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The Odds-On Favourite

YOU PROBABLY THINK you can skip this chapter.

The scene is already in your mind. It’s late at night, and the garage is entirely dark except for the pool of light cast on the workbench by a low-cost anglepoise lamp. The future billionaire is hunched over the computer, oblivious to the clutter of empty pizza boxes around him, absorbed in his work. His hair is unwashed, and he’s been wearing the same grimy T-shirt almost every day since he dropped out of college. He has few contacts and no backers. His only assets are his technical skills and the brilliant powers of persuasion and negotiation that will blossom over the years to come.

There’s probably no single company that conforms to every one of these stereotypes. But most of America’s most successful technology companies display at least some of them: modest beginnings, fighting against the odds, brilliant ideas that go against conventional wisdom, founders who are outsiders and have nothing to lose if they fail. Look at Steve Jobs and Apple, or Bill Gates and Microsoft. These are the models that we’ve come to think of as the ways to start a successful high-tech company.

The creation of Intel Corporation in 1968 was quite different.

Instead of being young and rebellious, its two founders were middle-aged and respectable. Instead of being poor and isolated, they were prosperous and known already as leading figures in their industry. Instead of labouring for months or even years to find a backer for their venture, they rounded up $2.3m of funding in an afternoon, on the basis of a couple of sheets of paper containing one of the sketchiest business plans ever financed.

The two most important words of the business plan were Robert Noyce. Forty years old, Noyce was the general manager of Fairchild Semiconductor, one of the most prominent businesses in the Bay Area to the south of San Francisco. But he was more than that: he was one of the creators of the integrated circuit.

To understand the significance of this, you have to remember that the earliest computers used vacuum tubes as the basic elements of their circuits. Vacuum tubes, working like small-sized light bulbs, were bulky and unreliable – and since they had to be heated before they could work properly, they were also gluttonous consumers of electricity. A large computer could easily be big enough to require its own little power station – and its vacuum tubes pumped out enough heat to turn a massive room into an oven.

The building-block of today’s electronics industry is a miniature switch that takes advantage of the fact that certain crystals, such as silicon, sometimes conduct electricity and sometimes don’t. This switch, dubbed a ‘transistor’, earned a Nobel Prize for the three physicists at Bell Labs who discovered it in 1948. The early transistors were smaller, and needed no heating element to make them work. Moreover, unlike a light bulb they didn’t need to be changed every so often. But they shared one of the drawbacks of the vacuum tube: to build a computer, you had to connect them one by one into electrical circuits.

Bob Noyce’s claim to fame was making it possible to put more than one transistor on to the same fragment of silicon. The circuits built using this technique became known as ‘integrated circuits’. Coincidentally, two different teams in different companies 2,000 miles apart conceived the integrated circuit almost simultaneously in 1959. The winner of the first integrated-circuit patent was Jack Kilby, an engineer at Texas Instruments. But it was Noyce and his colleagues at Fairchild Semiconductor who succeeded in turning the integrated circuit from a laboratory prototype into a product that could be mass produced in ever-increasing numbers and ever-falling prices – and Noyce who had made it possible for engineers to dream of myriad new products that had never before been possible.

Noyce did not fit the stereotype of the inventor. He was gregarious, charming, athletic and handsome. Brought up in Grinnell, a small town in Iowa where his father was a Congregational minister, he was a boy scout who went to Sunday school every week and graduated valedictorian at the local high school. His entry in the school’s year book described him as the Quiz Kid, ‘the guy who has the answers to all the questions’, who played in the school band, sang in its chorus, was a leading light of the Latin and science clubs, and acted in six plays. At college, he was the swimming team’s best diver, and took the lead in a radio soap opera. The sole cloud over his exemplary youth, which formed the centrepiece of a profile of Noyce that Tom Wolfe wrote for Esquire in 1983, was an incident at college when he and a fellow-student stole a twenty-five-pound suckling pig for a Hawaiian barbecue on campus. People took pigs seriously in the Iowa farm belt. But it was a sign of the charmed life that Noyce seemed to lead that not even an offence of this gravity could spoil his career. An admiring physics teacher talked the college authorities out of expelling him. Instead, he was sent off to work at an insurance company for a few months, and then after his graduation to the Massachusetts Institute of Technology, where he earned his PhD.

More than two decades later Bob Noyce had become general manager at Fairchild and chairman of the board of trustees of his old college in Iowa – but he was still everybody’s best friend. He had a way of looking at you that made it clear that he took what you said very, very seriously, and a way of talking in his gravelly, deep voice, usually waiting until everyone else had weighed in first, that made you take what he said more seriously still. He had what Wolfe described as the ‘halo effect’. (‘People who have it seem to know just what they are doing; they make you see their halo.’) He was not only a born leader; he was also an inspiration.

Gordon Moore, reporting to Noyce at Fairchild Semiconductor as head of research and development, was a very different personality. While Noyce was five foot eight and dark-haired, Moore was over six feet and balding. While Noyce was the life and soul of every party – drinking, singing, playing tricks and accepting every dare offered to him – Moore would sit with a few close friends, quietly talking around a table. His temper was a model of equanimity, and his two great passions were fishing and messing around in boats. He was born in the small coastal town of Pescadero, just thirty miles south of San Francisco, where his father was deputy sheriff of the county. If you bumped into him walking out of his local hardware store on a Saturday morning, which people often did, you’d find him in a pair of worn overalls, peering down at his solid work boots through his wire-framed glasses. You might easily have mistaken him for a modestly prosperous orchard farmer, out in his pick-up to buy something he needed to fix a leaking pipe or to put up a swing for the kids on the apple tree in the back yard.

But Moore was every bit as great an engineer as Noyce. His PhD, in chemical engineering, was from Caltech, the prestigious California Institute of Technology near Pasadena. He was the winner of a number of important patents. And he had an uncanny knack for solving technical problems. If you took a problem that looked as though it had five or six routes to a possible solution, most engineers would waste a lot of time exploring and then ruling out the ones that didn’t work. Not Moore: for some reason that neither he nor anyone else could explain, the one avenue of enquiry that he chose would often be the one that yielded the best results.

Moore was legendary for sitting down at the lunch table in the company cafeteria with a group of engineers who had been battling with a problem for several months, and suggesting, very quietly, that they might like to take a look at this or try that. More often than you would expect, they would go away and take his advice – and discover that fifteen minutes of Gordon Moore had brought them closer to a solution than months of unaided work. Moore was also a gifted listener and judge of character. Slow to anger, he would hear everyone out. Only in the presence of people who went on for too long, repeating an unnecessary point far beyond the point of boredom among others, would Moore’s self-control finally slip and his anger become visible.

