurtry showed up on campus in the fall of 1957, he found a research park crammed with tenants and a campus brimming with star faculty and sharp graduate students. “Stanford was a candy store,” he remembered. “There was this openness that was very different. Academia usually thought of itself as on a higher plane than industry, but Terman had—by force of will—insisted that Stanford was going to be outward-looking.” Faculty were encouraged to spend time in industry, and were welcomed when they returned. Many students, like McMurtry, worked at electronics firms around town.5

			The flow wasn’t about transfer of technology, it was about talent—about people who moved back and forth from the labs of Stanford to the offices of its research park to the ramshackle warehouses and prefab office buildings that began stretching southward down El Camino Real. Everywhere else in the 1950s, academia was a true ivory tower, surrounded by impregnable walls between town and gown, between “pure” research and business enterprise. At Stanford, those walls dissolved.

			BILL AND DAVE

			By the middle of the 1950s, the firm founded by two of Fred Terman’s favorite graduate students had become a potent example of how new industries could bloom in the Santa Clara Valley. Buoyed by both defense contracts and by growing commercial demand for their sophisticated electronic test and measurement devices, HP had become a powerhouse, with more than a thousand employees and $30 million in net revenue. “A top-drawer Palo Alto electronics outfit,” proclaimed BusinessWeek. The company also earned a local and national reputation for its distinctive business culture, one far removed from the gray-suited ranks of organization men and executive hierarchies of midcentury American capitalism. Creatures of the engineering lab instead of the Fortune 500, the two founders scoffed at modern theories of how to run a corporation—“I’ve never been much on management experts,” Packard once observed—and they made a hands-on, nonhierarchical approach central from the start. The two founders liked to call it “management by wandering.” It was the start of a broader corporate culture and organizational mission dubbed “The HP Way.”6

			At the company’s headquarters at the heart of the Stanford Research Park, employees and shirtsleeved executives ate lunch together on the building’s sun-drenched patio. They played volleyball and horseshoes on the lawn out back, and spent off-work hours socializing together with their wives. Although this was a high-water mark of worker unionization in the U.S., Hewlett and Packard had about as much patience for card-carrying union members as they did for three-piece suits and corner offices. Instead, to build loyalty and camaraderie, HP gave out stock.

			After HP went public in November 1957, fortunes rose along with its share price. Yet from the start, the two founders consciously presented their firm as a business concerned with higher and better things. “I think many people assume, wrongly, that a company exists simply to make money,” Packard once told HP managers. “While this is an important result of a company’s existence, we have to go deeper to find the real reasons for our being.” Nonhierarchical, friendly, a change-the-world ethos paired with an unflagging focus on market growth and the bottom line—HP created the blueprint for generations of Silicon Valley companies to come.7

			HP’s founders really were about more than just business. As his company grew, Dave Packard became one of the area’s most important civic leaders, including a stint leading Stanford’s Board of Trustees. A staunch Republican and champion of free markets and entrepreneurial public policy, Packard had sharp political instincts to match his ideological convictions. A friend to one generation of politicians and mentor and donor to the next, he leveraged his business reputation to become a de facto Silicon Valley brand ambassador in the world of politics. And Packard may have been a free-enterprise man, but he was keenly attuned to how the tech industry’s relationship with Washington shaped its fortunes.8

			Like his mentor Fred Terman, Dave Packard’s political education began during World War II, when he had rallied fellow executives to form the West Coast Electronics Manufacturers Association, known as WEMA, which successfully lobbied for a chunk of wartime military contracts. As electronics companies flocked to the Valley in the 1950s, Packard became the region’s booster-in-chief, traversing a speaking circuit that ranged from national conferences to local Rotary breakfasts. In any venue, he made sure to point out what set the West Coast industry apart from the rest. It was fine for the Eastern electronics companies to have the lock on radio and television production, he told one audience. “The West Coast attraction has been . . . the technical and scientific aspects of the business,” and that was where true growth and innovation came from.9

			Packard also used the rubber-chicken circuit to talk politics. By the early 1960s, Packard had become an outspoken critic of the activist, expansive liberalism that was having its heyday in Kennedy’s Washington. “Socialists in our government—and among our people—would place the importance of the state above the importance of the individual,” Packard warned an audience in his hometown of Pueblo, Colorado, in April 1963. “They would direct our lives from Washington! They would take our wealth and distribute it as they see fit!” The way to protect individual liberties, in Packard’s telling, was to unfetter markets from burdensome taxes and regulation. Lyndon Johnson’s Great Society made things even worse. “Once social welfare becomes a government monopoly—as it is rapidly becoming—it is only a matter of time before we see it requires only another series of steps to put business under government monopoly,” he lamented to a Palo Alto audience in 1965.10

