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INTRODUCTION

2 Intel was the leadi

In 201 ‘n_u ‘W‘l\ t.hc leading manufaciurer of mie
cessors (ot personal computers S s e MICTOPro-
that it had held onto for more the World. a position
]l o ; LY Lw dc\;‘udcs O p
0% of all personal computers sold in 2812 ye . Ovey
P eassors: The Tt ‘ =912 used Intel
oo Y reported revenues of
§53 hillion and net profits of S| billion, Mean AN
Intel’s only viable competitor. AMD. whi sypatihile;
: 4 » AND, which in the early
2000s had been gaining share from Intel, Jost $1.2 billior
on sales of $5.4 billion. R S
-DCS_P"? r";* ‘hl]-‘-lf;‘m‘ C!Ofninunce. the future looked
uncertatn o n.e. - 'he nise of mobile devices had led
10 a strong substtution effect. with sales of PCs fall-
ing as consumers awuchcfl 10 smart phones and tablets
fof many of their computing needs. In the first quarter
of ?013, glr{b&l PC sales fell 14% on a year over year
basis accordmg t‘is: the: rese;nmh firm IDC. This wus the
worst yearly decline since IDC started tracking PC sales
in 1994, and the fifth quarter in a row that PC sales had
fallen. At the same time. sales of smart phones and tab-
lets were booming. 1DC predicted that sales of tablets
would grow almost 60% in 2013. and that tablet ship-

ments would exceed those of portable PCs.'

The crux of the problem for Intel is that most tablets
and'smart phones used microprocessors that are based on
technology licensed from ARM Holdings PLC, a British
company whese chip designs are valued for their low

power consumption, which extends battery life. While

" Intel has a line of chips aimed at mobile devices—the

*in 2012 Microsoft issued 2 version Of its

Atom chips—microprocessors incorporating AR)M;.
technology were found on 95% of smart phones in 2012

‘and over 30% of all mobile computing de\*i?es, a cate-
gory that includes tablets and PC notebooks.” Moreover,

Windows 8
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operating syste
perating system tha ran on ARM chips, mather than

lutel chips, c
3. enanag a patentinl thre S .
B e LA pe threat to Intel’s core T

THE FOUNDATION
OF INTEL

L\:)'?c?f..‘culires from Faicchild Sennconducton, Rober
Noyee and Gordon Moore. founded Intel in 1968,
Fairchild Semivonductor was one of the leading semi-
?m\ducmr companies in the world and a key CRIETPIsSe
in an area south of San Frawcisco that would come w©
be known as Silicon Valley. Noyee aud Moore were no
qrdmury excoutives. They had been among the eight
founders of Fairchild Semiconductor. Noyee was gen-
cral manager at the company, white Moore was head
of R&D. Three years previously, Moore had articu-
lated what came to be known a8 Moore's Law, He had
observed that since 1958, due 10 process inprovements
the industry had doubled the number of transistors that
could be put on a chip every vear (in 1973 he altered this
10 doubling every two years).

Fairchild Semiconductor had been established in
1957 with funding from Sherman Fairchild, who had
backed the founders on the understanding that Furchild
Semiconductor would bo a subsidiary of his Fairchild
Camera and Instrument Corporation an New York, By
1968 Noyce and Meore were chafling at the bit under
manngement practices imposed from New fork, and
hoth decided it was time to stike out on their own. Such
were the reputations of Noyce and Moore that they WA
able to rise $2.3 million to fund the new venture “in

L

an afternoon on the basis of a couple of sheets of paper
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contnining one of the skertchiest business plans ever

financed".’? !

When business reporters got wind of the new ven:
ture, they asked Novce and Moore what they \.vcre in-
tending o do. only to be greeted by vague replies. The
two executives, however, knew exactly what they were
going to do—manufacture silicon memory chips—they

Just didn’t want potential competitors to know thm: At
the time. sales of mainframe computers were expanding.
While these machines used integrated circuits to perform
logic calculations. programs and data were stored op
magnetic devices. Although inexpensive to produce. .'f
was relatively slow to access information on a magnetic
device. Noyce and Moore knew that if they could build
a silicon based integrated circuit that could function as a
memoary device, they cauld speed up computers. making
them more powerful. which would expand their applica-
tions and allow them tq shrink in size.

These memory chips were knows as dynamic ran-
dom access memories (DRAMs). While much of the
theoretical work required to design an integrated cir-
cuit that could function as a memory device had already
been done, manufacturing DRAMs cost efficiently had
so far proved impossible. At the same time, some key
research on manufacturing was being done at Fairchild.
This research included a lechnique known as metal ovide
on silicon, or MOS. Noyce and Moore wanted to mass-
preduce DRAMSs, and after looking at other possible
alternatives, they concluded that commercializing the
MOS research was the way to do it. This prompted some
cynics to note that Intel was established to steal the MOS
process from Fairchild.

ANDY GROVE

To help them, Noyce and Moore hired a number of re-
searchers away from Fairghild, including, most notably,
a young Hungarian Jewish émigré called Andy Grove. At
Fairchild, Grove had reported directly to Moore. At Intel
he became the director of operations with responsibility
for getting products designed on time and built on cost.
Through the force of his own personality, Grove would
transmute this position into control over just about ev-
erything Intel did, making him effectively the equal of
Noyce and Moore, long before he was elevated to the
CEO position in 1987.

Grove was an interesting character. Born in 1936, he
went into hiding when the Germans invaded Hungary dur-

ing World War II and managed to escape the Holocaust.