When a local paper asked Moore in 1968 why he and Noyce had decided to set up a new company, his answer was that they wanted to experience once again the thrill of working in a small, fast-growing company. Not for the first time, he might have added. Noyce and he had been involved in startups twice already. In 1956 they had helped William Shockley, the leader of the team at Bell Laboratories that developed the transistor, to set up his own laboratory. A year later the pair had been among a group of eight who walked out on Shockley to start their own transistor company under the banner of Fairchild.

The mass defection from Shockley Laboratories had been provoked by the old man’s irascibility and paranoia, and his insistence on ignoring their advice in a technical dispute over which area of research they should concentrate on. To raise funding for the new company, the ‘Traitorous Eight’ struck a deal with Sherman Fairchild, an inventor on the East Coast whose father had been one of IBM’s earliest investors. Fairchild had advanced $1.5m to them in 1957, on the understanding that they would create a subsidiary of his Fairchild Camera and Instrument Corporation specializing in the manufacture of semiconductors. If the venture failed, Fairchild would pick up the tab. If it was a success, the company would have the right to buy them out for $300,000 apiece.

It was a success. Two years later Fairchild’s company exercised its option, and made them all rich men. The eight founders were left in place at Fairchild Semiconductor – but they no longer had any real control over the business, nor any great stake in its success. Noyce was promoted from general manager to group vice-president of the parent company, and was held in the highest respect by its owner; but everyone knew that the big decisions were always made by the accountants back in Syosset, New York.

For a while the problems remained invisible. As the 1960s wore on, however, members of the original team became bored and drifted out of the company to set up on their own. Fairchild Semiconductor became the electronics industry’s equivalent of a sycamore tree with its winged seeds: every season, seeds from Fairchild would spin away gently in the wind, land somewhere nearby and burst into growth as new saplings. Meanwhile, as Fairchild’s growth began to slow, the money men from New York began to come up with strange compensation schemes, in which the general manager of each part of the division was paid a bonus linked to the current profits of the business he was responsible for. This turned cooperation into rivalry, and made the managers reluctant to put into effect the technologies developed by Moore and his team. New technologies might make money in the long term, but not in the short – and in the fast-moving environment of Silicon Valley, who could tell where you’d be working by the time the payoff came?

The bell tolled for Fairchild Semiconductor in 1967, when Charlie Sporck, the company’s famed manufacturing genius, set up in competition at National Semiconductor, and hired away busloads of his former colleagues. It required no great insight to tell that Fairchild was irreparably injured, and that the best Noyce and Moore could do would be to slow, rather than staunch, the flow of blood. A year later the two men were the last of the eight founders left.

The decisive moment was a conversation between the two men on a sunny weekend afternoon, while Noyce was mowing his front lawn. Once the partnership was established, the next step was clear. Moore, as head of Fairchild Semiconductor’s research and development (R&D) department, would start work on the products the new business would develop. Noyce, who eleven years earlier had led the negotiations with Sherman Fairchild that created the company they were now planning to leave, would raise the money.

It took Noyce just one phone call. The deal with Fairchild a decade earlier had been brokered by an investment banker from New York called Arthur Rock. Rock had come out to California to see the Traitorous Eight; he had helped them to draw up a list of potential backers, and he had shopped their idea to thirty-five different companies before getting a yes from Sherman Fairchild. Since then, Rock’s life had become intertwined with the Fairchild founders. He had moved to California and set up a new investment bank of his own in San Francisco, specializing in the financing of new companies. (Today, this business is known as ‘venture capital’; the phrase was invented by Rock himself.) Rock felt bound by loyalty to Fairchild to avoid taking any active steps that would hasten the break-up of Fairchild Semiconductor. But he had already helped two of the founders of the business to set up on their own, and Bob Noyce was his best friend among the remaining six. The two men used to take hiking and camping holidays together.

‘Bob just called me on the phone,’ said Rock afterwards. ‘We’d been friends for a long time … Documents? There was practically nothing. Noyce’s reputation was good enough. We put out a page-and-a-half little circular, but I’d raised the money even before people saw it. If you tried to do it today, it would probably be a two-inch stack of papers. The lawyers wouldn’t let you raise money without telling people what the risks are.’

Rock made fifteen phone calls that afternoon, and received fifteen acceptances. His goal was not simply to raise the money for Noyce and Moore: with their track record and his contacts, that would be a snap. Instead, Rock wanted to find investors who could offer some expertise that would be useful to the new business. Partly out of a wish to prevent any single shareholder from becoming too powerful, he decided to scale back the contributions offered by his fifteen contacts. One of the new company’s founding shareholders was Grinnel College of Iowa, Robert Noyce’s Alma Mater. By now, the pig incident had long been forgotten. With Noyce now chairman of the college’s board of trustees, the success of Fairchild made it seem only natural to sell his old college a $300,000 slice of the new venture. The board was happy with the idea; its resident investment guru, Warren Buffett of Omaha, Nebraska, had no objection, and so the investment went ahead. Noyce and Moore had already each put up $250,000; Rock himself came in for $300,000. The backers’ investment in Noyce and Moore would be the best deal they ever made.

It took only a few weeks to choose a business name. The pair started out calling themselves ‘NM Electronics’, but it was agreed on all sides that this sounded kind of old-fashioned. After discarding more than a dozen other ideas, Moore finally came up with ‘Integrated Electronics’. Noyce admitted that it captured just what the new business was about, but suggested that they should contract the name to a single word: Intel. Arthur Rock, whose work in raising the company’s startup capital had earned him the job of Intel’s first chairman, had no objection. The pair discovered too late, shortly after the incorporation papers were drawn up on 16 July 1968, that there was already a company in existence called Intelco. By then, the word was already out about their new venture, and the easiest way to head off any lawsuits was to pay $15,000 for the right to use the Intel name.

Two weeks later, in August 1968, the local Palo Alto Times got wind of the story, and called up Gordon Moore for an interview. The resulting story, which ran across the top of an entire page of the paper, helpfully included both men’s home addresses. Within days, they began to receive résumés, calls and letters of application from talented engineers all over the industry who knew of Noyce’s work on the integrated circuit or of Moore’s achievements at Fairchild. Finding good employees willing to join a startup – usually one of the hardest tasks facing most entrepreneurs – was clearly not going to be a problem.
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Second Source

IT WAS A SYMPTOM of the technological knowhow Bob Noyce and Gordon Moore had assembled at Intel that the company was able to break one of the cardinal rules of the electronics industry. That rule was: you shouldn’t try to develop a new circuit design and a new manufacturing process at the same time.

