
How Can Great Firms Fail? 
Insights from the Hard Dis~ Drive 
Industr~ 

O NE 

W HEN [ IlEGAN my $e;l.cch for an answer to the puzzle of why 
the best finns can fail. a friend offered some sage advice. 

"Those who study genetics avoid studying hununs," he nOted. " Be­

c:mse new genentions come along only every thirty years or so, it 

takes ~ long time to understand the cause and effect of any changes. 

Instead, they study fru it fli es, because they are conceived, born, 
mature, and die all within a single day. If you want [0 undersund 
why something happens in business, st!Jdy the disk drive industry. 
T hose companies 3re the closest things to fruit fiies that the business 

world will ever see." 

Indeed, nowhere in the histOry of business has there been an 

industry like disk drives, where changes in technology, market struc­

ture, global scope, and vertical integr2tion have been so pervasive, 

rapid, and unrelenting. While this pace 2nd complexity might be a 

nightmare for managers, my fri end was right about its being fertile 

ground for research. Few industries offe r researchers the same oppor­

tunities for developing theories about how different types of change 

cause ceruin types of firms to succeed or fail o r for testing those 

theories as the industry repeats its cycles of change. 

This ch~pter summarizes the history of the disk drive i.ndusti)' in 



: ' .t.i "~- "M"" " ., 
,',!, all its complexity. Some readen will be interested in it for the sake 

of history itself.1 But the value of understanding this history is that 
out ofits complexity emerge a few stunningly simple and consistent 
factors that have repeatedly determined the success and failure of the 
industry's best finns. Simply put, when the best finns succeeded, 
they did so because they listened responsively to their customers and 
invested aggressively in the technology, products, and manufacturing 
capabilities that satisfied their customers' nexl-generation needs. But, 
paradoxically, when the best finns subsequently failed. it was for 
the same reasons-they listened responsively to their customers and 
invested aggressively in the technology, products, and manufacturing 
capabilities that satisfied their customers' next-generation needs. This 
is one of the innovator's dilemmas: Blindly following the rruxim that 
good r:nanagers should keep close to their customers can sometimes be 
a fatal mistake. 

The history of the disk drive industry provides a framework 
fo r understanding when "keeping dose to your customers" is 

good advice--and when it is not. The robustness of this framework 
could only be explored by researching the industry's history in 
careful detail. Some of that detail is recounted here. and elsewhere 
in tllls book, in the hope that readers who are immersed in tlle 
dewl of their own industries will be better able to recognize how 
similar patterns have affected their own fortunes and those of their 

competitors. 

HOW DISK DRIVES WORK 

Disk drives write and read information that computers use. They 
comprise read-write heads mounted at the end of an ann that swings 
over the surface of a rotating disk in much the same way that a 
phonograph needle and arm reach over a record; aluminum or glass 
disks coated with magnetic material; at least twO electric motors, a 

spin motor that drives the rotation of the disks and an actuator motOr 
that moves the head to the desired position over the disk; and a 
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variety of electronic circuits that control the drive's operation and 
its interface with the computer. See Figure 1. 1 for an illustration of 
a typical disk drive. 

The read-write head is a tiny electromagnet whose polarity 
changes whenever the direction of the electrical current running 
through it changes. Because opposite magnetic poles attract, when 
the polarity of the head becomes positive. the pola.rity of the area 
on the disk beneath [he head switches to negative, and vice vena. 
By rapidly changing the direction of current flowing through [he 
head's electrOmagnet as the disk spins beneath the head, a sequence 
of positively and negatively oriented magnetic domains are created 
in concentric tracks on the disk's surface. Disk drives can use the 
positive and negative domains on the disk as a binary numeric sys­
tem- I and o-to "write" information onto disks. Drives read infor­
mation from disks in essentially the opposite process: Changes in the 
magnetic flux fields on the disk surface induce changes in the micro 
current flowing through the head. 

Figure 1.1 Primary Components ofa TypicalJ?isk Drive 
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EMERGENCE OF THE EARUEST DISK DRIVES 

A team of researchen at IBM's San Jose research laboratories devel­
oped the fint disk drive between 1952 ?-nd 1956. N:l.med RAMAC 
(for Random Access Method for Accounting and Control), this drive 
was the size of a I:l.rge refrigerator, incorporated fifty twenty-four­
inch disks, :l.nd could store 5 megabytes (MB) of infonnation (see 
Figure 1.2). Most of the fundamental architectural concepts and 
component technologies that defined today's dominant disk drive 
design were also developed at IBM. These include its removable 
packs of rigid disks (introduced in 1961); the floppy disk drive (1971) ; 
and the Winchester architecture (1973). All had a powerful, defining 
influence on the way engineers in the rest of the industry defined 
what disk drives were and what they could do. 

As IBM produced drives to meet its own needs, an independent 

&urce: Courtesy of International BU$iness Machines .Corporation. 
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disk drive industry emerged serving two distinct markets. A few firms 
developed the plug-compatible market (PCM) in the 19605, seUing 
souped-up copies of IBM drives direcdy to IBM customen at dis­
COUnt prices. Although most of IBM's competiton in computen (for 
example, Control Data , Burroughs, and Univac) were integrated 
venically into the manufacture of their own disk drives, the emer­
gence in the 19705 of5maUer, nonintegrated computer maken such 
as Nixdorf, Wang, and Prime spawned an original equ.ipment market 
(OEM) fo r disk drives as weU. By 1976 about $1 billion w<?rth of 
disk drives were produced, of which captive production accounted 
fo r 50 percent and PCM. and OEM for about 25 percent each. 

The next dozen yean unfolded a remarkable story of npid growth, 
market turbulence, and technology-driven perfonnance improve­
ments. The value of drives produced rose to about $18 billion by 
1995. By the mid-1980s the PCM market had become insignificant, 
while O EM output grew to represent about three-fourths of world 
production. Ofthe seventeen fimu populating the industry in 1976-
aU of which were relatively large, diveni6ed corpontions such as 
Diablo, Ampex, Memorex, £MM, and Control Dau-all except 
IBM's disk drive opennon had tailed or had been acquired by 1995. 
During this period an additional 129 fimu entered the industry, and 
109 of those also tailed. Aside from lBM, Fujitsu, Hitachi, and NEC, 
all of the producers remaining by 1996 had entered the industry as 
Stlrt-ups after 1976. 