‘11, the tyranny of the Germans was repluceq ),
:}\12‘;;,\:;1\2;]:f):'hl;::y?ovi;:ls as Elungary l)cuxl‘nlf a 5“‘°‘}i\c
state of the Soviet Union. In 19506, zllfc‘:l lhb""'“f"-c of an
uprising against the Sovict puppet S‘_‘"cl”""c;“l'l Girove o5
caped across the border lO-AllSll‘:.l. anc Imn( |L| .1‘1.\ way (g
the United States. He put himsclt thmu{; ) cotiege in Ney,
York by waiting on tables, and ll.u:lj I\YLSL 1‘4; uc ‘B?rk;ley
for graduate work, \vhcr‘c he received ‘.l F: : |ln Ichumcm
enginecring in 1963. His ne.)'tl Sm'.) W‘“, el d Where
he worked until Moore recruited him awnyjin 1968,
Over the next three decades, Grove would stamp fiy
personality and management sty Ic'nn hjwl' Regardeg
by many as one of the most effective managcvs of the
late twenticth century. Grove wis a very dcmandI'HS and
according lo some, autocratic !cudcl.' who set high ex.
pectations for everyone, including himseif. He .was de-
tail orientated, pushed hard to measure AL thing, sing
was constantly looking for ways to drive down cogs
and speed up development processes. He was knowp
for a confrontational “in your face” management style,
and would frequently intimidate employees, shouting at
those who failed to meet his expectations. Grove him-
self, who seemed to enjoy a goad fight, characterizeqd
this behavior as “constructive confrontation”. He woulg
push people to their limits to get things done. As he once
noted, “there is a growth rate at which everybody fails,
and the whole situation results in chaos. I feel it is my
most important function. . . . to identify the maximum
growth rate at which this wholesale failure begins” 4
Grove demanded discipline, insisting for example,
that everybody be at their desks at 8 a.m., even if they
had worked long into the night. He instituted a “late list”,
requiring that people who arrived after 8 a.m. sign in. If
people arrived late for meetings, he would not let them
attend. Every year he sent around a memo to employees
reminding them that Christmas Eve was not a holiday,
and that they were expected to work a full day. Known
as the “Scrooge memo”, many would be returned with
nasty comments scrawled over them. May you eat yellow
snow, said one, A very neat man, if people’s desks were
messy. Grove would publically criticize them. Accord-
ing to one observer, “Andy Grove had an approach to
discipline and contro that made you wonder how much
he had been unwittingly influenced by the totalitarian re-
gime he had been so keen to escape”.
: Grove controlled managers through a regular budget-
108 process that required them to make detailed revenue
and cost projections. He also insisted that all managers
establish medium term objectives, and a set of key re-
sults by which sucgess or failure would be measured.




instituted regular one-on- :
: gzn:e was re\-iiv. ed ;ZEI:SL ?)'l;je‘::j::‘gl: ﬁl}}em
ers accountable for shortfalls. He alsg r:ec?xir]c[:lg e
management reviews where managers lfrom 3:;’)[‘2:‘:,11{
parts of the company would meet to hear 2 presentation
of its current strengths, weaknesses. opportunilies‘ and
threats. The goal was to get managers to step back and
jook at the bigger picture. and to encourage them to hel
each ather solve problems. Stk
Gm\:e wou].d also ;p_rz‘\cticc management by walking
around. inspecting facilities and offices, demanding lh:l
they be clean, something that earned him the nick;ulme
“Mr. Clean™. He pushed the human resource department
to institute a Standard system of ranking and rating that
had four performance categories; “superior”. “exceeds
expectaxjons". “meets expectations”, or “does not meet
upecmtions". People were compared against others of
their rank. Pay raises and later. stock option awards werc
based on these rankings.

Despite his autocratic style. Grove was grudgingly
admired within the company. He was a brilliant prob-
lem solver, a man with tremendous control of facts and
delails. someone who was determined to master the
challenging technical projccts that Intel was working
on. Moreover, while he drove everyone hard, he drove
himself harder still. thereby eamning the respect of many
employees.

pertor-

: Making a DRAM using MOS methods proved to be
extremely challenging. One major problem-—small
partials of dust would contaminate the circuits during
manufacturing, making them useless. So Intel had to de-
velop “clean rooms” for keeping dust out of the process.
Another was how to etch circuit lines on silicon wafers.
without having the etched lines fracture and break as
the wafer was heated and cooled repeatedly during the
manufacturing process. The selution to this problem,
identified by Moore, was to “dope” the metal oxide with
impurities. making it less brittle. Intel subsequently
went to some lengths to keep this aspect of the manu-
facturing process secret from competitors for as long as
possible.

Intel, of course, was not alone in the race to develop a
commercial process for manufacturing DRAMSs. Among
the potential competitors was another semiconductor
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company started in 1969 by Jerry Sanders, a former mar-
keting director at Fairchild. Sanders started his company
with the help several other Fairchild employees who
had not been recruited by Intel. Called Advanced Micro
devices, or AMD, the company found it tough to raise
capital until it received an investment from non other
than Robert Noyce, who saw something he liked in the
flamboyant Sanders.

Driven by constant pressure from Andy Grove,
whose “in your face” management style was bearing
fruit, albeit at some human cost, by October 1970 in-
tel succeeded in producing a DRAM chip, named the
1108, in relatively high yields (which implied that rela-
tively few chips had to be discarded). The 1103 could
store 1,024 bits of information (zeros or ones), which
was 4 times as much as the highest capacity semicon-
ductor memory device currently available. Since the
fixed costs required to establish a manufacturing facility
were very high, the key to making money on the 1103
was high yields and high volume. If Intel could achieve
both. unit costs would fall enabling Intel to make a lot
of profit at low price points. In turn, low prices implied
that DRAMs would start to gain wide adoption among
computer manufacturers.

The 1103 put Intel firmly on the map. The chip soon
became the memory technology of choice for computer
makers, and by the end of 1971, 14 out of the world’s
18 leading mainframe computer makers were using the
1103. However, Intel did not have the market entirely to
itself. Computer makers did not want to become depen-
dent upon a single source of supply for critical compo-
nents. To avoid this, mest computer makers mandated
that components had to be at least duel sourced, and
for Intel, this meant that if it wanted business, it had to
license its technology to other companies. Intel first li-
censed the rights to produce the 1103 to a Canadian firm,
MIL. in exchange for an upfront payment and per unit
royalty fee. Before long, MIL was competing against
Intel in the market for the 1103, but MIL made a critical
mistake in their manufacturing processes, and it wasn’t
long before a stream of former MIL customers were
knocking en Intel’s door.

Along the way, Intel received an inquiry from two
disgruntled enginecrs at Honeywell, asking if Intel was
interested in building memory systems. The idea was to
mount thousands of 1103 chips on a circuit board that
could then be plugged into a mainframe computer to in-
crease its memory capability. Impressed by the idea, Intel
promptly hired the two engineers and set up a division to
do this. Before long, the new division was selling circuit
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banteds to custimers running IBM mainframes. This was

something of a coup: 1BM would not even consider buy

ing the 1103, and had started making its own memory
chips. Now Intel had access (o a formerly closed market
that accounted for 70% of ali memory sales.

Around the same time, an accidental discovery at

Intel led to a second product line—erasable program-

mable read only memory (EPROM). Read only memory
thips (ROM) were finding wide applications in comput-
mg. RON! had desired data. a program for example. per-
manenily burnt into its circuits. ROM was used to store
progrums, such as a machine operating system. or part
of that system. The troubling thing about ROM is that
if an engineer made a mistake in programming the chip.
he would have to burn another chip, which was a pains-
taking and time consuming process. While exploring the
reasan for fatlure of 1103 chips in the manufacturing
process, Dov Froham, another ex Fairchild researcher at
Intel, found that the cause was that some of the “‘gates”
inside the chips had become disconnected: they were
floating. Froham realized that this flaw in the 1103 had
a potential use; it might enable an engineer to design a
ROM chup that conld be programmed. with ease in a few
minutes. Moreover. he found that the data on such chips
could be erased and rewntten by shinning an ultra violet
light on it and the EPROM was bom.

