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FOREWORD

The rigid disk drive industry is having what most participants consider to be
a good year. Customers like the lower prices. Engineers like the higher areal
density. Component makers like the increased shipments. Company manage-
ments like the increased revenue. Shareholders of some drive manufacturers
like the increased profits. The main problem will be to do it all again next year.
And that won’t be easy, considering the frenzied product development, short-
ened inventory turnover and inevitable price reductions which somehow must be
managed efficiently.

The DISK/TREND Report’s product mix was modified slightly in 1995, the
nineteenth year of publication. There are four separate volumes this year, in-
stead of five. We’ve integrated the report on flexible disk drives, which was
published separately since 1977, into the new report on removable data storage,
which now combines standard floppy drives, new high capacity floppy drives,
rigid disk cartridge drives, small optical disk drives, PC Card drives and flash
memory cards in one volume, which was published in September. The complete
report on optical disk drives was published in August, and the report on disk
drive arrays, the most complete coverage on the subject, was released in April.
Please note that we plan to make a scheduling change in 1996: The 1996 report
on rigid disk drives will be published earlier in the year, probably in May.

DISK/TREND ON DISK,; statistical and specification tables on floppy disks, is
again available to subscribers to the DISK/TREND Report. Instructions for using
the disks are included at the end of this report.

We are always willing to help you at any time by providing additional informa-
tion on the industry which we may have available. Your suggestions for im-
provements in the DISK/TREND Report are always welcome and are sincerely
appreciated.

James N. Porter

Robert H. Katzive
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INTRODUCTION

No change in this year’s product groups -- but wait 'till next year!

We’re always reluctant to change the product groups used in the DISK/TREND
Report, since we are aware that many companies organize their industry data
accordingly. However, the industry’s principal clusters of product activity are
again going through a period of rapid change, so next year we’ll revise the
groups we use in collecting data and for use in‘the published reports. Since
shipments have dropped very rapidly in the lower capacity ranges, we will
combine three existing product groups into a single "less than 300 megabytes"
group. The existing top capacity group will be split into "3-6 gigabytes", "6-10
gigabytes" and "more than 10 gigabytes". These plans will remain in tentative
form for a month or two, so if you have any comments, please let us know.

Please note the duplication

For the second year, we have published a separate report on removable data
storage. The removable data storage report includes some information also
included in this volume on disk cartridge drives and on 1.8" PCMCIA disk drives
-- plus coverage of PCMCIA flash cards, small optical disk drives and floppy
drives. In that report, the section on disk cartridge drives is substantially the
same as the product group in this report on disk cartridge drives. However, if
you compare the two reports’ coverage of 1.8" drives, please note that the data
in the removable data storage report includes only 1.8" drives in PCMCIA PC
Card or comparable formats, while the 1.8" data included in several sections of
this report includes all 1.8" or smaller drives, not just the ones in PC Card format.

If you’re a new DISK/TREND Report user, please note

Various market studies report revenues and unit shipments in several ways, and
you will find the information in this report much more helpful if you understand
the basic ground rules we have followed:

* We report all disk drive revenues at the level of the product’s first public
sale, at the estimated transaction price, whether the sale occurs at the
captive, PCM/Reseller or OEM/Integrator levels.

* All unit totals are given in spindles, or individual head/disk assembilies, in
the DISK/TREND Report. A disk drive enclosure containing two spindles
is counted as two spindles, except for drives designed to be the plug
compatible equivalent of specific IBM mainframe drives, which are count-
ed in units equivalent to the corresponding IBM drive models.

1995 DISK/TREND REPORT
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SUMMARY: RIGID MAGNETIC DISK DRIVES
Industry size

The rigid disk drive industry is maintaining its pattern during the last two
decades of increasing shipments each year. In fact, stronger than expected
growth rates will push worldwide 1995 unit shipments to an estimated 87.8 million
drives. An average annual growth rate of 14.7% during the 1996-98 period will
boost 1998 total shipments to more than 132.3 million drives.

The industry’s pattern of revenue growth is less consistent. Markets for rigid
disk drives have a history of excellent growth in most years, but the product mix
is constantly moving to higher capacity drives at lower average prices, due to the
rapid rate at which improvements in recording density are achieved. Unfortu-
nately, prices go down in some years faster than shipments go up, yielding
occasional years in which sales revenues decline even when drive unit shipments
increase.

In 1994 total sales revenues increased 6.9% to $23.2 billion, buoyed by a
35% increase in unit shipments, and in 1995 revenues are projected to grow
10.6%, while shipments are up 25.5%. However, unit shipments are forecasted
to rise only 17.7% in 1996, while revenues suffer a 1.4% decline. The situation
underlying the 1996 drop in overall revenues is a change in the drive product mix
for manufacturers of captive drives, as new lower cost drives replace older, costly
models, and as traditionally high prices are brought closer to competitive levels.
Despite continuing growth in unit shipments and very rapid migration to higher
capacities, the forecasted revenue increases during 1997-98 will be minimal.

The industry’s movement to higher capacities continues at an impressive
pace. As production below 200 megabytes approaches end of life, the 500
megabyte - 1 gigabyte product group has become the shipment leader in 1995,
with a total estimated at more than 42.1 million drives. In 1998, the 2-3 gigabyte
product group is expected to lead the industry, with a projected 58.4 million
drives. Expanding disk drive usage with major markets such as mainframe
computers, network file servers and workstations is pushing shipments up, but
the personal computer market has become the dominant influence, both in
boosting shipments and in pushing typical disk capacities to constantly higher
levels.

1995 DISK/TREND REPORT
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TABLE 1
CONSOLIDATED WORLDWIDE REVENUES
RIGID MAGNETIC DISK DRIVES
REVENUE SUMMARY

------------------- DISK DRIVE REVENUES, BY SHIPMENT DESTINATION ($M)-------===nnnncenan

1994 e cieiiaiaeee Forecast-----------ccomuocmomoennons

----Revenues---  ------ 1995-----  -ce--- 1996-----  ------ 1997-----  ----e- 1998-----

u.s. w u.s. W u.s. w u.s. wi u.s. W
U.S. Manufacturers
IBM Captive 3,485.4 5,177.2 3,558.0 5,350.3 3,100.4 4,626.4 3,072.3 4,663.1 3,081.2 4,640.6
Other U.S. Captive 676.5 1,062.5 493.5 611.5 149.0 190.7 116.7 153.4 96.2 137.4
TOTAL U.S. CAPTIVE 4,161.9 6,239.7 4,051.5 5,961.8 3,249.4 4,817.1 3,189.0 4,816.5 3,177.4 4,778.0
PCM/Resel ler 2,197.8 3,879.2 2,671.0 4,708.7 3,206.7 5,372.3 3,178.8 5,218.3 3,131.3 5,058.2
OEM/ Integrator 5,747.3 9,710.7 7,448.5 11,503.3 7,436.5 11,502.5 7,785.8 11,805.4 7,871.2 11,852.5
TOTAL U.S. NONCAPTIVE 7,945.1 13,589.9 10,119.5 16,212.0 10,643.2 16,874.8 10,964.6 17,023.7 11,002.5 16,910.7
TOTAL U.S. REVENUES 12,107.0 19,829.6 14,171.0 22,173.8 13,892.6 21,691.9 14,153.6 21,840.2 14,179.9 21,688.7
Non-U.S. Manufacturers
Captive 113.9 1,394.5 143.7 1,313.8 138.3 1,223.7 190.9 1,385.0 247.2 1,596.1
PCM/Resel ler 504.5 916.6 401.9 755.9 274.7 603.8 326.8 729.6 384.5 841.7
OEM/ Integrator 416.3 1,090.7 578.1 1,442.8 839.9 1,796.0 976.7 2,087.6 1,084.1 2,364.6

TOTAL NON-U.S. REVENUES 1,034.7 3,401.8 1,123.7 3,512.5 1,2562.9 3,623.5 1,494.4 4,202.2 1,715.8 4,802.4

Worldwide Recap

TOTAL WORLDWIDE REVENUES  13,141.7 23,231.4 15,294.7 25,686.3 15,145.5 25,315.4 15,648.0 26,042.4 15,895.7 26,491.1
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Marketing channels

Nine companies left the rigid disk drive industry in the last year, and only 3
new participants initiated disk drive ménufacturing programs, leaving 24 compa-
nies active in the industry. The total has shrunk from 47 drive manufacturers in
1992, to 40 in 1993, and in 1994 the list was already down to 30 companies.
Most of the dropouts during the last few years had small market shares and were
not able to compete efficiently as shipments rose and prices fell. The major
exception in 1994 was the acquisition of Digital Equipment’s disk drive business
by Quantum, removing a company with an estimated $678 million in rigid disk
drive revenues as an independent entity. Asian manufacturers deleted from the
list this year all suffered from inadequate rigid disk drive sales levels, a problem
which aiso affected most of the U.S. companies which are no longer on the list.
The three additions this year include lomega and Nomai, both of which will
produce new high-end 3.5" disk cartridge drives, and Gigastorage International,
which will revisit the 5.25" drive market with a new low cost drive.