			Packard was not alone in articulating these views. Other postwar businessmen, especially those from the booming precincts of the Sunbelt, were becoming particularly vocal about their free-market beliefs and starting to donate generously to conservative candidates and causes. An ideological godfather to this movement—and someone that Packard had come to know very well—was ex-president and Stanford alumnus Herbert Hoover, who made the campus his home for the final three decades of his life. Hoover, too, was a fierce critic of the liberalism afoot in Washington, the original anti–New Dealer whose conservative views had solidified into strong anticommunism as the Cold War commenced. In 1959, he turned his namesake Hoover Institution from a modest foreign-policy research institute into a powerful, sharply opinionated think tank. Packard chaired Stanford’s Board of Trustees at the time, bestowing the institutional seal of approval permitting this transformation.11

			Hoover’s new chapter opened with a bang. “The purpose of this institution,” the former president wrote in the institution’s newly revised charter, “must be, by its research and publications, to demonstrate the evils of the doctrines of Karl Marx.” To keep “left-wingers” from taking control, Hoover personally selected the institution’s new director, a thirty-five-year-old economist named W. Glenn Campbell.

			Protests from the faculty ensued almost immediately—Fred Terman was entering into unholy alliances with industry, and now Herbert Hoover was playing politics?—but Hoover, with Packard’s assist, prevailed. The institute would remain independent from the rest of Stanford, and Campbell would report directly to President Sterling. Campbell proved to be exactly the man the institution needed. Over a close to thirty-year tenure as its leader, he turned the Hoover Institution into a powerhouse with a massive endowment and a reputation as the nation’s premier conservative think tank.12

			Thus, at the same time that Fred Terman was turning the Farm into the nation’s most entrepreneurial technical university, Glenn Campbell was making the campus home to an all-star roster of conservative thinkers and politicians—undeterred by the periodic angst they stirred up in the more liberal campus precincts surrounding Hoover Tower. In the decades to come, Packard became one of the Hoover Institution’s most faithful and generous donors.

			Meanwhile, Dave Packard continued to nurture WEMA and its growing member base of young California-based electronics companies. The industry was so new that more seasoned folk didn’t have qualms about helping newcomers. “Executives felt free to reveal inside information about getting started, or how to grow a company,” recalled one entrepreneur. While still ferocious competitors, the Westerners knew they were underdogs who’d fare better if they stuck together rather than going it alone.13

			LIFTOFF

			Despite Northern California’s later legendary reputation for growing start-ups, locally born companies like HP and Varian were a small piece of the region’s story in the 1950s. Company founders and entrepreneurs had not reached the mythical, kingly status they would one day attain in the Valley. Those that went out on their own were outliers.

			Burt McMurtry saw this firsthand. “If you were starting a company,” he observed, “it probably meant that you were odd and couldn’t work for people.” The most visible, interesting, and prestigious places to work were large national firms. They had the money and clout to recruit top-notch staff, build out top-end facilities, and secure the largest defense contracts. The majority of the engineers in the Valley worked for companies that already comfortably rested in the Fortune 500.14

			The two biggest of these players—and shapers of what the Valley would become—were Lockheed and IBM. Big Blue opened a Northern California electronics research laboratory in 1952. Father and son CEOs Thomas Watson Sr. and Jr. were beginning their major push into digital computing and were having little luck persuading California-based engineers to return to upstate New York snowdrifts. After five years in a modest building in downtown San Jose, IBM built a lavish new manufacturing facility that won one trade magazine’s 1957 “Factory of the Year” award for its “carefully cultivated ‘campus’ atmosphere.” San Jose Mercury columnist Frank Freeman raved that the IBM plant was “so different from the usual pell-mell workaday experiences that it’s like being in another world, a sort of Buck Rogers’ world . . . peopled by young brains, no long hairs.”15

			However, the real Buck Rogers action happened at the local branch of another national company, a facility closed off to casual visitors because of the top secret nature of most of its operations. Right along the freeway, next door to the looming government airship hangar at Moffett Field, sprawled a giant plant that was the Valley’s largest high-tech employer for decades: Lockheed Missiles and Space Company. Here’s where the Cold War economy of the region had its beating heart.