Engineers loved the EPROM chip, and once Intel
solved the manufacturing problem and started to produce
EMROM chips in large quantities, demand surged. Bet-
ter sull. tor twao years Intel had a virtual monopely on the
product. While other companies tried to produce similar
chips. they were unable 10 solve the manufacturing prob-

lems, enabling Intel to charge a relatively high price for a
praduct whose cost was falling every day with advances
in cumulative volume.

" THE BIRTH OF THE
MICROPROCESSOR

By 1971 Intel had already created two revolutionary in-
novations in the semiconductor industry, the DRAM and
the EPROM chips. A third. the microprocessor, was also
created that year. The microproeessor was born out of an
inquiry from a Japanese company. The company asked
Intel if it could build'a set of eight logic chips to perform
arithmetic functions in a caleulator it was planning to
produce. Intel took on the project. Ted Hoff, one of the

inventors of the DRAM, wondered if it might not make
more sense to build a miniaturized general purpose com-
puter. which could then be programmed to do the arith-
metic for the company’s calculator.

The project was given to Federico Faggin. an ltalian
engineer who made some of the basic breakthroughs on
MOS technology while working at Fairchild. Although
the Japancse company subsequently decided not (o
build the caleulator, Intel pushed ahead with the project.
Faggin. who worked 12 1o 14 hour days for weeks on end,
produced several prototypes in short order. (A source of
irritation for Faggin was that despite the long hours, his
boss, following Grove’s lead, constantly complained that
Faggin was late for work!)

Due to Faggin’s efforts, by November 1971 Intel had
its third product, the 4004 microprocessor. In an article
in Electronic News that accompanied its introduction,
and which described the 4004 as a computer on a chip,
Gordon Moore heralded the 4004 as “one of the most
revolutionary products in the history of mankind”. No
one paid much attention. People in the computer indus-
try viewed the 4004 as a fascinating novelty. Although
small and cheap, it could only process 4 bits on informa-
tion at a time, which made it slow and thus unsuitable for
use in the computers of the time. The 4004 was followed
by the 8008 microprocessor. which could process eight
bits of information at a time. Although faster, it too was

a product in search of a market. In an attempt to speed
adoption, Intel started to sell development tools that
made it easier and faster for outside engineers to develop
and test programs for new microprocessors. Slowly the
microprocessor began to make inroads into the computer
industry, primarily in peripherals such as printers and
tape drives.

THE PERSONAL
COMPUTER REVOLUTION

By the mid 1970s and embryonic new industry was ap-
pearing, the personal computer industry. A company
called MITS based in Albuquerque, New Mexico pro-
duced the first true personal computer. The MITS Altair
used an Intel 8080 microprocessor, which was priced at
$360. The first program offered for sale with the Altair
was a version of the BASIC Pprogramming language,
wrtten by Bill Gates and Paul Allen, and designed to
run on the 8080. The two had moved to Albuquerque to

C el




be near to MITS. and they hag Citablishe
their own, Microsoll. The A ks
hobbyists who wanted 10 wrije comp
(for which Microsult Basic came i lz':lwll
In short order, : ecliticompan
Jliicion lr, a number of companies

making personal computers. The g Kucces s
early companies was Apple Compu R

: . ler, w
its revolutionary Apple 1l in 1977 gy lh}::kll,‘ introduced
- BY this time, a qum

4 cony iny of
U primarily 1o
ude ag home

lair way g,

i : ber of other companies we

: _ cre also ; .
. ; cessors. including Moiorola, \‘h(i;"‘ll;lr::.g‘ micropro-
3 : used in the Apple I1. The Apple 1] w essar Apple

] 4s a big commereia
c H

success, in no smaltl part because iy Was easy to use I‘I l

; b/ se for,

and because one of the most successt
i - a spreadsheet called \'isi(*oallc:“\l:;?':i:lltg:r:g programs,
Apple Il run on the

The commercial success of ; ‘ _

_ world’s largest computer eompa:;,: l‘?siﬁlcuil tfl?cl lu':::
| "as"'e'Tt personal computer seriously. IBM started to de-
A \-al9p its own personal computer in 1979 in a top-secret
" project. To speed the product to market, IBM 100k a mon-
umental sunwglc"dccision-—it decided 1o use “off the
shelf c(.)mp.oncms [,0 build the PC rather than develop
everything itself. which had been the norm at IBM. Orig-
inally the company planned to use a microprocessor from
. Motorola and an operating system called CP/M from a
@ company called .Digital Research. However, Motorola
e | was late developing its product, and Digital Research’s
B il CEO. Garv Kildall, proved to be difficult to work with.
: # Casting around for alternatives, [BM contacted Intel,
B offering to purchase it’s latest microprocessor. the 8088.
“which was a derivative of Intel’s 8086 chip. However,
IBM did not tell Intel what the microprocessor was to be
& used for (originally Intel was told that it was to go ina
8 printer). As part of the deal, IBM insisted on alternative
" cources for the 8088. Reluctantly Intel allowed AMD
and a number of other companies to produce the 8088
under license. A 1982 cross licensing agreement with
AMD, which gave AMD the right to produce the 8088
chip, would come to haunt Intel for years to come.

For the operating system of its first PC, IBM decided
to use MS-DOS, a Microsoft operating system. Origi-
| nally developed by Seattle Computer, and called Q-DOS
(which stood for quick and dirty operaling system),
| Q-DOS was purchased by Microsoft for $50,000 when
Bill Gates heard that IBM was looking for an operaling
system. Gates renamed the product, and quickly turncd
around and licensed MS-DOS to IBM. In what was (0 be
a stroke of genius that had enormous implic_anons for the
future of all parties involved, Gates, sensing that IBM

€4
b e

T ad

WoCa77

execuli . ik
cullves were despernte 10 get their hinds on an op-

e e b e T

e e ¥R ‘: 1CEN8e v.nh'lI}M

I o At ;1 oy yllmzw had realized that
foundiy unin\pl'cs‘ac(r wilrlflh)-“‘-ll t:t)lllpl‘l\cr.‘wcrc b
Microsoft. Afler n.visil 10 \'1'% : mflcc e
noted: “These ‘mi' ¢ "l |IIL{(N) o e e
they don’t mall?(lh(;‘c;llt? !d T 1:“‘:)’ n:} m“-OIISlml-L
ambitions are \(, ' Iuwio‘":](‘ 2 3 l.‘.L.y HEdome by
i I’ZV ‘.n ;mu 'n :“nl(‘)l IL:I“}' clear ll.ml they
e Fape W;\.i(:\ ;‘dl. i or ‘ns purt, Microsoft
3 n of MS-DOS that would run on
lhg Intel microprocessor. From now on, like it or not,
Microsoft and Inte) would be joined at the hip.