During the 1990’s, captive drive revenues have declined from 64.3% of the
industry’s overall total in 1990, to 43.3% in 1994, with 37.9% projected for 1998.
The reduction in captive share is traced to a combination of factors, including
departure of system manufacturers such as DEC and the rapid movement from
very expensive high-end drives for mainframe and midrange computers to indus-
try standard, low cost drives. PCM/Reseller revenues have climbed several
percentage points, as the upgrade aftermarket has blossomed, especially’ in the
personal computer field. OEM/Integrator revenues have grown the most rapidly,
and are expected to climb to more than half of the industry’s 1998 revenues.

An understanding of the relative price levels of captive, PCM/Reseller and
OEM/Integrator drives is important in interpreting DISK/TREND revenue statistics,
to avoid an exaggerated impression of the share held by captive drives. The
price used for each drive is the estimated value at the first time it is sold to a
nonaffiliated buyer, at captive end user, PCM/Reseller or OEM/Integrator levels.
For example, captive drive revenues for 1994 totaled $7.6 billion, 32.9% of the
overall revenue worldwide total. But 1994 captive shipments totaled 6.3 million
drives, only 9.1% of the worldwide total. The reason for the large difference in the
percentages is found in the higher end user prices at which captive drives are
sold and the fact that many captive drives are expensive high-end models.

1995 DISK/TREND REPORT



WORLDW!DE REVENUES
BY MANUFACTURER TYPE

U.S. Manufacturers
IBM Captive
Other U.S. Captive

PCM/Resel ler

OEM/ Integrator

Total U.S. Manufacturers

Non-U.S. Manufacturers
Captive
PCM/Resel ler

OEM/ Integrator

Total Non-U.S. Manufacturers

Worldwide Recap
Captive
PCM/Resel ler

OEM/ Integrator

Total All Manufacturers

------ 1994-ccmn et
----Revenues---  ------ 1995-----
$M % M
5,177.2 22.2% 5,350.3 20.8%
-28.0% +3.3%
1,062.5 4.5% 611.5 2.3%
+2.4% -42.4%
3,879.2 16.6% 4,708.7 18.3%
+23.3% +21.4%
9,710.7 41.7% 11,503.3 44.7%
+34.5% +18.5%
19,829.6 85.0% 22,173.8 86.1%
+6.6% +11.8%
1,394.6 6.0% 1,313.8 5.1%
+17.5% -5.8%
916.6 3.9% 755.9 2.9%
-9.1% -17.5%
1,090.7 5.1% 1,442.8 5.9%
+16.2% +32.3%
3,401.8 15.0% 3,612.5 13.9%
+8.6% +3.3%
7,634.2 32.9% 7,275.6 28.3%
-18.9% -4.7%
4,795.8 20.6% 5,464.6 21.3%
+15.5% +13.9%
10,801.4 46.5% 12,946.1 50.4%
+32.4% +19.9%
23,231.4 100.0% 25,686.3 100.0%
+6.9% +10.6%

TABLE 2

CONSOL IDATED WORLDWIDE REVENUES

RIGID MAGNETIC DISK DRIVES
MARKET CLASS REVIEW

REVENUE SUMMARY

4,626.4
-13.5%

190.7
-68.8%

5,372.3
+14.1%

11,502.5

21,691.9
-2.2%

1,223.7
-6.9%

603.8
-20.1%

1,796.0
+24.5%

3,623.5
+3.2%

6,040.8
-17.0%

5,976.1
+9.4%

13,298.5
+2.7%

25,315.4
-1.4%

18

21

45

85

14

23.

28.

52,

100

Forecast
™M
2% 4,663.1
+.8%
7% 153.4
-19.6%
.2% 5,218.83
-2.9%
4% 11,805.4
+2.6%
5% 21,840.2
+.7%
.8% 1,385.0
+13.2%
.3% 729.6
+20.8%
.4% 2,087.6
+16.2%
5% 4,202.2
+16.0%
9% 6,201.5
+2.7%
6% 5,947.9
-.5%
5% 13,893.0
+4.5%
.0% 26,042.4
+2.9%

"~ Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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------ 1998-----
M %
4,640.6 17.5%

-.5%
137.4 5%
-10.4%
5,058.2 19.0%
-3.1%
11,852.5 44.7%
+.4%
21,688.7 81.7%
-.7%
1,596.1 6.0%
+15.2%
841.7 3.1%
+15.4%
2,364.6 9.2%
+13.3%
4,802.4 18.3%
+14.3%
6,374.1 24.1%
+2.8%
5,899.9 22.3%
-.8%
14,217.1 53.6%
+2.3%
26,491.1 100.0%
+1.7%
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Product mix

During the 1990’s, the disk drive industry’s widely discussed pattern of 60%
annual increases in typical recording density has revolutionized the industry’s
product mix. The average drive capacities utilized for each major application
area have been raised as fast as the individual markets have been ready to buy,
and the evolution to drives with smaller diameter disks has been accelerated. In
1990, more than half the drives produced had capacities in the range of 30-60
megabytes, but in 1998 2-3 gigabyte drives are projected to be the leading
product group, with 44.1% of total shipments. In 1990, less than 20 million 3.5"
and one million 2.5" drives were shipped, but DISK/TREND Report forecasts for
1998 predict shipments of more than 110 million 3.5" and 18 million 2.5" drives.

Growing demand for higher disk drive capacities for all of the industry’s
major application areas is expected to continue beyond the current forecast
period. Individual personal computer users are using more disk capacity for
Windows and application programs, travelers want to be able to do everything
on their notebook computers that they can do with their office PC’s, network file
servers must be constantly upgraded with more disk capacity, the disk capacity
used with mainframe computers is still expanding, and new major disk storage
requirements for consumer video-on-demand and business video servers are
starting to appear. The result is continuous upward movement in the typical
capacities of individual disk drives used for most applications.

As average disk capacities move up, product groups which once dominated
the industry are fading away. Drives with 100-200 megabyte capacities once led
in industry shipments, but peaked in 1993, with 20 million units, and all drives
with capacities below 200 megabytes are expected to be out of production after
1996. Declining shipments are now forecasted for all drives below 1 gigabyte by
the end of 1995.

The three product groups with capacities over 1 gigabyte will have high
growth rates through 1997, and growth will continue past 1997 for drives with
capacities above 2 gigabytes. Personal computer markets have become a signif-
icant factor in the markets for drives over a gigabyte, as users continue to want
immediate access to a wide variety of applications, plus all of their old files.
Growth for all three product groups over 1 gigabyte will also be driven by ex-
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panding usage of disk drive arrays and other storage subsystems used with
network file servers and mainframes, plus the continually expanding workstation
market. Although difficult to define at this time, it is also clear that future video
and image storage requirements for a variety of consumer and business applica-
tions will provide a major new market for high capacity disk drives.

3.5" drives have now become the dominant factor in all of the DISK/TREND
Report product groups, and 1994 shipments of 60.3 million 3.5" drives represent
86.2% of the overall worldwide total. An expected average annual growth rate of
16.5% for the 1994-98 period will push 1998’s shipments to 110.6 million 3.5"
drives, representing 83.6% of the total for all rigid disk drives.

Following the industry’s normal pattern, smaller drives will assume a greater
share of total shipments by 1998, as each year’s improvements in recording
density extend the usefulness of 2.5" and 1.8" drives into new territory. In 1998,
2.5" drives are projected to hold 14.1% of the industry’s unit shipments, with 18.7
million drives. 1.8" drives will secure only .8% of the total by 1998, but this share
represents a four times increase in the 1994 shipment level, to 990,000 drives.
DISK/TREND Report forecasts for 5.25" drives currently assume that shipments
will increase from current shipment levels, then peak in 1997, as new low-cost
models develop a market with selected personal computer manufacturers. The
forecast may have to be enlarged if the concept proves to be popular.