Some have attributed the high mortality nte among the integrated 
fimu that created the industry to its nearly unfathomable pace of 
technological change. Indeed, the pace of change has been breathtak­
ing. The number of megabits (Mb) of infonnation that the industry's 
engineen have been able to pack into a> square inch of disk surface 
has increased by 35 percent per year. on average, from 50 Kb in 
1967 [Q 1.7 Mb in 1973, 12 Mb in 1981 , and 1100 Mb by 1995. 
The physical size of the drives was reduced at a similar pace: The 
srrullest :l.vailable 20 MB drive shrank from 800 cubic inches (in.3) 

in 1978 to 1.4 in.) by 199}-a 35 percent annual rate of reduction. 
Figure 1.3 shows that the slope .of the industry'S experience curve 

(which correlates the cumulative number oftenbytes (one thousand 
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Figure 1.3 Disk Drive Price Experience Curve 
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gigabytes) of disk storage capacity shipped in the industry.'s history 

to the constant-dollar price per megabyte of memory) was 53 per­

cent-mewing that with each doubting of cumulative terabyt~ 
shipped, COSt per megabyte fell to 53 percent of its former level. ThIS 

is a much steeper rate of price decline than the .70 percent slope 

observed in the markets for most other microelectronics products. 

The price per megabyte has declined at 'about 5 percent pef quarter 

for more dun twenty yean. 

THE IMPACT ,OF TECHNOLQGICAL CHANGE 

My investigation into why leadingfinns found itso difficult to stay at.op 

the disk drive industry led me to develop the "technology mudslide 

h pothesis": Coping with the re1endess onsla\lght of tec~ology 
c~ange Wti akin to trying to climb a mudslide raging do,",:n a hi~. You 

have to scramble with everything you've got to stay on top of It, and 

if you ever on~e stOP to catch your breath, yo.u get buried. 
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T o test this hypothesis, I assembled and anaJyzed a datthase con­

sisting of the technical and performance specifications of every model 

of disk drive introduced by every company in the world disk drive 
industry for each of the years between 1975 and 1994.1 This database 

enabled me to identify the fi rms that led in introducing each new 

technology; to trace how new technologies were diffused through 

the industry over time; to see wbich firms led and which lagged; 

and to measure the impact each technologicaJ innovation had on 

capacity, speed, and other parameters of disk drive performance. By 

carefull y reconstructing the history of each technological change in 

the industry, the changes that catapulted entrants to success or that 

precipitated the failure of established leadel1i could be identified. 

This study led me to a very different view of technology change 

than the work of prior scholars on this question had led me to expect. 

Essentially, it reveaJed that neither the pace nor the difficulty of 

technologicaJ change lay at the rOOt of the leading fi rrru' &ilures. 

The technology mudslide hypothesis was wrong. 

The manufacturers of most products have established a trajectory 
of performance improv:ement over time.) Intel, for example, pushed 

the speed of its microprocessors ahead by about 20 percent per year, 

from its 8 megahertz (MHz) 8088 processor in 1979 to its 133 MHz 

Pentium chip in 1994, Eli Lilly and Company improved the purity 

of its insulin from 50,000 impure parts per million (ppm) in 1925 

to 10 ppm in 1980. a 14 percent annuaJ rate of improvement. When 

a measurable trajectory of improvement has been established, de­

termining whether a new technology is likely to improve a product's 

performance relative to earlier products is an unambiguous question. 

But in other cases, the impact of technologicaJ change is quite 

different. For instance, is a notebook computer better than a main­

frame? This is an ambiguous question because the notebook computer 

established a completely new perfonnance trajectory, with a i:1efini­

rion of performance that diffen substantially fro m the way mainframe 

perform.ance is measured. Notebooks, as a consequence, are genera1.1y 

sold for very different uses, 

This study ofl:echnologicaJ change over the history of the disk 
drive industry revealed two types of technology change, each with 
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very different effects on the industry's leaders. Technologies of the 
first sort nUlai"td the industry's rate of improvement in product 
performance (tot~ capacity and recording density were the twO most 
common measures) and ranged in difficulty from incremental to 

radical. The industry's dominant firms ~ways led in developing and 
adopting these technologies. By contrast, innovations of the second 
sort disrupltd or redefined perfonnance traje<:tories-and consistently 
resulted in the failure of the industry's leading firms.' 

The remainder of this chapter illustrates the distinction between 
sustaining and disruptive technologies by describing prominent exam­
ples of each and sulllllUrizing the role these played in the industry's 

development. This discussion .focuses on differences in how estab­
lished firms came to lead Or lag in developing and adopting new 
technologies, compared with entrant flm\$. T o arrive at these exam­
ples, each new technology in the industry was examined. In analyzing 
which firms led rod lagged at each of these points of change, I defined 
w ablishtd fimu to be those that had been established in the industry 
prior to the advent of the technology in question, practicing the 
prior technology. I defined trtlranl firms as those that were new to 
the industry at that point of technology change. Hence, a given finn 
would be considered an entrant at one specific point in the industry's 
history, for example. at the emergence of the 8-inch drive. Yet the 
s~e finn would be considered an established firm when technologies 

that emerged subsequent to the firm's entry were studied. 