Jerry Sanders and his colleagues at AMD, based ten minutes’ drive away from Intel in the town of Sunnyvale, had no such luxury. While Grove and Moore could claim formidable knowledge of both the physics and chemistry of silicon wafers, the team Sanders had assembled had no more insight into these matters than the average group of engineers and salesmen in the electronics industry. For AMD, the technological risks of trying to innovate on all fronts at once would have been too great.

There was also a financial issue. When you brought out an entirely new product, the customers you were trying to sell it to were all manufacturers of one kind or another – usually computer companies. They wouldn’t design it into one of their products until they had seen a working sample – but even if they liked it, you would have to wait until the computer they’d designed it into was finished and ready for manufacturing. Only then, two years or more after your engineers had started designing, would the customer want to buy the part in significant commercial quantities. This meant it took almost two development cycles instead of one before money invested in a new part started paying back.

Intel had raised $1m more than AMD, and had started up nine months earlier. The industry was consolidating, price pressures were increasing, and experts were beginning to say that it was now too late to start a broad-based semiconductor manufacturing company. So the financial climate was simply too risky for Sanders to consider developing radical new products at the outset.

In the business plan for AMD, he had dealt with the problem diplomatically. The company’s long-term ambition, the plan explained, was, of course, to develop a range of absolutely new products all of its own. Such an ambition was as uncontroversial as motherhood; proprietary products brought in higher margins, and were a sign of intellectual machismo. But in the short term, AMD’s route into the business would be to operate as a ‘second source’.

‘Second-sourcing’ was effectively the invention of one man: Robert S. McNamara, President Kennedy’s secretary of defense. When he arrived at the Defense Department from the Ford Motor Company, McNamara realized that one of the biggest sources of wasted public money in defence contracting was the fact that many parts came from only one supplier – which made it impossible for Uncle Sam to tell whether he was getting good value for money or not. McNamara decided to try to make it a rule that every part should come from at least two sources. Not only did this provide a useful reality check against fraudulent pricing; it also injected an element of competition into the market. When two companies were fighting for the government’s business, they had an incentive to look for ways to make their manufacturing more efficient, thus lowering their prices.

As the 1960s wore on, McNamara’s ideas were taken up enthusiastically in the computer industry. The mainframe companies that were trying to compete against IBM realized that every single-sourced component they bought was a hostage to fortune. If its supply dried up – whether because of an earthquake under the factory, a fluffed introduction by its maker of a new process, or simply a supplier accepting a higher offer for the parts from another customer – then a computer worth tens or even hundreds of thousands of dollars could be left sitting in a warehouse, useless because of the absence of a single small component worth only a couple of bucks. It was in order to avoid this nightmare that computer companies preferred to buy parts where there were at least two makers in business. For an electronics company with its own technology, a second source was a necessary evil: it took the cream off margins, but it was the only way to get customers to buy the part.

There were two ways to become a second source. The formal way was to sign a licensing agreement with the company that invented the product, paying an up-front fee and a royalty. In return, you got a set of the masks containing the master layouts of the circuits. Sometimes, if you were lucky, some engineering visits to help you to get the line working properly so that the process would deliver reasonable yields.

The informal way to do it was to buy a few sample parts from a distributor as soon as the part came out, rush them hack to the lab, pop the top and take blowups of the circuits inside. You then assigned a team of people to perform traces on the part, carrying out a kind of electrical audit to try to deduce from the signals going in and out what was happening inside. This was slower and more difficult than official second-sourcing, but cheaper. And although it was frowned on, the law of trademarks and patents, secrets and copyrights was murky enough to make it possible without actually breaking the law.

Second-sourcing, then, was the strategy that Sanders proposed to use to bootstrap himself into the semiconductor business. For this purpose, the key technical member of his team was Sven Simonsen, a Danish engineer who had come to the United States after working for Westinghouse Electric in Copenhagen. Simonsen had been a circuit designer at Fairchild, where he had conceived ten different logic devices, all in medium-scale integration, and had then as head of department presided over the development of fifteen more. By 1970 the devices were no longer state-of-the-art; they contained far fewer components than the 4,000-transistor monsters that Intel was working on. But they were good, solid sellers, and Simonsen knew the product range so well that he did not need to take so much as a scrap of paper from Fairchild with him when he left to join AMD.

The great advantage of trying to redesign a chip that you had already designed once before was that it gave you a chance to correct all the mistakes you had made the first time round, without having the manufacturing guys on your back screaming about the production that would be lost every time you stopped the line to make a change. But it was risky to improve things too much. The object of the exercise was to produce a part that was ‘pin compatible’ with the market leader – meaning that it could be slotted into the circuit board using the same number and placing of metal connectors, or ‘pins’, as the other company’s part. If the redesigned circuit used only half as much power and ran three times as fast, the computer company that was buying it would have to make design changes before it could start using your part. Far better just to aim for a 15% speed improvement, and make it easier for the customer to switch.

There was just one problem. If the competition found out that its part was being second-sourced without authorization, it could always fall back on an old-fashioned strong-arm tactic to squeeze out the interloper. ‘OK,’ it could say to its biggest customers. ‘You’ve received a bid from the guys down the street on three of our parts that undercuts us by 20%. But you’re still buying six other parts from us where there’s no second source. You’re gonna have to choose: do you want those six parts or not? Because there’s no way we’ll sell them to you if you’re buying the other three from the competition.’ Alternatively, it could simply refuse to sell the different parts individually.

This form of defence was called ‘packaging out’, and it raised the stakes dramatically for a company that was thinking of becoming a second source. Copying just a handful of products from the range wasn’t enough. To get into the chip business seriously, you might need to clone ten different parts or more in order to protect your customers against the risk of retaliation.

It was a measure of the energy of the AMD engineers that even with the upheaval of changing jobs, moving into the company’s site in Sunnyvale, and scratching their heads to think back over a number of past projects, they still managed to bring no fewer than sixteen finished circuits to market within nine months of starting work.

At first, AMD’s parts were hard to sell. Purchasing managers loved to cut their costs, but they knew that switching a contract to an untried new company that failed to deliver might cost them their jobs. So it would take more than just a few nickels off the price before they would commit themselves. It would also take credibility and good, old-fashioned salesmanship. After several years of sitting in Fairchild’s LA office telling a fleet of salesmen what to do, Ed Turney suddenly found himself pounding the pavements for AMD, visiting clients. Because credibility was crucial, he would often take Simonsen or another engineer with him. In particularly difficult cases even the master salesman himself -Jerry Sanders – would occasionally be drafted in to help.