Introduced in 1981, the IBM PC wus an instant
success. To stoke sales, IBM offered a number of ap-
phcmions for the IBM PC that were sold separately, in-
cluding a version of VisiCalc, a word processor called
EasyWriter, and well-known series of business programs
trom Peachtree Software. Over the next two years, IBM
would sell more than 500,000 PCs, seizing market lead-
grship from Apple. IBM had what Apple lacked. an abil
ity to sell into corporate America.

As sales of the IBM PC mounted, two things hap-
pened. First, independent software developers started to
write progrum 1o run on the IBM PC. These included
two applications that drove adoptions of the IBM PC:
word processing programs (Word Perfect) and a spread
sheet (Lotus 1-2-3). Second. the success of 1BM gave
birth to clene manufacturers who made “1BM compat-
ible” PCs that also utilized an Intel microprocessor and
Microsoft’s MS-DOS operating system. The first and
mast successful of the clone makers was Compaq,
which in 1988 introduced its first personal computer, a
28-pound *portable” PC. In its first year, Compaq booked
$111 million in sales, which at the time was a record for
first year sales of a company. Before long. a profusion of
IBM clone makers entered the market, including Tandy,
Zenith, Leading Edge. and Dell Computer. This entry led
to market share fragmentation in the PC industry.

By 1982, Intel had a replacement chip ready for the
IBM PC. the 80286 microprocessor. The 80286 was des-
perately needed sinee the 8088 was painfully slow run-
ning some of the newer applications. IBM introduced o
new PC, the AT, to use the 80286 chip, and priced itata
premium. Demand was so strong that IBM put the AT on
allocation, which opened the door to clone makers, par-
ticularly Compag. By now. 70% of the MiCroprocessors
sold to PC manufacturers were made by Intel, with AMD
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accounting for a significant portion of the remainder. For
the 80286. Intel had cut the number of licenses down (.0 4,
It also ran an intensive marketing and sales campaign.
called Checkmate, which was successful in getting
many Onginal Equipment Manufacturers (OEMSs) to use
Intel’s version of the 80286 in their machines.

THE DRAM DEBACLE

In 1984 Intel booked revenues of $i1.6 and made almost
$200 million net profit, up from $134 million in revenues
and 520 million in net profit a decade earlier. The growth
had been dramatic. However, Intel’s share of the DRAM
market had been sliding for years. New entrants, particu-
larly from Japan, had been grabbing ever more DRAM
sales. They had done this by undertaking large scale
investiment to build efficient fabrication facilities (fabs)
and paying meticulous attention to quality and costs, do-
ing everything possible to drive up yields. One source
suggested that while peak yields and U.S. DRAM plants,
such as Intel’s, were around 50%. in Japan they were
closer to 80%. This translated into a huge cost advantage
for the Japanese producers.

The American manufacturers. Intel included, had
made the crucial mistake of underestimating the Japa-
nese threat. Demands from computer companies for
second sources had helped to facilitate diffusion of
the underlying product technology and commoditized
DRAMSs. In such a market, advantage went to the most
efficient, and this was the Japanese. Moreover, Japanese
companies seized the lead in developing more power-

ful DRAM chips. While Intel had created the markel for
DRAMs, and dominated the market for 1K ¢hips, in each
subsequent. generation it fell further and further behind.
By 1983 when fifth generation 256K DRAMs started to
appear. Intel was a year behind in the development cycle
and as a consequence, was at a distinct cost disadvantage
when it introduced its product.

Semehow, despite Grove’s aggressive leadership,
Intel’s share had fallen to only 1% of the total DRAM mar-
ket. Te regain market share, management understood that
Intel would have to build a new fabrication facility, at a
cost of $600 million, and throw company R&D resourees
behind an effort to bring a next generation | megabyte
DRAM chip to the market. To make matters worse, the
DRAM market was in a big slump, bought on by over-
capacity as a result of aggressive investments by Asian pro-

ducers, and Tntel was losing money in the DRAM business.

FFaced with this blcak prospect, !mcl < senior manuge.
x‘hqd to decide whether to continue to compete i, 4
ment ni

RAM business, the market they h:_ld created, or g fg o
o .cs on the more profitable MiCTOProCessor marke
it ision. [rrespective of the econom,

as not an easy dec : 2T
PREDEE ous emotional attachment withip

ics, there was enoerm Hons
;‘an'my to the DRAM business. Many at Intel wange
<l )

21'e e also valid argy
ild 2 1M DRAM. There were a Zumeny
;grb:::;iig in the DRAM business. Some thoughy that

DRAMs were the technology driver in semicondug
manufacturing, and without the knowledge gained fron

making DRAMSs, Intel’s microprocessor business woulg
suffer. In addition, there was the argument that custop,;. 1
ers would prefer to buy from a company that Offered ot

full product range, and if it exited the DRAM businegs .
Intel would not be able to do that. : :

As Andy Grove describes it, a crucial point arriveg
when he and Gordon Moore were discussing whay
Intel’s strategy should be. Grove asked Moore, “If we
got kicked out, and the board bought in a new CEQ, why
would he do?” Moore’s reply, “he would get us out of
memories”. Grove then said, “why don’t we just walx
out of the door. and come back and do it ourselves™ |
was one thing to make the decision, another to imple-
ment it. Grove removed the head of the DRAM division,
recognizing that he was not the man to wield the ax.
and replaced him with another manager, who promptly
“went native” and started to argue for going ahead with
the 1 megabyte DRAM chip. He 100 was replaced. and 3
year after the decision was made. Intel finally exited the

DRAM business.

THE MICROPROCESSOR
BUSINESS

In 1987 Gordon Moore stepped down as CEQ of Intel,

passing the torch on to Andy Grove. although Moore re-

mained as Chairman. Grove, who held the CEO position
through until 1998, and was then chairman until 2005,
had no intention of letting Tntel’s dominance in micro-
processors go the same way as its DRAM business.