SUSTAINING TECHNOLOGICAL CHANGES 

In the history of the disk drive industry. most technology changes 
have sustained or reinforced established tn.jectories of product perfor­
mance improvement. Figure 1.4, w~ich compares the average re­
cording density of drives that employed successive generations of 
head and disk technologies. maps an example of this. The first curve 
plots the density of drives that used conventional particulate oxide 
disk technology and ferrite head technology; the second charts the 
average density of drives that used new-technology thin-film heads 
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Figure 1.4 Impa~t.ofNeW Read~Write Head Technolog' , 
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and disks; the third marks th . . . e unprovemenu In density achievable 
With the latest head technology, magneto-resistive heads S 

The way such new technolOgies as these emerge to ~urpass the 
: erfomlance of the old resembles a series of intersecting technolo 

r
-c.urves.' Mov~ment along a given S-curve is generally the res~ 

o mcremental Imp' '!hi ovemenu WI n an existing technological a _ 
proac~, wher~as jumping onto the next technology curve implies 
ado~nng a radically new technology. In the cases measured in Figure 
1.4, mcre~ental advroces, such as grinding tbe ferrite heads to fin 
more precl$ di . er, 

. . e menslOns and using smaller and more finely dispersed 
OXIde parocles on the di k' J'; . s S sUnace, led to the improvements . 
de~slty from 1 to 20 megabiu per square inch (Mbpsi) between 19;~ 
an t~89 . As S-curve theory would predict, the improv~ment in 
recording density obtainable with ferrite/oxide technology be n to 
level offto~ard the end of the period, suggesting a maturing te:i:nol­
ogy. The thm-film head and disk technologies' effect on the industry 

Howell" ertal Firms Filii? • 11 



, ' . . . 
.,1 ..:!.',... ',:. '~l' .'. 

sustained perfonnance improvement at itS historicall'2te . Thin-film 
heads were barely" esublished in the early' 199Qs, when even more 
advanced magneto-resistive head technology emerged. The impact 
of magneto-resistive technology sustained, or even accelerated, the 

ratt of pe.rfonnance improvement. 
Figure 1.5 describes a sustaining technological change of a very 

different character: an innovation in product architecture, in which 
the 14--inch Winchester drive is substituted for removable disk packs, 
which had been the dominant design between 1962 and 1978. Just 
as in the trun-film for ferrite /oxide substitution, the impact of Win­
chester technology sustained the historica11y established rate of perfor­
mance improvement. Similar gnphs could be constructed for most 

other technological innovations in the industry, such as embedded 
servo systetll$, RLL and PRML recording codes, higher RPM mo­
tors and embedded i.nterfaces. Some of these were straightforward . . 

Figure 1.5 
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technology improvements; others were radical departure'S. But all 
h:ad a similar impaCl on the industry: They helped manuf:aaurers to 
sustain the rate of historical performance improvement that their 
customers had come to expect.' 

In literally every c:ase of sustaining technology ch:ange in the disk 
drive industry, established finns led in development and commercial­
ization. The emergence of new disk and head technologies illustrates 
tim. 

In the 1970s, some manuf:acturers sensed that they were reaching 
the limit on the number of bitS of information they could pack onto 
oxide disks. In response, disk drive manufacturers began studying 
ways of applying super-thin "films of magnetic metal on aluminum 

to sustain the historical rate of improvements in recording density. 
The use of thin-61m coatings was then highly developed in the 
integrated circuit industry, but its application to magnetic disks still 
presented substantial challenges. Experts estimate that th~ pioneers of 
thin-film disk technology-IBM, Control Data, Digital Equipment, 
Storage Technology, :and Ampex---each took more m:an eight yeus 
and spent more than $50 million in that effort. Between 1984 and 
1986, about two-thirds, of the producers' active in 1984 introduced 
drives with thin-film disks. The Qverwhelming majority of these 
were established industry incumbents. Only a few entrant finns at­
tempted to use thin-film disks in their initial products, and most of 
those folded shortly after entry. 

The same pattern was apparent in the emergence of thin-film 

heads. Manufacturers of ferrite heads saw as early as 1965 the ap­
proaching limit to improvements in this technology; by 1981 many 
believed that the limits of precision would soon be reaciJ,ed . . R e­
searchers turned t~ thin-film technology, produced by sputtering 
thin films of metal on the recording head and then using photolithog­
raphy to etch much finer electromagnets than could be attained 
with ferrite technology. Again, this proved extraordinarily difficult. 

Burroughs in 1976, mM in 1979. and other established firms first 
successfully incorporated trun-film heads in disk drives. In the period 
between 1982 and 1986, during wruch some sixty finns entered the 
rigid disk drive industry, only four (all commercial f:ailures) attempted 
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to do so using thin-film heads in their initiaJ products as a source of 
performance advantage. All other entrant fimls-evell aggressively 
perfonnance-briented fimlS such as Maxtor and Conner Periph­
erals-found it preferable to learn their way using conventional ferrite 
heads first, before tackling thin -film technology. 

As was the case with thin-film disks, the introduction of thin­
film heads entailed the sort of sustained investment that only estab­
lished firms could handle. IBM and its rivals each spent more than 
$1 {)() million developing thin-film heads. The pattern was repeated 
in the next-generation magneto-resistive head technology: T he in­
dustry's largest finns-IBM, Seagate, and Quantum-led the race. 

T he established firms were 'the leading innovators not just in 
developing risky, complex, and expensive component technologies 
such as thin-film heads and disks, but in littra//y l'\Itry othtr one of the 
Slutaining innOllaliotlS in the industry'S history. Even in relatively simple 
innovations, such as RLL recording codes (which took the industry 
from double- to triple-density disks), established fi rms were the suc­
cessful pioneers, and entrant finns were the technology followers. 
This was aJso true for those architectural innovations-for eX3mple, 
14-inch and 2.5-inch Winchester drives-whose impact was to sus­
tain established improvement trajectories. Established hmlS beat out 
the entrants. 