			Lockheed had come up from Southern California to open up shop in Sunnyvale in 1954, drawn by a desire to be close to Stanford’s electronics experts and the high-speed aerodynamics research going on at NACA’s Ames Aeronautical Laboratory. Lockheed soon became one of the most stalwart and eager of Fred Terman’s industrial affiliates. Another reason for the move: security. With a nation on high alert at the possibility of Soviet bombs raining down from the sky, the Defense Department encouraged its contractors to locate in “dispersed” areas away from major population centers that, presumably, would be ground zero for attack. For Lockheed, it also made sense not to have all of its many sensitive military operations located at its Southern California headquarters. The Missiles and Space division moved north. Thus properly dispersed, the company soon landed the prime contract from the Air Force for a new missile-launched satellite.16

			The next year, the company won another huge contract, for the Polaris, one of five giant, long-range ballistic missiles that made up an extraordinary federal push to find ways to zoom ever-more-powerful nuclear weapons halfway across the planet. They were among the highest of high tech at the time, marrying two technologies of World War II—the atomic bomb and the German V-2 rocket—into a deadly and powerful delivery system. By the spring of 1957, the missile program was entering its first flight-test phase, and was already estimated to cost two times the price of the entire Manhattan Project. One Stanford researcher confidently predicted that the missile program would result in “the greatest explosion of scientific devices” in history. He wasn’t that far off the mark.17

			In addition to bringing big-ticket government contracts to the Santa Clara Valley, Lockheed brought people, people, and more people. By the end of the 1950s, tens of thousands of engineers streamed daily into Lockheed’s doors in their white shirts and narrow ties, working on cutting-edge technologies so top secret that they couldn’t tell their families over the dinner table what they did at work that day. Nearby suburbs filled with Lockheed men and their wives and children, further skewing the Valley’s demographics toward the white, the middle class, and the college educated.

			Plenty of blue-collar workers found jobs in Sunnyvale as well; like the other electronics firms of the era, Lockheed had assembly lines alongside its research labs. But the lack of diversity carried through even in jobs that didn’t require an engineering degree. In an era before affirmative action, Lockheed and the other major electronics firms of the Valley had no pressure to recruit minority or female employees. Even after the enactment of federal minority hiring laws that required contractors like Lockheed to meet certain hiring targets, the percentage of Latino, Asian, and black workers at its Sunnyvale facility only reached 10 percent. More than 85 percent of its workforce was male.18

			

			—

			The missile maker, the entrepreneurial university, the distinctive business sensibility, the professional networks, the government money, the elite (and homogeneous) workforce: many of the key ingredients were coming together in Palo Alto by the middle of the 1950s. Some people were also starting to make considerable amounts of money, as the Valley’s first generation of tech stars—Varian, HP, Ampex—had splashy public debuts on Wall Street.

			But HP and other early electronics firms were not computer companies. The Valley made instrumentation and communication components—oscillators, high-frequency radar, magnetic tape—not digital hardware and software. Its biggest tech employers had corporate headquarters elsewhere. Over time, Lockheed would subcontract out a good deal of its work, driving business to other, smaller Valley companies, but in the 1950s it was a mostly closed world.19

			In many respects, mid-1950s Santa Clara Valley was merely a smaller-scale Los Angeles, home to aerospace companies, light manufacturing, and some smart academic scientists. While California was gaining a reputation for being an excellent place to hire an electrical engineer, it didn’t offer much in terms of capital and operational support for those who wanted to strike out on their own and start a new company. To do that, you really needed to return east, to the place most tightly connected into the Cold War research machine: postwar America’s first start-up capital, Boston.

			For Boston had MIT, which continued to rake in more federal money than any other university, and which had strong ties to Pentagon brass and the largest East Coast electronics incumbents. MIT’s famous Rad Lab had disbanded after the war, but spectacularly innovative military-funded laboratories had risen in its stead: MIT’s Lincoln Laboratory, home to high-powered digital computing, and Instrumentation Lab, which designed guidance systems for rockets and missiles; the Air Force Cambridge Research Laboratories, devoted to radar defense. Down the way was Harvard, the second-largest recipient of federal dollars, boasting an ivied intellectual pedigree and a large stable of faculty stars, including the imperious and mesmerizing father of high-tech venture capital, Georges Doriot.