The long-term problem for the 3.5" drive format, as it was for the larger drives
which preceded it, is the industry’s unstoppable trend to improved areal density
-- which eventually will make it possible for 2.5" and smaller disk drives to provide
cost-effective competition for 3.5" drives. By 1998, 2.5" disk drives with more
than 3 gigabytes capacity will be available. Such a drive capacity may be above
the requirements for mainstream notebook computers, but at that point, we can
expect to see a repetition of the classic disk drive phenomenon: The smaller
disk drive starts to replace the older one, in its basic markets.

Manufacturers of 1.8" drives have been struggling to increase capacities and
to solve the packaging: problems of PC Card configurations, while waiting for the
subnotebook computer market to actually materialize. Forecasts for 1.8" drives
have had to be lowered, as subnotebook computers are still minor products and
most notebook computer manufacturers prefer lower cost 2.5" drives.
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Figure 1

CHANGING PRODUCT MIX
Worldwide Rigid Disk Drive Revenue
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WORLDWIDE REVENUES
ALL MANUFACTURERS

CARTRIDGE DISK DRIVES

FIXED DISK DRIVES
less than 100 Megabytes

FIXED DISK DRIVES
100 - 200 Megabytes

FIXED DISK DRIVES
200 - 300 Megabytes

FIXED DISK DRIVES
300 - 500 Megabytes

FIXED DISK DRIVES
500 Megabytes - 1 GB

FIXED DISK DRIVES.
1 - 2 Gigabytes

FIXED DISK DRIVES
2 - 3 Gigabytes

FIXED DISK DRIVES
more than 3 Gigabytes

Total Worldwide Revenue

$M

111.9
+29.5%

99.2
-91.2%

1,259.2
-68.5%

3,602.6
+3.4%

4,209.5
+142.7%

4,001.0
+166.6%

3,919.6
+19.9%

3,381.4
+48.6%

2,647.0
-37.7%

23,231.4
+6.9%

TABLE 3

CONSOL |DATED WORLDWIDE REVENUES
RIGID DISK DRIVES
PRODUCT GROUP REVIEW

%

4%

5.4%

156.5%

18.1%

17.2%

16.9%

14.6%

11.4%

REVENUE SUMMARY

192.9
-84.7%

851.6
-76.4%

2,734.6
-35.0%

9,152.9
+128.8%

4,838.1
+23.4%

4,478.4
+32.4%

3,243.4
+22.5%

100.0% 25,686.3

+10.6%

A%

.8%

3.3%

10.6%

35.6%

18.8%

17.4%

12.6%

21.0
-89.1%

163.9
-80.8%

1,010.7
-63.0%

7,140.1
-22.0%

7,619.2
+57.5%

3,946.5
-11.9%

5,162.6
+59.2%

100.0% 25,315.4

-1.4%

Forecast-------=-m-occmmcnnnnno
1996-----  ~----- 1997----- ------
M % M
1.0% 270.5 1.0% 267.9
+7.9% -1.0%
1% -- -- --
.6% 36.6 1% 23.2
-77.7% -36.6%
4.0% 317.9 1.2% 91.7
-68.5% -71.2%
28.2% 3,220.8 12.4% 999.2
-54.9% -69.0%
30.1% 8,627.7 33.1% 4,951.6
+13.2% -42.6%
15.6% 6,517.2 25.0% 9,840.2
+65.1% +51.0%
20.4% 7,051.7 27.1% 10,317.3
+36.6% +46.3%

100.0% 26,042.4 100.0% 26,491.1

+2.9% C+1.7%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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Figure 2

UNIT SHIPMENT SUMMARY

Worldwide Shipments in Millions of Units
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TABLE 4 .

CONSOL [DATED WORLDWIDE SHIPMENTS
RIGID DISK DRIVES

Total Capacity (Terabytes)

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.

PRODUCT GROUP REVIEW

UNIT SHIPMENT SUMMARY

1995 DISK/TREND REPORT

- UNIT SHIPMENTS  --e--e 1994---cc et Forecast-----------cccemmmmmmmmnnanon.
IN THOUSANDS ---Shipments---  ------ 1995-----  ------ 1996-----  ------ 1997----+  --e--- 1998-----
Units % Units % Units % Units % Units %
CARTRIDGE DISK DRIVES 468.4 7% 742.0 .8% 1,300.0 1.3% 1,680.0 1.4% 1,985.0 1.5%
+25.0% +58.4% +75.2% +29.2% +18.2%
FIXED DISK DRIVES 520.1 7% 177.3 .2% 5.0 -- .- -- -- --
less than 100 Megabytes -93.0% -65.9% -97.2% -- --
FIXED DISK DRIVES 8,007.3 11.4% 906.4 1.0% 115.0 1% -- -- -- --
100 - 200 Megabytes -60.0% -88.7% -87.3% -- -
FIXED DISK DRIVES 23,312.6 33.3% 5,291.2 6.0% 1,180.0 1.1% 235.0 .2% 185.0 1%
200 - 300 Megabytes +65.7% -77.3% -77.7% -80.1% -21.3%
FIXED DISK DRIVES 19,241.2 27.5% 15,976.9 18.2% 6,150.5 5.9% 1,870.0 1.6% 580.0 .4%
300 - 500 Megabytes +322.1% -17.0% -61.5% -69.6% -69.0%
FIXED DISK DRIVES 10,925.1 15.6% 42,178.4 48.0% 39,700.5 38.4% 18,230.0 15.5% 4,640.0 3.5%
500 Megabytes - 1 GB +398.5% +286.1% -5.9% -54.1% -74.5%
FIXED DISK DRIVES 4,815.3 6.9% 16,062.3 18.3% 36,351.0 35.2% 49,430.0 42.0% 29,300.0 22.1%
1 - 2 Gigabytes +103.8% +233.6% +126.3% +36.0% -40.7%
FIXED DISK DRIVES 2,276.3 3.3% .4,347.3 5.0 11,750.0 11.4% 28,750.0 24.4% 58,400.0 44.1%
2 - 3 Gigabytes +219.7% +91.0% +170.3% +144.7% +103.1%
FIXED DISK DRIVES 432.5 6% 2,132.4 2.4% 6,841.0 6.6% 17,600.0 14.9% 37,300.0 28.2%
more than 3 Gigabytes +170.3% +393.0% +220.8% +157.3% +111.9%
Total Worldwide Shipments 69,998.8 100.0% 87,814.2 100.0% 103,393.0 100.0% 117,795.0 100.0% 132,390.0 100.0%
+35.0% +25.5% +17.7% +13.9% +12.4%
% U.S. Manufacturers 91.0% 90.3% 87.6% 85.5% 83.8%
32,933.0 74,461.2 135,410.8 259,668.0 464,465.2
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Figure 3

DISK DIAMETER SUMMARY

Worldwide Shipments in Millions of Units
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‘ UNIT SHIPMENTS

’ IN THOUSANDS

10 - 14 INCH

6.5 - 9.5 INCH

5.25 INCH

3.5 INCH

2.5 INCH

1.8 INCH OR LESS

Total Worldwide Shipments

TABLE 5

CONSOL IDATED WORLDWIDE SHIPMENTS
RIGID DISK DRIVES
SUMMARY BY DISK DIAMETER

SUM-13

------ 1994-----  --------o-eociecoeoooooo-------FOrecast---------o-ecoooiocaoooion-s
---Shipments---  ------ 1995----- = -ca--e 1996-----  -e---- 1997----- ------ 1998-----
Units % Units % Units % Units % Units %
46.1 1% 6.0 -- -- -- -- -- -- --
-42.0% -87.0% -- -- --
75.4 1% 38.7 -- 9.6 -- -- -- -- --
-25.0% -48.7% -75.2% -- --
791.6 1.1% 670.3 .8% 1,103.4 1.1% 2,570.0 2.2% 2,095.0 1.6%
-38.1% -15.3% +64.6% +132.9% -18.5%
60,343.2 86.2% 75,805.5 B86.3% 88,315.0 85.4% 98,415.0 83.6% 110,620.0 83.6%
+37.3% +25.6% +16.5% +11.4% +12.4%
8,507.2 12.2% 10,822.7 12.3% 13,395.0 13.0% 16,025.0 13.6% 18,685.0 14.1%
+35.3% +27.2% +23.8% +19.6% +16.6%
235.8 .3% 471.0 .5% 570.0 .6% 785.0 7% 990.0 .8%
+49.7% +100.2% +21.0% +37.7% +26.1%
69,998.8 100.0% 87,814.2 100.0% 103,393.0 100.0% 117,795.0 100.0% 132,390.0 100.0%