Just when pessimism was beginning to set in, the fledgling company received an unexpected bonus. The new management at Fairchild Semiconductor sent a memo around to its salesmen, attacking AMD and demolishing its product line point by point. When a friendly client sent a copy to Turney, he immediately realized its value: the memo proved that Fairchild took the threat from AMD seriously. Since credibility was the company’s greatest problem, this was a positive rather than a negative thing. Turney promptly ran off a few hundred copies of the memo, and circulated them to all the purchasing managers who were still humming and hawing about whether they were going to buy from AMD.

Once the customers began to look at AMD’s product line more closely, they saw another attraction. Traditionally, the electronics market had been split into two: there were the standard components for the computer industry, which would work in a temperature range between zero and 75 degrees Celsius; and there were the parts sold to the military, which were guaranteed to work anywhere in a much wider range from –55 to +125. The two sets of components were often run off exactly the same production line; the only difference was that the parts which still worked during the extreme temperature tests would get sold to the military for three or four times the normal price so they could be frozen or boiled up in the sky or under the sea.

Sanders saw an opportunity in this. Because AMD was making design changes to the parts it was second sourcing, and was fabricating them on a new production line with clean equipment, the yields were often higher than in the Fairchild plant where the original part was still being made. As a result, AMD found that an unexpectedly high proportion of its parts met the more rigorous military specification. Most civilian customers had no practical need for ‘Mil Spec’ parts, since they weren’t building fighter planes or missiles. But the military standard of quality sounded good, and helped the parts to sell.

Shortly after AMD’s first advertisements appeared in the trade press, Simonsen took a call from an executive at Westinghouse Electric, the company he had worked for before joining Fairchild.

‘Sven, you’ve been advertising a four-bit adder,’ said the voice. ‘Do you really make the part, or is it just a marketing ploy?’

The question was a reasonable one; plenty of companies in the industry saw nothing wrong with advertising parts that weren’t yet in production. But Simonsen protested that AMD was innocent. Not only was the company making the part, a small logic chip that could add together whole numbers between 0 and 15. AMD could even provide 1,000 units the next day if his former colleague wanted them, he boasted.

‘Not quite,’ he was told. The Westinghouse man explained that he was in charge of a project to develop a radar for the US air force. The air force’s standard practice was to ‘fly before buy’; it would happily issue development contracts, but to get a real production order, a company would have to demonstrate an aircraft that actually flew – or in this case a radar device that worked. Westinghouse’s problem was that it was ninety days away from a crucial test of its new radar system, and it had just been told by Texas Instruments, the most powerful company in the chip industry, that a four-bit adder crucial to the entire system was running late. There was no second source. To stay in with a chance of winning the contract, Westinghouse had decided to redesign the radar system around the equivalent Fairchild part. Having been bitten once already, it wanted a second source in case Fairchild in turn failed to deliver.

Simonsen realized that AMD had just been offered a great opportunity. ‘Don’t do that,’ he replied. ‘You don’t need to redesign your system. Give us the specifications [for the TI part], and we’ll build you an adder that works with your existing system design. The component price will be high, but it will cost you less than the redesign.’

The Westinghouse manager was sceptical. Surely, he said, it would take too long for AMD to develop a second-source TI part from scratch. After all, there were only three months to go before the radar system test.

‘We’ll do it in six weeks,’ said Simonsen.

Six weeks later, to the day, Simonsen delivered the first production sample to Westinghouse. It was a smart move. Not only was AMD guaranteed far higher margins than it would have received as a second source to an existing Fairchild part. More importantly, the Westinghouse guy was now convinced that everyone at AMD walked on water. The goodwill that the company had earned would be worth many hundreds of thousands of dollars in future contracts.

* * *

The ideal kind of second source, people used to say in their cups at the Wagon Wheel, was a company that was just good enough to make customers believe it could build the part, but not quite good enough actually to build it. That was the kind of second source that Intel was lucky enough to find.

The product that proved the point was the 1103, the world’s first 1K DRAM. Intel had advertised it in the trade rags under the screaming headline: cores lose price war to new chip. The ads went on to invite potential customers to call Intel collect in Mountain View, tell its sales department what they were currently paying per bit for core memory, and hear from Intel how they could switch to smaller, faster semiconductor technology without spending a penny more.

So powerfully did this pitch grab the industry that Intel was soon inundated with calls from computer companies, none of whom wanted to be caught out by being last to switch to semiconductor memory. Five minutes into the conversation, however, would always come the dread question: who was Intel’s second source?

Andy Grove was temperamentally opposed to the principle of second-sourcing. As anyone who had seen the charts on his wall could tell, he saw it as one of the greatest failures of the electronics industry that its members never seemed to be able to deliver on their commitments. The solution to the problem, he believed, was not to sacrifice revenues by allowing a know-nothing competitor to rip off your designs. Instead, he maintained, Intel should get its manufacturing working with sufficient reliability so that customers did not need to ask for a second source.

There was also a concrete issue at stake. The industry’s graveyard was littered with the bones of companies that had come up with a couple of good ideas but then failed to mass-produce them at the right time and the right price. The great risk of signing a second-source deal was that if the chosen partner was one of the industry’s leading names, Intel might hand over to a well-funded and well-organized competitor the very secrets that could be used to drive it out of business.

But Grove was before his time. Early in 1970 Intel had received a request for second-source rights from a Canadian telecommunications company called Microsystems International Limited. After extensive discussions, Intel’s board of directors overrode Grove’s objections and authorized Noyce and Moore to go ahead and negotiate a deal.

The MIL deal was fortuitously timed. It began to produce a stream of fees and royalties – starting with an up-front cheque for nearly $1m – that kept the company afloat while Intel was suffering from the recession at the end of 1970. But the pain came in the winter, when Intel was forced to send teams of engineers out to Ottawa, braving the worst snow and ice that a Canadian winter could throw at them, to hand over to MIL the mask sets for the 1103 and to make sure that its fab lines were running properly. The job proved unexpectedly difficult, but Intel was contractually obliged to do it, and the Canadian company had astutely inserted a provision in the agreement which meant that Intel would receive bonuses if it helped MIL to achieve certain yield levels by a specified date. The painful process of managing this, and the wasted time of repeated engineering visits, left Grove with a bad taste in the mouth. It was ‘not as emotionally satisfying as getting a product to manufacturing,’ he recalled, ‘but the degree of work was really quite the same’. But he worked loyally to implement the decision that he had opposed, and did his best to make it a success.

Three months later, as MIL began to offer its own version of the 1103 in competition with Intel, it began to look as though Grove had been right. Every time the subject came up for discussion, his face gave away his thoughts. You should have listened to me. Was it really worth the front money? Look, we’re losing money left and right here.