			Lockheed Missiles and Space might rule the Valley, but Boston had Vannevar Bush’s Raytheon, now one of the nation’s most important defense and aerospace contractors, and plenty of others. In the New England countryside encircling Boston’s metropolitan fringe ran “America’s Technology Highway,” Route 128, and a string of modern research parks and corporate campuses that lured electronics firms out of grubby Cambridge and into the sprawling suburbs.

			Yet even for all its power and might, Boston, too, was missing a key ingredient, something that David Morgenthaler later characterized as the ultimate “enabler,” a cheap and potent “fuel” to propel electronics in the same way that refined oil propelled the auto industry. It was the magic something that could make already sophisticated electronics even faster and smaller, something that could scale up the Cold War’s “products of the intellect” to market-disrupting proportions.

			That something was the silicon transistor.

			SHOCKLEY & CO.

			In the same busy summer of 1957 that Burt McMurtry prepped for his cross-country move, Stanford’s chair of electrical engineering dispatched another young Texan to a one-year-old start-up in a refurbished Quonset hut next to a suburban Sears store in neighboring Mountain View. The company was Shockley Semiconductor Laboratory, and the man detailed there was a brand-new professor named James Gibbons. Born and raised in Texarkana (he and future computer magnate and presidential candidate H. Ross Perot were high school classmates), and attending MIT before going on to graduate study at Stanford, Jim Gibbons had recently returned to his graduate alma mater after a prestigious research fellowship in England. His job offer came with one condition: that he spend the first six months embedded at Shockley, the hottest new firm in town. Gibbons’s marching orders were to learn about semiconductor manufacturing from the company so that Stanford could “transistorize the curriculum” and build a solid-state electronics lab of its own.20

			The young assistant professor arrived to find a firm filled with some of the brightest engineers in town. But the shop was already becoming a toxic workplace, thanks to its brilliant and mercurial founder, Palo Alto native and co-inventor of the transistor, William Shockley.

			Shockley had departed the nation’s premier industrial research facility, Bell Laboratories, after becoming convinced that germanium (the material used for the first generation of transistor technology) was too weak and unreliable to power the tiny switches at the heart of electronic circuitry. Instead, he set out to commercialize transistors made with purer, stronger silicon. Unmarried and untethered, Shockley considered Southern California as a possible location, but ultimately decided to come home. His much-beloved elderly mother was unwell. Plus, his fellow hometown boy Fred Terman was making a pretty persuasive case that Palo Alto—and Stanford—would be a fitting destination.21

			While brilliant, Shockley had an eccentricity that was sometimes charming (he loved playing magic tricks with his staff) and sometimes difficult (he made all prospective hires take a battery of IQ tests and brain teasers). Tellingly, he had been unable to lure anyone who’d worked with him at Bell Labs to join him in the sunshine. So he recruited a group of young stars from other industrial labs and universities, a group mostly from modest backgrounds, whose greatest pedigree was their technical talent. One, Robert Noyce, was the son of an Iowa clergyman. Another, Jay Last, came from a family of Pennsylvania schoolteachers. A third, Eugene Kleiner, arrived in the U.S. as a teenage refugee from war-torn Europe. Only one was actually from Northern California, the shy and detail-obsessed Gordon Moore, who had grown up in a modest clapboard cottage in nearby Menlo Park.22

			The young recruits quickly concluded that Shockley was going about building his semiconductors in a wrong-headed way. He was committed to an expensive and laborious process called the four-layer diode, and refused to be persuaded that cheaper, simpler silicon chips were the way to go. Jim Gibbons showed up at the storefront just weeks before these Shockley lieutenants—Noyce, Last, Moore, Kleiner, plus four others—quit to start a company of their own called Fairchild Semiconductor, which quickly surpassed and outlasted Shockley’s operation. Before they went out the door, they invited the young professor to join them. He said no. “It was probably the most expensive decision I ever made,” Gibbons said later.23

			The exit became Valley legend and inspired hundreds of high-tech ventures to come. Tiring of a cantankerous boss who refused to hear their ideas, the men of Shockley Semiconductor wrote a letter to Wall Street investment bank Hayden, Stone, & Company where Gene Kleiner’s father had some business dealings. It was the ultimate shot in the dark: eight scientists who’d never run anything more than a few laboratory experiments, writing someone they barely knew, asking for help finding someone who’d hire them all as a group, to start a new venture making high-tech devices that nearly no one outside the scientific community had heard of. And they wanted to stay in California to do it. The banker who received the letter didn’t know a thing about semiconductors, so he passed it along to the firm’s junior high-tech analyst: Arthur Rock.

