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FOREWORD

The rigid disk drive industry has completed another hectic year, and several
of the leading independent manufacturers of noncaptive drives have even
managed to increase profitability. It was very helpful that personal computer
manufacturers underestimated their disk drive requirements, that a shortage of
drives for PC’s lasted almost a year, and that drive manufacturers could see little
reason to reduce their prices.

However, good things don’t last forever. Only the newest drives are still on
allocation, price competition is back, and drive manufacturers are still scrambling
to get to the market early with major new products. As usual, those who can
maintain the product development pace demanded by this industry are most
likely to be prosperous next year.

The DISK/TREND Report has now been reporting on the rigid disk drive
industry for sixteen years, most of which have been enjoyable as well as exciting.
And we expect to be at it again next year. Our 1992 report on optical disk drives
was published in July, and this report on rigid disk drives will be followed, as
usual, with a separate report on flexible disk drives to be released in November.

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

The DISK/TREND Report has a new look this year. The typography has been
updated, but we've been careful to maintain the same organization of all data
throughout the report to avoid confusing long-term users.

A few more DISK/TREND product groups have been changed. The product
group covering fixed disk drives with less than 30 megabytes capacity was very
appropriate for the first 15 years of the DISK/TREND Report, but not today. With
shipments of drives below 30 megabytes dropping to levels well below a million
units per year, we've combined these drives and the 30-60 megabyte group into
a new product group covering Fixed disk drives, less than 60 megabytes.

The opposite situation was true for fixed disk drives with 100-300 megabyte
capacities, a DISK/TREND product group since 1982. This product group had
become too large in shipments, and now represents two distinct clusters of
product capacities. So in this year’s report that group has been split into two
new product groups: Fixed disk drives, 100 200 megabytes and Fixed disk

drives, 200-300 megabvytes.

Product groups are based on FORMATTED capacities. As we mentioned last
year, it was becoming clear during the last few years that it would be necessary
to change our traditional system of assigning individual disk drives to
DISK/TREND product groups based on unformatted capacities. That system
was followed since the first DISK/TREND Report in 1977, but in recent years the
advent of embedded controllers has meant that an overwhelming majority of
drives are now specified in formatted capacities. Therefore, we’ve changed our
system, and all drives are now grouped by formatted capacities. In the situations
where individual drives without embedded controllers are still specified with
unformatted capacities, we have estimated the typical formatted capacity for
each drive and placed it in the appropriate group, even though the unformatted
capacity is shown in the spemﬂcahons section.

New lnformatlon on price per megabyte. For many years we've been very skep-
tical about much of the information on price per megabyte used in the industry.
The problem is usually either that the information is too broad to be meaningful,
or that data describing a single level of distribution is used to describe the indus-
try in general. To help correct the problem we’ve prepared a standard table
which now appears in each section of this report -- and which should avoid the
usual confusion by clearly showing the five year price per megabyte trend for
each product group, broken down by distribution channel, with a further break
down by drive disk diameter. The summary section also has separate tables for
captive and noncaptive shipments, with price per megabyte data for each
product group.
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SUM-2

SUMMARY: RIGID MAGNETIC DISK DRIVES

‘Industry size

As expected, this year’s DISK/TREND data confirmed a slight dip in the

_industry’s total rigid disk drive revenues for 1991, which were down 3.7% from

the previous year. Unfortunately, total revenues for 1992 are also expected to be
slightly lower, thistime 2.5% below last year. The problem has beenthe sameineach
year: Captive disk drive revenues were declining rapidly enough to drag the
industry’s overall revenue total into the negative area.

The manufacturers of captive disk drives, those sold with computer systems
made by the same company, are not going out of business. In fact, unit ship-
ments of captive drives are increasing. The difficulty is that older drives using
large disks are rapidly being displaced by newer drives using smaller disks and
selling at much lower prices. Competitive pricing pressures on computer sys-

tems have also forced major producers of captive drives to make severe price

cuts on disk drives. For example, at the beginning of 1992 IBM’s list price for 160
megabyte drives sold with PS/2 personal computers was $1,485, but by summer
the price was down to $725. The forecasted 1992 worldwide revenues for cap-
tive drives are $9.9 billion, down 10.6%. After some mild sales fluctuations, total
captive revenues are projected to be at about the same level in 1995.

Noncaptive drive sales are expected to show healthy growth this year, with
OEM/Integrator revenues up 6.7%, to $6.8 billion, and PCM/Reseller revenues up
8.3%, to $3.9 billion. Shipment growth has slowed in the traditional disk drive
markets for mainframes and minicomputers, but drive shipments for personal
computers, engineering workstations and network file servers have continued to
expand despite an economic recession and muddled governmental economic
policies. Noncaptive disk drive revenues were 40.5% of the rigid disk drive
worldwide total in 1991, but in 1995 are expected to grow to 51.7% of the total.

Rigid disk drive unit shipment totals have continued to climb. 32.6 million
rigid disk drives were shipped in 1991, with the total projected to reach 52.4 mil-
lion in 1995. These shipments represented 4,710 terabytes of capacity in 1 991,
and the industry is expected to ship 20,277 terabytes in 1995. 3.5" drives now
dominate the industry’s shipments, and are expected to hold 63.1% of 1995’s
shipments, but 2.5" drives will capture 20.4% and 1.8" drives, 13.7%.
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U.S. Manufacturers
IBM Captive
Other U.S. Captive

TOTAL U.S. CAPTIVE

PCM/Reseller
OEM/Integrator

TOTAL U.S. NONCAPTIVE

TOTAL U.S. REVENUES

Non-U.S. Manufacturers
Captive
PCM/Reseller

OEM/Integrator

TOTAL NON-U.S. REVENUES

Horldwide Recap

TOTAL WORLDWIDE REVENUES

TABLE 1

CONSOLIDATED WORLDWIDE REVENUES
RIGID MAGNETIC DISK DRIVES
REVENUE SUMMARY

1991

7,556.1 11,139.3
495.8 988.2

8,051.9 12,127.5

1,681.0 2,614.5
3,023.5 4,932.5

4,704.5 7,547.0

-----------------

6,805.1 9,963.3
580.4 1,034.6

7,385.5 10,997.9

1,864.0 2,848.6
3,477.2 5,599.5

5,341.2 8,448.1

DISK DRIVE REVENUES, BY SHIPMENT DESTINATION ($M

.............. Forecast-- -

7,103.3 10,407.4

619.2 1,044.4

7,722.5 11,451.8

2,132.4 3,167.2

4,008.1 6,469.6

6,140.5 9,636.8

SUM-3

7,037.9 10,447.0

746.8 1,338.0

7,784.7 11,785.0

2,292.1 3,354.4

4,417.5 7,210.0

6,709.6 10,564.4

6,582.3 10,076.6
856.8 1,598.3

7,439.1 11,674.9

2,549.1 3,662.6
4,622.0 7,539.4

7,171.1 11,202.0

12,756.4 19,674.5 12,726.7 19,446.0 13,863.0 21,088.6 14,494.3 22,349.4 14,610.2 22,876.9

32.6 2,537.2
433.5  980.8
358.3 1,439.5

824.4 4,957.5

24.9 2,323.8

453.2 1,044.1
461.5 1,199.4

939.6 4,567.3

29.5 2,155.6

506.4 1,164.4
544,0 1,358.6

1,079.9 4,678.6

74.1 1,977.5

515.7 1,180.3
701.2 1,706.7

1,291.0 4,864.5

110.5 1,801.2

563.9 1,246.4
847.5 1,999.8

1,521.9 5,047.4

13,580.8 24,632.0 13,666.3 24,013.3 14,942.9 25,767.2 15,785.3 27,213.9 16,132.1 27,924.3
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Marketing channels

As the degree of technical difficulty in developing and manufacturing rigid
disk drives increases with the growth in sales volume, the number of participating
drive manufacturers continues to shrink. Last year’s total of 57 companies is
down to 47 this year. 16 companies dropped off the list, but most had contribut-
ed very little to the shipment statistics during the last few years. Six new addi-
tions include two U.S. firms and one each from Korea, Taiwan, Japan and Brazil.

Two of the "new" companies on the list are actually manufacturing disk drive
product lines purchased from others. The Japanese firm Xebec acquired rights
to all of the existing production drives of Kalok in the first half of 1992, and the
Taiwanese firm Myrica purchased rights during the same period to manufacture
the Rodime product line, out of production since mid-1991. Rodime, the first
company to produce a 3.5" drive, remains in existence, not as a drive manufac-
turer, but as a licensor of its famous patents on the 3.5" drive form factor.

If you are using the DISK/TREND Report for the first time, it is important to
note that we use sales revenue totals in the same way that individual drive
manufacturers show them in their financial reports. 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. Prices are based on disk
drives alone, without separate controllers or other accessories, and leased drives
are valued at the price they would command if actually sold.

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 of the industry’s total unit
shipments held by captive drives. For example, captive drive revenues for 1991
totaled $14.7 billion, 59.5% of the worldwide total for all distribution channels. But
1991 captive drive shipments totaled $4.7 billion, only 14.3% of all worldwide
shipments. 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 a higher
percentage of captive drives are expensive high-end models.
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WORLDWIDE REVENUES
BY MANUFACTURER TYPE

U.S. Manufacturers
IBM Captive
Other U.S. Captive
PCM/Reseller

OEM/Integrator

Total U.S. Manufacturers

Non-U.S. Manufacturers
Captive
PCM/Reseller

OEM/Integrator

Total Non-U.S. Manufacturers

Worldwide Recap
Captive
PCM/Reseller
OEM/Integrator

Total A1l Manufacturers

TABLE 2

CONSOLIDATED WORLDWIDE REVENUES

------ 1991-----
----Revenues---
11,139.3 45.2%
-6.0%
988.2 4.0%
-39.3%
2,614.5 10.6%
-1.0%
4,932.5 20.0%
+23.5%
19,674.5 79.8%
-2.2%
2,537.2 10.3%
-14.6%
980.8 3.9%
+18.2%
1,439.5 6.0%
-13.8%
4,957.5 20.2%
-9.4%
14,664.7 59.5%
-10.8%
3,595.3 14.6%
+3.6%
6,372.0 -25.9%
+12.5%
24,632.0 100.0%
-3.7%

RIGID MAGNETIC DISK DRIVES

MARKET CLASS REVIEW
REVENUE SUMMARY

9,963.3 41.4%
-10.6%

1,034.6 4.3%
+4.7%

2,848.6 11.8%
+9.0%

5,599.5 23.3%
+13.5%

19,446.9 80.8%

-1.2%

2,323.8  9.6%

-8.4%

1,044.1 4.3%
+6.5% -

1,199.4 5.3%
~16.7%

4,567.

3
%

13,321.7 55.5%
-9.2%

3,892.7 16.2%
+8.3%

6,798.9 28.3%
+6.7%

24,013.3 100.0%

-2.5%

-- Forecast-----—-==----
1993 994 emmo
$M % %
10,407.4 40.3% 10,447.0 38.3%
+4,5% +.4%
1,084.4 4.0% 1,338.0 4.9%
+.9% +28.1%
3,167.2 12.2% 3,354.4 12.3%
- +11.2% +5.9%
6,469.6 25.1%  7,210.0 26.4%
+15.5% +11.4%
21,088.6 81.6% 22,349.4 81.9%
+8.4% +6.0%
2,155.6 8.3% 1,977.5 7.2%
-71.2% -8.3%
.1,164.4 4.5%  1,180.3 4.3%
+11.5% +1.4%
1,358.6 5.6 1,706.7 6.6%
+13.3% +25.6%
4,678.6 18.4% 4,864.5 18.1%
+2.4% +4,0% )
13,607.4 52.8% 13,762.5 50.6%
+2.1% +1.1%
4,331.6 16.8% 4,534.7 16.7%
+11.3% +4.7%
7.828.2 30.4% 8,916.7 32.7%
+15.1% +13.9%
25,767.2 100.0% 27,213.9100.0%
+7.3% +5.6%

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

1992 DISK/TREND REPORT

SUM-5

------ 1995-cw--
$M %
10,076.6 36.0%

-3.5%
1,598.3 5.7%
+19.5%
3,662.6 13.1%
+9.2%
7.539.4 26.9%
+4.,6%
22,876.9 81.7%
+2.4%
1,801.2 6.4%
-8.9%
1,246.4 4.4%
+5,6%
1,999.8 7.5%
+17.2%
5,047.4 18.3%
+3.8%
13,476.1 48.3%
-2.1%
4,909.0 17.6%
+8.3%
9,539.2 34.1%
+7.0%
27,924.3 100.0%
+2.6%



SUM-6

Product mix

The average disk drive capacity shipped with new personal computers
continues to rise faster than expected. 100-200 megabyte drives have become
the product group with the highest shipment volume in 1992, with an estimated
11.6 million drives. That product group is expected to still be the largest in 1995,
with 16.4 million drives, but starting to decline. Naturally, its principal rival in 1995
will be the next higher group, with 200-300 megabytes capacity, at 14.7 million
drives, and still growing. Underlying the spectacular shipment growth for these
capacity ranges will be the continually increasing disk storage requirements of
new software such as Microsoft Windows, Windows NT, and IBM’s OS/2.

Although the 200-300 megabyte group is expected to maintain the highest
average annual shipment growth rate in the 1991-95 period at 112.5%, the
highest capacity drives will also continue to increase shlpments at a high rate.
Fixed disk drives with 1-2 gigabyte capacity are expected to have an average
annual 1991-95 shipment growth rate of 62.6%, with 1995 shipments of 3.2 mil-
lion drives. The growth rate for drives with more than 2 gigabytes will be 71.4%,
with 1995 shipments of 2.2 million drives. Shipments of high capacity drives at
such levels is a new development for the industry, and indicates the growing
importance of networks of all types, and their rapidly increasing storage require-
ments.

Since 1989, the industry has shipped more 3.5" drives than any other form
factor Boosted initially by the personal computer market and later by worksta-
tion and file server requirements, 3.5" drives provided 79.9% of 1991’s unit
shipments, a total of 26 million drives. Increased shipments are expected this
year and in 1993, but the 1994 and 1995 shipments of 3.5" drives are projected
to hover at about 33 million units per year, then decline.

The long-term problem for the 3.5" drive format, and for the larger drives
which preceded it, is the industry’s 35 year old trend to continually improved
areal density. Before the 1995 forecast horizon of this year’s DISK/TREND
Report, the industry is expected to produce drives with high enough recording
densities to store at least 150 megabytes on a single 2.5" disk. When this density
is achieved, single disk 2.5" drives will be able to compete directly with 3.5" drives
of the same capacity, without the cost disadvantage of using more disks and
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heads to achieve a capacity range with critical market importance. When 2.5"
drives in the 100-200 megabyte range start to become available at the same
price as 3.5" drives, it is expected that many manufacturers of desktop personal
computers will use them instead of 3.5" drives, in order to take advantage of 2.5"
drives’ smaller size, lower power, less heat and quieter operation.