But then MIL got too clever. In an attempt to get more chips out of each wafer on the fab line, the company made a change to its production system without consulting Intel: it tried to shrink the chip, and to increase the wafer diameter from two inches to three. The change was a disaster: yields dropped immediately to zero. To make matters worse, the Canadian company built up many months of useless inventory before the problem was properly detected, let alone solved. The result was a stream of former MIL customers, suddenly strapped for memory circuits, coming back to Intel begging for orders of 10,000 units for delivery as soon as possible. Intel profited handsomely, and MIL’s failure helped to reinforce the company’s reputation as an organization that could deliver on its commitments. Even Andy Grove was forced to admit that this first experience of second sourcing had proved to be a success.

AMD’s public relations were handled by Elliot Sopkin, a journalist who had come to California from Atlanta to work on a local paper in Oxnard, a beach town just north of LA. Sopkin had lived next door to Ed Turney, and had been impressed by the salesman’s raffish lifestyle. Every day, as Sopkin went out to work, he saw Turney stroll out on to the sand in a swimsuit, carrying a telephone with an enormously long extension cable. He would then sit down in a deck-chair, telephone machine at one elbow and adding-machine at the other, and start making loud sales calls to clients. When Sopkin returned from work at midnight, Turney would be back on the beach, full of drunken talk about the topless bar he had just visited in Santa Monica and the $100,000 sale he had just made to the purchasing manager he took there. It certainly seemed more fun than journalism. When Sanders appeared in Oxnard and offered Sopkin a position at AMD, he accepted without hesitation.

Six months into the job, Sopkin presented Sanders with a cartoon from the New Yorker depicting a king, obviously King Arthur, sitting on a throne at a large table surrounded by knights. ‘The round table symbolizes our equality,’ said the caption. ‘The high-backed chair and the funny crown symbolize that some of us are more equal than others.’

The cartoon captured Sanders’s style perfectly; his colleagues soon began to refer to him as ‘the king’. While Intel was non-hierarchical and resolutely insistent on the primacy of ‘knowledge power’ above ‘position power’, Sanders kept aloof. Even before the financing was in place, he made it clear to his seven colleagues that he would prefer to deal with investors himself – and followed this up by excluding the other founders from the company’s board of directors. Once the company was formed, he awarded himself the titles of president, chairman and chief executive officer. Nobody complained: they all had plenty to do themselves, and Sanders evidently had the capacity to lead.

He certainly looked the part. Sanders drove a Mercedes-Benz, and wore a huge range of clothes, from dazzling white suits to cowboy hats, that were evidently made to measure. Some of his colleagues thought he was the height of style; ‘always six months ahead of GQ,’ said one. Others thought Sanders’s clothes simply revealed that he was a poor boy made good. But everyone agreed on one thing: Sanders’s mane of hair, which would earn him the nickname of ‘the Silver Fox’ when it turned prematurely grey, was always impeccably coiffed.

Sanders was not one to shirk work. When an important Friday afternoon meeting dragged on to 9 p.m., his fellow-founders would groan, ‘Come on, Jerry, let’s go and have a drink down at the Wheel.’

‘OK,’ the king would snap, ‘I’ll pick up again at eight tomorrow morning.’

‘Jesus, Jerry. Tomorrow’s Saturday!’

‘Sorry. Make it nine.’

The king was not always an easy person to work with. Tom Skornia, the outside lawyer appointed as AMD’s general counsel, often heard his colleagues refer to the AMD chairman as ‘Monster Man’. AMD’s management meetings were also less participatory affairs than Intel’s. While Bob Noyce and Gordon Moore sat back at executive staff meetings, letting others fight out the big issues, Sanders’s style was to treat his staff meetings as if he were briefing a squadron in the air force. AMD’s key people would be summoned every Tuesday morning at 9 a.m. to hear a succession of predictions, announcements, questions, instructions. Sanders used the meetings to keep track of how different departments were progressing with different projects. But he gave his colleagues little opportunity to raise issues of their own at the meetings. These he preferred to deal with one to one, in his own office.

But it was in the board meetings that Sanders’s instinctive political skill was most evident. Skornia, who served as company secretary as well as general counsel, began to notice how well the AMD chairman handled his fellow-directors. To ensure that his proposals were smoothly and speedily adopted in the board meetings, he would prime key board members in advance of a difficult decision. Only once in the first year, when he made an ill-judged proposal for AMD to take over a smaller electronics firm, was Sanders forced by his fellow-directors to retreat.

In 1971, however, Sanders began to shake out his organization. One day he summoned Sopkin into his office and began asking him questions: ‘Elliot, do we have security guards on duty during the day?’

‘Sure, Jerry. You know I look after that.’

‘You know what, it wouldn’t hurt if we had a guard on duty right up here this morning.’

‘Where would he be?’

‘I think he’d be walking between your office and mine, a bit closer to yours.’

‘When?’

‘About ten.’

At 10 a.m. precisely Sanders called Frank Botte, one of his seven fellow-founders, into his office, and closed the door behind him. He told Botte that he was performing below par, and fired him on the spot.

Five minutes later a strangled sound emerged from the office. Blazing with anger, Botte had grabbed Sanders by the throat and was squeezing as hard as he could. It required all the strength of the security guard, whose presence Sanders had carefully prearranged, to separate the two men.

Later in 1971 a similar fate befell Jack Gifford, the leader of the original group of four who had come to Sanders with the idea of building analog circuits. This time, the sin that the victim was allegedly guilty of was treason, pure and simple. Sanders believed, rightly or wrongly, that Gifford had tried to organize a palace coup against him and to take the chairmanship of AMD into his own hands. With a few well-placed phone calls, Sanders made sure that AMD’s directors realized how important it was to remove this potentially divisive influence – and with the board’s approval, it was not long before Gifford, too, left the company.

Thanks to the success of the engineers’ second-sourcing efforts, and Sanders’s indefatigable sales campaign, AMD was able to go public less than a year after Intel. Its prospectus, issued at the end of September 1972, showed that the company was making money – just. But there were a few surprises. Because Sanders had fired him without claiming cause, but then tried to force him to sell his AMD stock back to the company at ten cents a share, Botte had sued – and the case, worth over $1m, was still pending.

More interesting was what had happened to the company’s share capital. Unable to make its startup funding last all the way to the IPO, AMD had gone back to its investors in a second round for another $650,000 – ostensibly to follow Intel’s lead, and diversify from AMD’s basic bipolar technology into a new line of MOS semiconductors. The prospectus for the IPO also revealed that the balance of power between the founders had also changed. Originally, seven of the eight founders had each received 76,500 shares, and Sanders 102,000 in recognition of his senior status. But in June 1972 the company had granted him options over a further 48,000 shares.