			Rock wasn’t your typical white-shoe banker. He was from Rochester, New York, the son of Jewish immigrants who owned a candy store. From there, he had made it to Harvard Business School and then to Wall Street, taking a short detour in between to run the New York Young Republicans’ campaign for Eisenhower-Nixon ’52. Rock wasn’t an engineer by training, so his investment instincts were people-driven. “Good ideas and good products are a dime a dozen,” he later explained. “Good execution and good management—in a word, good people—are rare.”

			Rock looked at the Shockley Eight and saw people much like him: family men in their early thirties, strivers with first-rate credentials, willing to buck the system just a little bit to get things done. In short, good people. Enough for Rock to branch out from his day job and go on the hunt for an angel investor—someone comfortably rich, but quirky enough to take a willing gamble on a new technology and a pack of unknowns. He found Sherman Fairchild, an eclectic high-tech enthusiast who had become a multimillionaire thanks to his inheritance of a massive amount of IBM stock. The eight scientists of Shockley became the founding employees—and shareholders—of a new company called Fairchild Semiconductor.24

			Modern Silicon Valley started with Fairchild and the “Traitorous Eight” who founded it. Financed by an eccentric trust-funder in a deal brokered by an East Coast financier, the firm’s origins underscored how tightly wedded the Valley was to outside, old-economy interests from the very start. But this was a new take on the relationship—not a company that was merely a Californian outpost of an Eastern electronics giant, but a wholly new enterprise founded by the engineers themselves. Noyce and Moore went on to cofound Intel, bringing a Fairchild colleague named Andy Grove along. (Grove, like Gene Kleiner, had been a teenage refugee, escaping war-torn Hungary for a new start in opportunity-rich postwar America.) Kleiner became the founder of one of tech’s most influential venture capital firms, funding and shaping generation-defining companies from the PC era to the age of social media. Rock moved West in 1961, partnering with a young money manager named Tommy Davis to form Davis & Rock, leading to later investments in Intel and Apple. Other Fairchild founders and early employees founded other semiconductor companies that made billions and replaced the mechanical innards of nearly every consumer product with tiny microchips.

			The company founded with IBM money didn’t make computers, but it was the spark for the technologies that ultimately upended the mainframe market Big Blue had dominated for so long. Most important, the men of Fairchild established a blueprint that thousands followed in the decades to come: find outside investors willing to put in capital, give employees stock ownership, disrupt existing markets, and create new ones.25

			The Fairchild founders took a huge gamble in abandoning a Nobel Prize–winning legend to set out on their own. But it turned out that their timing could not have been better. A mere three days after the Traitorous Eight officially incorporated their company, the Soviet Union launched the Sputnik satellite.

		

	
		
			CHAPTER 3

			

			Shoot the Moon

			Eighteen thousand miles per hour. That was the orbiting speed of the beach ball–sized hunk of metal the Soviets shot into space that Friday evening in early October 1957. By the time news of the launch hit America’s Saturday morning papers, the satellite was on its tenth orbit, soaring more than five hundred miles above the Hudson River Valley as Ann Hardy was having breakfast at her kitchen table in Poughkeepsie. Seconds later, it flashed over Boston as Vannevar Bush puffed on his pipe in his book-lined study. By its eleventh loop, it was well past Cleveland, where thirty-seven-year-old David Morgenthaler was raking early autumn leaves and thinking about the big new job he would start in a few days—after a decade moving up the management chain, he was a company president at last, running the American branch of a British chemical operation. The satellite sailed southward over the military bases of Alabama and Texas, past the sun-bleached expanse of the nuclear test sites of New Mexico and Nevada, above California’s and Washington’s vast airplane factories and the great dams whose hydropower fueled them.

			The morning dew was still burning off the Bay Area hills when the metal orb passed overhead on its twelfth trip around the earth, far above Palo Alto’s oak-lined streets and the modest apartment where Burt and Deedee McMurtry had only just cleared out the cardboard boxes left over from their cross-country move. McMurtry was only two weeks into his new life as a Stanford graduate student. He’d been at Sylvania barely longer than that. As Northern California’s young newcomers like the McMurtrys sipped morning coffee on their back patios, squinting up into the sky in wonderment at the tiny machine soaring up beyond their sight, they had little inkling of how much Sputnik was going to change everything.1