The currently available 2.5" drives have been an essential part of the success
story for notebook computers in the four to seven pound range, providing small
size, low power requirements and continually increasing storage capacity. While
not expected to threaten leadership by 3.5" drives through 1995, shipments of
2.5" drives are expected to reach 10.7 million units in that year, due to the combi-
nation of the growing notebook computer market, the existing application for
most 2.5" drives, and the expected emergence of the desktop personal computer
market as a target.

It is more difficult to assess the market development to be expected for 1.8"
and smaller drives during the next few years. 1.8" drives shipping today have 64
megabyte capacities, and 1.3" drives have 21 megabytes. Eventually, the areal
density curve’s inevitable increases will make possible very large capacities in

these small drives, but today’s capacity limitations are market limitations. The

existing notebook computer markets use 80 and 120 megabyte 2.5" drives for
the mainstream systems in existing product lines, due to the requirements of
software preferred by the majority of customers, and these capacities will trend
upward in future years.

DISK/TREND projections predict shipments of 7.2 million 1.8" drives and
smaller in 1995, but it is going to take significant improvements in the technology
to achieve that sales level. For 1.8" drives it will be critical to achieve a minimum
of 80 megabytes on one disk, in order to squeeze the form factor down to the
10.5 millimeter height of the PCMCIA type 3 standard for a removable memory
card, to reduce the parts count so prices can be competitive, and to achieve a
capacity large enough to enjoy a wide market. This can probably be done in the
next year, or perhaps sooner if some of the current development programs for
contact recording can be successfully commercialized. For 1.3" drives, it is a
matter of finding emerging applications with large enough volume requirements,
and which will respond to the drives’ outstanding durability, small size and low
cost, despite limited initial capacity.
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Figure 1

CHANGING PRODUCT MIX
Worldwide Rigid Disk Drive Revenue
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TABLE 3
CONSOLIDATED WORLDWIDE REVENUES
RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

REVENUE SUMMARY

WORLDWIDE REVENUES ~mc-ee 1991 cccoc cmmeeee —mem=FOrecast-cmmemmmmcceean~ e ———
ALL MANUFACTURERS ----Revenues---  -ce-ee ¢ 1993-ccae ammeee 1990cccce cceen 1995 ccan
$M % $M % $M % $M % $M %
DISK CARTRIDGE DRIVES 70.1 3% 75.9 .3% 93.8 4% 112.6 4% 126.0 .5%
+27.7% +8.3% +23.6% +20.0% +11.9%
FIXED DISK DRIVES 3,470.4 14.1% 1,678.8 7.05  658.8 2.65 22211 8% 115.6 4%
less than 60 Megabytes -27.4% -51.6% -60.8% -66.3% -48.0%
FIXED DISK DRIVES 1,950.5 7.9% 2,435.7 10.1% 2,320.9 9.0% 2,285.5 8.4% 1,807.8 6.5%
60 - 100 Megabytes +10.4% +24.9% -4,7% -1.5% -20.9%
FIXED DISK DRIVES 3,240.2 13.2% 4,015.7 16.7% 4,508.4 17.5% 4,431.4 16.3% 3,934.1 14.1%
100 - 200 Megabytes +15.7% +23.9% +12.3% -1.7% ' -11.2%
FIXED DISK DRIVES 988.9 4.0% 1,530.1 6.4% 2,734.5 10.6% 3,566.7 13.1% 4,249.5 15.2%
200 - 300 Megabytes +207.2% +54,7% +78.7% +30.4% +19.1%
FIXED DISK DRIVES 2,759.6 11.2% 1,608.8 6.7% 1,356.3 5.3% 1,389.1 5.1% 1,720.1 6.2%
300 - 500 Megabytes +8.4% -41.7% -15.7% +2.4% +23.8%
FIXED DISK DRIVES 3,131.7 12.7% 1,847.1 7.7% 1,411.6 5.5% 1,292.2 4.7% 1,403.5 5.0%
500 Megabytes to 1 GB +17.2% -41,0% -23.6% -8.5% +8.6%
FIXED DISK DRIVES 2,670.3 10.8% 4,275.4 17.8% 3,845.5 14.9% 3,844.2 14.1% 4,185.9 15.0%
1 - 2 Gigabytes -33.5% +60.1% -10.1% - +8.9%
FIXED DISK DRIVES 6,350.3 25.8% 6,545.8  27.3% 8,837.4  34.2% 10,070.1 37.0% 10,381.8  37.1%
more than 2 Gigabytes -3.7% +3.1% +35.0% +13.9% +3.1%

Total Worldwide Revenue 24,632.0 100.0% 24,013.3 100.0% 25,767.2 100.0%.27,213.9 100.0% 27,924.3 100.0%
: -3.7% -2.5% +7.3% +5.6% +2.6%

% U.S. Manufacturers 79.8% 80.9% 81.8% 82.1% 81.9%

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
CONSOLIDATED WORLDWIDE SHIPMENTS
RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

UNIT SHIPMENT SUMMARY

SUM-11

UNIT SHIPMENTS 1991 T Forecast--=--emcmmmmm e
IN THOUSANDS ---Shipments--= ==cnm- 1992-ccms ameee- 1993-maen  —momm- 994-ccme emeeen 1995-----
Units % Units % Units % Units % Units %

DISK CARTRIDGE DRIVES 242.4 7%  305.4 .8%  420.0 1.05  565.0 1.2% 705.0 1.3%
+59.0% +26.0% +37.5% +34,5% T +24.8%

FIXED DISK DRIVES 16,287.0 50.0% 9,011.9  23.9% 3,785.0 8.8% 1,165.0 2.4% 690.0 1.3%
less than 60 Megabytes -9.9% -44.7% -58.0% -69.2% -40.8%

FIXED DISK DRIVES 5,331.2 16.4% 8,807.6  23.4% 9,970.0  23.2% 10,130.0 21.1% 8,285.0 15.8%
60 - 100 Megabytes +44,1% +65.2% +13.2% +1.6% -18.2%

FIXED DISK DRIVES 5,953.5 18.3% 11,566.3 30.7% 15,045.0 35.1% 17,030.0 35.5% 16,355.0 31.2%
100 - 200 Megabytes +78.5% +04,3% +30.1% +13.2% -4.0%

FIXED DISK DRIVES 1,906.8 5.9% 4,034.6 10.7% 7,990.0 18.6% 11,015.0 23.0% 14,655.0 28.0%
200 - 300 Megabytes +282.0% +111.6% +98.0% +37.9% +33.0%

- FIXED DISK DRIVES 1,358.7 4.2% 1,662.8 4.4% 2,035.0 4.7% 2,715.0 5.7% 4,500.0 8.6%
300 - 500 Megabytes +32.8% +22.48% +22.4% +33.4% +65.7%

FIXED DISK DRIVES 823.8 2.5%  871.1 . 2.3%  995.0 2.3% 1,265.0 2.6% 1,785.0 3.4%
500 Megabytes to 1 GB +37.8% +5.7% +14,2% +27.1% C +41.1%

FIXED DISK DRIVES 447.4 1.4% 1,062.2 2.8% 1,715.0 4.0%5 2,475.0 5.2% 3,245.0 6.2%
1 - 2 Gigabytes +38.7% +137.4% +61.5% +44,3% +31.1%

FIXED DISK DRIVES 238.5 .6% 362.9 1.0%5  934.0 2.2% 1,548.0 3.2%5 2,150.0 4.1%
more than 2 Gigabytes +42.8% +52.2% +157.4% +65.7% +38.9%

Total Worldwide Shipments 32,589.3 100.0% 37,684.8 100.0% 42,889.0 100.0% 47,908.0 100.0% 52,370.0 100.0%
+16.9% +15.6% +13.8% +11.7% +9.3%
% U.S. Manufacturers 87.8% 87.7% 85.4% 82.6% 80.4%
Total Capacity (Terabytes) 4,710.8 7.298.7 10,970.7 15,420.0 20,277.1

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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- Figure 3

DISK DIAMETER SUMMARY

Worldwide Shipments in Millions of Units
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TABLE 5
CONSOLIDATED WORLDWIDE SHIPMENTS

RIGID DISK DRIVES
SUMMARY BY DISK DIAMETER

UNIT SHIPMENTS = ceceew 1991 -emce cmmmmmecccccecececce e Forecast -
IN THOUSANDS ---Shipments--- —-m--- 1992---on  cmeee- 1993~-cae cceeee 94emcme —meeee 1995----~
Units % Units % Units % Units % Units %
10 - 14 INCH 158.1 5% 100.5 3% 85.0 2% 55.0 1% 26.0 -
-27.4% ~-36.4% -15.4% -35.3% -52.7%
8 - 9 INCH 267.2 8% 165.3 4% 113.0 3% 61.0 1% 29.0 A%
-20.0% -38.1% -31.6% -46.0% -52.5%
5.25 INCH 3,041.1 9.3% 2,069.0 5.5% 1,741.0 4,1% 1,665.0 3.5% 1,408.0 2.7%
-54.7% -32.0% -15.9% -4 .,4% -15.4%
3.5 INCH 26,036.4 79.9% 30,350.0 80.5% 33,230.0 77.5% 33,422.0 69.8% 33,047.0 63.1%
+31.7% +16.6% +9.5% +.6% -1.1%
2.5 INCH 3,085.5 9.5% 4,899.0 13.0% 6,855.0 16.0% 9.835.0 20.5% 10,705.0 20.4%
+264.3% +58.8% +39.9% +43,5% +8.9%

1.8 INCH OR LESS 1.0 -- 101.0 3 865.0 2.0% 2,870.0 6.0% 7,155.0 13.7%

+756.4% +231.8%

N
+
-
oS
1=}
w
o

100.0% 37,684.8 100.0%

+15.6%

100.0% 52,370.0
+8.3%

Total Worldwide Shipments 32,589.3

100.0% 42,889.0 100.0% 47,908.0
+16.9% .

+13.8% +11.7%

Notes: 1. Percentage figures with plus/minus signs refer to year-to-year growth rates.

2. Disk cartridge drives with with disk diameters less than 5.25" have been combined
with 3.5" drives in this table.
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Figure 4

CAPACITY SHIPMENT SUMMARY

Worldwide Shipments in Terabytes
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TABLE 6
CONSOLIDATED WORLDWIDE SHIPMENTS
RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

CAPACITY SHIPMENT SUMMARY

CAPACITY SHIPMENTS ~ —mcom- [ ) B L RS FOrecast-cmm-mmmmmmmmmem o emccoccne
IN TERABYTES —--Shipments---  ------ 1992 - 1993--ccn  —oeee- 1994-caee —mceen 1995-----
Tbytes % Tbytes % Thytes % Thytes % Tbytes %
DISK CARTRIDGE DRIVES 12.0 3% 18.5 3% 30.3 .3% 50.9 3% 78.4 4%
+55.8% +54,2% +64.2% +67.6% +54.1%
FIXED DISK DRIVES 657.8 14.0% 394.8 5.45  164.2 1.5% 47.4 .3% 27.9 1%
less than 60 Megabytes -16.7% -40.0% -58.4% -71.1% -41.0%
FIXED DISK DRIVES 421.6 8.9% 712.4 9.8%5  840.9 7.7%  857.5 5.6% 704.7 3.5%
60 - 100 Megabytes +24.6% +69.0% +18.0% +2.0% -17.8%
FIXED DISK DRIVES 729.1 15.5% 1,440.5 19.7% 1,884.7 17.2% 2,173.4 14.1% 2,122.3 10.5%
100 - 200 Megabytes +72.0% +97.6% +30.8% +15.3% -2.3%
FIXED DISK DRIVES 409.8 8.7% 900.1 12.3% 1,800.0 16.4% 2,498.5 16.2% 3,355.6 16.5%
200 - 300 Megabytes +292.2% +119.6% +100.0% +38.8% +34.3%
FIXED DISK DRIVES ‘ 484.8 10.3% 637.5 8.7%  800.7 7.3% 1,095.5 7.1% 1,852.3 9.1%
300 - 500 Megabytes +23.3% +31.5% +25.6% +36.8% +69,1%
FIXED DISK DRIVES 567.5 . 12.0% 580.0 7.9%5  613.5 5.6% 790.6 5.1% 1,212.1 6.0%
500 Megabytes to 1 GB +30.2% +2.2% +5.8% +28.9% +53.3%
FIXED DISK DRIVES 603.3 12.8% 1,367.9 18.7% 1,938.3 17.7% 3,059.2 19.8% 4,453.6 22.0%
1 - 2 Gigabytes +41.8% " +126.7% +41.7% +57.8% +45.6%
FIXED DISK DRIVES 824.9 17.5% 1,247.0 17.1% 2,897.9  26.3% 4,846.7 31.4% 6,469.7 31.9%
more than 2 Gigabytes +22.1% +51.2% +132.4% +67.3% +33.5%

Total Capacity (Terabytes) 4,710.8 100.0% 7,298.7 100.0% 10,976.7 100.0% 15,420.0 100.0% 20,277.1 100.0%

+26.4% +54,9% +50.3% +40.6% +31.5%
% U.S. Manufacturers 82.9% 84.3% 84.2% 83.3% 82.2%

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

New tables covering price per megabyte have been added to this year’s
DISK/TREND Report. The tables in each product section display the average
price per megabyte for that product group broken down by distribution channel
and disk diameter, and the summary tables in this section display separately the
worldwide price per megabyte of captive and noncaptive drives, broken down by
DISK/TREND product group. 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.

It is hoped that these tables will help to clarify the price per megabyte trends

in various sectors of the rigid disk drive industry -- trends which have frequently

been confused by murky and overgeneralized data. It is important to realize that
the summary tables in this section include data for many different types of drives,
and that a severe price decline may be influenced more by changes in product
mix than by price reductions for a specific type of drive. You may notice some
data in the tables that doesn’t seem to fit the overall pattern, but these situations
are usually caused by the unique products or policies of individual manufacturers.

One interesting pattern revealed by comparing the captive and noncaptive
summary tables is that the price difference between the two distribution channels
is becoming less each year, in most of the capacity groups. For example, in
1991 the average price per megabyte for captive drives in the 100-200 megabyte
range was 3.9 times higher than for noncaptive drives. In 1995, the average
captive drive price per megabyte is expected to be 2.3 times higher. The reason
behind this trend is that captive drive producers are finding it difficult to maintain
high drive prices with system sales in the face of increasing price competition
from nonintegrated system manufacturers which buy low-cost noncaptive drives.