Chip Design

By now, it was well understood at Intel that the market
had an unquenchabje thirst for more powerful micro-
Processors. Software wags advancing rapidly, with new



applications becoming avnilable
these applications qQuickly requigeg More ¢ )
power. and users were w lling to pay a PR‘-n\ile;‘]pu“?g
Intel knew that consumers would x.;nl.\' be mm: Pl
_1 replace (ch'il“ old PCs with better, msm; machi?\ ‘-‘f“l)py 3
became critical 1o develop ang introduce ncw::' thus
processors. At the same tme, the magke dwn:"c; -
backward compatibility. The pew Michiney hnLcl (‘lnl.td
older software. and this imphied that each }IC\\' .‘0 4
non of chip should be able 1o rup older progmniull???t
requirement implicd that oo 3 degree, Intel was .k‘n:kel:l
into the micropmce.s.sur architecture that h.'x(l‘smr‘tcd with
the 8086 (from which the 8088 was derived), and con-
tinued with the 80286. The next microprocessor in what
wis now known as the x86 architecrure was the 8038.6
ori386 for short. :
1 First introduced in October 1985. 386 was o 32-bit

Al the

! time, Running
i :

microprocessar that was much faster than the 1286.
Intel had been trying for over a year 1o get IBM 1o intro-
duce a machine based on the i386, but IBM scemed (o
be dragging its feet. The problem for IBM was that an
i386 PC would be very close in power ta minicomputers
that IBM was making a lot of money on. Fearing that
1386 machines would cannibalize its product line, IBM
seemed to want to keep the 1386 of the market as long as
possible. At the same time, Apple computer had intro-
duced a new machmne. the first Macintosh, which used a
Motorola microprocessor. The Apple Mae was the first
* computer with a graphical user interface and a mouse.
o As it started 10 gain market share. Grove feared that the
¥ market might switch to the Apple standarl, making it
more critical than ever to get i386 based machines on
the market.

Intel had an ally in Compaq Computer. In 1986,
Compaq took advantage of 1BM’s sloth to be the first
to introduce a PC built around the i386. Compaq seized
the lead from IBM. other computer makers quickly
followed, and from then on, IBM started to lose influ-
ence and share in the PC business. As the high margin
1386 chip gained traction, Intel’s sales exploded, hitting

$2.9 billion in 1988, while profits surged to $450 million.
Over the next two decades Intel continued to drive

the industry forward with regular advances in its x§6
architecture, These included the 486 (introduced in
1989). the first Pentium chip (1993). The Pentium. Pro
(1995). various derivatives of the Pentium Pro architec-
ture. and more recently. its 64-bit Core 2 Duo and Quad
processor line. first introduced in 2006. The latest Intel

processors have pushed the limits of performance by
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drop by 30-50% in one year.

. By continually increasing the performance of s
chlps. Intel was able (o vanquish several potential com
petitors, including a series of fast chips from AMD in the
carly 2000s. and severnl chips based on an architecture
Known as reduce instruction set computing, or RISC, tha
during the 1990s scemed 1o threaten Intel’s murket domi
nance, One notable RISC chip arose out of an altempt
by Apple. Matorola and 1BM 1o seize momentum away
from fntel with a RISC processor called the PowerPC.
However, few companies outside of Apple adopted the
processor. The limited volume meant high costs, which
were further compounded by manufacturing problems
at Motorola, and the PowerPC never gained wide ac-
ceprance. In 2006, Apple effectively killed the PowerPC
when it announced that it would henceforth use Intel mi-
croprocessors in its machines,

Following Moore's law, successive generations of
Intel chips have used ever-smaller micron geometries to
cram ever more transistors on a chip. Intel’s 8088 chip,
intraduced in 1979, had 29.000 transistors, the i486 chip,
introduced in 1989, had 1.2 million transistors, and by
2012, its most powerful PC chips contained 1.48 billion
transistors. By 2012 Intel was working with such small
sub micro geometries that more than 100 million tran-
sistors could fit onto the head of a pin! Compared to its
original 4004 chip introduced in 2012, the chips ntel
was producing in 2012 ran 4,000 times as fast and each
transistor used 5,000 times less energy. while the price
per transistor had dropped by a factor of 50,000. Driving
forward chip design and production requires very heavy
Ré&D spending. By 2012, Intel was spending over
$10 billion a year on R&D, or 19% of sales. This was
split between spending on chip design, and spending on
impraving manutacturing processes.

Manufacturing Processes

Designing and manufacturing these devices requires
constantly pushing against the limits of physics and tech-
nology. Microprocessors are built in layers on a silicon
wafer through various processes using chemicals, gas
and light. It is an extremely demanding process involving
more than 300 steps and, on medern chips, 20 layers are
connected. with micre circuitry to fonm a complex three-
dimensional structure. Intel is pushing the frontiers of sub
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: v. The company is currently 15 produc-
nnr::trr?ar:xsglsc::;ctﬁl measure fusmyzz nanometers. w hcf:ns
mf-Jst other semiconductor manufacturers are A:ll“ making
45 nm or 32 am chips (a nanometer is tme. bzl[cr)(:rlz of a
meter). Intel newest factory in Arizona. designed to comc
on line in 2014, will push this frontier still further makm.g
chips that have just 14 nm geometry. To carvefeatures lh.ls‘

small on a silicon chip. Intel uses a teshnique known as

extreme ultra violet lithography. This is a way of printing
circuit patterns onto silicon chips that goes beyopd lascrs
and lenses, and utilizes xenon gas and microscopic re{;icc.:-
tors. If it sounds incredibly complex and esoteric, this is
because it is at the leading edge of what is scie.miﬁca.lly
possible. Indeed. each new generation of Intel c'hxps relhcs
upon pushing processes beyvond what was attainable just
a few years earlier.

So complex is the manufaciufing process, Lhat the
high tech fabrication plants, or foundries, required to
make microprocessors cost up to $35 billion each. By
2012 Intel had 16 of these plants around the world. Too
equip its plants, Intel works very closely with equipment
vendors. Due to its scale. Iniel enjoys considerable lever-
age over equipment suppliers. In some cases. Int.el will
design a new machine itself. and then have equipment
vendors manufacture it. In others, Intel works closely
with the vendors on the design of a piece of equipment.
As a result, Intel itself holds hundreds of patents relat-
ing to the processes for manufacturing semiconduc-
tors. Whenever equipment is developed spegifically for
Intel’s requirements, vendors are gencrally prohibited
from selling that equipment to other companies, such as

AMD, for a given period.