+35.0% +25.5% +17.7% +13.9% +12.4%

Notes: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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Figure 4

CAPACITY SHIPMENT SUMMARY

Worldwide Shipments in Terabytes
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CAPACITY SHIPMENTS
IN TERABYTES

CARTRIDGE DISK DRIVES

FIXED DISK DRIVES
less than 100 Megabytes

FIXED DISK DRIVES
100 - 200 Megabytes

FIXED DISK DRIVES
200 - 300 Megabytes

FIXED DISK DRIVES
300 - 500 Megabytes

FIXED D!SK DRIVES
500 Megabytes - 1 GB

FIXED DISK DRIVES
1 - 2 Gigabytes

FIXED DISK DRIVES
2 - 3 Gigabytes

FIXED DISK DRIVES
more than 3 Gigabytes

Total Capacity (Terabytes)

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.

CONSOL IDATED WORLDWIDE SHIPMENTS

------ 1994-----
---Shipments---
Tbytes %
77.6 2%
+135.2%
31.9 1%
-93.6%
1,189.3 3.6%
-57.5%
5,760.5 17.5%
+75.4%
7,002.2 21.5%
+324.3%
6,223.0 18.9%
+389.9%
5,390.9 16.4%
+94.9%
4,761.1 14.5%
+201.1%
2,406.5 7.3%
+151.1%
32,933.0 100.0%
+121.7%

TABLE 6

RIGID DISK DRIVES
PRODUCT GROUP REVIEW

CAPAC!ITY SHIPMENT SUMMARY

134.1
-88.7%

1,350.7
-76.6%

6,101.5
-14.0%

27,563.7
+342.9%

19,801.6
+267.3%

9,060.5
+90.3%

10,316.0
+328.7%

74,461.2
+126.1%

.2%

1.8%

8.2%

37.0%

26.6%

12.2%

13.8%

100.0%

SUM-15

Forecast--------~-----emcmmmmmaanaaan
------ 1996-----  ------1997-----  ------1998-----
Tbytes % Tbytes % Thytes %
232.9 2% 398.1 2% 714.0 2%
+83.6% +70.9% +79.4%
.4 .- -- -- -- --
-93.5% -- --
15.4 -- -- -- -- --
-88.5% -- --
286.7 .2% 60.4 -- 48.1 --
-78.8% -78.9% -20.4%
2,404 .4 1.8% 712.1 .3% 231.4 --
-60.6% -70.4% -67.5%
26,496.7 19.6% 14,115.2 5.4% 4,015.7 .9%
-3.9% -46.7% -71.6%
43,577.4 32.2% 65,286.0 25.1% 47,236.0 10.2%
+120.1% +49.8% -27.6%
26,957.1 19.9% 71,213.0 27.4% 156,100.0 33.6%
+197.5% +164.2% +119.2%
35,439.7 26.1% 107,883.1 41.5% 256,120.0 55.1%
+243.5% +204.4% +137.4%
135,410.8 100.0% 259,668.0 100.0% 464,465.2 100.0%

+81.9%
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Price per megabyte

Several factors have combined to force down average noncaptive prices per
megabyte faster than previously expected. The biggest influence is the very high
shipments which have resulted from exceptional growth in the personal comput-
er market. Another major influence on the higher capacity product groups has
been the rapid migration to higher capacities for personal computers, driven by
new system software, expanded application programs, multimedia and storage
of data downloaded from the Internet. As higher capacity drive groups are
overwhelmed by the personal computer market, high performance disk drives at
relatively high prices become minor contributors to the pricing averages.

The price per megabyte for some of the older low capacity drives now declin-
ing in shipments is expected to remain relatively stable. The largest price drops
are now occurring with the drives shipped in large quantities for mainstream
applications with PC’s, notebook computers, network file servers and worksta-
tions. Noncaptive disk drives with more than 3 gigabytes capacity are currently
experiencing the fastest decline in price per megabyte as older, very expensive
large drives fade away, and the capacities of 5.25" and 3.5" drives grow relent-
lessly. The noncaptive price per megabyte for drives in this product group was
$2.67 in 1993, it dropped to $.68 in 1994, and is projected at $.03 in 1998.

Severe drops in noncaptive disk drive pricing also affect pricing for captive
disk drives. The captive drive producers must respond to prices in the noncap-
tive market, as noncaptive drives are resold by other system manufacturers at
aggressive prices. IBM is easily the largest participant in captive disk drive
markets and has aggressively lowered its pricing structures to stay competitive.
Also affecting the disk drive prices set by IBM and other captive manufacturers is
their continuing movement to new, smaller drives, at lower costs.

The tables in each product section display the average price per megabyte
for that product group broken down by distribution channel and disk diameter.
The summary tables in this section display separately the worldwide price per
megabyte of captive and noncaptive drives. Please note that the data shown in
these tables is not merely an average of the price per megabyte of all individual
disk drive models offered, but represents the estimated total sales revenues for
each product type divided by the total capacity of all drives of that type sold.
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Figure 5

PRICE PER MEGABYTE SUMMARY

Noncaptive Worldwide Shipments ($/MB)
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TABLE 7
NONCAPTIVE WORLDWIDE SHIPMENTS
RIGID DISK DRIVES
PRODUCT GROUP REVIEW

PRICE PER MEGABYTE SUMMARY ($/MB)

----------------------------------- Forecast------=---cccmmmcuamnnanan.
------ 1994-----  ------1995-----  ------1996-----  ------1997-----  ------1988-----
CARTRIDGE DISK DRIVES 1.44 1.28 1.08 .68 .38
-44.,9% -11.3% -15.8% -36.9% -44.8%
FIXED DISK DRIVES 2.82 5.18 1.50 -- --
less than 100 Megabytes +39.5% +83.3% -71.0% -- --
FIXED DISK DRIVES .92 1.04 1.14 -- --
100 - 200 Megabytes -20.3% +13.5% +9.1% -- --
FIXED DISK DRIVES .58 .52 .52 .61 .48
200 - 300 Megabytes -37.9% -9.7% -1.0% +16.6% -20.4%
FIXED DISK DRIVES .49 .38 .36 .39 .40
300 - 500 Megabytes -40.4% -21.9% -5.7% +7.9% +1.5%
FIXED DISK DRIVES .55 .28 .23 .18 17
500 Megabytes - 1 GB -43.9% -48.3% -19.4% -22.7% -1.0%
FIXED DISK DRIVES . .51 .20 .15 1 .08
1 - 2 Gigabytes -35.2% -61.7% -25.7% -24.8% -22.6%
FIXED DISK DRIVES .44 .27 .18 .08 .05
2 - 3 Gigabytes -37.4% -38.5% -52.1% -38.5% -33.1%
FIXED DISK DRIVES .68 .24 11 .05 .03
more than 3 Gigabytes -74.6% -63.9% -55.4% -50.4% -37.9%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.

Price per megabyte calculations represent estimated total sales revenues for :
each product type divided by the total yearly shipped capacity of all drives of that type.
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CARTRIDGE DISK DRIVES

FIXED DISK DRIVES
less than 100 Megabytes

FIXED DISK DRIVES
100 - 200 Megabytes

FIXED DISK DRIVES
200 - 300 Megabytes

FIXED DISK DRIVES
300 - 500 Megabytes

FIXED DISK DRIVES
500 Megabytes - 1 GB

FIXED DISK DRIVES
1 - 2 Gigabytes

FIXED DISK DRIVES
2 - 3 Gigabytes

FIXED DISK DRIVES
more than 3 Gigabytes

4.27
+11.3%

2.46
-21.8%

1.53
-31.9%

1.60
-43.0%

1.49
-70.7%

1.58
-35.4%

1.66
-40.0%

2.22
-60.5%

TABLE 8

CAPTIVE WORLDWIDE SHIPMENTS

RIGID DISK DRIVES
PRODUCT GROUP REVIEW

PRICE PER MEGABYTE SUMMARY ($/MB)

4.16
+69.3%

1.48
-3.6%

1.40
-12.7%

.96
-35.4%

.89
-44.0%

1.67
+.9%

1.39
-37.2%

1.02
-26.8%

.68
-29.3%

.48
-45.3%

40

-75.9%

.50
-64.1%

.92
-10.4%

.62
-24.3%

.32
-33.2%

.24
-41.6%

.28
-44.9%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.