The effect of continually increasing production of small diameter drives on
noncaptive pricing is the major cause of the ever downward trend shown
throughout the summary price per megabyte tables and those in each of the
product sections. The noncaptive price per megabyte of the drives with highest
shipments in 1995, the 100-200 megabyte range, is forecasted to be $1.60.
Noncaptive drives with more than 2 gigabyte capacity will be down to 60 cents.
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Figure 5

PRICE PER MEGABYTE SUMMARY
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TABLE 7
NONCAPTIVE WORLDWIDE SHIPMENTS -
RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

PRICE PER MEGABYTE SUMMARY ($/MB)

R ELLLE TP PR PR Forecast-=mmommommc e

------ 1991 -eemm eeeeen1992-cmee meeeen1093-emen eeeeen]1094ecee e ]19950an e
DISK CARTRIDGE DRIVES 5.84 10 3.09 2.21 1.61
-34.0% -29.8% -24.7% -28.4% -27.4%
FIXED DISK DRIVES 4.50 3.68 3.59 4,04 3.92
less than 60 Megabytes -24.8% -18.1% -2.6% +12.6% -2.8%
FIXED DISK DRIVES 3.59 2.74 2.41 2.35 2.25
60 - 100 Megabytes -20.8% -23.8% -11.9% -2.4% -4.3%
FIXED DISK DRIVES 2.76 2.05 1.89 1.71 1.60
100 - 200 Megabytes -34.5% -25.5% -8.2% -9.3% -6.2%
FIXED DISK DRIVES 2.20 1.55 1.25 1.12 1.02
200 - 300 Megabytes -15.6% -29.7% -19.3% ~10.7% -8.9%
FIXED DISK DRIVES 2.34 1.82 1.49 1.16 .87
_300 - 500 Megabytes -25.5% -22.3% -17.8% -22.2% -25.0%
FIXED DISK DRIVES 2.06 1.48 1.24 1.01 77
500 Megabytes to 1 GB -15.5% -28.2% -16.2% -18.3% -23.8%
FIXED DISK DRIVES 1.48 1.07 .88 .72 .62
1 - 2 Gigabytes -48.8% -28.1% -17.2% -19.0% -13.9%
FIXED DISK DRIVES 3.82 2.03 1.20 ‘ .80 .60
more than 2 Gigabytes -42.1% -46.9% -41.0% -33.1% -25.6%

Notes: 1. Percentage figures with plus/minus signs refer to year-to-year growth rates.

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

FIXED DISK DRIVES
less than 60 Megabytes

FIXED DISK DRIVES
60 - 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 to 1 GB

FIXED DISK DRIVES
-1 - 2 Gigabytes

FIXED DISK DRIVES
more than 2 Gigabytes

12.81
-52.8%

ow
N P

10.70
-24.0%

21.75
-38.4%

11.61
-17.8%

12.88
-28.3%

12.13
-41.1%

10.51
-17.7%

TABLE 8

CAPTIVE WORLDWIDE SHIPMENTS
RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

PRICE PER MEGABYTE SUMMARY ($/MB)

SUM-19

N~
P,

-41.9%

Notes: 1. Percentage figures with plus/minus signs refer to year-to-year growth rates.

2. Price per megabyte calculations represent estimated total sales revenues for

each product type divided by the total capacity of all drives of that type sold.
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: Noncaptive market

Although only 40.5% of 1991’s total rigid disk drive revenues were derived
from noncaptive sales, 85.7% of the industry’s unit shipments were noncaptive.
During the last ten years, independent disk drive manufacturers have moved
quickly to exploit technology advances which have enabled them to respond with
appropriate products for the computer industry’s fastest growth sectors: Desk-
top and portable personal computers, engineering workstations and network file
servers. In the process, they led the indusfry in developing high volume produc-
tion capability for small drive 'formats, starting with 5.25", then 3.5", and more
recently with 2.5". OEM drives in each of these form factors arrived in the market
well before captive drives and set the patterns for the entire industry.

Again this year, the DISK/TREND Report includes a separate set of tables
which summarize worldwide data for noncaptive drives. Tables 9, 10 and 11
show revenue, unit shipments and shipped capacity expressed in terabytes for
total noncaptive drive sales, by summarizing all PCM/Reseller and OEM/Integra-
tor data from each of the nine DISK/TREND product groups.

With continued growth in noncaptive drive shipments, structural changes in
the industry are apparently inevitable. Today’s leaders in honcaptive drives are
mostly American companies, which were able to successfully sell to rapidly
growing system manufacturers because they were able to deliver new disk drive
configurations early in each product life cycle. Young California and Colorado
companies had the right formula for success, as they listened to customers’
requests, made management decisions quickly, and moved rapidly to the most
cost-effective manufacturing sites. The surviving U.S. start-up companies of the
1980’s are now large firms, several with annual sales between $1-3 billion.

But new challenges now face the noncaptive drive leaders. Large size usual-
ly slows down even well managed organizations. Unfortunately, there is no time
for the industry leaders to pause and reflect. The competition is still there --
though little of it now comes from new start-ups, since venture capital firms don’t
have much interest in such competitive industries. [f the leading U.S. noncaptive
drive manufacturers slow down, they will soon lose market share to firms from
other countries -- and to system manufacturers such as IBM, DEC and H-P, now
all active in noncaptive disk drive markets, and finding success.
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TABLE 9
NONCAPTIVE WORLDWIDE REVENUES
RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

REVENUE SUMMARY

WORLDWIDE REVENUES

--Forecast----
99

ALL MANUFACTURERS ----Revenues--- 1992 1993-----  —--=--1994---  —ee-en 1995-----
) % M % M % M % $M %
DISK CARTRIDGE DRIVES 70.1 7% 75.9 7% A93.8 .8% 112.6 .8% 126.0 9%
+21.7% +8.3% +23.6% +20.0% +11.9%
FIXED DISK DRIVES 2,683.8 27.0% 1,321.6 12.5%  537.3 4.4% 154.4 1.2% 102.4 7%
less than 60 Megabytes -25.0% -50.8% -59.3% -71.3% -33.7%
FIXED DISK DRIVES 1,243.1 12.5% 1,631.9 15.2% 1,801.2 14.9% 1,782.6 13.3% 1,351.3 9.3%
60 - 100 Megabytes +25.8% +31.3% +10.4% -1.0% -24.2%

FIXED DISK DRIVES 1,584.6 15.9% 2,492.1 23.3% 2,993.6 24.6% 3,242.9 24.1% 2,992.5 20.8%
100 - 200 Megabytes +17.2% +57.3% +20.1% +8.3% -7.7% |
FIXED DISK DRIVES 893.2 9.0% 1,353.4 12.7% 2,043.7 16.8% 2,421.5 18.0% 2,962.0 20.5%

200 - 300 Megabytes +232.2% +51.5% +51.0% +18.5% +22.3%
FIXED DISK DRIVES 723.8 7.2% 968.2 9.1% 1,111.6 9.2% 1,211.2 9.1% 1,568.3 10.9%
300 - 500 Megabytes +2.1% +33.8% +14.8% +9.0% +29.5%
FIXED DISK DRIVES 797.6 8.0% 648.8 6.0% 535.5 4.4% 582.2 4,3% 717.5 5.0%
500 Megabytes to 1 GB +7.2% -18.7% -17.5% +8.7% +23.2%
FIXED DISK DRIVES 647.5 6.5% 882.5 8.3% 1,228.5 10.1% 1,749.7 13.0% 2,348.9 16.2%
1 - 2 Gigabytes +19.3% +36.3% +39.2% +42 .4% +34.2%
FIXED DISK DRIVES 1,323.6 13.2% 1,317.2 12.2% 1,814.6 14.8% 2,194.3 16.2% 2,279.3 15.7%
more than 2 Gigabytes +51.0% -.5% +37.8% +20.9% +3.9%
Total Worldwide Revenues 9,967.3 100.0% 10,691.6 100.0% 12,159.8 100.0% 13,451.4 100.0% 14,448.2 100.0%
+9.1% +7.3% +13.7% +10.6% +7.4%
% U.S. Manufacturers 75.7% 79.0% 79.2% 78.5% 77.5%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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TABLE 10
NONCAPTIVE WORLDWIDE SHIPMENTS
RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

UNIT SHIPMENT SUMMARY

UNIT SHIPMENTS ;e 1991 - e e Forecast--mmmmmmmmme e

IN THOUSANDS ---Shipments--- ---ew- 1992-mmen mmmee 1993--ems —mmee- 1994-----  ——memn 1995-----
Units % Units % Units % Units % Units %
DISK CARTRIDGE DRIVES 242.4 9% 305.4 9% 420.0 1.1% 565.0 1.4% 705.0 1.6%
+59.0% +26.0% +37.5% +34.5% +24.8%
FIXED DISK DRIVES 14,791.6 53.0% 8,142.0 25.3% 3,443.0 9.4% 945.0 2.3% 645.0 1.4%
less than 60 Megabytes -8.5% -45.0% -57.7% -72.6% -31.7%
FIXED DISK DRIVES 4,360.6 15.7% 7,310.1 22.6% 8,829.5 24.0%5 8,930.0  21.8% 7,030.0 15.8%
60 - 100 Megabytes +52.2% +67.6% +20.8% +1.1% -21.3%
FIXED DISK DRIVES 4,761.8 17.0% 9,806.0 30.3% 12,694.5 34.4% 14,805.0 36.1% 14,235.0 31.7%
100 - 200 Megabytes +86.3% +105.9% +29.5% +16.6% -3.9%
FIXED DISK DRIVES . 1,888.5 6.8% 3,904.8 12.1% 7,177.5 19.5% 9,471.0 23.1% 12,635.0 28.2%
200 - 300 Megabytes +284.7% +106.8% +83.8% +32.0% +33.4%
FIXED DISK DRIVES 846.8 3.0% 1,391.8 4,3% 1,890.0 5.1% 2,579.0 6.3% 4,365.0 9.8%
300 - 500 Megabytes +31.6% +64.4% +35.8% +36.5% +69.3%
FIXED DISK DRIVES 583.6 2.1% 689.0 2.1% 702.0 1.9% 897.0 2.2% 1,300.0 2.9%
500 Megabytes to 1 GB +28.3% +18.1% +1.9% +27.8% +44.9%
FIXED DISK DRIVES 318.1 1.1% 575.8 1.8% 1,203.0 3.3% 1,933.0 4.7% 2,690.0 6.0%
1 - 2 Gigabytes +132.7% +81.0% : +108.9% +60.7% +39.2%
FIXED'DtSK'DRIVES 126.9 4% 232.9 .6% 520.0 1.3% 906.0  2.1% 1,224.0 2.6%

more than 2 Gigabytes +163.3% +83.5% +123.3% +74.2% +35.1%

Total Worldwide Shipments 27,920.3 100.0% 32,357.8 100.0% 36,879.5 100.0% 41,031.0 100.0% 44,829.0 100.0%

+18.7% +15.9% +14.0% +11.3% +9.3%
% U.S. Manufacturers 88.2% 88.1% 85.6% 82.7% 80.3%

Total Capacity (Terabytes) 3,413.0 100.0% 5,506.6 100.0% 8,232.2 100.0% 11,715.6 100.0% 15,853.2 100.0%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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TABLE 11
NONCAPTIVE WORLDWIDE SHIPMENTS
RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

CAPACITY SHIPMENT SUMMARY

CAPACITY SHIPPED —meem- L) FOFECAS o mmmmmmmmmmmmmm e e
IN TERABYTES ---Capacity---- ------ 1992---ae  mmeee- 1993---mc —eeee- 1994----  --o--- 1995-----
Units % Units % Units % Units % Units %
DISK CARTRIDGE DRIVES 12.0 4% 18.5 3% 30.3 A% 50.9 4% 78.4 .5%
+55.8% +54.2% +64.2% +67.6% +54.1%
FIXED DISK DRIVES 596.4 17.5%  358.8 6.6%  149.8 1.8% 38.2 A% 26.0 2%
less than 60 Megabytes -16.5% -39.8% -58.2% , -74.5% -31.8%
FIXED DISK DRIVES 345.9 10.2% 596.0 10.8% 746.7 9.1% 757.4 6.4% 599.9 3.7%
60 - 100 Megabytes +24.6% +72.3% +25.3% +1.4% -20.8%
FIXED DISK DRIVES 574.3 16.8% 1,212.8 22.1% 1,587.4 19.3% 1,896.5 16.3% 1,865.9 11.9%
100 - 200 Megabytes +79.0% +111.2% +30.9% +19.5% -1.6%
FIXED DISK DRIVES 405.4 11.9%5  873.3 15.9% 1,633.4 19.9% 2,168.0 18.5% 2,912.6 18.4%
200 - 300 Megabytes +293.6% +115.4% +87.0% +32.7% +34.3%
FIXED DISK DRIVES 309.5 9.0% 532.7 9.6% 744.1 9.0% 1,042.6 8.9% 1,800.1 11.3%
300 - 500 Megabytes +24.,6% +72.1% +39.7% +40.1% +72.7%
FIXED DISK DRIVES 386.3 11.45  437.9 8.0%  431.1 5.3 573.7 4,9% 927.8 5.9%
500 Megabytes to 1 GB +13.9% +13.4% -1.5% +33.1% +61.7%
FIXED DISK DRIVES 436.6 12.7%5  827.1 15.0% 1,391.3 16.9% 2,446.2 20.9% 3,814.6 24.1%
1 - 2 Gigabytes +130.5% +89.4% +68.2% +75.8% +55.9%
FIXED DISK DRIVES 346.6 10.1% 649.5 11.7% 1,517.7 18.3% 2,741.9 23.3% 3,827.6 24.0%
more than 2 Gigabytes +103.2% +87.4% +133.7% +80.7% +39.6%

Total Capacity (Terabytes) 3,413.0 100.0% 5,506.6 100.0% 8,232.2 100.0% 11,715.6 100.0% 15,853.2 100.0%

+37.1% +61.3% +49.5% +42.3% +35.3%

% U.S. Manufacturers 81.1% 83.0% 82.5% 81.4% 80.6%

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

" Conner Peripherals
Digital Equipment
Hewlett-Packard
IBM
Kalok
Maxtor
Micropolis
Quantum
Seagate Technology
SyQuest Technology
Western Digital
Other U.S.

U.S. Total

NON-U.S. MANUFACTURERS
Fuji Electric
Fujitsu
Hitachi
Jve
NEC
Toshiba
~ Other Non-U.S.

Non-U.S. Total
WORLDWIDE TOTAL

Note: 1.