Figu re 1.6 summarize;; this pattern of technology leadership 
among established and entrant firms offering products based on new 
sustaining technologies during the years when those technologies 
were emerging. The pattern is stunningly consistent. Whether the 
technology was radical or incrementa.!, expensive or cheap, software 
or hardware, component or architecture, competence-enhancing or . 

competence-clestroying, the pattern was the same. When faced with 
sustaining technology change that gave existing customers something 
more and better in what they wanted, the leading practitioners of the 
prior technology led the industry in the development and adoption of 
the new. Clearly. the leaders in this industry did nOt fai l because 
they became passive, arrogant, or risk-averse or because they couldn't 
keep up with the stunning rate of technological change. My technol­
ogy mudslide hypotheSis wasn't correcc. 
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Figure 1.6 l.eadenhip of Established Finns in Sustaining Technologies 
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FAILURE IN THE FACE OF DISRUPTIVE 
TECHNOLOGICAL CHANGES 

86 

MoSt technolOgical change in the disk drive industry has consisted 
of sustaining innovations of the sort described above. In contrast, 

there have been only a few of the other SOrt of technologicaJ change, 
called disruptive technologies. These were the changes that ~oppled 
the industry'S leaders. 
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The most important disruptive technologi~s wer~ the archit~c­
tural innovations that shrunk the size of the drives-from 14-inch 
diameter disks to diameters ofS, 5,25, and 3.s- inches and then from 
2.5 to 1.8 inches. Table 1.1 illustrates th~ ways these innovations 
were disruptive. Based on 1981 data, it compares the attributes ~f a 
typical s.2s-inch drive, a new architecture that had been in th~ 
market for less than a year, with those of a typical 8-inch drive, 
which at that time was th'e standard drive used by minicomputer' 
manufactur~rs. Along the dimensions of perfonnance important to 
established minicomputer manufacturers--capacity, cost per mega­
byt~, and access time--the 8-inch product was vastly sup~rior. The 
s .2S-inch arChitecture did not address the perceived needs of mini­
computer manuucturers at that time. O n the other hand, the 5.25-
inch drive had features that appealed to the desktop personal computer 
market segment just emerging in tlle period between 1980 and 1982. 
It was small and light\ .... eight, and, priced at around $2,000. it could 
be incorporated into desktop machines economically. 

Gen~rally disruptive innovations w~re technologically straightfor­
ward. consisting of off-the-shelf components put together in a prod­
uct arch.i tec tur~ that was often simpler than prior approaches.s They 
offered less of what customers in established markets wanted and so 
cOll,ld rarely be initially employed there. They offered a different 
package of attributes valued only in emerging markets remote from. 
and unimportant [0, the mainstream. 

T able 1.1 A Disruptive T echnology Change: The S.2S-inch 
Winchester Disk Drive (1981) 

8-lncb Drives S.2S-Inch Drives 
(Minicomputer (Desktop Com puter 

Attribute Market) Market) 

Capacity (megabytes) 60 10 
Physical volume (cubic inches) 566 150 

Weight (pounds) 21 6 
Access rime (inilliscconds) 3D 160 
Cost per megabyte $50 '200 
Unit cost 

,3{JOQ 
' 2000 

~lIrte: D ata are from various iuues of Dislt / Trtrt4 R.tpDrt. 
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The trajectory map in Figure 1.7 shows how this s~ries of simpl~ 
but disruptiv~ technologies proved to be the undoing of some very 
aggressive, astutely managed disk drive companies. Until the mid-
1970$, 14-inch drivcs with removable packs of disks accounted for 
nearly all disk drive sales. The 14-inch Winchester architecture then 
emerged to sust2.in the trajectory of recording density improvement. 

Figure 1.7 Intersecting T rajectories of Capacity D emanded versus 
~apacity Supplied in Rigid Disk Drives 
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Soll f(e: Clayton M. Christensen , " The Rigid Du k Drive Industry: A 
History' ofConunercial and Technological T urbuJence," Bll.l i"t.ll H istory 
Rtvirw 67. no. -4 (Winter 1993): 559. Reprinted by penniu ion. 
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Nearly all of these drives (removable disks and Winchesters) were 
sold to nuinframe computer manufacturers, and the same companies 
that led the market in disk pack drives led the industry's transition 
to the Winchester technology. 

The ttajectory map shows tha( the hard disk capacity provided 
in the median priced, typically configured mainframe computer sys­

tem in 1974 was about 130 MB per computer. This increased at 

a 15 percent annual f3te over the next fifteen years-a trajectory 
representing the disk C2pacity delIWlded by the typical users of new 

mainframe computers. At the same time, the capacity of the average 
14.-inch drive introduced for sale each year increased at a faster, 22 

percent rate, reaching beyond the nuinframe market to the large 
scientifi c and supercomputer markets.9 

Between 1978 and 1980, several entrant 6nns-Shugart Associ­
ates, Micropolis, Priam, and Q uantum-developed smaller 8-inch 
drives with iO, 20, 30, and 40 MB capacity. These drives were of 

no interest to mainframe computer m.anufacturers, which at that time 
were demanding drives with 300 to 400 MB capacity. These 8-inch 

entrants therefore sold their disruptive drives into a new application­

minicomputers. 1O The customers-Wang. DEC. Data General, 
Prime, and Hewlett-Packard---did not manufacture mainframes. and 
their customers often used software substantially different from that 

used in nuinfr2mes. These: 6rms hitherto had been unable to offer 
disk drives in their small, desk-side minicomputers because 14-inch 

models were tOO big and expensive. Although initially the cost per 
megabyte of capacity of8-inch drives was higher than that of 14-inch 

drives. these new customers were willing to pay a premium for 
other attributes that were important to them--especially smaller size. 

Smallness had little value to mainframe users. 