Four of Sanders’s five remaining founding partners were astounded when they got news of this. The original equity splits had been carefully negotiated; how had Sanders managed to arrange an extra slab of shares for himself? The fifth founder, John Carey, was probably less surprised: the prospectus showed that he had been promoted to vice-president in 1972, and had been awarded over 24,000 shares in recognition of his enhanced value. Carey and Sanders soon found themselves facing furious demands by the other four to rescind the arrangement. But Sanders brazened it out. Without apologizing or explaining, he made it clear that the arrangement had been made, and that was that.

In the eyes of his partners, the issue of those stock options marked the beginning of what they believed would later prove to be a trend in Sanders’s stewardship of AMD: a grabbing for himself of a share of the company’s success that was considerably greater than what comparable managers elsewhere were being awarded.

At first sight, there seemed little need for this. At the time AMD went public Sanders was already paying himself $34,000 a year in salary – considerably more than both Noyce and Grove at the larger, older and more profitable Intel. But Sanders had always lived just a little beyond his means. Back in his Fairchild days he had inhabited a house on a good street in Los Altos Hills, one of the smartest places in the Valley. At AMD he had moved further north to the even more prestigious community of Atherton – and after the IPO he would move to an imposing house on a seven-acre estate so large that it required a full-time gardener and a housekeeper to run it.

In January 1973, when the wage controls imposed by Richard Nixon’s government were removed, Sanders set to work crafting a new contract covering his employment at AMD. The new terms included tight restrictions on the circumstances under which the board would be allowed to fire him, and salary and fringe benefits lavish enough to create a stir when they were published in a trade magazine the following year. Getting this new contract past the board was one of Sanders’s toughest showdowns yet, but once again he succeeded by brazening through. The AMD chairman’s favourite phrase was: ‘A man’s reach should exceed his grasp.’ Never had a life been lived so literally through that maxim.
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Turning Failure to Profit

INTEL’S 1103 CHIP was the world’s first commercially successful semiconductor memory device. But engineers in the computer industry designed it into their products because its high performance and small size forced them to – not because they wanted to. As Intel would admit later on, the first version of the 1103 that Intel produced was a pig to use. A decade after its introduction Gordon Moore made the extraordinary admission that it was ‘the most difficult to use semiconductor ever created by man’.

It wasn’t simply that the device required a host of peripheral circuits to make it work. It also needed three different power supplies, and it had a capricious timing cycle that any system that used it had to accommodate. Once the feeling of triumph and excitement at simply being able to manufacture the chip at all had subsided, Intel’s top management realized that the company faced a crisis. Unless the flaws of the 1103 were quickly corrected, they might prevent the chip from making the transition from technological curiosity to commercial triumph.

Intel came up with two responses to the problem. One was to start, immediately, a programme of looking again at the chip design to see how it could be simplified and improved. But it would take time to prepare the new masks, prove a new process, and move from samples to full-scale manufacturing, so the redesign could not be expected to bear fruit for nearly two years. Intel’s second response to the problem was more short term and small scale. Ted Hoff and Stan Mazor, two of the company’s engineers, took a few weeks off other projects to build some demonstration systems. Their hope was that when they saw these systems, customers would be more easily convinced that designing the 1103 into a computer system was less difficult than it looked. But Intel’s customers didn’t behave as expected. Instead of nodding their heads wisely and putting in their orders for the 1103s, the computer company engineers who saw the demo systems began to ask to buy them in mass production quantities, so that they could leave to Intel the job of designing the entire sub-system that accommodated hundreds of individual chips.

While Intel was pondering whether to manufacture these integrated memory systems, a telegram arrived at Bob Noyce’s house. It was from Bill Jordan and Bill Regitz, two senior staff at Honeywell, the computer company that had collaborated on the original MOS development project that led to the creation of the 1103. Jordan and Regitz had hit a rough patch at work: their boss had suddenly told them that his travel budget would not allow them to go to the International Solid State Circuits Conference in Philadelphia which every semiconductor engineer worth his salt had to attend. So the two men had simply taken a week’s vacation from work, and bought themselves tickets to the conference from their own pockets. After the sessions they had drowned their sorrows in a few beers, and had come to the conclusion that they would both be better off working for Intel than Honeywell.

Their telegram to Noyce said nothing about Honeywell’s internal politics; it asked simply whether he would be interested in seeing a business plan to set up a division of Intel to build ‘memory systems’ – integrated units that companies could plug into their mainframe computers to increase their memory capacity. The answer, of course, was yes. Although they did not know it, the two men’s telegram landed on Bob Noyce’s desk just when he had come to the conclusion that Intel needed to do more than offer only loose components. At his suggestion, Jordan and Regitz mailed over a business plan outlining in five handwritten pages how the new division might make money. Noyce and Moore then flew over to the Boston to see the two men. Within a month they had moved their families across to the West Coast, ready to set Intel up in the memory systems business.

On their first day at work Regitz and Jordan were told that Intel’s plans had changed. The yield problems with the 1103 were so severe that the company could not afford to spare both men for the memory systems effort. One of them, Regitz, would be assigned to ‘turd-polishing’ – the project to redesign the 1103. Jordan would have to work on his own to set up the new memory systems operation. (Almost from day one the new division was referred to as ‘MSO’. Intel was big on abbreviations.)

Poaching one engineer from a disgruntled Ted Hoff and more from Honeywell, Jordan soon put together the beginning of a memory systems operation and the beginning of a product range – essentially large boxes full of circuit boards to which thousands or even tens of thousands of 1103s were mounted, together with the appropriate driver circuits. Selling 1103s in this way brought Intel two great advantages. One was simply the strength of numbers: with a single sales call, a single invoice and a single goods shipment, Intel could bring in tens of thousands of dollars. This was a source of great excitement for a company which until now had never had a product that had been sold for more than a couple of hundred dollars. It meant that the work of Intel’s sales operation could be better leveraged.

The other advantage of building memory systems was that Intel could now make use of parts that did not meet the specifications laid down in the company’s data sheets. When it was selling only individual components, there was nothing to do with parts that ran a little too slowly or consumed too much power other than to throw them in the junk bin. Yet these parts could account for a quarter, a half, or even more of the output of the fab line. Now that Intel could build these substandard parts into memory systems, the only thing that mattered was to make sure that the system as a whole performed adequately. Half the parts inside might not meet the specification of the components sold individually – but customers would not even know, let alone care. On the contrary; for the extra convenience of having all those substandard 1103s built into a complete memory system, they were ready to pay a premium.