			SPACE RACE

			The Sputnik I launch came as an utter surprise to the U.S. political establishment and upended contented assumptions about American scientific supremacy. “The Russians could no longer be regarded as ‘backward’ and ‘beaten,’” remembered then President Dwight D. Eisenhower some years later. “There was no point in trying to minimize the accomplishment or the warning it gave.” Washington, D.C., had barely recovered from the shock when another gut punch arrived: the early November launch of a second Soviet “moon,” this time an 1,100-pound air-conditioned spaceship bearing a stray dog from the streets of Moscow named Laika. (America’s horrified dog lovers protested the cruelty of sending an animal into orbit with no hope of returning alive. Reporters, desperate to inject some humor into the grim situation, dubbed the pooch “Muttnik.”)2

			Then, landing with a thunk on the president’s desk a matter of days later, came the report of a civilian panel commissioned by Eisenhower earlier in the year to assess the nation’s ability to withstand a Soviet nuclear attack. The committee, chaired by San Francisco attorney and RAND Corporation co-founder H. Rowan Gaither, had very bad news.

			Despite the billions spent by the Americans on ballistic missile development since the start of the 1950s, despite the money poured into Eisenhower’s “New Look” military, they’d been outpaced. Despite having a far smaller economy, the Soviets had spent about as much. They had trained far more scientists, developed technology much more quickly, and were on a fast track to go even further. America’s Cold War enemy now had rockets powerful enough to put a dog in space, which meant they had the capacity to send nuclear warheads thousands of miles across the ocean—and could do so with such speed and force that U.S. civil defense systems would be utterly overwhelmed. All the schoolroom duck-and-cover drills and backyard fallout shelters would be for naught; the Soviets now possessed the ability to annihilate whole cities. The only way to counter this threat, this committee made up of defense industry executives and advisors informed the president, was to close “the missile gap.” The panel projected that would require a boost to defense R&D outlays of more than $40 billion.3

			In a matter of weeks, the top secret Gaither Report leaked to the press, and Sputnik’s autumn of anxiety ballooned into a full-blown political panic. Ike Eisenhower deeply disliked untrammeled government spending, but the combined pressure from his own advisors and a Democratic-led Congress was too strong to resist. The defense contracting spigot opened into a firehose. Dollars flowed out of D.C. to propel ever-more-powerful missiles up into the heights of the atmosphere and down into the depths of the ocean. Further billions poured into the Strategic Air Command, the radar- and transistor-driven communications network on which American military survival now depended.

			By the autumn of 1958, the nation had a new, considerably beefed-up space agency, the National Aeronautics and Space Administration, or NASA. And Congress agreed to fund a wholly new agency within the Department of Defense devoted to state-of-the-art space and satellite research, a place where researchers could, in the words of Secretary of Defense Neil McElroy, “follow these various will-of-the-wisps . . . and carry them through to a point where there can at least be a determination of their feasibility and what their probable cost might be.” The little operation became known as the Advanced Research Projects Agency, or ARPA.4

			Another huge beneficiary of the post-Sputnik boom: higher education, as the president’s reliance on the academics he called “my scientists” intensified. Responding to pressure from Congress, Eisenhower named MIT President James R. Killian Jr. the first presidential science advisor. While the different branches of the military fought over leadership of newly enlarged research programs, Killian and the other scientists advising Eisenhower pointed out that universities were a logical place to nest much of this activity. They already were important partners in the Cold War fight, and the race into space required basic research that only universities could perform. Plus, outsourcing to universities would keep an already big government from getting even bigger.5

			By the end of the following summer, the boost to universities spread far further with passage of the National Defense Education Act (NDEA) of 1958, which shoveled millions in public funds toward building classrooms and labs, hiring faculty and research staff, and boosting scholarships so that America could produce as many scientists and mathematicians as the Soviets. It was a new era. “With all their irritating faults,” the science advisors told Eisenhower, “universities are essential agencies of our national hopes, and they must be treated accordingly.”6

			The surge of new spending on missiles, strategic defense systems, and the brains who made them dwarfed all that had come before, including the Manhattan Project itself. Dwight Eisenhower was never entirely comfortable with the world that had grown on his watch, warning as he left office in January 1961 of the creeping influence of what he dubbed “the military-industrial complex” on American life. But he had set a seemingly unstoppable flywheel in motion.7

			Its speed accelerated further when Eisenhower’s successor, John F. Kennedy, proclaimed within months of taking office that American astronauts would reach the moon by the end of the 1960s. Bruised by the Bay of Pigs crisis and needing to burnish his foreign policy credentials, Kennedy saw the moon shot as the way to definitively prove American scientific prowess to the world—and to the American people, most of whom still worried that Russia would reach the moon first. “We choose to go to the moon in this decade and do the other things, not because they are easy, but because they are hard,” Kennedy declared in September 1962 in Houston, as the foreign policy stakes of the gambit shot higher in the wake of the Cuban Missile Crisis.