Once the use of8-inch <!rives became established in minicomput­

ers, the hard disk capacity shipped with the median-priced minicom­

puter grew about 25 percent per year: a ttajectory detem1ined by 

the ways in which minicomputer owners learned to use their ma­

chines. At the same time, however, the 8-inch drive makers found 
that, by aggressively adopting sustaining innovations, they could in­

crease the capacity of their products at a rate of more than 40 percent 
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per year--nearly double the r2te of increase demanded by their 
original "home" minicomputer market. In consequence, by the mid-
19805. 8-in.ch drive makers were able to provide the capacities re­

quired for lower-end maintnme computers. Unit volumes had grown 
significantly so that the cost per megabyte of 8-inch drives had 

declined below that of 14-inch drives, and other advantages became 
apparent: For example, the same percentage mechanical vibration in 

an 8-inch drive. as opposed to a 14-inch drive. caused much less 
variance in the absolute position of the head over t"he disk. Within 
a three-to-four-year 'period, therefore, 8-inch drives began to invade 

the market above them, substituting for l4-inch drives in the lower­

end mainframe computer market. 
As the 8-inch products penetrated the mainframe market, the 

established manufacturers of 14- inch drives began to fail. Two-thirds 
of them never introduced an 8-inch model. The one-third that 

introduced 8-inch models did so about two years behind the 8-inc;:h 
entrant manufacturers. Ultimately,' every 14-inch drive maker was 

driven from the industry. I I 

The 14-inch drive makers were not toppled by the 8-inch entrants 
because of technology. The 8-inch products generally incorporated 
standard off-the-shelf components, and when those 14-inch drive 
makers that did introduce 8-inch models gOt around to doing so. 
their products were very perfonnance-competitive in capacity, areal 

density. access time. and price per megabyte. The 8- inch models 
introduced ' by the established finns in 1981 were nearly identical in 
perfonnance to the average of those introduced that year by the 

entrant finns. In addition. the r2tes of improvement in key attributes 

(measured between 1979 and 1983) were stunningly simila"r between 

established and en~nt firms. n 

Held Captive by Their Customers 

Why were the leading drive makers unable to launch 8-inch drives 

until it was too late? Clearly, they were technologically capable of 
producing these drives. Their failure resulted from delay in nuking 
the strategic commitment to enter the emerging market in which 
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the 8-inch drives initi~y could be sold. Interviews with marketing 
and engineering executives close to these companies suggest that the 
established 14-inch drive manufacturers were held captive by custom­
ers. Main.fnme computer manufacturers did not need an 8-inch drive. 
In fact, theyexplidtly did not want it: they wanted drives with increased 
capacity at a lower cost permegabyte. The t 4-inch drive manufacturers 
we~e listening and r~pondihg to their established customers. And their 
customers-in a way that was not appuent to either the disk drive 
manufacturers or their computer-making customers-were pulling 
them along a trajectory of 22 percent capacity growth in a t 4-inch 

platform that would ultinutely prove fata1.13 
Figure t .7 maps the disparate trajectories of performance im­

provement demanded in the computer product segments that 
emerged later, compared to the capacity that changes in component 
technology and refinements in system design made available within 
each successive architecture. The solid lines emanating from points 
A, B, C, 0 , and E measure the disk drive capacity provided with 
tlle median-priced computer in each category. while the dotted lines 
from the same points measure the average capacity of all disk drives 
introduced for sale in each architecture, for each year. These transi­

tions are briefly described below. 

TIle Advent cif the 5.25-inch Drive 

In 1980, Seagate Technology introduced 5.25-inch disk drives. Their 
capacities of 5 and 10MB were of no interest to minicomputer 
manufacturers, \vho were demanding drives of 40 and 60 MB from 
their suppliers. Seagate and other firms that entered with 5.25-inch 
drives in the period t 980 to t 983 (for example, Miniscribe, Computer 
Memories, and Intemational Memories) had to pioneer new applica­
tions for their products and turned primarily to desktop personal 
computer makers. By 1990, the use of hard drives in desktop comput­

ers was an obvious application for magnetic recording. It was not at 
all clear'in 1980, however, when the market was just emerging, thaL 
many people could ever afford or use a hard drive on the desktop. 
The early 5.25-inch drive makers found this application (one lnight 
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even say that they tN"bltd it) by trial and error, selling drives to 
whomever would buy them. 

Once the use of hard drives was established in desktop pes, the 
disk capacity shipped with the median-priced machine (that is, the: 
capacity demanded by the genenl PC user) increased about 25 per­
cellt per year. Again, the: technology improved at nearly twice the 
rate demanded in the new market: The capacity of new 5.25-inch 
drives increased about 50 percent per year between 1980'and 1990. 
As in the 8-inch for 14-inch substitution. the: 6rst 6rms to produce 
5.25-inch drives were entr.llnts; on average, established firms lagged . 
behind entrants by two yean. By 1985, only half of the firms produc­
ing 8-inch drives had introduced 5.25-inch models. The other half 
never did. 

Growth in the use of 5.25-inch drives occurred in two waves. ' 
The first followed creation of a new application for rigid disk drives: 
desktop computing, in which prod~cl attributes such as physical size. 
relatively unimportant in established applications, were highly valued. 
The second wave followed substitution of 5.25-inch disks for larger 
drives in established minicomputer and mainframe computer markets. 
as the rapidly increasing capacity of 5.25-inch drives intenected the 
more slowly growing trajectories of capacity demanded in these 
markets. Of the four leading 8-inch drive makers-~hugart Associ­
ates. Micropolis, Priam, and Quantum---only Micropolis surVived 
to become a significant manufacturer of 5.25-inch drives. and that 
was accomplished only with Herculean managerial effort. as described 
in chapter 5. 

The Pattern Is Repeated: TIle EmergetlCe oJrhe 3.5-inch Drive 

The 3.5-inch drive was fint developed in 1984 by R.odime, a Scottish 
entrant. Sales of this architecture were not signi6cant, however, until 
Conner Peripherals, a spinoff of 5.25-inch drive makers Seagate and 
Miniscribe, started shipping product in 1987. Conner had develpped 

a small. lightweight drive architecture that was much more rugged than 
its 5.2S-inch anceston. It handled electronically functions that 
had previously been managed with mechanical parts, and it used 
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microcode to replace functions that had previously been 2ddressed 
electronic:illy. Neuly alJ of Conner's first yeu revenues of$113 mil­
lion U cime from Compaq Computer. which had aided Conner'sstart­
up with a $30 million investment. The Conner drives were used pri­
marily in a new application-portable and laptop machines, in addition 
to "small footprint" desktop models-where customers were willing 
to accept lower capacities 2nd higher costs per meg2byte to get lighter 
weight, greater ruggedness, and lower power consumption. 