Price per megabyte calculations represent estimated tota! sales revenues for

each product type divided by the total yearly shipped capacity of all drives of that type.
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.43
-16.6%

.26
-20.4%

.16
-31.6%

.16
-42.9%
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Noncaptive market

The earliest DISK/TREND Report data on rigid disk drives covered the indus-
try’s sales results for 1976, before the advent of networks, engineering worksta-
tions or personal computers as major markets for disk drives. 20 years ago
sales of captive drives provided 70% of the industry’s disk drive revenues. By
contrast, in today’s industry noncaptive drives accounted for 67.1% of the overall
industry’s 1994 sales revenues, and the noncaptive share is forecasted to in-
crease to 75.9% in 1998. Today’s higher revenue share for noncaptive drives is
rooted in the growing noncaptive share of higher capacity drives, at relatively
higher prices, which are sold through noncaptive channels, plus the fact that the
relative difference between captive drive prices and noncaptive prices is gradual-
ly being reduced.

Independent disk drive manufacturers have moved quickly during the last
decade to exploit technology advances which have enabled them to respond
with appropriate products for the computer industry’s fastest growth sectors:
Desktop and portable personal computers, engineering workstations and net-
work file servers. In the process, they led the industry in developing high volume
production capability for small drive formats, starting with 5.25", then 3.5", and
more recently with 2.5" and 1.8". OEM drives in each of these form factors ar-
rived in the market well before captive drives and set the patterns for the entire
industry.

Most segments of the market for noncaptive disk drives are dominated by
U.S. based companies, which were able to successfully sell to rapidly growing
system manufacturers because they were able to deliver new disk drive configu-
rations early in each product life cycle. Young California and Colorado compa-
nies had the right formula for success, as they listened to customers’ requests,
made management decisions quickly, and moved rapidly to the most cost-effec-
tive manufacturing sites. Most of the surviving U.S. start-up companies of the
1980’s are now large firms, with multibillion dollar annual sales. ‘

The noncaptive drive leaders now face new challenges, as they adjust to
continually lower prices, increasing production and demanding product devel-
opment requirements. New competitive alignments will also change the picture,
forced by acquisitions, vertical integration programs and technology advances.
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TABLE 9
NONCAPTIVE WORLDWIDE REVENUES
RIGID DISK DRIVES
PRODUCT GROUP REVIEW

REVENUE SUMMARY

WORLDWIDE REVENUES ~  ------ 1994-ccne oo Forecast---------------cccmmnnnnn-
ALL MANUFACTURERS ----Revenues---  ------ 1995-----  ------ 1996-----  ------ 1997-----  -e---- 1998-----
M % M % M % M % M %
CARTRIDGE DISK DRIVES 111.9 7% 162.3 .9% 250.8 1.3% 270.5 1.4% 267.9 1.3%
+29.5% +45.0% +54.5% +7.9% -1.0%
FIXED DISK DRIVES 72.3 .5% 32.1 2% .6 -- -- -- -- --
less than 100 Megabytes -91.6% -55.6% -98.1% -- --
FIXED DISK DRIVES 993.5 6.4% 122.1 .6% 16.1 1% - -- -- --
100 - 200 Megabytes -64.2% -87.7% -86.8% -- --
FIXED DISK DRIVES 3,188.0 20.5% 629.9 3.4% 141.4 7% 36.6 A% 23.2 1%
200 - 300 Megabytes +14.8% -80.2% -77.6% -74 1% -36.6%
FIXED DISK DRIVES 3,163.9 20.3% 2,193.5 12.1% 793.0 4.1% 248.5 1.3% 91.7 .5%
300 - 500 Megabytes +157.3% -30.7% -63.8% -68.7% -63.1%
FIXED DISK DRIVES 3,055.0 19.6% 7,233.4 39.2% 5,483.7 28.6% 2,106.0 10.6% 496.8 2.5%
500 Megabytes - 1 GB +159.9% +136.8% -24.2% -61.6% -76.4%
FIXED DISK DRIVES 2,204.6 14.1% 3,615.0 '19.7% 5,814.3 30.2% 6,412.5 32.4% 3,547.2 17.7%
1 - 2 Gigabytes +32.1% +64.0% +60.8% +10.3% o -44.7%
FIXED DISK DRIVES 1,623.8 10.4% 2,055.5 11.1% 3,275.3 16.9% 5,239.1 26.4% 7,560.8 37.6%
2 - 3 Gigabytes +128.2% +26.6% +59.3% +60.0% +44.3%
FIXED DISK DRIVES 1,184.2 7.5% 2,366.9 12.8% 3,499.4 18.1% 5,527.7 27.8% 8,129.4 40.3%
more than 3 Gigabytes +15.5% +99.9% +47.8% +58.0% +47.1%

Total Worldwide Revenues 15,597.2 100.0% 18,410.7 100.0% 19,274.6 100.0% 19,840.9 100.0% 20,117.0  100.0%
+26.7% +18.0% +4.7% +2.9% C+1.4%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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UNIT SHIPMENTS
IN THOUSANDS

CARTRIDGE DISK DRIVES

FIXED DISK DRIVES
less than 100 Megabytes

FIXED D!SK DRIVES
100 - 200 Megabytes

FIXED DISK DRIVES
200 - 300 Megabytes

FIXED DISK DRIVES
300 - 500 Megabytes

FIXED DISK DRIVES
500 Megabytes - 1 GB

FIXED DISK DRIVES
1 - 2 Gigabytes

FIXED D!SK DRIVES
2 - 3 Gigabytes

FIXED DISK DRIVES
more than 3 Gigabytes

Total Worldwide Shipments

% U.S. Manufacturers

Total Capacity (Terabytes)

TABLE 10

NONCAPTIVE WORLDWIDE SHIPMENTS

RIGID DISK DRIVES
PRODUCT GROUP REVIEW

UNIT SHIPMENT SUMMARY

------ 1994-----
---Shipments---  ------ 1995-----
Units Units %
468.4 7% 742.0 .9%
+25.0% +58.4%
413.3 7% 177.3 2%
-93.6% -57.1%
7,329.2 11.6% 782.2 1.0%
-57.4% -89.3%
22,280.4 35.0% 4,721.2 5.8%
+76.1% -78.8%
17,401.7 27.3% 14,895.4 18.6%
+330.2% -14.4%
9,876.1 15.5% 39,259.7 48.5%
+370.4% +297 .5%
3,832.5 6.1% 14,801.2 18.3%
+114.7% +286.2%
1,742.6 2.7% 3,543.0 4.4%
+298.1% +103.3%
319.8 4% 1,961.4 2.3%
+293.2% +514.3%
63,663.5 100.0% 80,883.4 100.0%
+40.9% +27.0%
91.5% 90.8%
28,456.5 100.0% 68,454.5 100.0%

124,029.9

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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----------------------------------- Forecast-----------ccccommmomonan.
------ 1996-----  ------1997-----  ------1998-----
Units % Units % Units %
1,300.0 1.4% 1,680.0 1.6% 1,985.0 1.7%
+75.2% +29.2% +18.2%
5.0 -- -- -- -- --
-97.2% -- --
105.0 1% -- -- -- --
-86.6% -- -
1,120.0 1.2% 235.0 2% 185.0 1%
-76.3% -79.0% -21.3%
5,575.5 5.9% 1,670.0 1.6% 580.0 .5%
-62.6% -70.0% -65.3%
36,267.5 38.3% 15,485.0 14.6% 3,315.0 2.8%
-7.6% -57.3% -78.6%
33,247.0 35.1% 44,290.0 41.6% 25,895.0 21.7%
+124.6% +33.2% -41.5%
11,011.0 11.7% 26,500.0 24.9% 53,005.0 44.3%
+210.8% +140.7% +100.0%
6,101.0 6.3% 16,600.0 15.5% 34,785.0 28.9%
+211.1% +172.1% +109.5%
94,732.0 100.0% 106,460.0 100.0% 119,750.0 100.0%
+17.1% +12.4% +12.5%
88.2% 86.4% 84.8%
100.0% 239,623.3 100.0% 429,777.2 100.0%
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TABLE 11
NONCAPTIVE WORLDWIDE SHIPMENTS
RIGID DISK DRIVES
PRODUCT GROUP REVIEW