TABLE 12

1991 ESTIMATED MARKET SHARES

. WORLDWIDE REVENUES OF ALL RIGID MAGNETIC DISK DRIVES
(value of non-U.S. currencies estimated at average 1991 rates)

CAPTIVE PCM/RESELLER
M % M 5
- - 358.4 10.0
776.4 5.3 -- -~
211.9 1.4 26.1 .7
11,139.3 76.0 13.5 4
— - 73.3 2.0
- -- 417.9 11.6
- - 117.0 3.3
- - 165.3 4.6
- - 1,200.8 33.4
- - 60.5 1.7
- - 148.0 4.1
-- - 33.7 9
12,127.5 8.7 26145  72.7
1,012.3 6.9 219.9 6.1
300.4 2.0 711.5 19.8
1,112.8 7.6 - -
81.5 .6 17.9 .5
30.2 .2 31.5 .9
2,537.2  17.3  980.8 - 27.3
14,664.7  100.0  3,595.3  100.0

OEM/ INTEGRATOR
T 5
1,209.2  19.0

42.7 .7
161.1 2.5
8.0 A
510.6 8.0
229.6 3.6
907.1  14.2
1,413.9  22.2
2.8 -
392.1 6.2
55.4 9
3,932.5  77.4
45.2 .7
629.1 9.9
175.4 2.8
127.6 2.0
194.4 3.1
76.0 1.2
191.8 3.0
1,439.5  22.6
6,372.0  100.0

PCM/Reseller prices above, to avoid distortion of total market value

TOTAL
INDUSTRY

776.4 3.2
280.7 1.1
11,313 45.9

10.6

2.2

19,674.5 79.9

45.2 .2
1,861.3 7.6
1,187.3 4.8

127.6 5
1,307.2 5.3
175.4 Jg
253.5 1.0

4,957.5 20.1

24,632.0 100.0

Drives sold in the PCM/Reseller market by other than the original manufacturer are valued at

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
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Codes: 1.3 =1.3" C = Captive
1.8 = 1.8" P = PCM TABLE 13
2 =2.5" 0 = OEM
3 = 3.5" CURRENT PRODUCT LINES
55; = 3.25; - MANUFACTURERS OF RIGID MAGNETIC DISK DRIVES
10 = 10.5"-10.8"
14 = 14"
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 60- 100- 200- 300- 500 MB- 1 GB- Drives
U.S. Manufacturers Type Drives <60 MB 100 MB 200 M 300 MB 500 MB 1 GB . 2 GB >2 GB
Areal Technology 0 2 2 . .
Aura Associates 0 1.8 1.8
Brand Technologies - 0 3 3 3
Conner Peripherals P.0 1.8,3 2,3 2.3 3 3 3 3
Digital Equipment C,0 2,5 3.0 3.5 3.5.8 5
DMA Technologies 0 5
HewTett-Packard C,P.0 1.3 3 3,5 3.5 3.5 5
1BM C,p,0 2.3, 2.3, 2,3,0 3,0 3.0 3,5,8, 14  3,5,10,14 10,14
Integral Peripherals 0 1.8 1.8
Kalok P,0 3 3
Maxtor P,0 2.3 2,3 3 3,5 3,5 3.5
MFM TechnoTlogy 0 5
Micropolis P,0 5 5 5 3.5 5
Microscience International P,0 3 3 3 3 3 5 5
Ministor Peripherals 0 1.8 1.8
Quantum P,0 2,3 2,3 2,3 3 3 3 3
Seagate TechnoTlogy P,0 2,3,5 1.8,2,3 2,3,5 2,3,8 3,5,8 3,5,8 3,5,8 5,8
Sequel 0 5,8 8 5
Storage Technology P 14
SyQuest Technology P,0 2,3,5
Hestern Digital P,0 3 2,3 2,3 3 3
Asian Manufacturers
Alps Electric 0 3 2 2,3 3
Daeyoung 0 3
Fuji Electric 0 2,3 2,3 2,3 3
Fujitsu C,P,0 2,35 2,3 5.3 3.5 3,5,8,10 3,5,8,10 3,5,8,10 5.8
Hitachi C.P.0 5 5 5 3 3.5,8 58,14 3,5,8,14 5,8
JVC (Victor Company) 0 2,3 2,3 2
Magtron 0 5 5
Mitsubishi Electric C 3
%ryrica 0 3 3 3
EC C.0 1.8,3 3.5 3,5 5.8 5,8 8
Ricoh 0 5 ]
Samsung Electronics C,P,0 3 3 K]
Teac P,0 3 3 3 3
Toshiba C.0 2,3 2 2.3 3
Xebec P,0 3 3 3
Zentek P,0 2 2,3 3 3 3
European Manufacturers
DZU 0 5 14 14 14
EZ] 0 5 5
Sagem 0 5
South American Manufacturers
Digirede 1] 5 5 5
Edisa Informatica C,0 5 5 5
Elebra P,0 5 8
Microlab P,0 3.5 3 3 3
MuTtidigit P.0 3 5 5
Qualitron 0 5 5
Hintec Tecnologia P,0 3
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TECHNICAL REVIEW

Competing technologies

The rigid disk drive industry has always earned a well deserved reputation for
a frantic pace of technological change. Since IBM’s 1989 demonstration of
gigabit per square inch recording, the rate of change has increased as manufac-
turers expand their efforts to provide smaller, faster, more reliable, higher capaci-
ty, less expensive disk drives. The magnetic storage industry infrastructure has
supported its customer needs through increases in areal density, thinner disk
substrates, greater functionality chips, smaller heads, lower flying heights, smaller
motors and many other areas offering improvement in disk drive and recording

technology.

Developers of alternatives to magnetic disk recording find it difficult to keep
pace. Press announcements of new "disk replacement" products are plentiful,
but system manufacturers are buying only those that fit specialized requirements.
Even if substitutes with performance and price equal to current disk drives exist-
ed today, most system designers would elect to use the familiar magnetic disk
drives and their known system integration requirements, rather than risk the
unknown. In order to displace rigid disk drives, the proposed substitute must be
significantly better, faster, smaller, less expensive or demonstrate some other
overwhelming advantage. '

The technologies which are currently the leading candidates to provide major
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 storage role in some large and small systems.
When very fast access to data or programs is required, semiconductor
memory can serve as a substitute for rigid drives. Personal computer
operating systems can allow part of main memory to be designated for
use as a fast virtual disk. However, fast semiconductor memory is expen-
sive, 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 expen-
sive semiconductor memories are volatile, and require the continuous
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availability of power to avoid loss of data. Nonvolatile semiconductor
memory is more expensive, usually slower, and is does not yet match the
capacity per chip of DRAM, the most common form of volatile semicon-
ductor memory.

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. The PCMCIA effort has been a major
factor in promoting the acceptance of plug-in memory as a disk drive
alternative, although some disk drives, such as Hewlett-Packard’s 1.3"
"Kittyhawk" drive and 1.8" drives from several sources will also have the
capability to be plugged into a "type 3" PCMCIA card interface. Some

issues regarding software support of the PCMCIA interface are not yet -

fully worked out, and the use of the PCMCIA interface may not guarantee
functional interchange among devices that are electrically and physically
PCMCIA compliant.

Specialized portable computers are expected to make extensive use of
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 ranging from 3.3 millimeters to 10.5 millimeters

thick. The cards are able to accept a variety of memory forms, including

disk drives, PROM, ROM, SRAM, DRAM, flash and, eventually, ferroelectric

memory. ‘

High density, high capacity packaging for large semiconductor memory is
also in production. For instance, solid-state subsystems using "wafer-
scale integration" and ranging from 80 to 480 megabytes on 6 inch diame-
ter wafers have been proposed. Several wafers are combined to obtain
the necessary storage. Another possible packaging technique is the
stacking of chips vertically to make a three dimensional package. Assum-
ing that a 4 megabit chip design were used, a module could have 320
megabit capacity in a package roughly a half inch square and a quarter
inch high. However, formidable heat dissipation and fabrication problems
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are associated with this technique. The most probable early applications
are in military or aerospace equipment, possibly by mid-decade. IBM has
acquired three dimensional packaging technology from Irvine Sensors
Corporation, which demonstrated an equivalent to a 40 megabyte disk
drive using an 80 chip stack.

It is questionable whether the development rate of semiconductor memory
technology can proceed for the next 10 years at the same rate of im-
provement exhibited in the last 20 years. As the complexity, packaging
problems, and performance requirements of semiconductor memory have
increased, so also are 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 may inspire an increasing number of companies to pool
resources in order to contain development expenses. It appears that until
the end of the decade, and perhaps beyond, the cost and performance
improvements of rigid magnetic drives will keep solid-state competitors at
bay in all but a few applications.

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 currently readily available in 4 megabit configura-
tions. Production in 16 megabit configurations has started and chips
should be widely available in 1993. Matsushita, Toshiba, IBM and Hitachi
are expected to be volume producers. Large quantity production of 64

-megabit DRAM chips is not expected until after 1995.

SRAM memory chips are in volume production in 1 megabit configurations
as of mid-1992 and are expected in 4 megabit configurations by late 1993.
Power requirements are less than DRAM and speed is high, permitting
SRAM to be used as a memory add-on in portable, power limited equip-
ment. However, SRAM is considerably more expensive than DRAM.
SRAM is sometimes used in removable memory cards that contain a small
battery that provides the power needed by SRAM memories to retain data.

Nonvolatile semiconductor memories: Flash memory can provide ade-
quate 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, 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
memory is often discussed as a major competitor to rotating memory, but
its more significant applications will be as program storage, a reprogram-
mable BIOS in computer systems, to provide obsolescence protection in
other types of equipment by allowing periodic code updates, and to
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provide functionality changes in printers, fax machines, and other electron-
ic equipment. :

While flash memories are rugged, portable, reliable and use little power,
they are not without functional disadvantages. When rewriting, it is not
possible to change only a few bits; an entire block must be erased and
this can take as long as half a second for the equivalent of a disk sector in
some flash memories. This means that whatever is in the 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, flash
memory cells degrade after about 100,000 write/erase cycles. Some
chips are specified at only 10,000 cycles. Some flash memories still re-
quire 12 volt power, but more recent products operate on 5 volts and
development on 3.3 volt chips is underway at several companies.

Flash memories using 1, 4, and 8 megabit chips are currently in produc-
tion. They are being manufactured by Intel, AT&T, SunDisk, Seeq Tech-
nology, Toshiba and other firms. SunDisk offers a card with 20 mega-
bytes of capacity that mimics . the 512 byte sector organization of a mag-
netic disk drive and includes an IDE interface, appearing as a disk drive to
the host system. This card uses 8 megabit chips. Future generations of
flash memory chips are expected at 16 megabit and 64 megabit densities.
40 megabyte flash memory cards using 8 megabit chips are expected to
be available in 1993.

The price range for flash memory was about $30 to $60 per megabyte in
mid-1992. Intel is already at the $30 per megabyte level. The most realis-
tic projections for flash memories suggest OEM prices in the range of 10
to 20 dollars per megabyte in 1995, still much higher than anticipated for
magnetic disk drives. Where only a few megabytes of storage are re-
quired and the rate of rewrites is not too high, flash memory can be
economically attractive.

Ferroelectric (FRAM) memories 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. 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 may be
needed to accommodate the different materials used.
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Ramtron, which has been the most visible developer of ferroelectric

memory technology, has licensed it to NMB Semiconductor Company, ITT
and Seiko. Ramtron and NMB are jointly developing a 4 megabit ferro-
electric memory chip as well as 16 megabit DRAM chips. National Semi-
conductor also has a ferroelectric memory development effort under way.
Ramtron’s effort will produce 16 kilobit chips in 1992 and may produce
256 kilobit chips in 1993, 1 megabit chips in 1994 and 4 megabit chips in
1995.

Supporters of ferroelectric memories project that in the 1994-1995 time
frame, chips with 1 to 4 megabit capacity could be available selling at $10
to $20 per megabyte. 16 megabit chips, possibly available in 1996, could
sell in the $3 to $4 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 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 military, 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 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 apphcatlons in
the late 1990s.

One of the more ambitious holographic storage programs is being
conducted by MCC (Microelectronics and Computing Corporation), a
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research consortium sponsored by major U.S. technology firms. MCC
demonstrated working prototypes of holographic memories in a 5.25"
form factor in 1992. The devices will have 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. MCC is projecting that the cost per
megabyte of its holographic storage will be 2 to 4 times the cost of
magnetic storage of equivalent unit capacity. Once the prototypes are
working, it will be up to the companies supporting the research effort to
convert the technology into working, practical products. Among the
supporters of the MCC effort have been DEC, NCR, Eastman Kodak,
General Dynamics and E-Systems.

In 1991, IBM revealed research efforts using holographic storage. tech-
niques in conjunction with inexpensive organic amorphous media.
However, this material, and similar materials announced by other re-
searchers, must be used at very low temperatures.

Research is also proceeding in the area of nonholographic three-
dimensional optical storage, but many of the same temperature and
material problems must be overcome. In 1991, 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 3.5" units with 128 mega-
byte capacity to 14" drives with several gigabytes of capacity. With track
densities of 15,000 tracks per inch and linear bit densities of 18,000 bits
per inch or.more, optical disk drives are capable of higher areal densities
than magnetic disk drives now in use. The development of blue diode
lasers capable of room temperature operation could quadruple capacity
to the gigabit per square inch range, but such a device is not expected to
be available for several years. However, slightly shorter wavelength las-
ersare expected to provide a 40 percent improvement in areal density
within 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
assemblies 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 magnetic disk technology, nor
can optical drives yet compete on a product cost basis. Therefore, optical
disk drives are preferred only where removability of the media is an advan-
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tage, such as use in an automated library or for security concerns. Evenin
some removable applications, magnetic disk cartridge drives such as
SyQuest’s 105 megabyte 3.5" drive compete strongly with 3.5" optical
drives, offering better performance, lower price and nearly the same
capacity. Optical drives seem more likely to complement 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. More recently introduced 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.

Large automated libraries that provide random access to many disks
make the use of large-scale optical storage attractive for users such as
governmental agencies, banks, insurance companies and other organiza-
tions with massive records that must be easily accessed. Library systems
coupled with operating system support make optical storage practical in a
larger system environment. IBM now supports its model 3995 optical
library as a virtual 3390 disk drive under system managed storage, al-
though performance is very slow compared to a 3390 drive.

Nonreversible optical disks: The first optical disk recording systems to

enter the market were "nonreversible" or "write-once" systems. The initial
products manufactured were 12" in diameter, but the trend is to 5.25" or
smaller diameter drives. 4.72" CD-ROM compatible write-once drives for
professional use were introduced by Yamaha in 1989 and by Sony in
1990, and lower cost 4.72" write-once drives from Philips, Sony and JVC
entered the market in 1992. 4.72" drives are expected to be the dominant
form of write-once drives in 1995 due to the expected displacement of
5.25" write-once drives by multifunction drives. Because each manufac-
turer has championed his own approach, write-once recording is poorly
standardized, with the exception of 4.72" drives for which de facto stand-
ards exist as the result of strong standards for CD-ROM drives.