Seagate engineers were not oblivious to the coming of the 3.5-
inch architecture. Indeed, in early 1985, less than one year after 
Rodime introduced the first 3.5-inch drive and twO years ~Jore 

Conner Peripherah started shipping its product, Seagate personnel 
showed working 3.5-inch prototype drives to customers for evalua­
tion. The initiative for the new drives came from Seagate's .engi­
neering organization. Opposition to the progr.tm came primarily 
from the marketing organization and Seagate's executive team; they 
2rgued that the rn2rket w2nted higher capacity drives at a lower cost 
per megabyte and that 3.5-inch drives could never be built at 2 lower 
cost per megabyte than 5.25-inch drives. 

Seagate's m2rketers tested the 3.5-inch prototypes with customers. 
in the desktop computing market it 2lre2dy served-manut2cturers 
like IBM 2nd value-2dded resellers of full-sized desktop computer , 
systems. Not surprisingly, they indioted little interest in the smaller 
drive. They were looking for capacities of 40 and 60 megabytes for 
their next-generation machines, while the 3.5-inch architecture 
could provide only 20 MB-and at higher costs. IS 

In response to lukeW2nn reviews from customers, Seaga.te's pro­
gr.tm rru.nager lowered his 3.5-inch sales estimates, and the firm's 
executives canceled the program. Their re2Soning? The markets for 
5.25-inch products were larger, and the sales generated by spending 
the engineering effort on new 5.25-inch products would create 
greater revenues for the company than wo~ld efforts targeted at new 

3.5-inch products. 
In retrospect, it appears that Seagate executives read the lT~ar­

ket-at least their own market-very accurately. With established 
applications and product architectures of their own, such as the 
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IBM XT and AT, these customers saw no value in the improved 
ruggedness or the reduced size, weight, and power consumption of 
3.5-inch products. . 

Seagate finally began shipping 3.5-inch drives in early t 988-the 
same year in which the perfonn.tnce trajectory of 3.5-inch drives 
(shown in Figure 1.7) intersected the trajectory of capacity demanded 
in desktop computers. By that time, the industry had shipped, cumu­
latively, nearly $750 million in 3.5-inch products. Interestingly, ac­
cording to industry observers, as of 1991 almost none of Seagate's 
3.5-inch products had been sold to manufacturers of portable/ laptop/ 
notebook computers. In other words, Seagate's primary customers 
were still desktop computer manut2cturers, and many of its 3.5-inch 
drives were shipped with frames for mOlJ-nting them in computers 
designed for 5.25-inch drives. 

T he fear of cannibalizing sales of existing products is often cited as 
a reason why eStablished firms delay the introduction of new technol­
ogies. As the Seagate-Conner experience illustrates, however. if new 
technolOgies en.tble new market applic.ttions to emerge, the introduc­
tion of new technology may not be inherently cannibalistic. But when 
established finns wait until a new technology has become commercially 
mature in its new applic2tions and launch their own version of the 
technology only in response to an attack on their home mukets, the 
fear of cannibalization can become a self-fulfilling prophecy. 

Although we have been looking at Seagate's response to the devel­
opment of the 3. 5-inch drive architecture, its behavior was nO[ atypical; 
by t 988, only 35 percent of tile drive m.tnufacturers that had established 
themselves making 5.25-inch products for the desktop PC market had 
introduced 3. 5-inch drives. Simibr to eulier product architecture tran­
sitions, the barrier to "development of a competitive 3.5-inch product 
does not appear to have been engineering-based. As in the 14- to 8-
inch transition, the new-architecture drives introduced by the incum­
bent, established finns during the transitions from 8 to 5.25 inches and 
from 5.25 to 3.5 inches were fully perfonnance-competitive with those 
of entrant drives. Rather, the 5.25-inch drive manuf3cturers seem to 
have been misled by their customers, notably IBM and its direct com­
petitors and resellers, who themselves seemed as oblivious as Seagate 
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to the potential benefits and possibilities of pomble computing and the 
new disk drive architecture that might facilitate it. 

Prain'etek, Conner, and the 2. 5~in(h Drive 

In 1989 an industry entrant in Longmont, Colorado, Pnirietek, 

upstaged the industry by announcing a 2.5-inch drive, captu ring 
nearly' all $30 million of this nascent market. But Conner Peripherals 

announced its own 2.5-inch product in eady 1990 and by the end 

, of that year had claimed 95 percent of the 2.5-inch drive market. 

Prairietek declared bankruptcy in late 1991, by which time each of 
the other 3 . .5-inch drivel!lakers-Quantum, Seag:ate, Western Digi­

tal, and Maxtor--had introduced 2.5-inch drives of their own. 
What had changed? Had the incumbent leading firms finally 

learned the lessons of history? Not really. Although Figure 1.7 shows 
the 2.5-inch drive had significantly less capacity than the 3.5-inch 
drives, the portable computing markets into which the smaller drives 
were sold valued othtr attributes: weight, ruggedness, low power 
consumption, small physical size, and so on. Along llust dimensions, 
the 2.5-inch drive offered improved perfonnance over that of the 
3.5-inch product: It was a 51maining technology. In fact, the computer 
makers who bought Conner's 3.5-inch drive--l.aptop computer 

manufacturers ~uch as Toshiba, Zenith, and Sharp-were the leading 

makers of notebook computers, :md these 6ml$ needed the smaller 

2.5-inch drive architecture. Hence, Conner and its competitors in 

the 3.5-inch market followed their customers seam1essly across the 
transition to 2.5-inch drives. 

In 1992, however. the 1.8-inch drive emerged, with a diStillCtly 

disruptive character. Although its story wiU be recounted in detail 
later, it suffices to state here that by 1995, it was tnlranl firms that 

controlled 98 percent of the $130 million L8-inch drive market. 
Moreover, the largest initial market for l.8-inch drives wasn't in 
computing at all. It was in portable heart monitoring deVices! 