			Kennedy spoke these words on a blazingly hot South Texas day, before an enthusiastic crowd at Burt McMurtry’s alma mater, Rice University. NASA’s newly established Mission Control Center was just across town. “Those who came before us made certain that this country rode the first waves of the industrial revolution, the first waves of modern invention, and the first wave of nuclear power, and this generation does not intend to founder in the backwash of the coming age of space.” The goal was audacious, the costs stratospheric, but the challenge was “one which we intend to win.”8

			Propelled by missiles and the moon shot, R&D made up more than 10 percent of the entire U.S. federal budget for the first half of the 1960s, and further skewed the high-tech world’s emerging Sunbelt tilt. In the far West, already busy aerospace centers in Southern California and the Pacific Northwest revved up even further. The New York Times enthused in early 1963 that Los Angeles had become “the Detroit of the space industry.” While ex-President Eisenhower grumbled about the Kennedy Administration’s “fiscal recklessness” when it came to the space program, NASA transformed all the places it landed.9

			The Santa Clara Valley was no exception. Eisenhower’s missile program and Kennedy’s moon shot boosted demand for precisely the kinds of things the region’s electronics labs already developed and sold: microwaves and radar to track satellite trajectories, oscillators and transistors to provide lightweight and potent energy sources, and networks to communicate with spacecraft hurtling beyond the outer atmosphere. Stanford’s quads of sandstone and tile sprawled outward amid the bounty of post-Sputnik higher education spending; tenants paid top dollar to lease space in its research park.

			For nearly all of the 1950s, this dusty, blossom-bedecked slice of California was a place of industrious young engineers who mainly worked for very large electronics companies. In the post-1957 space age, start-ups began to grow—not only as a result of the technological breakthroughs born in the Valley during this period, but also because of the ways in which military and aerospace contracting changed—more money flowing, and flowing in ways that opened up significant commercial opportunity for new entrants. When it comes to explaining why Northern California eventually came to have such an outsized role in the high-tech universe, the missiles and rockets of America’s race into space shoot right through the center of the story.

			THE EYES OF THE WORLD

			By the time Sputnik burned out in orbit three months after its launch, the Valley already was feeling the change in atmosphere. At Lockheed Missiles and Space in Sunnyvale, which had been conducting space and satellite work since its inception, “suddenly ‘hurry up’ became ‘hurrier up,’” one employee remembered. Within a matter of months, the division became Lockheed’s biggest and most lucrative unit and the Valley’s largest and richest employer, its 300-acre campus along U.S. 101 employing 19,000 people and raking in close to $400 million in sales in 1959 alone.10

			It was Lockheed’s Sunnyvale command center that guided the first American satellites to make the round trip into space, beginning with the Discoverer series that took a capsule into orbit and brought it back safely late in the summer of 1959. The payload of that first successful mission wasn’t dog or man, but an American flag that traveled half a million miles during its 26½-hour journey. The capsule toured the country that fall, making stops in the U.S. Senate and at aerospace conventions before ending up on display back in Sunnyvale. For a facility built on secrets—nearly everything that happened at Lockheed was classified research, never to be shared with those without the right security clearances—it was a rare opportunity for employees’ families and curious neighbors to come visit the mysterious campus and see just a little bit of what it was about.11

			Down the road at Stanford, the combined boon of more science spending and a busier Lockheed meant that Fred Terman’s big bets on physics and applied technology paid off even more handsomely. A beefed-up Strategic Air Command and satellite surveillance program increased demand for the traveling-wave tubes and signal jammers of the Stanford Electronics Lab. Money pouring into Sunnyvale for aerospace work spilled over into the engineering labs on the Farm. Then, in 1959, the Eisenhower Administration endorsed Stanford’s bid for a federally sponsored particle accelerator for high-energy physics research. Built at a cost of more than $100 million, the giant Stanford Linear Accelerator soon sprawled out across rolling grasslands in the countryside a few miles west of campus.12