Write-once drives operate by using a diode laser with suitable optics and
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positioning mechanisms to produce a concentrated beam that can remove,
deform, or change the reflectivity of material at the focal point of the beam.
For readback, a diode laser, operating at a lower power, scans the disk,
and the varying light reflected from regions of differing reflectivity is trans-
lated into bit patterns. Once an area of the disk is written, it cannot be
changed or rewritten, although it could be overwritten and destroyed.
Hewlett-Packard, Sony and others offer write-once capability using re-
writable magneto-optic media coded so that the drive recognizes it as
write-once media and operates accordingly. Drives with this MO-WORM
capability are expected to displace pure write-once drives, because they
are more flexible and their prices will decline faster due to higher volume
shipments of drives using magneto-optic technology.

The market for "pure" write-once optical disk systems is limited to the
niches which emphasize nonreversibility. In some applications, the ability
of write-once storage systems to maintain an audit trail or indicate whether
or not stored data has been modified is perceived as a significant benefit.

Virtually no displacement of magnetic disk drives by nonreversible optical
storage will occur in the foreseeable future, and the growth of write-once
technology is being capped by competition from rewritable or multifunc-
tional optical drive technology.

Rewritable optical disks: As cost-effective rewritable drives with improved
performance become available, the possibility for eventual inroads into the
market for magnetic disk drives exists. Some rewritable optical drives
have reached performance levels typical of small rigid magnetic drives in
the mid-1980s, but cost, capacity and packaging improvements have
lagged.

Magneto-optical recording has seen development activity for more than
twenty years, and rewritable phase change optical recording emerged as
a competitor in 1990. The performance of magneto-optical drives exceeds
that of write-once drives. Because it takes somewhat less laser power to
change the state of a bit than required by write-once drives, the drive can
rotate faster at a given laser power, reducing latency and improving data
transfer rate. Recent rewritable drives have reached 3,600 RPM spin rates
and Fujitsu has announced a 5,400 RPM model. However, average seek
times are just beginning to breach the 30 millisecond mark, and it will be
years before rewritable optical performance can approach the best
magnetic drive technology. Improving optics, shorter wavelength, higher
power lasers and other improvements will gradually permit closing the
performance gap. A

Today’s 5.25" drives typically offer either 326 megabyte (ISO standard) or
512 megabyte per side capacity. An advance to 652 megabyte per side is
expected in 1993, and one gigabyte per side is anticipated in late 1994.
IBM and Sony have presented proposals on the 652 megabyte version to
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various standards bodies; early approval of a standard by ECMA is antici-
pated. The gigabyte per side issues are currently under consideration in
several standards technical subcommittees. The ISO standard 3.5" drives
have 128 megabytes per side, and one 256 megabyte drive using a differ-
ent format is also available. A general increase to 256 megabytes per side
is anticipated in the 1993/1994 time frame, and drives with 512 megabytes
per side are being actively considered by a number of firms.

Magneto-optical disk drives use a low power laser and a magnetic field to
change the magnetic state of the active layer on a disk. The laser raises
the temperature of the active layer into the range of the Curie point while a
magnetic field is present, causing individual magnetic domains on the disk
to align with the direction of the external field. Changes in magnetic orien-
tation are detected during reading, as the affected spot on the disk
causes a small rotation in the polarized light reflected from the surface or
transmitted through the disk. However, magneto-optical drives now in
production do not yet overwrite in place: A complete sector must be
erased before the sector can be rewritten. - The industry has been working
on this problem for many years, and current industry expectations are for
magneto-optic drives without overwrite latencies to be available in 1994.

Phase change optical recording involves a different type of amorphous
coating, in which individual spots on the disk are changed by polarized
light from a crystalline state, during which light is reflected, to a noncrystal-
line state, during which light is absorbed. Phase change recording is
capable of a limited number of write/erase cycles before the signal to
noise ratio from the written area degrades excessively. Matsushita Electric
has reported achieving over a million cycles in the laboratory and has
announced media with 100,000 cycles. Phase change erasable media
can be directly overwritten. The first rewritable phase change drive was
introduced by Matsushita Electric in 1990. It is backward compatible with
previous write-once drives from the same firm.

A third possibility, potentially the least expensive to manufacture, is erasa-
ble dye-based technology. While developers have not been able to
demonstrate an adequately high number of write/erase cycles for general
use, there are applications, such as backup, where this is not a major
disadvantage. In mid-1988, Tandy Corporation announced its intention to
supply such a drive in the future, but unexpected problems substantially
delayed its development effort.

Rewritable optical storage is well into the manufacturing stage. Over
170,000 5.25" and 3.5" drives were shipped in 1991. IBM, Sony and other
firms shipped 3.5" drives in quantity in 1991. Rewritable 5.25" drives were
shipped in volume from Matsushita, Canon, Sony, Maxoptix and Ricoh,
and both IBM and Hewlett-Packard began volume shipments of 5.25"
optical drives in 1992. Nikon began shipping a 12" magneto-optic drive in
1992, the first rewritable 12" drive to enter the market.
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Individual firms working on other proposed reversible optical recdrding

technologies have yet to overcome all of the technical problems, which .

have included: Slow completion of the reversal cycle, sensitivity to ambi-
ent light, limitations on the number of reversals before degradation,
expensive optical or laser components, poor shelf life, limited lifetime of
stored data, and low recording density.

Read-only optical disks: The read-only optical disk category is dominated
by the CD-ROM, which has capacities of 550 to 600 megabytes, but slow
access times. In 1992, NEC, Sony, Pioneer and others introduced CD-
ROM drives operating at doubled or quadrupled RPM, improving average
access time and data transfer rate. It is technically feasible to develop
read-only media for read/write drives, and a few firms are producing read-
only media for 3.5" optical disk drives. 3.5" drive standards include defini-
tions of read-only capability, which is expected to be important in software
distribution and multimedia related applications. ‘

Because they do not have recording capability, no significant displace-
ment of magnetic disk drives by read-only optical drives is anticipated.
They will retain a specialized role as a form of electronic publishing and
will appear on computer systems as an adjunct to a rigid disk drive rather
than as a replacement device.

Magnetic bubbles: Bubble memories continue to succeed in markets
requiring specialized packaging or operation under environmental stress.
At one time considered a possible challenger to magnetic disk storage,
bubble memory suffered a serious loss of credibility after the 1981 depar-
ture of National Semiconductor, Texas Instruments and Rockwell Interna-
tional from the field. The highest manufacturing levels are still maintained
- by Hitachi, with most production used by Nippon Telephone and Tele-
graph for a variety of telecommunication applications. Hitachi is currently
exploring 64 megabit bubble devices.

By the late 1990’s, content addressable, high density bubble memories
based upon Vertical Bloch Line (VBL) domains and bubble logic might be
able to challenge disk memory in some applications. Such memory chips
might contain from 100 megabits to 1 gigabit of data. R&D efforts at
Purdue, Carnegie Mellon University, Boston University and at NEC and
Kyushu University in Japan have shown promise, but much remains to be
done to make VBL a practical technology. In the industrial sector, Magne-
sys has begun commercial development of VBL memory technology in
conjunction with Jet Propulsion Laboratories and Boston University. A
development period of several years is anticipated.

The nonvolatility of magnetic bubbles and their cost-effectiveness where
small capacities are needed makes them more attractive than disk drives
for applications such as industrial control systems, robots, point-of-sale
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terminals, portable computers, medical instrumentation, avionic systems
and militarized systems. Although bubble memory densities have reached
4 megabits per device, they are still not cost competitive with magnetic
disk technology. It is improbable that bubbles’ prices will approach disks’
prices -- and bubbles now must defend their specialized markets against
encroachments from flash memory.

High capacity flexible disk drives: It is within the capabilities of today’s
technology to fabricate a 3.5" floppy disk drive offering over 40 megabytes
of storage capacity, and drives with 20 megabyte capacity are already in
volume production. 80 megabyte 3.5" drives are being considered for
mid-decade announcement. The 5.25" Bernoulli disk drives offered by
lomega have now reached 90 megabytes in capacity and compete strong-
ly with removable 5.25" rigid cartridge type disk drives. Where aggressive-
ly priced, these high capacity floppy drives could compete in the very low
end of magnetic and optical disk drive markets and against tape drives for
backup applications. However, their low capacities, thick form factors and
relatively slow performance make them unlikely candidates to displace
rigid drives.

10 and 20 megabyte 5.25" flexible disk drives available in the market over
the past several years achieved only marginal success. However, the 3.5"
drives with capacity in the 20 megabyte range which have been an-
nounced by Brier Technology and Insite Peripherals have created consid-
erable interest. Several other Japanese floppy drive manufacturers are
considering standards for 10 and 20 megabyte floppy disk drives.

Unfortunately, none of the 3.5" high capacity flexible disk drive formats are
compatible with each other, although each approach provides read and
write downward compatibility with one and two megabyte 3.5" floppy
disks. Insite’s 3.5" drive uses standard magnetic media with an optical
servo pattern on the disk surface, combined with optical tracking meth-
ods. Brier uses a dual layer writing technique to embed its servo data
beneath the data on each track. The companies in the Japanese stand-
ards group plan to use conventional embedded servo technology.
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Disk drive enhancements

When IBM introduced the first moving head rigid magnetic disk drive in 1956,
it created a highly competitive industry whose technology has undergone contin-
uous and rapid improvement. While IBM provided disk drive technology leader-

ship for two decades, IBM’s efforts were eventually eclipsed by aggressive

competitors manufacturing small diameter drives. But the 1980’s saw a resur-

gence in IBM technology contributions, especially in packaging -- including IBM’s

320 megabyte 3.5" drive with 8 disks, an 857 megabyte 5.25" drive with 12 disks,

and a 2.5" 40 megabyte drive only 12.7 millimeters high introduced in 1991. IBM

also introduced the first disk drives using magnetoresistive heads in 1991. The
- critical areas being addressed by IBM and others are discussed below.

* Head flying height: Because head flying height determines the achievable
areal density, reductions are of critical importance. Head flying height is in
the 4 microinch range for an increasing number of drives, and several
firms are attempting to design drives in which there is no measurable
flying height. '

As flying height decreases, maintaining a constant flying height becomes
critical to reliable performance. Developers of conventional sliders are
adding slots to the outer rails or contouring the edges of the rails. Both
approaches show promise in controlling flying height and stabilizing the
head position, although they add cost. A few firms are working on nega-
tive pressure sliders, a design which forms a partial vacuum under the
head. The head can stably fly very close to the disk surface, although
there is a risk of debris accumulating in the negative pressure cavity on
the underside of the head.

Each reduction of flying height requires a new level of sophistication in the
preparation of disk substrates, coatings, overcoatings, heads and test
equipment. For instance, it appears that glass substrates may be re-
quired to obtain the required smoothness and flatness for the lowest flying
heights. Determining reliable processes for manufacturing, coating, textur-
ing and testing disk media using glass substrates are major challenges,
and the ability of substrate and media producers to ramp up production to
the required levels is an unproven capability.

Several approaches to contact recording are being developed. Censtor is
developing an unusual low mass, low contact area head design in which
the head is normally in contact with the disk. While wear does occur, the

rate of wear of the critical parts of the head is low enough to permit head

lifetimes to exceed expected drive lifetimes. The head area and loading is
small enough to control stiction effects, and the in-contact thin film head is
capable of operating at 200,000 to 300,000 BPI. VISqUS Technology,
acquired by Conner Peripherals in 1991, has been developing a "water
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skiing" technique in which the friction of head/disk contact is controlled by
floating a head on a continually refreshed liquid bearing surface. Lubri-
cant that spins off the disk due to centrifugal force is filtered and recircu-
lated back to the disk surface. IBM has publicly discussed a "tail drag-
ging" approach that suspends a small head from a larger flying head. The
large area of the flying head keeps the head at a stable height and orienta-
tion while positioning the smaller active head at the surface of the disk.
Censtor and Conner are closest to having manufacturable designs, and
Censtor is working with several drive manufacturers to adapt its designs
to specific disk drive development efforts. .

Recording heads: Monolithic ferrite heads patterned after IBM’s 3350
designs were dominant in early Winchester disk drive designs. In follow-
ing years, PCM drives using heads with 3370 contours (mini-sliders)
designed to compete against IBM’s 3370, 3375, 3380, and other new
drives with ferrite heads became common. The avalanche of small diame-
ter disk drives from multiple OEM sources since the early 1980’s has re
quired smaller head contours and continues to drive the demand for
higher performance smaller heads. These pressures have driven the
development of composite, metal-in-gap ferrite heads, inductive thin film
heads, and magneto-restrictive thin film heads.

Sliders have continued to decline in size under the pressure to make ever
smaller HDAs. The 70% form factor micro-slider (70% of the volume of a
mini-slider) is being used in thin 3.5" and 2.5" diameter drives and the 50%
form factor nano-slider will see wide use in 3.5", 2.5", 1.8", and 1.3" diame-
ter drives. As spacing between disks diminished, use of the smaller slid-
ers became mandatory. Additional advantages of the small sliders include
less mass to inhibit rapid positioner movement or cause damaging
head/disk interference. The smaller size also relieves stiction problems,
although some new drive designs also utilize ramp loaded heads, eliminat-
ing the possibility of stiction and reducing power requirements for starting
drive motors. The 70% sliders are in large volume production currently,
while 50% sliders entered general productlon in 1992, although the IBM 1
gigabyte, 3.5" drive that began to ship in the last half of 1991 also uses
50% sliders.

Ferrite heads continue to be widely used, but thin film heads are taking
over in situations requiring very high areal densities. MIG (metal-in-gap)
heads are sometimes able to substitute for thin film heads in 3.5" and 2.5"
mid-range drive applications and are less expensive, but thin film heads
are probably the technology of choice for 3.5" drives with capacities of 500
megabytes and above. Waiting in the wings are magneto-resistive heads,
which may appear in both high performance and very small form factor
drives.  IBM introduced the first disk drives using MR heads in 1991.

Conventional and composite ferrite heads, now available from multiple
sources, are routinely produced with good manufacturing yields, and are
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competitively priced, but newer drives have transitioned to metal-in- gap
and thin film heads. These head categories have also reached high
production levels and have become more price competitive with ferrite
monolithic and composite heads. Single crystal ferrite heads and cores,
which began volume production in 1991, provide improved performance
and should extend the life of ferrite head technology. Risk is relatively low,
as single crystal technology has been used in video heads for a number
of years.