CAPACITY SHIPMENT SUMMARY

CAPACITY SHIPPED  ------ 1994 - - - e e Forecast-----------cmmmcmcmnnnnnn
IN TERABYTES ---Capacity---- ------ 1995-----  ------ 1996-----  ------ 1997-----  ------ 1998- - ---
Units % Units % Units % Units % Units %
CARTRIDGE D!SK DRIVES 77.6 .3% 126.9 .2% 232.9 2% 398.1 .2% 714.0 .2%
+135.2% +63.5% +83.6% +70.9% +79.4%

‘FIXED DISK DRIVES 25.6 1% 6.2 -- 4 -- -- -- -- --
less than 100 Megabytes -94.0% -75.8% -93.5% -- --

FIXED DISK DRIVES 1,081.3 3.8% 117 .1 .2% 14.1 -- -- -- -- --
100 - 200 Megabytes -55.1% -89.2% -87.9% -- --

FIXED DISK DRIVES 5,490.2 19.4% 1,200.8 1.7% 272.1 .2% 60.4 -- 48.1 --
200 - 300 Megabytes +84.9% -78.1% -77.3% -77.8% -20.4%

FIXED DISK DRIVES 6,438.6 22.6% 5,714.1 8.4% 2,191.4 1.8% 636.4 .3% 231.4 --
300 - 500 Megabytes +331.6% -11.3% -61.6% -71.0% -63.6%

FIXED DISK DRIVES 5,688.7 19.6% 25,571.1 37.4% 24,062.9 19.5% 11,952.4 4.9% 2,847.2 7%
500 Megabytes - 1 GB +363.3% +357.6% -5.9% -50.3% -76.2%

FIXED DISK DRIVES 4,307.8 15.2% 18,421.2 26.9% 39,851.8 32.1% 58,442.0 24.5% 41,788.0 9.7%
1 - 2 Gigabytes +104.0% +327.6% +116.3% +46.6% -28.5%

FIXED DISK DRIVES 3,699.5 13.0% 7,610.2 11.1% 25,292.6 20.4% 65,784.0 27.5% 141,938.5 33.1%
2 - 3 Gigabytes +264.8% +105.7% +232.4% +160.1% +115.8%

FIXED DISK DRIVES 1,747.2 6.0 9,686.9 14.1% 32,111.4 25.8% 102,350.0 42.6% 242,209.0 56.3%
more than 3 Gigabytes +354.2% +454 .4% +231.5% +218.7% +136.6%

Total Capacity (Terabytes) 28,456.5 100.0% 68,454.5 100.0% 124,029.9 100.0% 239,623.3 100.0% 429,777.2 100.0%
+136.3% +140.6% +81.2% +93.2% +79.4%

% U.S. Manufacturers 92.2% 91.3% 89.1% 88.0% 86.3%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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Figure 6

1994 ESTIMATED MARKET SHARE

Worldwide Percentage Revenues

Digital Equipment
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Other U.S.
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Western Digital
Other Non-U.S. 7.4
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Conner
IBM 8.4
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Quantum
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Seagate
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1994 Revenues: $23,231,400,000
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TABLE 12
1994 ESTIMATED MARKET SHARES

WORLDWIDE REVENUES OF ALL RIGID MAGNETIC DISK DRIVES
(Value of non-U.S. currencies estimated at average 1994 rates)

TOTAL
CAPTIVE PCM/RESELLER OEM/ INTEGRATOR INDUSTRY
T s W o s %
U.S. MANUFACTURERS ~ B T N
"~ Conner Peripherals - - 4146 8.6 1,547.6  14.3 1,922 8.4
Digital Equipment 420.5 5.5 115.1 2.4 142.4 1.3 678.0 2.9
Hewlett-Packard 642.1 8.4 55.6 1.2 405.8 3.8 1,103.5 4.8
IBM 5,177.0 67.8 103.1 2.1 1,052.2 8.7 6,332.3 27.3
Maxtor -- -- 457.9 9.5 403.4 3.7 861.3 3.7
Micropolis -- -- 183.6 3.8 146.4 1.4 330.0 1.4
Quantum -- -- 606.9 12.7  2,293.7 21.2 2,900.6 12.5
Seagate Technology -- -- 1,209.2 27 .1 2,471.2 22.9 3,770.4 16.2
SyQuest Technology -- -- 109.7 2.3 1.8 -- 111.0 5
Western Digital -- -- 523.8 10.9 1,194.1 1.1 1,717.9 7.4
Other U.S. -- -- 9.7 .2 52.6 .5 62.4 .3
U.S. Total 6,239.7  81.7 3,879.2 80.9 9,710.7  89.9 19,8296  85.4
NON-U.S. MANUFACTURERS
CRojitse 515.3 6.7 168.0 3.5 355.4 3.3 1,038.7 4.5
Hitachi 239.8 3.1 549.0 1.4 75.2 7 864.0 3.7
NEC 217.9 2.9 - .- 48.9 5 266.8 1.1
Samsung Electronics 46.0 .6 150.0 3.1 57.7 .5 253.7 1.1
Toshiba 375.2 4.9 46.8 1.0 443 .4 4.1 865.4 3.7
Other Non-U.S. .3 -- 2.8 .1 110.1 -~ 1.0 113.2 .5
Non-U.S. Total 1,384.5  18.3  916.6  19.1  1,00.7  10.1 3,401.8  14.6
WORLDWIDE TOTAL 7,634.2 100.0 4,795.8 100.0 10,801.4 100.0 23,231.4 100.0

Note: 1. Mainframe drives sold in the PCM/Reseller market by other than the original manufacturer are
valued at PCM/Resel ler prices above, to avoid distortion of total market value.

2. The DISK/TREND estimates of revenue for each disk drive manufacturer include net sales of
disk drives only and do not represent total revenues for individual companies.

1995 DISK/TREND REPORT



SUM-26

Codes: 1.8 =1.8" C = Captive
2=25" P = PCM TABLE 13
3 =23.5" 0 = OEM
5 =5.256" CURRENT PRODUCT LINES
8 =6.5"-9.5" MANUFACTURERS OF RIGID MAGNETIC DISK DRIVES
10 = 10.5%-10.8"
DISK/TREND 1 2 3 4 5 6 7 8 9
PRODUCT GROUP Fixed Fixed Fixed Fixed Fixed ~Fixed
Fixed Disk Disk Disk Disk Disk Disk Fixed
Disk Disk Drives Drives Drives Drives Drives Drives Disk
Cartridge Drives 100- 200- 300- 500 MB- 1 GB- 2 GB- Drives
U.S. Manufacturers (16) Type Drives <100 MB 200 MB 300 MB 500 MB 1GB 2 GB 3 GB >3 GB
Avatar Systems 0 2
Conner Peripherals P.0O 3 3 3 3 3
Gigastorage International P.0 5
Hewlett-Packard c.P.O 3 3
1BM Cc.P.0 2 2 2,3 2,3 3,10
Integral Peripherals P.0 1.8 1.8 1.8 2
lomega P,0 3
JTS P.0 3
Maxtor P.0 3 3 2,3 2.3
Micropolis P.0 3 3 3,5
Quantum P.0 2 2.3 2.3 2,3 2.3 3 3
Raymond Engineering 0 3 3
Seagate Technology P.0 2 2,3 2,3 2.3 3.5 3,5 3,5
Sequel 4] 5 5.8 8 5 5 5
SyQuest Technology P.0 1.8.3,5
Western Digital P.0 3 3 3
Asian Manufacturers (5)
Fujitsu c.P,0 3 2,3 2.3 235 2,35.8,10 2.35.,8 3,5.8 3
Hitachi c.P.0 5 2,3 2.3 2,3,5.8 2,3,5.8 3,5.8 3.8
NEC c.0 3 3 2.3 3 3 3
Samsung_Electronics c,P.0 3 3
Toshiba c.P,0 2 2 2 2
European Manufacturers (3)
Calluna_Technology 0 1.8 1.8 1.8
Noma | P.0 3
Sagem 0 5
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TECHNICAL REVIEW

Competing technologies

During the 1990’s, it will be almost impossible for any competing storage
technology to seriously challenge the rigid magnetic disk drive, except in a few
niche applications, as a result of the continuing rapid improvements in disk drive
capacity, performance and cost. Manufacturers continue to provide smaller,
faster, more reliable, higher capacity, less expensive disk drives, well supported
by a magnetic storage industry infrastructure. The disk drive industry is consist-
ently able to increase areal density (at the now "standard" 60% average annual
rate), provide thinner disk substrates, greater functionality chips, smaller heads,
lower flying heights, smaller motors and many other improvements in disk drive
and recording technology. With disk drive development on a fast track, 10
gigabit per square inch areal density by the end of the decade appears likely.