			With all this happening, the world began to take notice. At the 1958 World’s Fair in Brussels, a crisp diorama of Stanford Industrial Park was a standout feature of America’s industrial pavilion, a symbol of the clean and modern knowledge work being made possible by the United States’ commitment to applied technology. “Of the nine parks featured in the display,” the Stanford University Bulletin proudly informed its readers, “the co-sponsors considered the Stanford Park the most photogenic.”13

			Then, in the fall of 1959, none other than Soviet Premier Nikita Khrushchev came to visit IBM San Jose as he made a swing through California on the heels of his “kitchen debate” in Moscow with Vice President Richard Nixon. IBM executives were apprehensive about the visit. Khrushchev had caused a stink in Los Angeles a day earlier after not being allowed to visit Disneyland. He showed up in San Jose wearing a longshoreman’s cap given to him by the firebrand San Francisco labor organizer Harry Bridges earlier that morning. Yet the premier genially allowed himself to be ushered around the facility by CEO Tom Watson Jr. He had a roaring good time at lunch in the employee cafeteria. While Khrushchev “was effusive in his praise and flattery” for America’s technical achievements, one reporter noted, he “promptly added that it would not last long.”14

			Six months later, another presidential visit to the Valley’s orchards and cul-de-sacs: Charles de Gaulle of France, on a visit to San Francisco, asked to see the marvelous research facilities down by Stanford in its industrial park before he left. The buzz from the Brussels exhibition had given the park a global reputation, and de Gaulle wanted to see what all the fuss was about. His motorcade trawled down Skyline Drive to Palo Alto, le General resplendent in a convertible limousine, the French tricolor flapping on its hood in the spring sunshine. The town’s quiet neighborhoods came alive with spectators. On tree-lined Waverly Street, down the way from the original garage of Hewlett and Packard, a teenage prankster dressed up as Napoleon and lay in the gutter as the presidential procession went by. Decades later, lifelong residents remembered the strange and exciting sight of de Gaulle’s convertible as it swept through the Town & Country Village shopping center, his familiar Gallic profile framed by the incongruous backdrop of Stickney’s Hick’ry House and the Village Sudsette.15

			The ultimate destination of this scenic driving tour was HP, where Bill Hewlett showed him the company’s assembly line and some of its latest space-age models. De Gaulle nodded pleasantly, thinking all the while about the ways France might build similarly gleaming California-style factories and laboratories. Undersecretary of State Douglas Dillon, the president’s official host for his California visit, declared that the president had been “much impressed.” Five years later, increasingly alarmed at U.S. computer makers’ aggressive forays into French markets, de Gaulle announced “Le Plan Calcul.” The massive, multiyear effort toward building a homegrown French computer industry featured expansive education programs, corporate partnerships, and—yes—research parks.

			De Gaulle was among the first, but hardly the last, to look to the Santa Clara Valley as an alluring model well worth imitating. Worshipful delegations of curious officials began to make pilgrimages in the French leader’s wake: parliamentarians from Japan, university administrators from Canada, economic development functionaries from Scotland. Before the 1960s were out, Fred Terman had started traveling the globe as an economic development consultant, explaining the secrets of his industrious little valley to eager foreign audiences.16

			By that time, even more of the world’s eyes were watching, for the region had become known not just for HP and Lockheed and the perpetual motion machine of Fred Terman, but for a new breed of tech firms. These were operations for whom defense contracting wasn’t the primary market, and whose products were making all kinds of machines—from computers to cars to contraptions running assembly lines—faster and lighter and more powerful. They were the companies that put the silicon in Silicon Valley, and the space race helped launch them into the stratosphere.

			FUNNY LITTLE COMPANIES

			This was what happened to Fairchild Semiconductor. Three months into their start-up’s existence, without having yet made a single chip, the Traitorous Eight landed a contract to manufacture 100 silicon transistors for an onboard computer for “the manned missile,” a new long-range bomber. Wisely, Bob Noyce and Gordon Moore were adamant that Fairchild conduct its own research, rather than depending on government contracts that would not let them own resulting patents. “‘Government funding of R&D has a deadening effect upon the incentives of the people,” declared Noyce. “This is not the way to get creative, innovative work done.” But having the government as a customer? That was less of a problem. In 1958, 80 percent of Fairchild’s book of business came from government contracts. That was only a preview of an even bigger windfall.17

			In those Fairchild labs in early 1959, Jean Hoerni discovered a way to place multiple transistors on a single silicon wafer by protecting them with a coating of chemical oxide.
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