Metal-in-gap heads were first used by Japanese firms in the late 1970’s for
video tape applications, and are now used in DAT recorders as well as
small, high performance disk drives. They can compete effectively with
thin film heads in many of today’s applications, although thin film heads
are capable of performance extensions that metal-in-gap heads are unlike-
ly to reach. The choice of head type depends upon the flying height,
desired areal density, the characteristics of the media, and cost. Alps
Electric is the leading supplier of metal-in-gap (MIG) heads.

The ability of thin film heads to operate at areal densities well above those
achievable by-other head technologies guarantees them a role in future
high capacity, high performance designs. 1984 saw the beginning of thin
film head shipments for small diameter OEM disk drives. Production is
large and increasing as more vendors master the process and gain con-
trol of process yields. Current major producers include IBM, Seagate,
Applied Magnetics, Dastek, Yamaha and Read-Rite. Komag, best known
for thin film disks, has also entered the market for thin film heads.

Lower cost MIG heads have proven capable of operation in many applica-
tions originally targeted by thin film heads, so until the late eighties the
demand for thin film heads was much slower to develop than many
prospective producers had hoped. As a result, thin film head production
capacity lagged, and as a consequence; the production surge of small
drives using very high recording densities that began in 1989-90 created a
shortage of thin film heads. Production levels are now in rough balance
-with demand, however.

Magneto-resistive thin film heads are expected to gradually be introduced
- in sub-2.5" form factor disk drives to provide adequate readback signal to
noise ratios without resorting to ultra-high spin rates. They will also
appear in high end drives where their ability to read very narrow tracks
enhances drive areal density and minimizes crosstalk from adjacent
tracks. While internally generated noise and low yield remain challenges
to be overcome before MR heads are widely available from multiple
vendors, they will be necessary to achieve the gigabit per square inch
areal density targeted for later in this decade by many drive producers.
IBM, which has been developing MR heads for many years, first shipped
them in the 1 gigabyte 3.5" drive that started to ship in the last half of 1991.

MR heads are usually fabricated in an assembly including an inductive thin
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film head for writing and the MR head for readback of data. The width of
the write head is usually larger than the width of the read head to provide
some protection against off track positioning and noise from adjacent
tracks. Because these head assemblies are complex and yields are not
yet high, the near term use of MR heads is expected to be limited to situa-

tions requiring their unique capabilities.

Recording disks: Disk media production processes have undergone
continuing refinement to achieve ever-thinner applications of more uniform
recording layers. Progress in improving media surface lubricants and
protective overcoatings has been equally impressive, if at times uneven.
Carbon overcoatings have been getting thinner to reduce head-recording
layer separation. The thinnest are now down to about .4 microinch.
Substrate smoothness has been a critical issue for several years as flying
heights have diminished.

The oxide coated media of early disk drives has largely been displaced by
thin film media, because oxide coated media was unable to satisfy increas-
ing areal density requirements. Even IBM, a longtime oxide champion,
now ships large quantities of drives with thin film media, and is using thin
film disks on the new 3390-3 drive with 10.8" disks introduced in Septem-
ber, 1991. While barium ferrite might be able to extend the areal density
capabilities of coated disks, the surface roughness of barium ferrite is too
great for reliable operation at today’s lowering flying heights. If barium
ferrite is used, it will probably occupy only a few product niches.

Many of the early manufacturers of thin film disks lacked adequate proc-
ess control and were unable to sustain high production yields or to meet
delivery commitments on a consistent basis. Plating was the primary
method used to produce early generations of thin film disks, but plating
has been supplanted by sputtering as the preferred production technique.
The sputtering process is more capable of producing the higher coercivi-
ties, thin layers and tight tolerances required by disk drives operating at
high areal densities and low flying heights. Although plated disks with
coercivities up to 1,400 oersteds are in production, most drive producers
believe that plated media practically tops out at 1,200 oersteds. The
migration to sputtered media was enhanced by the departure of Domain
Technology from the ranks of media producers, which left much of the
field to suppliers of sputtered disks.

Manufacturers find the sputtering process easier to control than the plat-
ing process, usually resulting in substantially higher yields. Sputtering is

- also less subject to water contamination. Sputtering lines are less flexible

than a plating line, however, which is a factor in the difficulty that produc-
ers of 8" disk drives have in obtaining sources of sputtered 8" media.
Sputtered disk producers are concentrating on 5.25", 3.5", and 2.5" media
because the bulk of the near term demand is in those sizes, and some are
manufacturing 1.8" media. Production of 1.3" media is limited, because
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there is currently only one major customer. Media with coercivity in the
1,200 to 1,500 oersted range is routinely produced, and some companies
have demonstrated fabrication of media up to 2,300 oersted coercivity on
production quality sputtering systems.

While most thin film media production has been from independent pro-
ducers, IBM and several Japanese companies also produce much of their
own media requirements. Some drive manufacturers, such as Conner,
Western Digital and Seagate also produce some of their media needs.
This has had the effect of reducing external disk purchases by these drive
manufacturers, but the effect on the independent disk media manufactur-
ers has been masked by the very strong demand for 3.5" and 2.5" drives.
However, some companies producing lower coercivity media internally
may elect to shift to outside sources rather than retool aging facilities to
produce advanced media.

Aluminum has always been the substrate of choice for rigid disk media,
but some high capacity 2.5" disk drives, such as those of Areal Technolo-
gy and Toshiba, use glass or glass/ceramic as a substrate material. The
Hewlett-Packard 1.3" Kittyhawk drive also uses glass media. Glass sub-
strates are potentially smoother and flatter than aluminum, have fewer
impurities that can cause defects, and can be made very thin. These
characteristics allow for lower flying heights and the inclusion of more
disks in a stack, both highly desirable features. However, because of low
production volume, glass disks currently cost significantly more than
aluminum substrates. There is also limited industry production capacity at
present. However, as flying heights decline below 4 microinches, it is
likely that glass and ceramic substrates will gradually displace aluminum.
Producers of aluminum substrates have continued to improve their tech-
nology, but are finding it increasingly difficult to maintain adequate flatness
as substrate thickness declines. The stresses produced when very thin
disks are clamped to the spindle appear to cause more deformation in
aluminum disks than in glass disks.

Disk substrate thickness is declining in order to allow placement of more
disks in small diameter drive HDAs. In 1989, 50 mil substrates were
standard practice for 3.5" diameter drives, but 31.5 mil substrates have
seen increasing use since IBM introduced them in the "Lightning" 3.5"
drive introduced in 1989. The next step is expected to be a move to 20-25
mil substrates, possibly in drives appearing in 1993. 2.5" drive substrates,
now at 35 mils, may move to that range even sooner. The 1.3" Kittyhawk
drive uses 15 mil thick substrates.

* Areal density: Many drives currently in production have areal densities
exceeding 100 million bits per square inch and areal density continues to
rapidly increase. Drives using MR heads and having areal densities
exceeding 250 million bits per square inch are expected to become avail-
able in late 1992.
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TPl in excess of 2,000 is common and some small drives operate at over
2,500 TPI. The industry still has plenty of room for innovation in this area.
IBM’s 3390-3 operates at 2,984 TPI, and some firms are investigating the
use of optical tracking techniques to obtain even higher TPI. IBM has
shown the feasibility in the laboratory of creating media with very narrow
tracks with submicron dimensions. - However, considerable work will have
to be done to develop heads capable of working with such narrow track
widths. The 1989 IBM demonstration of gigabit per square inch recording
used track densities in excess of 6,300 TPI, and this represents a future
target for drive designs late in the decade. Hitachi’s 2.3 gigabit per
square inch demonstration featured 17,000 TPI, a figure that may not be
seen in a production drive for a long time.

IBM’s gigabit per square inch demonstration operated at 158,000 bits per
inch, which was exceeded slightly by Hitachi at 165,000 BPIl. Today’s
small drives may operate with bit density between 50,000 and 60,000 BP],
and this figure is expected to eventually exceed 200,000 BPI as MR heads
and contact recording become widely used.

New materials and designs being developed to improve vibration sup-
pression damping in head gimbal assemblies and positioning mecha-
nisms should assist in reaching higher track densities.

* Perpendicular recording: Today’s rigid disk drives all use longitudinal

recording, making use of magnetic domains oriented parallel to the sur-
face of the recording medium. Higher linear densities could theoretically
be resolved by recording heads if magnetization were oriented in a plane
perpendicular to the recording surface, and TPI could also be sharply
increased, provided that head to disk spacing is minimized. In general,
perpendicular recording is superior to longitudinal recording only at very
low head flying heights or contact recording.

Intensive development efforts in perpendicular recording have occurred in
Japan since 1977, with application objectives in video and audio record-
ing, as well as for data storage. Inthe United States, IBM and other
manufacturers have development programs, but the first drive using
perpendicular recording, introduced by Northern Telecom in 1989 with
heads and disks developed by Censtor, was withdrawn when the firm

. decided to discontinue disk drive operations.

Early developers of perpendicular recording discovered that the high bit
densities implicit in perpendicular recording resulted in very high data
transfer rates that available controllers for small disk drives couldn’t han-
dle. Censtor avoided this problem by improving track density as well as

- bit density, permitting the use of current controller technology. This

approach required Censtor to develop both heads and media and to
completely manage the head/disk interface.
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* Multiple spindle arrays: A single high capacity drive can be replaced with
an array of smaller capacity drives having aggregate equivalent capacity
and a file organization that appears to the host system to be similar to that
of the larger drive. Data, plus parity information, is typically striped, mir-
rored, or both, across each drive in the array. In some array configura-
tions, the drives operate with the drive rotation rate and phase synchro-
nized to minimize the skew between related bits. Arrays are usually
implemented with specialized controllers and supporting software, but
some arrays achieve low cost by using software to control array functional-
ity and minimizing the hardware content. This approach lowers cost, but
performance usually suffers. Arrays are available for a variety of systems,
ranging from personal computers serving as file servers to large main-
frames and supercomputers.

The term RAID (Redundant Array of Inexpensive Disks) denotes multiple
drive configurations generically, with specific configurations ranging from
multiple, uncoordinated disk drives to striped, synchronized drives defined
within the RAID designation as RAID-0, RAID-1, RAID-2, etc., through
RAID-5. The RAID nomenclature, which derives from papers published by
the University of California, has been formally defined only up to the RAID-
5 level, but various firms are developing advanced redundant architec-
tures informally defined as RAID-6 or RAID-7.

The multispindle array can offer significant advantages compared to drives
limited by a single actuator. Depending upon the way the array is config-
ured and upon the degree of sophistication of associated subsystems, it
can provide fault tolerance, very high data transfer rates, or volumetric
efficiencies, compared to single large drives. Options such as cache and
multiple data paths can also improve performance. Disk arrays, except for
the RAID-0 type, improve fault tolerance. However, optimizing for per-
formance means less than optimum reliability and cost, while optimizing
for fault tolerance or cost may degrade performance severely. Several
companies have indicated their intent to provide software that will allow
future array products to operate simultaneously in several RAID modes,
providing users with operational flexibility. - Arrays are more costly than
single large disks, and require that each drive in the array have superior
reliability to provide an acceptable service rate for the array. Furthermore,
while arrays can improve the fault tolerance of the system, data availability
is not assured unless every portion of the system is made redundant so
that a failure of a controller, a power supply or a cable can not disable the
array.

Disk array markets are expected to eventually grow to significant size, but
product complexity and proliferation, lack of standardization, customer
confusion and ignorance of array capabilities will retard market develop-
ment for some years.
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* Performance: Significant improvements in data transfer rates and average

access times are expected during the next few years. The single most
important factor in initiating these improvements will be the increase in
disk rotation rate, which both decreases latency and increases data trans-
fer rate. A secondary, but significant technique may be the use of multiple
heads per surface and/or multiple heads per slider to permit parallel

~access to large amounts of data without head movement. Conner Periph-

erals, borrowing from the mainframe world, has offered a multiple actuator-
3.5" drive.

After many years of 3,600 RPM specifications, drive rotation rates leaped
in 1989 when Imprimis announced a family of high capacity 5.25" drives
operating at 5,400 RPM. Most of the 1 gigabyte 3.5" drives announced to
date offer 4,300 RPM or faster spin rates, and Maxtor offers a 1.2 gigabyte
3.5" drive rotating at 6,300 RPM. Industry expectations are for drives rotat- -
ing at 7,200 RPM in the near future. Some firms are even considering the
use of motors operating in the 9,000 to 10,000 RPM range for use with
disk drives having diameters under 2.5".

The use of parallel transfer from multiple heads to achieve data rates of 12
megabytes or more per second has been a practice for many years, with
such drives typically used for supercomputers and high-end imaging
applications. Drives with data transfer rates of 24 megabytes per second
or more are in demand for supercomputing applications. 27 megabytes
per second is achieved by Seagate’s Sabre PTD, an 8" 2.4 gigabyte 9
head parallel transfer drive introduced in 1990.

Average seek times have now dipped down to the 9 millisecond range for

‘the fastest drives, although 14 to 16 millisecond seek times are more

common in high performance 5.25" and 3.5" drives. Higher energy
magnetic materials and lower mass microslider heads are contributing to
the improved performance. In some cases, special alloys permitting light-
er positioning mechanisms that help reduce seek time are being consid-
ered. Some drives are specified with read seek times that are a millisec-
ond or two faster than the write seek time as a result of drive intelligence
permitting usable readback SIQnals to be acquired before the head has
fully settled after a seek.

Form factor: Sub-3.5" drives are an increasingly significant part of the
market. Driven by demands from manufacturers of notebook computers,-
small footprint, low height, low power drive designs are proliferating. Drive
height has steadily declined, with IBM’s 12.7 millimeter high 2.5" 43
megabyte representing the 1991 benchmark on drive height. 1.8" drives
were first shipped in 1991 by Integral Peripherals, and several major
producers will be shipping 1.8" drives in 1992. The smallest drive an-
nounced as of mid-1992 is Hewlett-Packard’s 1.3" Kittyhawk drive, which
has a height of 10.5 millimeters.

Competition in providing higher capacity and thinner sub-3.5" disk diame-
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ter drives is keen. 15 to 19 millimeter heights are available for new low-
end drives for desktop computers, so that half of an existing "half high"
disk drive bay can be free for other peripheral devices. 2.5" drives are
already in the 10 to 12.7 millimeter high range, to allow maximum volume
for batteries in notebook computers, and 1.8" and 1.3" drives conforming
to the 10.5 millimeter PCMCIA height requirement will soon be in produc-
tion.