When installing new equipment. the goal is to gain
manufacturing efficiencies through increased yields, or
other process improvements. For example, in the 2000s
Intel switched from using 200 mm to 300 mm wafers in
its manufacturing processes. The larger wafers allowed
Intel to put more microprocessors on each, increasing

throughput and significantly lowering costs. Intel is
currently working to develop the commercialization of
450 mm wafers and is forecasting that 1t will start to
make microprocessors on 450mm wafers by 2016/2017.
It it can achieve this, it will be the first in the world to do
so. This may give Intel an advantage in manufacturing
efficiencies that will be very hard for other chipmakers
to match.
To boost yields, raising the percentage of processors
U;:?t pome; of ”Te _h“e operating perfectly, Intel uses so-
phisticated statistical process contro] procedures. Since

even 4 microscopic picee of dust can com‘mj:tr:::i :‘ Ch(;p,

cifications that Intel works 10 arg e tely de-
> bPeCl"l wl tight. Qver 1ime. Intel has turned yield im-
man'digﬁn‘ini(nmga ﬁrccise science. With each succeeding
gcr:z\c(;ation of microprocessor ‘geonle;r?',cél:;ecg??;‘):
seems able to achieve a StECper lc'a;n:e ird it _manufac-
stantly pushing out the envelop with rega

turing technology, product desigr}, and. yu:]f:l::;1 ;:;? l.\a-:
portedly been able 1o reduce its unit ma uring
e 3 . o ol
costs for a processor by 4s much as 25 3()}7'0 ‘t ye
Typically, Intel will refinc new manu acturing pro-
cesses in one factory, perfecting yields and reducing

sses to other facilities,
en transfer those proces
costs, and th e

e

is, it relies upen a methodolo
To do this, it relies upon a met gy K
Exactly!?” Under this methodology, engineers spend up

to four years perfecling a new manufac‘turiflg tec_;hr?ique
in one of Inel’s development faqtones in Hillsboro
Oregon. Once they are satisfied with the results, they
work 1o meticulously import every last detail to (?ther
factories around the world. Engineers strive to duplicate
even the subtlest of manufacturing variables, from the
color of a worker's gloves to the type of fluorescent lights
in the building. Employees from around the world spend

more than a year at the development factory. learning
their small piece of the new recipe so they can bring it
back to their home factory. The idea is to capture the
infinite number of intangibles that have allowed a pro-
cess to succeed in plants that have aiready brought it
online. According to one Intel manager: “I’s not just
there’s a specification or a recipe or a program you put
into a machine. It also is what the human being does and
how they interact with the machine.”’

The extremes to which Intel engineers g0 to control
the precise conditions in its dozen or so factories has be-
come legendary. A few years ago Intel engineers were
trying to figure out why one plant in Arizona wasn't
hitting the benchmarks achieved at another in Oregon,
where the processes were first developed. Then it hit
them: Arizona’s desert air was so much drier than the air
in Portland, and the engineers in Arizona were skipping
several steps taken in Oregon to dehumidify. Inte) scien-
tists theorized t.hat the dehumidifying, besides TEmOoving
water, .also eliminated impurities such as ammonia,
S°. engineers began adding water vapor to the air in the
Arizona foundry, essentially making Portland air. and then
subjected it to the same dehumidifiers used in Oregon.
It worked} According to one engineer, this “shows the
level of thmgs You've got to Wworry about when you try. to
make something as complex as the chips we make®
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‘lnpl P : AL A chip onwards, Grove was detetmineq
ey ensure that Intel was the anly supplier in i ety
;] Coyy,. its architecture. AMD, however, believed tha‘: wgrld of
Ufy terms of the 1982 technology shurine .,gmcun S@ne
€l h. tween the Lwo companies, it had rights ; h;(c],fn;':“‘ bcf
turj, Intel simply refused to hand over tash SSReDS,
Lrip, : and over technicyl specifieations
for the i386 1o AMD. sparking off g lengthy court bat l;
! between the two that istec i 5 e
Pro ! pemsisted until 19935, 1, the end
icin,, ) the 1wo chipmakers agreed to drop ali pending lawgui:;
itieg : against each other. settled existing lawsuits, and %i;:nc;']
:Opy a cross-licensing agrecment. Irrespective of the final set-
d 05 tlement, AMD had spent $40 million 4 year on legal fees
i alone. Senior management attention had been diverted
S by the ongoing legal battle. AMD had been slow 1o de-
e i velbp its own version of the i386. waiting instead to pet
e 1 speciﬁcahczns from lmgl. which Intel only shared after
ordered to in a 1990 ruling.
‘ate
the
Intel Inside
For years, Intel had viewed its customers as original

equipment manufacturers, focusing its marketing efforts
on engineers within those companies. But the nature of
the end market was changing, By the early 1990s in-
creasingly sophisticated customers were making their
swn purchasing decisions, often in computer super-
. Stores, or buying direct from companies like Dell and
B Gateway. Consumers now had influence on the process,
and could exercise choice over not just the machine,
bur also the components that went into it, including the
MICIOProcessor.
! In 1991, Intel started to market directly to consumers
with its /niel Inside campaign, effectively telling them
that a computer with an Intel chip inside weuld guarantee
advanced technology and compatibility with prior soft-
ware. Supported by slick advertisements, the campaign
was a stunning success. Within a year, Intel was listed
as the third most valuable brund name on the planet.
In 1993 Grove was able to claim that the number of
consumers who preferred a PC with an Intel micro-
processor had risen from 60 to 80%. By 1994, some
1,200 computer companies had signed on to the cam-
paign. adhering “Intel Inside” logos on their machincs,
or including the logo on their product ads.
Complicating matters, one aspect of the long run-
ning legal battle between Intel and AMD was a tmd’e-
mark dispute. Intel had claimed that “386 referred to its
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trademark, and competitors like AMD could not use it.

However. in 1991 a court had ruled that the name *386”

Was so widely used that it had become genetic. The rul-
ing infuriated Grove, who helieved that clone makers
would now be able to piggyback on Intel’s marketing
campaigns for the 386 and 4%6. He then made the sug-
gestion that the next chip, which was to have been known
as the 1586, be given another name that could be trade-
marked, and the Pentium was born,

Forward Vertical Integration
and Customers

Intel venically integrated forward into the produc-
tion of PCs in the mid 1980s, selling “boxes™ without
it screen. keyboard, or brand logo to well known com-
puter companies who put there own brand on them and
resold them. The move led to complaints from several
of Intel’s customers. who felt that Intel was indirectly
competing against them in the end market and lowering
barriers to entry into the PC industry. After push back, in
the early 1990s Tntel exited this business. However, the
company continued to make motherboards, which are
large printed circuit boards that hold the microproces-
sors, other critical chips, slots for connecting memory
and graphics cards. and so on. i

Intel’s move into motherboards assured more rapid
diffusion of each new generation of chips by muking it
much easier for PC companies o incorporate those chips
into their machines. The move infuriated PCs manufac-
turers such as Compaq and I1BM who generally made
their own motherboards. Compag had been able to gain
a competitive advantage by bring PCs containing the lat-
est goneration Intel chips to market early. Compagq re-
sponded by trying to reduce their dependence on Intel.
They used for chips from AMD and initially refused to
participate in the Intel inside branding scheme. However,
by the mid 1990s Intel’s position was so strong that this
had only marginal impact on the company.