Figure 1.8 sWllIIW"izes this pattern of entrant finns' leadership in 
disruptive technology. It shows, fo r example, that two years after 

the 8-inch drive was introduced, two-thirds of the finns producing 
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Figure 1.8 Leadership of Entnnl Finns in Disruptive Technology 
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it (four of six), were entrants. And, two years after the first 5.25-

inch drive was introduced, 80 percent of the finns producing these 
disruptive drives were entrants. 

SUMMARY 

There are several patterns in the history of innovation in the disk 

drive industry. The first is that the disruptive innovations were tech­
nologically straightforward. T hey generally packaged known 

technologies in a unique architecture and enabled the use of these 
products in applications where magnetic data storage and retrieval 

previously had not been technolOgically or ' economically feasible . 
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The second pattern is that the purpose of advanced technology 
development in the industry was always to sustain established trajecto­
ries of performance improvement: to reach the higher-perfonnance, 
higher-margin domain ofthe upper right of the trajecmry map. Many 
of these technologies were radically new and difficult, but they were 
IlOt disruptive. The customers of the leading disk drive suppliers led 
them toward these achievements. Sustaining technologies, as a result, 
did not precipitate failure. 

The third pattern shows that, despite the established finns' techno­
logical prowess in leading sustaining innovations, from the simplest 
to the most radical, the finns that led the industry in every instance 
of developing and adopting disruptive technologies were entrants to 
the industry, not its incumbent leaders. 

This book began by posing a puzzle: Why was it that firms that 
could be esteemed as aggressive, innovative, cust~mer-sensitive orga­
nizations could ignore or attend belatedly to technological innovations 
with enormous strategic imponance? In the context of the preceding 
analysis of the disk drive industry, this question can be sharpened con­
siderably. T he established fions were , in fact, aggressive, innovative, 
and customer-sensitive in their approaches to susbining innovations 
of every sort. But the problem csbblished fionsseem unable to confront 
successfully is th2t of downward vision and mobility, in temu of the 
trajectory map. Finding new applicatiollS and markets for these new 
products seems to be a capability that each of these firms exhibited 
once, upon entry, and then apparently lost. It was as if the leading fions 
were held captive by thei r customers, enabling attacking entrant lions 
to topple the incumbent industry leaders each time a disruptive tech­
nology emergedY' Why this happened, and is still happening, is the 
subject ofthe next chapter. 

~PPENDJX 1.1: A N OTE ON THE DATA AND METHOD 

USED TO GENERATE FIGURE 1.7 

The trajectories mapped in Figure 1.7 were calcul.ated as follows. 
Dab on the capacity provided with computers was obtained from 
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Dilta SOIm:es, an annual publication listing the technical specifications 
of all computer models available from every computer manufacturer. 
For insbnces in which particular models were available with different 
featu res 2nd configur3tions, the manufacturer provided Datn Sourct! 
with a "typical" system configuration with defined random access 
memory (RAM) c2pacity, performance specifications of peripheral 
equipment (including disk drives), list prices, and year ofintroduction. 
For insbnces in which a given computer model was offered for sale 
over a sequence of years, the hard disk c2pacity provided in the typical 
configuration typically increased. Datn Sources used the categories 
mainframe, mini/midrange, desktop personal. portable and laptop, 
and notebook. As of 1993, 1.8-inch drives were nOt being used in 
hand-held computers, so no dab on that potential market existed. 

For Figure 1.7, for each year and each class of computers, all 
models available for sale were r3nked by price and the hard disk 
capacity provided with the median-priced model identified. The 
best-fit lines through the resultant time series were plotted as the 
solid lines in Figure 1.7 for expository simplification to indicate the 
trend in typical machines. In reality, of course , there is a wide band 
around these lines. The jrorltier of perfonnance-the highest cap2city 
offered ,vith the most expensive computers-was substantially higher 
than the typical values shown. 

The dotted lines in Figure 1.7 represent the best-fit line through 
the unweighted aver3ge capacity of all disk drives introduced fo r sale 
in each given architecrure for each year. This data was taken from 
Disk/Trerld Report. Again, for expository simplification, only this 
average line is shown. There was a wide band of capacities introduced 
fo r sale in each year, so that the frontier or highest capacity drive 
introduced in each year was subsbntially above the average shown. 
Stated in another way, a distinction must be made between the full 
range of products aV2ilable for purchase and those in typical systems. 
The upper and lower bands around the median and average figures 
shown in Figure 1.7 are generally parallel to the lines shown. 

Because higher capacity drives were available in the market than 
were offered with the median-priced systems, the solid-line tr3jector­
ies in Figure 1.7, as I state in the text, represent the capacities 
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"demanded" in each market. In other words, the capacity per ma­

chine was not constrained by technological availability. Rather, it 
represents the selection of hard disk capacity by computer users, 
given the prevailing cost. 

NOTES 

28 

1. A more complete history of the disk drive industry can be 

found in Clayton M. Christensen, "The Rigid Disk Drive 
Industry: A History Qf Commercial and Technological Tur­

bulence," Business History Review (67), Winter, 1993, 

531-588. Th~ history focuses only on the manufacturers of 

rigid disk drives or hard drives-products on which data 

are stored on rigid metal platters. Companies manufacturing 

floppy disk drives (removable diskettes offlexible mylar coated 
with iron oxide on which data are stored) historically were 
different fim15 from those making hard disk drives. 

2. Much of the data for this analysis came from Disk/Trend 
Report, a highly respected annual market research publication, 
augmented with more detailed product-specification sheets 
obtained from the disk drive manufacturers themselves. I am 
grateful to the editors and staff at Disk/ Trend, Inc., for their 

patient and generous assistance in this project. 

3. Tlle concept of trajectories of technological progress was ex­

amined by Giovanni Dosi in " Technological Paradigms and 

Technological Trajectories," Research Policy (11), 1982, 

147-162. 