Technologically, form factor reduction is being driven by improvements in
areal density, smaller heads, thinner media, greater IC functionality, and
higher energy magnetic materials that permit fabrication of smaller motors
and actuators without reducing performance. One of the most critical
factors is the reduction in the surface area required to mount electronics
needed by the drive. An increasing degree of functional integration in
chips is needed and is being provided. In some drive designs, fewer than
10 chips are needed and some drive designers anticipate being able to
design with a five chip (or less) set in the near future.

‘Another aspect of form factor reduction is the need to operate the drive at
low power to conserve battery life in portable systems. This requires the
drive to have several operating modes to conserve power when not in
use. Typically, the drive does not spin when data is not being transferred
and other power consuming functions may also be shut down when the
drive is inactive. A related need is for the drive to quickly come up to
operating speed when needed. A few designs incorporate ramp loading
of heads, enabling removal of the heads from disk contact when the drive
spins down. The removal of head drag on the disk enables the drive to
spin up faster with less power demand and lessens the danger of a stic-
tion caused malfunction. ‘

The voltage required by the drive is also a factor. Future drives for port-
able systems will probably be capable of operating within specification
over a range of voltage from 3.0 to 3.3 volts. This permits the drive to be
operated directly from a battery supply without incurring the cost and
power dissipation of a voltage regulator.

Another issue related to form factor concerns patents on drive media
diameter. While Rodime, PrairieTek and Conner Peripherals were able to
obtain such patents, many other drive suppliers dispute the validity of form
factor patents. A group of manufacturers has specifically requested that
the U.S. patent office review the situation and invalidate size related pat-
ents. »

Interfaces and controllers: The majority of small disk drives have intelli-
gent embedded controllers and are able to communicate directly with a
host system data bus. Embedded SCSI and PC/AT (IDE) controllers are
widely used in drives for personal computer applications, and embedded
SCSl is also used with the majority of drives used with workstations, serv-
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ers and equivalent applications. For small diameter drives under 500
megabytes capacity, some version of SCSI will probably be employed in
20 to 25 percent of the drives shipped in 1992. SCSI interfaces are most
frequently encountered in workstations, file servers and Apple equipment.
PC/AT interfaces far outnumber SCSl interfaces in the IBM compatible
personal computer market, though most PS/2 models do use SCSI drives.
For 1.8" and smaller drives, the pin connections used for ATA (AT Attach-
ment) cards that fit physically into PCMCIA sized slots and connectors still -
need finalization.

Intelligent controllers provide disk drive suppliers with an opportunity to

~ add value, but more importantly to give them freedom to design the drive

to meet various needs while maintaining a common interface to the host
system. Embedded intelligent interfaces allow the use of techniques such
as varying bit density by zones over the band of recording tracks and

advanced data coding. Other features, such as on-board error monitoring

and diagnostics, error correction, digital servos, segmented caching, zero
latency read/write and multiport buffering can be included but made
transparent to the using system. However, there is a delicate balance
between overall system performance and the design of the intelligent
controller. For instance, the use of too large a buffer can slow data re-
trieval if all of the buffer contents must be examlned to service each
request for data from the system.

Digital servos: Digital servos are increasingly popular as VLS| density
improves and smaller disk drive form factors make printed circuit board
space a scarcer commodity. The ability to incorporate programmable
servo functions in a single chip or chip set provides both functional and
economic advantages. Typical servo control chips employ digital signal
processors coupled with a standard microprocessor. By the mid-1990s, it
is probable that well over 80% of the rigid disk drives produced will incor-
porate digital servos. Digital servo chips are expected to include motor
power control functions as well as servo functions.

Encoding and error correction: Effective linear bit density can be im-

proved beyond the raw flux change density by the use of appropriate data
encoding schemes. Run-length-limited codes such as 2,7 RLL and 1,7
RLL are the most often used currently, but the Probable Response
Maximum Likelihood (PRML) code recently introduced by IBM on its 9336
model 5.25" and 1 gigabyte 3.5" drives may be used more widely once it is
well understood by the rest of the industry.

In-line error correction of the read-back data stream will also become
increasingly common, because as areal density becomes higher, the size
of a media defect required to cause an error becomes smaller and the
number of error causing defects per unit area increases. The Reed-
Solomon codes used in optical disk drives to perform error correction are
migrating to the rigid disk drive world, permitting the reliable use of media
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that would otherwise have to be discarded. The effective improvement in

media yield provides a strong incentive to adopt error correction tech-
niques.

If other in-line processing of data within the drive is performed, data
compression within the drive can also be expected as a functional capabil-.
ity. In addition to improving capacity, the effective data transfer rate is also
improved. The degree of compression obtainable is highly influenced by
the format of the data and the degree of processing allowable by real-time
requirements on drive performance. In any event, the compression algo-
rithms used will be restricted to lossless compression techniques.
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DEFINITIONS

Many basic terms have varying meanings within the _cor_npufer industry,
depending upon the role of the person speaking. In this report, such terms are
used in the way most disk drive manufacturers use them.

Market classification

Market class is used here, arbitrarily, to differentiate captive, PCM/Reseller
and OEM/Integrator disk drive marketing activities.

Captive: Disk drives manufactured internally or by a subsidiary of a computer
manufacturer, and sold or leased primarily for use with systems offered by the
manufacturer. Note that the term is used to describe the products, not the
manufacturer; drives sold to PCM/Reseller or OEM/Integrator market classes are
classified accordingly. Most DISK/TREND statistics separate data between IBM
captive and "other captive", but the term still pertains to the disk drives involved,
not the manufacturer.

Examples:
* Drives sold by Dlgltal Equipment, IBM or Fujitsu to computer system end
users are considered captive, if internally manufactured. :

* In the case of a joint venture disk drive manufacturer, such as Conner
Peripherals Europe (owned by Conner Peripherals and Olivetti), drive
sales are considered captive or noncaptive depending upon the method
of sale by each joint venture partner.

Noncaptive: Any public sale or lease by any disk drive manufacturer, except
sales or leases of internally manufactured drives by computer system manufac-
turers primarily for use with their own systems. Both OEM/Integrator and
PCM/Reseller shipments are included in the noncaptive sales channel.

Examples:
* Shipments by NEC are noncaptive, except for drives sold with systems
made by the parent company or other subsidiaries.

* Shipments made by Micropolis or Western Digital are noncaptive.

PCM/Reseller: Disk drives sold or leased by "plug compatible manufacturers"
or their distributing organizations directly to end users for use with systems sold
by another manufacturer. Also includes drives sold in the "aftermarket" -- ship-
ments by drive manufacturers to subsystem producers, distributors, retail chains,
mail order firms and individual dealers. It includes drives to be connected to
systems of all types, including personal computers, minicomputers and main-
frames, or drives sold as add-on devices by distributors and dealers.
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Examples: -
* Disk drive-on-a-card products such as those of Quantum Commercial
Products. :

* Disk drives sold by Storage Technology to end users of IBM equipment.

* On an arbitrary basis, disk drives manufactured by Fujitsu or Hitachi and
resold in the PCM/Reseller market by other companies are included in
PCM/Reseller totals, to avoid distortion of total industry PCM activity.

OEM/Integrator: Drives sold by the original producer to system manufacturers
which resell them as part of complete computer systems. Also includes sales to
system integrators or value-added resellers which combine finished system
components and software to provide complete systems for specific applications.
Sales by a disk drive manufacturer to a second drive manufacturer for resale are
included only in shipment totals for the originating manufacturer, except when
drives or libraries are produced on a contract manufacturing basis with a design
supplied by the disk drive manufacturer which finally sells the drive to a third

party.

Examples:
* Drives produced by Seagate Technology or Conner Peripherals for sale to
system manufacturers.

* Drives sold by Quantum Corporation but manufactured to Quantum
designs by Matsushita-Kotobuki Electronics.

Geographic classificafion

Geographic analysis is based upon U.S. and non-U.S. regions. Together,
these two regions comprise the worldwide market.

U.S. vs. Worldwide SHIPMENTS: Shipments are classified U.S. or worldwide
depending on the country in which the headquarters of the purchasing company
is located.

Examples: ,
* An OEM shipment by a U.S. drive manufacturer to a European system
manufacturer is included in worldwide totals, even if the drive is integrated
into a system within the U.S.

* An OEM shipment by a Japanese drive manufacturer to a U.S. based
system manufacturer is included in U.S. totals, even if the drive is integrat-
ed into a system in Taiwan, regardless of the final destination of systems
in which the drives are used.
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U.S. vs. Non-U.S. MANUFACTURERS: Manufacturers are classified U.S. or
non-U.S., depending on the location of the firm’s headquarters, regardless of the
location of individual manufacturing plants.

Example: :
* Maxtor is considered a U.S. manufacturer, even though the firm
manufactures many of its disk drives in non-U.S locations.

Units of measurement

- Spindles: The basic unit in counting disk drives. One spindle or spindle disk

assembly consists of the disk drive mechanism required to utilize a single disk or
disk stack. All DISK/TREND unit totals are counted in spindles. In order to avoid
distortion of shipment information for large fixed disk drives used with mainframe
systems, certain plug compatible models have been arbitrarily counted on the
basis that two or more spindles are equivalent to one IBM 3380 or 3390 spindle.

Revenue: Based on sales of disk drives alone, as normally sold by individual
manufacturers. Controllers sold as separate units are not included in disk drive
revenue, nor are spare parts or service. When individual disk drive models
include integral control functions, such as may be required for the first drive on a
string of drives, the actual value of the complete unit is used. Sale prices are
estimated public sale transaction prices, whether at captive end user, PCM/Re-
seller or OEM/Integrator levels. All prices are in 1992 constant dollars.

Forecasts: Expected shipments and revenues for current or announced
products in new production. Evolutionary improvements within existing disk
drive formats are included, but completely new configurations or technologies
are not included.

Examples:
* Enhancements such as double density versions of existing single
densﬂy configurations and revised encoding schemes are antlc:pated
in DISK/TREND forecasts

* Innovations such as nonstandard size disks or new physical configura-
tions may require establishment of new DISK/TREND product groups.

Application classification
Shipments of disk drives are classified by the following computer applications:

Mainframe/superminicomputer: Disk drives attached to the processor or to a
terminal associated with a mainframe or superminicomputer.

Minicomputers/multiple user microcomputers: Drives attached to mid-range

" general purpose processors typically serving multiple users, including network

file servers. Examples: IBM System AS/400, DEC 433MP, Hewlett-Packard 3000.
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Personal computers: Attachedto a geheral purpose microcomputer normally
for a single user. Examples: IBM PS/2, Apple Macintosh, Compaq Deskpro.

Office systems/workstations: Specialized equipment for dedicated use in
specific office applications such as word processing, electronic mail or document
storage. Specialized hardware is normally used. Examples: Wang OIS series,
Toshiba TOSFILE.

Nonoffice systems/workstations: Attached to dedicated processors and
workstations used in a nonoffice application, such as order processing/shipping,
point-of-sale, medical, factory production control, law enforcement, military,
CAD/CAM/CAE, etc.

Consumer and hobby computers: Systems sold primarily to consumers for
nonbusiness applications. Examples: Commodore 64, MSX systems, most Atari
models. Multimedia systems for home use, such as the Commodore CDTV, are
also included in this category.

Other applications: Any application not included above, including non-conven-
tional uses such as intelligent fax machines, copiers and intelligent personal
communication devices. '
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DISK CARTRIDGE DRIVES

Coverage
Examples of disk drives in this group include:

_ 5.25" disk diameter

DT1-2

DMA Technologies 360

MFM Technology - 11/11, 20R

Ricoh RH5260, RH5500

SyQuest Technology SQ555, SQ5110, SyDOS 88e
3.5" disk diameter

SyQuest Technology SQ3105A
2.5" disk diameter

SyQuest Technology SQ2542A

This product group includes all drives using a removable disk cartridge,
which is sometimes combined with one or more fixed disks in a single drive.

Each fixed/removable combination drive is counted as one spindle.

For more than 20 years, disk cartridge drives were used mostly with small
business computer systems, initially utilizing 14" drives, with a later migration to 8"
models. None of the companies which led in shipments of 14" disk cartridge
drives during the heyday of this group -- Control Data, Diablo or Western Dynex
-- are now active in the disk drive industry. In fact, all production of 14" and 8"

drives has been phased out.

5.25" drives provide most of the current shipments in this product group, with

initial shipments of smaller drives now starting.

Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1991 1992 1993 1994

1995

U.S. manufacturers 64.5 71.4 91.3 112.6
All manufacturers 70.1 759 93.8 112.6
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1991’s unit shipments of disk cartridge drives were up 59% in 1991, to
242,400 drives worldwide. 5.25" drives accounted for almost all of the 1991
shipments, and new drives with smaller diameter disks are also expected to con-
tribute to 1992 shipments. 1992 is again expected to produce an increase in
total unit shipments, but the growth rate for 1992 is forecasted at a more moder-
ate 26%, due to the negative impacts of increased competition from other re-
movable disk drive formats and the recession.

Although worldwide revenues for disk cartridge drives grew 27.7% in 1991,
an increase of only 8.3% is forecasted for 1992 due to slower growth in unit
shipments and continuing pressure on average selling prices, despite an in--
crease in the typical capacity of drives shipped in 1992. Because of these
pressures the estimated average PCM/Reseller price per megabyte for 5.25"
drives in this product group is expected to decline from $5.76 in 1991 to $4.10 in
1992. '

SyQuest increased its dominant share of the disk cartridge drive market even
further in 1991. After achieving early growth in security markets, the firm became
the leader in add-on removable disk storage for Macintosh systems used in
graphics and desktop publishing applications, and more recently added a
program focused on the same applications used with IBM personal computers.

' SyQuest shipped 230,000 drives in 1991, 94.9% of the worldwide total of all disk

cartridge drives.

While the initial growth of 3.9" and 5.25" disk cartridge drive shipments was
largely driven by the demand for removable media in security markets, in which
data must be stored in locked facilities under government or private require-
ments, shipments in recent years have been stimulated mostly by use of newer
graphics and desktop publishing software on personal computers. Removable
disk cartridges make it possible to keep individual projects on separate car-
tridges, which can be quickly mounted in disk drives as updates become neces-

sary.

SyQuest started shipments of its 88 megabyte 5.25" model in the first quarter
of 1991, and has experienced strong demand for the higher capacity. The major
competition for SyQuest is not currently provided by other manufacturers of rigid
disk cartridge drives, but by Iomega, maker of the high capacity Bernoulli floppy
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disk drive. lomega’s 44 megabyte 5.25" drive supplemented in 1991 with a 90
megabyte model, with the result that SyQuest and lomega are competing directly
in both the Macintosh and IBM personal computer markets for the same graph-
ics and desktop publishing applications.

Older 14" and 8" captive disk cartridge drive programs by Digital Equipment,
Control Data and other companies have been phased out, accounting for
absence in captive revenues. The growth expectations of several years ago for
14" and 8" drives were largely unfulfilled.