A few alternatives to magnetic disk recording have found a degree of ac-
ceptance in specialized markets and applications, but the proposed substitute
must be significantly better, faster, smaller, less expensive or demonstrate some
other overwhelming advantage.

Those few technologies which do provide competition to magnetic disk
drives in applications where characteristics such as speed, removability, or
environmental tolerance give them unique advantages, are discussed in the
following sections.

* Semiconductor memory -- applications and trends: Semiconductor
memory offers fast response time and high reliability, characteristics that
have won it a secondary data storage role in both large and small com-
puter systems. When very fast access to data or programs is required,
semiconductor memory can serve as an effective, though expensive,
substitute for rigid drives. Larger systems frequently have large auxiliary
semiconductor storage units performing as virtual disk drives or as cache
between the host processor and disk storage. Personal computer operat-
ing systems allow part of main memory to be designated for use as a fast
virtual disk. '

Fast semiconductor memory is expensive, ranging from a few hundred to
a few thousand dollars per megabyte, which limits its use to situations
where its high speed or lack of moving parts are vitally necessary to meet

system requirements. The least expensive semiconductor memories are
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volatile, and require the continuous availability of power to avoid loss of
data. Nonvolatile semiconductor memory is usually more expensive,
usually slower, and usually does not match the capacity per chip of
DRAM, the most common form of volatile semiconductor memory. Some
companies package semiconductor memory in disk drive form factors,
typically using 4 megabit chips as the active storage elements. For in-
stance, Hitachi has offered 320 megabytes in a full height 5.25" disk drive
form factor.

Aside from its role in system memory, it is likely that the greatest impact of
semiconductor memory will be to augment disk drive functionality rather
than to compete with it. Added to a disk drive, semiconductor memory
can serve as a fast, low power cache that significantly improves system
performance. The use of semiconductor memory in a cache can extend
portable system battery life, because the disk drive can be shut down after
data needed by the current application is loaded into the cache. If the
cache memory (and some system memory) is nonvolatile, the system can
be turned off and on, returning to the point where operation was halted
without expending power on the disk drive.

The packaging of memory modules is evolving rapidly, especially memo-
ries used with portable systems. The Personal Computer Memory Card
International Association (PCMCIA) has standardized the interface for
plug-in cards used to expand system memory, emulate a disk drive, or
provide other peripheral functions.

Specialized portable computers can use removable semiconductor
memory packaged in a flat "credit card" format with PCMCIA interfaces.
Pin interconnect and packaging standards have been worked out, with the
final result being a 68 pin connector and a family of package heights: 3.3
millimeters (Type 1), 5 millimeters (Type ll) and 10.5 millimeters (Type Ill).
The cards are available with a variety of memory forms, including disk
drives, PROM, ROM, SRAM, DRAM, and flash memory.

The PCMCIA effort has been a major factor in promoting the acceptance
of plug-in semiconductor memory as a disk drive alternative, although
some disk drives, including 1.8" drives from several sources, have been
packaged as PCMCIA cards with the capability to be plugged into a
PCMCIA Type Ill card slot. Most issues regarding software support of the
PCMCIA interface have been worked out, but the use of the PCMCIA inter-
face does not yet fully guarantee functional interchange among older
devices that are electrically and physically PCMCIA compliant. In many
industrial applications, flash memory cards are used in configurations that
are not PCMCIA compliant or only partially compliant, as such applications
rarely require the full PCMCIA feature set and design simplification can
significantly reduce costs. Some of these memories are packaged to fit
within the physical envelope of the now discontinued 1.3" Hewlett-Packard
Kittyhawk disk drive.
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Will semiconductor memory technology improve during the rest of the
decade at the same rate exhibited in the last 20 years? As the complexity,
packaging problems, and performance requirements of semiconductor
memory have increased, so also have the investments in time and capital
required to produce succeeding generations of chips. The pace of
semiconductor memory price decreases is consequently expected to
slow, and the high investment costs have already inspired an increasing
number of companies to pool resources in order to contain development
expenses.

* Volatile semiconductor memories: DRAM is the most commonly em-
ployed form of semiconductor memory. It is used in systems of all sizes
for general purpose system memory, video memory, and other applica-
tions where its volatility is not a major handicap. It is also used on large
systems as a supplement to magnetic storage to provide fast mass stor-
age. DRAM chips are readily available in 4 megabit configurations
(shipments seem to be peaking in 1995) and production of 16 megabit
configurations is substantial and growing. Large quantity production of 64
megabit DRAM chips is not expected until the 1997-1998 period, as fabri-
cation facilities are just entering the construction phase.

SRAM memory chips are in volume production in 1 megabit and 4 megab-
it configurations. Power requirements are less than DRAM requires and
speed is high, permitting SRAM to be used as a memory add-on in port-
able, power limited equipment. SRAM is sometimes used in removable
memory cards that contain a small battery which provides the power
needed by SRAM memories to retain data. However, SRAM is more
expensive than DRAM and flash memory.

* Nonvolatile semiconductor memories: Flash memory, a form of EEPROM
in which a block of memory cells can be erased by an electrical signal, is
nonvolatile and can be used as fixed or removable storage. Flash mem-
ory can provide adequate mass storage where capacity need be only a
few megabytes, power limitations are severe, a hostile environment exists,
and product price is not a paramount factor.

Flash memory is often discussed as a major competitor to rotating mem-
ory, but its more significant applications will be for program storage and
as a reprogrammable BIOS in computer systems. In this role, flash
memory can provide obsolescence protection by allowing periodic code
updates, and provide functionality changes in printers, fax machines, and
other electronic equipment.

While flash memories are rugged, portable, reliable and use little power,
they have some functional disadvantages. When rewriting, it is not possi-
ble to change only a few bits; an entire block must be erased and rewrit-
ten, and this can take from 10 milliseconds to as long as half a second for
the equivalent of a disk sector in some flash memories. Whatever is in the
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cell block must be saved to RAM and restored after the erase/write cycle
on the flash memory chip. As a result, read operations can be very fast
compared to a magnetic drive, but writing may be slower. There is also a
limit to the number of times the memory device can be rewritten. At
present, most flash memory devices are specified for 100,000 write/erase
cycles. Some chips are specified at only 10,000 cycles. Some flash
memories still require 12 volt power, but more recent products operate on
5 volts, 3.3 volts, or both.

Flash memories using 1, 4, 8, and 16 megabit chips are currently in
production, manufactured by Intel, AMD, SanDisk, Samsung, Atmel, Seeq
Technology, Toshiba and other firms. Most flash memory cards have
capacities under 10 megabytes. SanDisk offers a range of flash disk
cards, some with capacities in excess of 100 megabytes, that mimic the
512 byte sector organization of a magnetic disk drive and include an IDE
interface, appearing as a disk drive to the host system. These cards use 8
and 16 megabit chips.

The price range for flash memory remained at about $40 to $60 per
megabyte in 1992 and 1993 due to production roadblocks, but declined to
the $30 to $40 per megabyte range in 1994. Realistic 1995 flash memory
OEM prices are in the range of 15 to 30 dollars per megabyte, still much
higher than magnetic disk drives. Where only a few megabytes of storage
are required and the rate of rewrites is not too high, flash memory can be
economically attractive. Some disk drive producers, including Seagate,
Conner, Maxtor and Quantum, formed alliances with flash memory pro-
ducers to bring flash memory modules organized as low capacity disk
drives to market. These alliances proved ineffective, and most have been
allowed to lapse.