Intel continued to make motherboards through the
2000s, even though profit margins were lower thain on
sales of stand-alene microprocessors. By 2007 some
245 of Tntel's revenues came from the sale of mother-
boards. At this point, large branded OEMs with a global
reach (HP, Dell, Lenovo, Acer. Toshiba and Apple),
accounted for about 50-53% of global PC sales, with
the remainder being cuptured by a long tail of smaller
local brands. As of 2012, some 18% of Intel’s total sales
(stand alone chips and motherboards) went to Hewlett
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The Microsoft Gennection

Throughout the 1980s and mucilz of (;1:: 199(')51 ::1:;:\‘
latsonship between Intel and Microsolt. \\‘ S I(Nd
one. When Micrssoft introduced ““",do‘“ "'0- = fi 2%
its first operating system with a graphical user mfcr acvt:
it boosted demand for new PCS to run .graphncx Ijea\ )~
programs. The same happened when Windows 93 wﬂs
introduced pve years later. In both cases. Intel was a
beneficiary of the resulting upgrade cycle. Intel clearly
geeded Microsaft. but that did not mean that l.hcy re-
spected the company: Iniel was frustrated zl}a:.chmso.t‘x
did not seem particularly interested in optimizing their
software to run on Intel’s chips. Microsaft's engineers
seemed more concerned with adding features to their
products. than in streamlining code 50 that it took advan-
L‘ge of the full capabilities of Iniel’s microprocessors. .
Microsoft. one the other hand, was interested in
making its Windows operating system as ubiquitous as
pcrssihfc. and that logically implied making a version of
- Windows that would run on other microprocessors, such
as the new generanon of RISC chips. During the 1990s
Microsoft was eyeing users of powerful computer work-
stations. many of which used RISC chips. This was a
potential nightmare for Intel. and it became all to real
when Microsoft announced the developnient of Win-
dows NT. a high end version of Windows that would run
on both Intel and RISC microprocessors. including the
PowerPC. What stopped the nightmare from occurring
was the development of the Pentium Pro, which wus so
fast and efficicat that u effectively eclipsed rivals who
used RISC architeciure.

Refiecting these underlying tensions, relationships
between Andy Grove and Microsoft's Bill Gates were
often rocky, and there were reports of meetings dissolv-
ing into shouting matches. This started to change in the
mid 1990s. It may have been that after the failure of the

RISC challenge to Intel. the two companies. and their
respective leaders recognized their terdependence and
decided that cooperation was. better than conflict. Be-
ginning in 1996. quarterly meetings were held between
Grove and Gates. aimed at coordinating Strategy and re-
solving differences.

; In 2012 new cracks began to appear in the symbi-
otic relationship between Microsoft and Intel when
Microsoft introduced a version of its Windows 8

(would run on /\F_{Z\‘l PIUCESSOrs, For
: - this was a logical move SiVen 1S Strategy of
;\‘hcru:ol:: this < § run on all devices. including tablets
having \Windows here the 10w POWET Consumption of.
and smanph‘;’l“‘\ﬂxegwm was highly valued. Microsaf;
fered by .»'\R ds the decision to produce an ARM ver.
"."“medl"\,. "(;u vs § because Intel’s AOM processor con.
gion of Win Ogh wer to make ita compelling choice i
sul:}i"_ ‘_‘;‘;:ll: 0\,3( opened the door for PC manul’acl_umm
:Zt;lea:( building machines that ran on none Intel chips,

operating System tha

THE BARRETT ERA

In 1998 Craig Barrett succeeded Andy Grove as CEQ,
A former Stanford ct\giNCCﬁ“g.P“’fe§5‘)r who hf‘d become
chief operating officer of Intel in 1993, }?arrett s tenure ag
CEO was market by an aggressive push into new markers,
Bv the 1990s the Internet was starting l().lz'lke center place
o computing. and Barrett saw OppOrtUnitics in ex.lendmg
Intel’s reach inte chips to drive computer networking gear
and wireless handsets. Moreover. Barrett was concerned
that without product diversification. Intel would not be
able to maintain its growth rate given the maturation of
the PC market in many developed nations. In his first three
vears as CE® Intel spent some $12 billion on acquisitions
and internal new. ventures designed to strength the com-
pany’s position in these emerging areas.

Barrert’s push into these areas failed to yield any
quick returns. By 2004 I[ntel only had 6% of the market
for chips used in networking gear. and 7% of the market
for processing chips within wireless phones. Part of the
problem; Intel ran into stiff competition from embedded
competitors. In the market for wireless phone chips. for
example, Intel was competing against the likes of Texas
Instruments and Qualcomm, both of whom had a strong
market and technological position.

Moreover, Barrett’s tenure was marred by some em-
barrassing product defays. capacity constraints that drove
some customers to AMD. and product recalls. To make

matters worse, in the early 2000s AMD seized the lead
1n chip design for the first time, and for two years AMD
cou.ld boast that it was technological leader in the industry
unt.ll Intel recaptured the lead with newer chips. Compl{-
catm.g matters, the PC industry went through a sharp con-
traction in 2001 that led o slumping salcshand profits for

Intel. While the industry recovered in 2002, growth rates
since 2002 have been lower than in the 1990,
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following Grove's departure led to a lack of account-
ability and control. To quote one critic: “In the Grove
. each leader who spearheaded an unsuccessful at-
sempt left the company after the project failed. Howes er,
throughout the Barrett era each figure head has remained
at Intel after the project failed™.?

PAUL OTELLINT'S
PLATFORM STRATEGY

In 2085 Barrett became chairman. Paul Otellini replaced
him as CEO. Another long time Inte] employee, Otellini
was the first Intel CEQ to not have an engineering back-
ground (Otellini was an MBA with a career in finance
and marketing). As head of company wide sales and
marketing. Ofellini gained prominence at Intel during
the late 1990s by pushing the company to adopt & more
aggressive approach to market segmentation. By the
late 1990s prices for low end PCs were falling to under
$1.880, and in this commodity market OEMs were cast-
ing around for cheaper microprocessor and motherboard
options. Ontellini came up with the idea of reserving the
Pentium brand for higher end chips, and creating a new
brand, Celeron, for lower performance chips aimed at
low cost PCs.

In the early 2000s, Otellini pushed for the creation of
the Centrino chip platform for lap top computers. While
Intel engineers were focused on designing faster more
powerful processors, Otellini argued that lap top users
cared more about heat generation, battery life, and wire-
less capabilities. The Centrino platform was designed for
them. It combined an Intel microprocessor with a WiFi
chip (for wireless networking), and associated software.
Personal computer manufacturers were initially skepti-

cal about the vajue of the Centrino platform. For a while
they continued 1o buy an Intel microproeessor while
Purchasing WiFi chips from other companies. But when
performance tests showed that the Centrino platform
worked well, most manufacturers shifted to purchasing
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this platform for their laptops and Centrino quickly be-
Came a recognizable brand. -

Introduced in 2003, the Centrino was a huge hit,
and helped to pull Intel out of its sales slump. Indeed,
by the late 2000s Intel was dominating the market for
lap top chips with its chipset offerings. Upon succeed-
ing Barrett, Otellini called for the Centrino strategy to
be applied (0 other areas of the computer industry. He
wanted Intel to design separate “platforms” for corpo-
rate computers, home computers and lap top computers.