An added attraction to the memory systems business was the marketing strategy of IBM, the grand-daddy of the mainframe business. To make its computers look more price-competitive against those of the ‘seven dwarfs’, IBM accepted modest margins on the basic computer, but then made its real money on the add-ons that customers came back for in a year or two when they needed to upgrade their systems. This was a high-tech example of making money from the blades instead of the razors. But it also opened up an opportunity for Intel. Since IBM built all its own memory devices, and wouldn’t even consider buying 1103s from Intel, why not design some memory systems especially for IBM machines, and sell them straight to IBM’s customers? The margins would be astounding, and the division would gain an entry into a previously closed market that accounted for nearly 70% of the world’s memory sales.

Venturing on to IBM’s turf required a little more expertise and care than the average new product introduction. Not only did Jordan have to make sure that the quality was acceptable – he didn’t want any of his division’s customers to get fired, if something went wrong, for failing to buy IBM. Jordan also had to try to copy some of the excellent customer service that was part of the IBM package. For example, the division had to devise a leasing programme that would allow companies to rent the memory systems for a fixed period of months and then send them back to Intel. These things were not difficult in themselves, but they, like Jordan himself, were all new to a relatively small company like Intel.

It was only when the memory systems operation was up and running smoothly that stresses began to emerge. The issue was how the new division’s accounting should be done. Should the chips that it obtained from the components business and then built into systems be charged at their full arm’s-length price, just as if the memory operation had bought parts in the market? Or should they be treated as costing nothing, since the parts that were now going into Jordan’s memory systems had simply been thrown away before his arrival?

Both approaches had problems. Booking the incoming units at the full price hardly reflected their opportunity cost to Intel, since the company had never tried to find any takers in the market for substandard components that failed to meet its specifications. Equally, it seemed too generous simply to give the chips to the new division; this might give rise to such accounting distortions that the
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Thanks for the idea, Howard.

It was in the spring of 1995, and we were sitting in a cafeteria at Intel’s headquarters in Santa Clara. Across the table from me was Howard High, one of the company’s most senior PR people.

I was supposed to be on vacation at the time. Having just quit a job as technology-page editor of one newspaper, I’d decided to take a couple of weeks off with my family in California before starting another job writing a weekly technology column for another newspaper. Since we were almost driving past Intel’s door, it seemed to make sense to spend a couple of hours getting a little more familiar with the world’s most powerful chip manufacturer. So here I was, trying not to grimace at the bitterness of the evil-tasting Intel coffee, chatting with the PR man after a pair of useful background briefings. It was already clear that Intel was more than just an important company. It was a fascinating company too, and one that I needed to learn more about.

‘Tell me, Howard,’ I asked. ‘Which of the books on Intel do you think I ought to read?’

I’d assumed there must be at least three. By most measures – stature, profitability, market influence – Intel was more important than companies like IBM, Apple, Dell and Compaq, all of whose stories had already been told at length in books. The only company that surpassed Intel’s dominance of the computer business was Microsoft, and a new crop of titles on Bill Gates and his empire seemed to come every season.

But my assumption that Intel must already have been studied in depth by an outside writer was wrong.

‘There aren’t any books,’ said High.

It was six months later before I began to realize why.

As soon as that vacation was over I set to work on the preliminary research for this book. In the summer of 1995 I sent faxes to Andy Grove and Gordon Moore, telling them that I’d been commissioned by publishers in New York and London to write a book on the company, and offering to fly over and brief Intel people on the project. ‘My aim is to write a book that is fair, serious and accurate,’ I wrote, ‘a task that will be easier with your participation than without.’

The initial reactions were positive. At Intel’s suggestion, I sent over a preliminary list of people inside the company I hoped to interview – and started talking to the company’s PR department about access to the Intel archives. I then moved over to Silicon Valley with my family to start work in earnest on the project. That was when things at Intel began to change. None of the interview requests yielded fruit. The copies of archive materials that I’d been offered didn’t arrive. Calls to the company went unreturned.

At first, there seemed nothing surprising about this. My last book about Richard Branson, the billionaire founder of Britain’s Virgin airline conglomerate, had followed a similar pattern. I’d approached Branson at the outset to let him know that I would be writing a book, and that he would be welcome to take part if he chose. Initially he decided not to; then, when word began to filter back to him of the extensive research and interviewing I was doing, he changed his mind. Three months into the project, Branson’s PR man had called out of the blue. ‘Richard wants to know when you want to come and interview him,’ he said.

My hope was that when Grove and Moore realized that the project was serious, Intel might decide to reconsider. I started my interviewing outside the company – talking to Intel suppliers, partners, and clients, and tracking down scores of former employees across the United States. The process was fascinating; it demonstrated the high calibre of the company’s hiring. A high proportion of people who had joined Intel and then left had gone on to stellar careers elsewhere in America’s high-tech industries – as engineers and inventors, managers and leaders, lawyers and accountants, venture capitalists and professional investors. In February 1996 I received a call out of the blue from an Intel vice-president with the news that an interview with Andy Grove was about to be set up. At last, it seemed, the work was paying off. Two days later the same VP called back – and explained, with some embarrassment, that the interview had been cancelled for reasons that she could not explain. Over the following weeks I received indirect messages from Intel managers and other people close to Grove, each offering conflicting reasons for the company’s decision to pull out. One suggested that my faxes to Grove and Moore had offended people in the PR department, who liked to know about upcoming projects before their supervisors did. Another suggested that the company was worried that it would be seen as endorsing the book if it offered any cooperation at all. A third suggested that Grove was simply unable to come to terms with the idea of Intel’s being the subject of a book over which he didn’t have editorial control – and explained that earlier attempts by outsiders to write the company’s history had foundered over this very issue.

I never found out which of those reasons, if any, was the right one. But the outcome was clear. Barring a conference call I had with Gordon Moore, a brief meeting and a few e-mail exchanges with Andy Grove, Intel’s participation was limited to an offer to send me any documents on the company I wanted, provided they were already available from other public sources.

That was the company’s official stance.

Unofficially, Intel was doing a great deal more than just stay aloof from the project. After I told the company the names of some of the most prominent people in its history that I had already spoken to at length, senior Intel executives contacted them, demanding they talk no further. A message was sent out from the top of the company to Intel managers all over the world, warning them that they might be approached in connection with this book and instructing them to say nothing and report all calls immediately to the company’s press office. Current employees of the company who spoke to me knew that they were risking their jobs by doing so. Business partners were left with the clear impression that their relationship with Intel might suffer if they participated.