Ferroelectric memories (FRAM) use the electrically reversible polarization
of ferroelectric materials to form a capacitor, which is required in the cir-
cuitry of semiconductor memories. Proper design can produce a nonvola-
tile memory cell that can be fabricated with conventional planar processes
but has smaller dimensions than cells made with silicon dioxide capacitor
dielectrics. Submicrosecond access times are possible. The number of
write/erase cycles possible exceeds a trillion cycles for the best materials,
and a billion cycles may eventually be routinely achieved. Operating
speed is equivalent to that of typical DRAM, but not quite as fast as
conventional SRAM. FRAM does not have the limitations on write speed
characteristic of flash memory. The fabrication techniques required to
construct ferroelectric chips are substantially the same as used for CMOS,
which is a well understood technology, although some process changes
are needed to accommodate the different materials used.

Ramtron, which has been the most visible developer of ferroelectric
memory technology, has licensed it to NMB Semiconductor Company, ITT
and Seiko, and more recently added Rohm, IBM and Toshiba as licensees.
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Ramtron and Hitachi are jointly developing 256 kilobit, 1 megabit and 4
megabit ferroelectric memory chips. National Semiconductor also has a
ferroelectric memory development effort. Ramtron is currently in produc-
tion on 4 and 16 kilobit chips, and with its licensees hopes to produce 64
kilobit chips in the near future. The chips are currently being sold for a
variety of applications, including electronic games, where they can provide
a "save game" function. Rohm expects to produce 4 kilobit, 16 kilobit, and
64 kilobit chips in 1996, some of which will be resold by Ramtron. Hitachi
expects to supply 256 kilobit chips in 1996, 4 megabit chips in 1998, and
16 megabit chips in 1999.

Supporters of ferroelectric memories project that in the 1995-1996 time
frame, chips with 1 to 4 megabit capacity could be available selling at $30
to $60 per megabyte. 16 megabit chips, possibly available in 1997, could
sell in the $15 to $25 per megabyte range. Additional packaging and
system costs will be incurred to fabricate the equivalent of a disk drive.

Ferroelectric and flash memories will contend for acceptance in portable
computers, "smart cards" and in industrial applications where loss of
memory due to a power lapse is a critical problem. Ferroelectric memory
will probably compete with magnetic drives in applications where the
environment is stressful and rapid access is required. This includes mili-
tary, industrial, and some high value commercial applications, but does
not embrace the broader classes of nonvolatile memory requirements
served by rotating memory. Development of ferroelectric memory tech-
nology is lagging that of flash memory, and it isn’t clear that both can
succeed.

* Holographic storage: Holographic storage is a type of optical storage in
which an array of bits, usually representing an image, is stored in an
optically sensitive medium in either two or three dimensions. When the
medium is illuminated, the image can be seen or projected upon a detec-
tor. Storage media can be fixed or removable, and both write-once and
rewritable forms are possible. Early attempts to develop holographic
storage for use in computer memories were unsuccessful due to technical
difficulties, such as a tendency of read operations to degrade the stored
data, and inability to meet cost and performance constraints. But the very
high storage densities and fast access times theoretically achievable have
encouraged continuing research and development efforts by many organ-
izations worldwide.

Because holographic storage systems have no moving mechanical parts,
they have applications in military, industrial, and other applications where
ruggedized storage is essential. If practical, holographic storage can
virtually eliminate the current limitations on throughput caused by mechan-
ical drives, and must be considered as having the potential to compete
with magnetic and optical rotating disk drives for selected applications
after the turn of the century.
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One of the more ambitious holographic storage programs was conducted
by MCC (Microelectronics and Computing Corporation), a research consor-
tium sponsored by major U.S. technology firms. Among the supporters of
the MCC effort have been DEC, NCR, Eastman Kodak, General Dynamics
and E-Systems. MCC demonstrated working prototypes of holographic
memories in a 5.25" form factor in 1992 and established a subsidiary
corporation, Tamarack Storage Devices, to commercialize the technology.
MCC’s devices had targeted capacities in the range of 200 megabytes to
10 gigabytes, average access times in the 1 to 10 microsecond range and
data transfer rates in the gigabyte per second range. The storage
medium, once written, can be read billions of times without significant
degradation. However, the storage medium is a write-once medium.

The specifications of Tamarack’s first planned product were not quite so
impressive: It was to include a jukebox holding up to 30 memory "tiles",
with each tile containing 914 megabytes of storage. Once loaded, a tile is
mechanically moved to center the appropriate area under a read/write
head. Because of the positioning required, average access time is likely
to be in the 30 to 50 millisecond range plus exchange time, if necessary.
The data transfer rate is likely to be in the 1 to 1.5 megabyte per second
range. In early 1995, Tamarack announced ARPA funding for develop-
ment of a 128 gigabyte system based upon its technology.

IBM, NTT and other organizations have revealed research efforts using
holographic storage techniques in conjunction with a variety of media,
including organic as well as inorganic materials. However, these materials
must be used at very low temperatures. NTT has succeeded in storing
short video files in holographic systems. Stanford University also has a
research effort aimed at storing video images holographically.

Research related to nonholographic three-dimensional optical storage
continues, but many of the same temperature and material problems must
be overcome. For instance, the University of California at Irvine disclosed
an experimental device capable of storing 6.5 trillion bits in an organically
doped plastic module the size of a sugar cube. Two different lasers are
needed to write and read data, and the device must be operated at
cryogenic temperatures to avoid data loss.

Optical disk drives: Optical drives range from 2.5" units with 140 mega-
byte capacity to 14" drives with several gigabytes of capacity. With track
densities of 18,000 tracks per inch and linear bit densities of 30,000 bits
per inch or more, optical disk drives have been capable of higher areal
densities than magnetic disk drives now in use, although magnetic disk
drives now exceeding 900 megabits per square inch areal density have all
but closed the gap. However, techniques such as land and groove record-
ing may allow optical recording technology to keep its areal density edge
for a little longer.
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Development of blue diode lasers capable of room temperature operation
could quadruple capacity to the multiple gigabit per square inch range,
but such a device is not expected to be available for several years. (IBM
has projected availability of magnetic disk drives operating at a gigabit per
square inch in 1996.) However, the red lasers now appearing in newer
optical drives are expected to provide a 40 percent improvement in areal
density over the next two years. The ultimate limit of optical areal density
may be much higher. In mid-1992, Bell Laboratories reported they had
written data in the laboratory at 45 billion bits per square inch using fiber
optics to replace conventional optical elements.

While the areal density of optical drives is high, the volumetric density is
inferior to that of magnetic drives because optical media is thick, head
assembilies are large, only one disk is typically present, and typically only
one head is present in the drive. Current optical drive technologies
cannot provide performance equivalent to current magnetic disk technol-
ogy, nor can optical drives yet compete on a product cost basis. There-
fore, optical disk drives are preferred only where removability of the media
is an advantage, such as use in an automated library or for security
concerns. Evenin some removable applications, high capacity 3.5"
magnetic cartridge drives compete strongly with 3.5" optical drives, offer-
ing better performance, lower price and higher capacity. Future magnetic
disk cartridge products with capacity in the gigabyte range will disadvan-
tage optical drives even further. Optical drives seem more likely to com-
plement rigid magnetic disk drives rather than replace them, serving as
vehicles for backup, software distribution, and off-line or library storage.

Manufacturers of optical disk media now claim that their disks will provide
archival lives which equal or exceed those of magnetic media, with 10 to
30 years being commonly encountered specifications for archival life of
the media. Lifetime is limited by the gradual appearance of defects on the
recording layer due to the corrosive effects of water and oxygen on the
metal films used in the recording layers of the media. The termination
point of media lifetime occurs when the error correction capability of the
drive can no longer cope with the gradually increasing media defect densi-
ty. Media using organic dyes as the recording material have no metallic
films and may offer improved stability.

Despite strong historical evidence that storage devices using noninter-
changeable removable media achieve only limited success, optical drive
producers have been slow to agree upon standards except for read-only
drives. Write-once drives remain largely nonstandardized, but 5.25" and
3.5" rewritable drives have reached a higher, although incomplete degree
of standardization. 12 centimeter (4.72") drives are highly standardized due
to the success of the CD-ROM format.

Large automated libraries provide random access to many disks, making
the use of large-scale optical storage attractive for users such as govern-
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mental agencies, banks, insurance companies and other organizations
with massive records that must b