Each platform was to combine several chips. and

focus on providing utility 1o a specific customer set.

The platform for corporate computers was to package

a microprocessor. with chips and software that enhance

the security of computers, Keeping them virus free,
and allow for the remote management and servicing
of computers (which could bring large cost savings to
corporations). The platform for home computers was
to combine a microprocessor with chips and software
for a wireless base station (for home networking). chips
for showing digital movies, and chips for three dimen-
sional graphics processing (for computer games).

The goal was to enable Intel o capture more of the
value going into every computer sold and that should
increase the company’s profitability and profit growth.

To implement this plan, Otellini announced a sweeping
reorganization of Intel, creating separate market focused
divisions for mobile computing (lap tops), corporate
computing, home computing. and health care comput-
ing (which Intel regarded as a promising growth market
with its own unique set of customer requirements). Each
division has its own engineering, software and marketing
personnel, and is charged with developing a platform for
its target market.

To further the strategy of capturing more value going
into every computer sold, Intel moved into the graph-
ics chip business, integrating graphics capabilities into
its chipsets. Although Intel gained some share at the
low end, ATI and Nvidia currently dominate the high-
end graphics chip business. The most important and
demanding applications for graphics chips are computer
games. In 2006. AMD purchased ATI for $5.4 billion,
signaling its intention to bundle both microprocessors
and graphics chips together.

In mid 2008 Intel intreduced a new line of low poswer
consumption chips called Atom that were aimed at mo-
bile internet devices (MIDs)—which was then defined
as devices between a smart phone and a conventional
laptop and included net-books (very small laptops meant



C-184

At the ume the Atom chip

was inroduced. Apple had yet © rc\ol‘ution.i?fffil d::
computes market with the introduction of tr:e lP‘l-:x:Ii;‘ )
though the iPhenc had been wtroduced a year ear k-
Unfortunately for Intel. smart phone and tablet mzt‘.
ers. ilcludin:g Apple. quickly gravitated to lml\* pO\\t(;
somsumptions chips based upon techaology pioncert
by the British company ARM Holdings Plc. The 1}1:1-|n
m}\:mugc of ARM technology was that it ‘gc?nemtcfl {ar
mare compuiing povwer per watt than alternative qemgns,
which implied extended battery hfe. a Rey req‘uxre.?.meql
from consumers. ARM does not manufaciure r:-hlp.?‘ ns&?lt.
Rather. it licenses its iechnolegy to other.companies. 1n-
cluding Apple, Samsung. NVIDIA and Qualcomm, who
incorporated it in their chip designs. They then get the
chips made by contract manufacirers. By 20'[2.‘ARM
chips had become the de facto standard for mobile de-
vices such as smart phones and tablets, Jeaving Intel at

the frrnge of the marker

primarily for web surfing)

INTEL IN 2013

Paul Onelhni retired in May 2013, His legacy was a mixed

one. On the posative sade, he had heiped Intel to reassert

itself apamnst a resurpent AMD and cemented the compa-

ny's dominance ta the PC marker. The cempany s revenues
grew from 539 biliion 10 $54 willien. earmings per share
increased from $1.40 10 $2.39, aned (relling left Intel with a
commanding market share lead ingts core business, More-
over, its manufacturing capabilities remained unmatched in
the industry. On the other hand. Intel had largely missed the
move towands mobile computing. despite the introduction
of the Atom chip, and the company was struggling to gain
share against ARM chips.

More worrving still. PC sales were now in decline
as demand switched towards tablets. That being said, no
one expects the PC to disappear. Indeed. there is a belief
that sooner or later the need to replace aging PC inven-
tory will lead to a robust replacement cycle, There was
some hope that the intreduction of Windows 8 in 2012
might stimulate replacement demand, but many coensum-

ers were put off by the new tile based interface Micro-
Soft utilized on Windows 8. and replacement demand
remains muted for the time being.

That being said. there is a silyer lining in'the rapid
swifch towands. mobl:le computing: Increasingly, these
devices are using high-speed wireless links to store
data on “the cloud” and access applications that resided

d”. At the heart of the cloud are VEY larg,
“the cloutl . ‘\mininu hundreds of thousandg of Pe
Ogct‘\.onﬁed together. Mo.:n of these '_
are based on PC architeciure apg
ars. Thus the growth of malyy e

. . that are conneoted 10 the Internet through the cloug
vices t ~l~ It in more Server farms and more demang for
could N_TN‘ Focessors 20ing forward. Neverthelesy for
llmel':::c;zﬁ Intel is clearly fighting headwinds in j;;
LS N Siness.
|111leirl‘l’i‘l‘:;?:(;l;)zzessor as CEO is Brian Krzanich, the
t’om(\)et: COé. A long time Intel amgloge& K"ﬁn_ich
made his mark in the company as h'ea ‘ho the. anufac.
turing organization. Elis elevation to the CEO positigy
pmbz;bl)' speaks volumE§ about the .m.mponm}ce Intel ap.
taches to the manufacturing aspect of its business. A Key
task for Krzanich is to make sure that the company ;

ins relevant in the post PC era.
mal?:[;Tlies\:;t sitt‘ingiack and letting ARM chips dar
nate the mobile device market. It is introducing a ne
gencration of its Atom chips that appear 10 be far mo
competitive with ARM chips. and deliver similar pe
formance per watt. These are 22nm chips and will &
manufactured using the latest technology. If the new gey..
eration of Atom chips are competitive. it is possible tha
Microsoft will again focus just on writing Windows to
run on Intel architecture, since producing two versions of
Windows is a costly exercise. This could provide upside
for Intel, particulasly if Windows 8 and its successors
gain traction in the tablet and smart phone markets—
although to date that has yet to happen. Even if the Atom
chip is successful, however, the economic impaet for
Inicl might well be muted by the lower average selling
price of chips for mobile devices, as opposed to PCs.

Another aspect of Intel’s current strategy is to defend

the laptop market from encroachment by ARM chips. In
2013 Intel introduced its Haswell chips that can run PC
software but have longer battery life. Reportedly, laptops
running on Haswell chips have a battery life of up 10
IQ hours, which represents a 50% improvement over
prior generation chips and Comparable with the battery
life for a tablet.

~ Although Krzanich seems to be following the script
taid out by Otellini, it is clear that he faces significan
Gha”""gFS going forward. The task for Intel is to remain
relevant in the post PC er, o hold the rise of ARM chips
in Chec!(, to continue 1o dominate its base, to revitalize.
s Possible, ‘its: Jong-term symbiotic relationship with
Microsoft (a company that is itself facing significsn
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