4. The ways in which the findings ohhis study differ from those 
of some earlier scholars of technology change while building 

upon those of others are discu~ed in greater detail in chapter 
2. 

5. The first technology for making heads built an electromagnet 

by wrapping a fi ne thread of copper wire around a core of 
iron oxide (ferrite); hence the teml Jerrite head. Incremental 
improvements to this approach involved learning to grind the 
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ferrite to finer and finer dimensions, using better lapping 
techniques, and strengthening the ferrite by doping it with 
barium. Thin-film hf'ads were made photolithographically, 
using technology similar to that used in making integrated 
circuits on silicon wafers to etch the electromagnet on the 
surface of the head. This was difficult because it involved 
much thicker layers of material than were coounon in IC 
manufacturing. The third technology, adopted starting in the 
mid- 1990s, was called magneto-resistillf heads. These were also 

made with thi.n-film photolithography, but used the principle 
that changes in the magnetic flux field on the disk surface 

changed the electrical resistivity of the circuitry in the head. 

By measuring changes in resistivity rather than changes in the 

direction of current flow, magneto-resistive heads were much 

more sensitive, and hence pennitted denser data recording, 

than prior technology. In the evolution of disk technology, 
the earliest disks were made by coating fine needle-shaped 
particles of iron Q:cide--literally rust-over the surface of a 
flat, polished aluminum platter. Hence, these disks were called 
oxide disks. Incremental improvemen.ts to this technology in­
volved making finer and finer iron oxide particles, and dispers­
ing them more uniformly, with fewer uncoated voids on the 
aluminum platter's surface. This was supplanted by a sput­

tering technology, also borrowed from semiconductor pro­

cessing, that coated the aluminum platter with a thin film of 

metal a few angstroms thick. The thinness of this layer; its 

continuous, rather than particulate nature; and the process's 

flexibility in depositing magnetic materials with higher coer­
civity, enabled denser recording on thin-film disks than was 
feasible on oxide disks. 

6. Richard J. Foster, Innovation: The Attacker's Advantage (New 
York: Summit Books, 1986). 

7. The examples of technology change presented in Figures 1.1 

and 1.2 introduce some ambiguity to the unqualified tenn 
discontinuity, as used by Giovanni Dosi (see "Technological 

Paradigms and Technological Trajectories," Restarch Policy 
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(Il] 1982), Michael L. Tushman and Philip Anderson (see 
" Technologicil Discontinuities and Organizational Environ­

ments," Administr4tivt Sriena QU4rterly (31 ), 1986), and others. 

The innovations in head and c!-isk technology described in 
Figure 1.4 represent positive discontinuities in an established 
technological trajectory, while the trajectory-disrupting tech­

nologies charted in Figure 1.7 represent neg4tivt discontinu­
ities. As will be shown below, established firms seemed quite 
capable of leading the industry over positive discontinuities, 
but generally lost their industry lead when faced with negative 

discontinuities. 
8. This tendency consisteptly appears across a range of industries. 

Richard S. Rosenbloom and Clayton M. C hristensen (in 

"Technological Discontinuities, Organizational Capabilities, 

and Stl"3tegic Comminnents," In du51ri41 4nd Corpo14te CIz4nge 
[31, 1994, 655--(85) suggest a much broader set of industries in 

which leading firms may have been toppled by technologically 
straightforward disruptive innovations than is covered in this 

book. 
9. A summary of the data and procedures used to generate Figure 

1.7 is included in Appendix 1.1. 
iO. The minicomputer market was not new in 1978, but it was 

a new application for Winchester-technology disk drives. 

11 . This statement applies only to independent drive makers com­
peting in the OEM market. Some of the vertically integrated 
computer makers, such as IBM, have survived across these 

generations with the benefit of a captive intemal market. Even 

IBM, however, addressed the sequence of different emerging 

markets for disk drives by creating autonomous " start-UP" 

disk drive organizations to address each one. Its San Jose 
organization focused on high-end (primarily mainfraille) ap­

plications. A separate division in R ochester, MN, focused 

on mid- range computers and workstations. IBM created a 
different organization in Fujisawa, Japan, to produce drives 

for the desktop personal computer market. 
12. This result is very different from that observed by Rebecca 

M. Henderson (see TIlt Failurt of Established Firms in tht Face 
of TUhnologiCAI. Changt: A Study of the $em;condudor Photolitho­
graphic Alig/lmtf1t lndmtry, dissenation, Harvard University, 

1988), who fou nd the new-architecture aligners produced by 
the established manufacturers to be inferior in performance 
to those produced by entrant firms. One possible reason for 
these different results is that the successful entrants in the 

photOlithographic aligner industry studied by Henderson 
brought to the new product a well-developed body of techno­
logical knowledge and experience developed and refined in 
other markets. In the case studied here, none of the entrants 

brought such well-developed knowledge with them. Most, 

in fact, were de novo start-ups composed of managers and 

engineers who had defected from established drive nunufac­
turing finns. 

13. This finding is similar to the phenomenon observed by Joseph 

L. Bower, who saw that explicit customer demands have 
tremendous power as a source of impetus in the resou rce 
allocation process: " When the discrepancy (the problem to 
be solved by a proposed invcsnnent) was defined in terms of 
COSt and quality, the projects languished. In all four cases, the 
definition process moved toward completion when capacity 
to meet sales was perceived to be inadequate. . . . In short, 
pressure from the market reduces both the probability and 
the cost of being wrong." Although Bower specifically refers 

to manufacturing capacity, the same fundamental phenome­
non--the power of the known needs of known customers in 

marshaling and directing the investments of a firm-aff"ects 

response to disruptive technology. See Joseph L. Bower, Man­
aging the R t5Qur(t Allocation ProaS5 (Homewood, IL: Richard 

O. Irwin , 1970) 254. 
14. In booking $113 million in revenues, Conner Peripherals set 

a record for booking more revenues in its first year of operation 

than any manufacturing company in United States history. 

15. This finding is consistent with what R obert Burgelman has 
observed. He noted that one of the greatest difficulties en-
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