In one case, I tracked down an Intel consultant who had been named in a lawsuit against the company asking for a comment on an allegation, made against him in court papers, that he had broken the law while carrying out an operation for Intel. In response, the frightened consultant made it clear that the company had put pressure on him. He had a lucrative contract with Intel, he explained, which made up a substantial proportion of his income – and the company had threatened to terminate the deal immediately if he said anything at all on the record. I urged him to think again: since he was accused in the court papers of breaking the law on the company’s behalf, it would be his own reputation as well as the company’s that would be at risk if he chose to let the allegations against him go unanswered. He replied through a Silicon Valley lawyer, in a strongly worded letter accusing me of bias.

Why did a company as prominent and respected as Intel respond in this way to a straightforward business book? I concluded that there were probably two reasons. One was that Intel and its top management have not yet fully adjusted to their new public role. As this book has described, Intel until the late 1980s saw itself as a component company whose key customers were engineers in other big companies. Only since the early 1990s has the company begun marketing to consumers in earnest, and begun to appreciate the consequences that flow from that change in emphasis.

A second factor lying behind Intel’s attitude to this book may be the culture of secrecy that Andy Grove has created inside the organization. The public face of this culture is the slogan ‘Only the paranoid survive’ – and Grove has intellectualized it into a principle of management which requires even a successful company to worry about threats that may be just around the comer. But Intel is paranoid in its day-to-day business practices as well as its long-term strategies. AMD discovered, in one of its many court battles against the company during the 1980s, that Intel routinely kept stacks of paper next to its photocopiers preprinted with the legend ‘Intel Confidential’. Mid-level Intel managers receive a standard three hours of legal training twice a year, warning them among other things never to say that the company dominates the world’s microprocessor business, only that it leads. To make sure its managers exercise proper caution, the company stages mock investigations and trials, in which teams of Intel staff pretending to be law enforcement officials burst unannounced into an executive’s office, seal it off, and cart away documents from the filing cabinets to check for any careless words that might put Intel at risk.

My belief is that this culture helps to explain why the company has become what it is today. That is why the later chapters of this book devote less attention to the details of how Intel designs and manufactures new products – activities which have developed in an evolutionary rather than revolutionary way during the past decade – and more attention to the company’s marketing, management and competitive tactics.

Intel’s attempts to frustrate the project mean that this book cannot claim to be more than an imperfect first draft of the company’s history. It would have been illuminating to hear detailed responses from Andy Grove and Gordon Moore to many of the incidents described here by their colleagues, partners and competitors. But the lack of input from Intel does not by any means invalidate the project, for the Grove and Moore view of Intel’s history is largely available from other sources. Intel has published several extensive essays on its own history and culture, and the company’s top management have put their views on record in thousands of news clippings, technical articles, interviews, reports, and business-school case studies examined in the researching of this book. Public court documents and government papers, obtained under the Freedom of Information Act, provided further information.

None of these outside sources gave much clue as to what the world inside Intel really looks like. For that, I relied on hundreds of hours of interviews with Intel’s partners, customers, suppliers, advisers, competitors and, of course, its employees, officers and directors and their families. The Intel people I spoke to, whose periods of service with the company began at its foundation in 1968 and before, and run right up to the publication of this book, have combined experience at Intel of many hundreds of years.

I am particularly grateful to the current Intel employees and their families who spoke to me in defiance of the company’s instructions; for obvious reasons, they cannot be named here. The same is true of a number of people working for companies that have commercial relations with Intel who helped me, but feared that they or their employers might suffer if they were identified.

Among those who gave interviews without requesting anonymity, there were many who were generous enough to spend many hours with me, talking in several separate sessions. I would like to thank Tom Armstrong, Richard Belgard, Brenda Borovoy, Roger Borovoy, Ann Bowers, Lee Boysel, Robert Burgelman, Gordie Campbell, Jack Carsten, H. T. Chua, Cathy Cook, Barry Cox, Jack Cundari, Gary Davidian, Bill Davidow, Vin Dham, Gerry Diamond, Ann Doerr, John Doerr, Paul Engel, Dave Epstein, Elvia Faggin, Federico Faggin, Hal Feeney, Mike Fehr, Skip Fehr, Gene Flath, Joe Friedrich, Ed Gelbach, Scott Gibson, Howard Gopen, Bob Graham, Henry Gregor, Ron Grindstaff, Mike Gullard, Robert Gunn, Brian Halla, Bill Handel, Ted Hoff, Bette Hootnick, Larry Hootnick, Terry Hudock, George Hwang, Jean Jones, Bill Jordan, Joel Karp, Will Kauffman, Jim Lally, Bill Lattin, Tom Lawrence, Richard Lovgren, Tor Lund, Bruce MacKay, Mike Malik, Tim May, Stan Mazor, Sue McFarland, Rich Melmon, Rob Miller, Steve Morse, Albert Mu, Terry Mudrock, Nick Nichols, Jan Nielsen, Roger Nordby, Terry Opdendyk, Kim Parrish, Mike Peak, Casey Powell, John Reed, Dave Rickey, Arthur Rock, Tom Rowe, Randal Schwartz, Dan Siegal, Sven Simonsen, Tom Skornia, Michael Slater, Doug Derwin, Elliot Sopkin, Phil Spiegel, Gary Summers, Tim Thurgate, Ed Turney, Ralph Ungermann, Rob Walker, John Wharton and Jack Yelverton.

The most useful secondary source I found was Microprocessor Report, the excellent newsletter published by the team of analysts and writers at Micro-Design Resources. Tom Skornia was particularly generous in allowing me access to his unpublished memoir covering his long association with Advanced Micro Devices and his dealings with Intel. I am also grateful to Henry Lowood, history of science curator at Stanford University, for his help with videotaped archive material from the university’s Silicon Valley project. Library staff and researchers at Stanford University, the University of California at Berkeley, and the Berkeley and San Francisco Public Libraries were also helpful beyond the call of duty. I would also like to thank the staff at the US Department of Justice and the Federal Trade Commission who deal with requests for information under the Freedom of Information Act.

Joel Shurkin, Rich Belgard, Joel Karp, Richard Dale, Michael Jackson, Mike Peak, Bill Jordan, Gian Pablo Villamil, Tom Skornia, John Wharton, Larry Hootnick, Richard Lander, Stan Mazor, Laurence Blackall and Daniel Jackson were all very generous with their time in reading part or all of the manuscript, and alerted me to many mistakes both large and small. Al Zuckerman, my agent at Writers House in New York, shepherded the project from outline to finished book, and was a wise adviser and tireless advocate throughout. I am also particularly grateful for the work done by Arnold Dolin and Matthew Carnicelli at Penguin USA and by Michael Fishwick and Rebecca Lloyd at HarperCollinsPublishers in championing the project and seeing it through to publication.

Emily Marbach’s contributions as inspiration, guide, supporter and confidante are beyond measure. I owe her more than thanks.
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