With this history, it is entirely understandable that many system manufactur-
ers which previously used 14" disk cartridge drives in small office and engineer-
ing systems, and would have liked to continue with removable disk drives in
smaller sizes, tired of waiting and switched to fixed disk drives.

Marketing trends

Although 5.25" drives are expected to continue to dominate shipments of
disk cartridge drives in 1993, volume shipments of both 2.5" and 3.5" drives will
be underway by early next year. With the appearance of smaller drives, the
growth rate for 5.25" models is expected to slow down. The forecasted growth
* rate for unit shipments of 5.25" drives in 1993 is only 4.9%, dropping into the
negative range starting in 1994.

In recent years, the personal computer aftermarket has provided most of the
sales opportunity for disk cartridge drives, with the largest proportion of drives
moving through independent resellers marketing disk subsystems designed as
add-ons to be used with existing computers. Given the earlier background of
technical difficulties, shaky financial status of some manufacturers, lack of media
interchange standards and excellent competition from fixed disk drives, it is easy
to understand why a majority of the computer industry’s system manufacturers
are no longer using disk cartridge drives.

However, the availability of the new smaller drives may erode some of the
current dominance of the aftermarket distribution channel for drives in this
product group. SyQuest’s 105 megabyte 3.5" and 42 megabyte 2.5" models
have a good chance of becoming established in OEM markets -- the first time in
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the last ten years that disk cartridge drives have had this opportunity. Both
drives’ smaller sizes are consistent with the industry’s current physical formats,
and the 3.5" drive’s 105 megabyte capacity is in the range now most in demand
for the personal computer market. With many end users already sold on the use
of removable media for selected applicatiohs, the time for renewed growth of
OEM shipments for disk cartridge drives may have arrived. DISK/TREND data
indicates that 94.7% of all disk cartridge drive 1992 unit shipments will be sold
through PCM/Reseller channels, but forecasts a drop to 66.7% in 1995, with the
balance sold to OEM/Integrators. :

Technical trends

It is possible to increase density in removable disk drives. The major differ-
ence in high density recording between disk cartridge drives and fixed disk
drives is the higher probability of particulate contamination in removable disk
drives. At the higher areal densities already in use with high capacity fixed disk
drives, heads must fly at lower altitudes, increasing the need for reduced contam-
ination levels. But advanced disk cartridge drives will continue to take advantage
of the disk drive industry’s many improvements in heads, filtration systems and
seals, and thin film disks will continue to be used because of improved surface
durability. '

The basic recording technologies now in use for products in this group will
continue to predominate for years. The smaller drives expected in the near
future may be expected to embody the mechanical design lessons accumulated
during years of production of larger removable disk drives, but will be able to
take advantage of the rapid design advancements in recent years in recording
heads, disks, head positioning and electronic components originally intended for
fixed disk drives. The 3.5" and 2.5" disk cartridge drives now becoming available
are probably not the end of the line for this product group, and 1.8" drives with
removable disks are a likely next step.

Forecasting assumptions

1. Significant shipments of 3.5" and 2.5" disk cartridge drives will start in early
1993, with successful sales to both system manufacturers and the after-
market.
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2. Production for 5.25" disk cartridge drives with capacities over 40 mega-
bytes will peak in 1993, with a migration of graphics and desktop publish-
ing applications to smaller disk cartridge drives.
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TABLE 14
DISK CARTRIDGE DRIVES
REVENUE SUMMARY

- DISK DRIVE REVENUES, BY SHIPMENT DESTINATION ($M)- --
1991 - - ---Forecast-~=--eeuuau-x -

----Revenues---  —--e-- 1992---en mceee 1993-wumn wemeee 1994---ee —eeeee 1995-----
u.s. WW u.S. WH u.S. WH u.S. WH u.s. WH

U.S. Manufacturers
IBM Captive ' - - - -- - -- -- - -- -
Other U.S. Captive - - - - - - - - - -
TOTAL U.S. CAPTIVE - . - - - - - - _— -
PCM/Reseller 48.6 60.7 47.5 66.6 51.3 76.3 52.0 84.0 51.0 87.4
OEM/Integrator 2.9 - 3.8 2.5 4.8 10.8  15.0 19.3 28.6 23.1 38.6
TOTAL U.S. NONCAPTIVE 51.5 64.5 50.0 71.4 62.1 91.3 71.3 112.6 74.1 126.0
TOTAL U.S. REVENUES 51.5 64.5 50.0 71.4 62.1 . 91.3 71.3 112.6 74.1 126.0
Non-U.S. Manufacturers
Captive - - - -- - -- - - - --
PCM/Reseller _ 2.5 5.6 2.0 4.5 - 2.5 - - - -
OEM/Integrator —-- - - - - - - - - -
TOTAL NON-U.S. REVENUES 2.5 5.6 2.0 4.5 - 2.5 -- - - -
Worldwide Recap
TOTAL WORLDWIDE REVENUES 5.0 70.1  52.0  75.9  62.1  93.8 7.3 112.6  74.1  126.0

OEM Average Price ($000) .352 .298 .231 .197 .172
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TABLE 15
DISK CARTRIDGE DRIVES
UNIT SHIPMENT SUMMARY

---------------- DISK DRIVE UNIT SHIPMENTS, BY SHIPMENT DESTINATION (000)----wmeememeux-

1991 - : --Forecast-------mommmmercmni e
---Shipments--- <ewua- 1 1993-cean  —mene- 1994-cmee mmeeee 1995-----
.S, WH u.s. WHW . W WW
U.S. Manufacturers
IBM Captive - - - - - - .. - - -
Other U.S. Captive - - -- - - - - -- - -
TOTAL U.S. CAPTIVE - - - - - - - - - -
PCM/Reseller 176.4 220.4 199.3 280.3  235.0 350.0 260.0 420.0 280.0_  480.0
OEM/Integrator . 8.5 10.8 10.2 16.1 47.0 ’ 65.0 98.0 145.0 135.0 225.0
TOTAL U.S. NONCAPTIVE 184.9 231.2 209.5 296.4 282.0v 415.0 358.0 565.0 415.0 705.0
TOTAL U.S. SHIPMENTS 184.9 231.2 209.5 296.4 282.0 415.0 358.0 565.0 415.0 705.0
Non-U.S. Manufacturers
Captivé -- - - - - - - - - -
PCM/Reseller 5.0 = 11.2 4.0 9.0 - 5.0 - .- e -
OEM/Integrator -- - - - - - - - - —
TOTAL NON-U.S. SHIPMENTS 5.0 11.2 4.0 9.0 - 5.0 - ,;- - -

Worldwide Recap

TOTAL WORLDWIDE SHIPMENTS 189.9 242.4 213.5 305.4 282.0  420.0 358.0 565.0 415.0 705.0

Total Capacity (Terabytes) 9.4 12.0 13.1 18.5 20.5 30.3 32.4 50.9 46.3 78.4

Cumulative Shipments (Units in thousands)

IBM 53.3 . 79.0 53.3 79.0 53.3 79.0 53.3 79.0 53.3 79.0
Non-IBM 1,430.4 2,290.1 1,643.9 2,595.5 1,925.9 3,015.5 2,283.9 3,580.5 2,698.9 4,285.5
WORLDWIDE TOTAL 1,483.7 2,369.1 1,697.2 2,674.5 1,979.2 3,094.5 2,337.2 3,659.5 2,752.2 4,364.5
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TABLE 16
DISK CARTRIDGE DRIVES
WORLDHWIDE REVENUES ($M)
BREAKDOWN BY DISK DIAMETER

1991 ’ Forecast

----- Revenues-~--- -1992 -1993- foeeeee —————- ——————
8" 5.25" 5.25" <=3.5" 5.25" <=3,5" 5.25" <=3.5" 5.25" <=3.5"
U.S. MANUFACTURERS
PCM/Reseller - 60.7 63.6 3.0 61.3 15.0 53.0 31.0 36.1 51.3
OEM/Integrator .3 3.5 4.8 -- ' 4.8 10.2 3.2 25.4 2.0 36.6
TOTAL U.S. REVENUES .3 64.2 68.4 3.0 66.1 25.2 56.2 56.4 38.1 87.9
NON-U.S. MANUFACTURERS
PCM/Reseller -- 5.6 4.5 -- 2.5 - - - -- --
TOTAL NON-U.S. REVENUES - 5.6 4.5 - 2.5 - - - - --
WORLDWIDE RECAP
PCM/Reseller - 66.3 68.1 3.0 63.8 15.0 53.0 31.0 36.1 51.3
- +45.7% +2.7% -- -6.3% +400.0% -16.9% +106.7% -31.9%  +65.5%
OEM/Integrator .3 3.5 4.8 .  -- 4.8 10.2 3.2 25.4 2.0 36.6
-83.3% -48.5% +37.1% - - - -33.3% +149.0% -37.5%  +44.,1%
Total Revenues . 69.8 72.9 3.0 68.6 25.2 56.2 56.4 38.1 87.9
-83.3% +33.5% +4.4% -- -5.9% +740.0% -18.1% +123.8% -32.2% +55.9%
ANNUAL SHARE, BY DIAMETER 4% 99.6% 96.1% 3.9% 73.2% 26.8% 50.0% 50.0% 30.2% 69.8%

Note:

"<=" indicates "Less than or equal to".
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U.S. MANUFACTURERS

PCM/Reseller
OEM/Integrator
TOTAL U.S. SHIPMENTS

NON-U.S. MANUFACTURERS

PCM/Reseller
TOTAL NON-U.S. SHIPMENTS

WORLDWIDE RECAP

PCM/Reseller

OEM/Integrator

Total Shipments

ANNUAL SHARE, BY DIAMETER

TOTAL CAPACITY ((Terabytes)

TABLE 17
DISK CARTRIDGE DRIVES
HORLDWIDE SHIPMENTS (000)
BREAKDOWN BY DISK DIAMETER

1991 Forecast
----Shipments 1992-- 1993 1994 1995
8" 5.25" 5.25" <=3.5" 5.25" <=3.5" 5.25" <=3.5" 5.25" <=3.5"
- 220.4 270.3 10.0 285.0 65.0 265.0 155.0 195.0 - 285.0
.1 10.7 16.1 - 20.0 45.0 15.0 130.0 10.0 215.0
.1 231.1 286.4 10.0 305.0 110.0 280.0 285.0 205.0 500.0
-— 11.2 9.0 - 5.0 - - - - -
-- 11.2 9.0 -- 5.0 - L - - - -
- 231.6 279.3 10.0 290.0 65.0 265.0 155.0 195.0 285.0
- +74.1% +20.6% - +3.8% +550.0% -8.6% +138.5% -26.4% +83.9%
.1 10.7 16.1 -- 20.0 45.0 15.0 130.0 10.0 215.0
-83.3% -36.7% +50.5% - +24.2% - -25.0% +188.9% -33.3% +65.4%
.1 242.3 295.4 10.0 310.0 110.0 280.0 285.0 205.0 500.0
-83.3% +61.6% +21.9% - +4.9% +1,000.0% -9.7% +159.1% -26.8% +75.4%
-— 100.0% 96.8% 3.2% 73.9% 26.1% '49.7% 50.3% 29.1% 70.9%
- 12.0° 17.5 1.0 21.6 8.8 22.4 28.5 18.4 60.0

Note: "<=" indicates "Less than or equal to".
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Percentage of Worldwide Shipments

APPLICATION

MAINFRAME/SUPERMINI
General purpose

MINICOMPUTERS AND
MULTIUSER MICROS
Business and professional,
including networks

PERSONAL COMPUTERS
Business and professional,
single user

OFFICE SYSTEMS
AND WORKSTATIONS
Dedicated application

NON-OFFICE SYSTEMS

AND WORKSTATIONS

Technical, distribution,
medical, other specialized

CONSUMER AND
HOBBY COMPUTERS

OTHER
APPLICATIONS

Total

TABLE 18

DISK CARTRIDGE DRIVES
APPLICATIONS SUMMARY

1991 Estimate

229.8

2.3

10.2

94.7

1.0

4.2

1992 DISK/TREND REPORT

1995 Projection

687.4

. 17.6

97.5

2.5



DISK DIAMETER

‘ 5.25"

3.5" or less

Captive Average

PCM/Reseller

5.25"

3.5" or less

PCM/Reseller Average

OEM/Integrator

5.25"

3.5" or less

OEM/Integrator Average

Note:

7.03

7.63

TABLE 19
DISK CARTRIDGE DRIVES
HORLDWIDE PRICE PER MEGABYTE ($/MB)

------------------------------

----------- 1992--emm  =eemne19
4.10 3.16
3.00 2.87
4.04 3.10
5.34 3.41
- 2.81
5.34 2.98

DT1-12

------ 94ummam  mmmeme1095emmnn
2.50 2.05
2.00 1.50
2.28 1.68
2.62 2.16
1.95 1.41
2.00 1.44

Price per megabyte calculations represent estimated total sales revenues for

each product type divided by the total capacity of all drives of that type sold.
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TABLE 20
DISK CARTRIDGE DRIVES

MARKET SHARE SUMMARY
Worldwide Shipments of Noncaptive Disk Drives

1991 Net Shipments

To United States

Destinations Worldwide

T Umits (000) 5 Units (000) 5
Drive Manufacturers 8"  5.25" Total 8" 5.25" Total
SyQuest Technology -- 184.0 184.0 96.9 -- 230.0 230.0 94.9
Ricoh -- 5.0 5.0 2.6 -- 11.2 11.2 4.6
Other U.S. 1 .8 .9 .5 d 1.1 1.2 .5

Other Non-U.S. -- -- -- -- -- - - --
TOTAL .1 189.8 189.9 100.0 .1 242.3 242.4 100.0
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FIXED DISK DRIVES, LESS THAN 60 MEGABYTES

Coverage

Examples of disk drives in this group include:

5.25" disk diameter

Digirede

DZU

Hitachi

IBM

Microlab

Qualitron

Seagate Technology

3.5" disk diameter

Alps Electric

Conner Peripherals
Daeyoung

Fuji Electric

Fujitsu

IBM

JVC

Microlab
Microscience International
Multidigit

NEC

Quantum

Samsung

Seagate Technology
Teac

Toshiba

Western Digital
Wintec

Xebec

2.5" disk diameter

Fuji Electric

Fujitsu

IBM

JVC

Quantum

Seagate Technology
Toshiba

Zentek

W525/50

ES 5300
DK521-5*
4956-G10

DFW 5025*
QW-521*
ST225*, ST251*

DRR040D**

CP3040**

DX-3040A*

FK309S-50R*, FK311A-50R**
M2227D2*, M2611S**
WD-325*%, WD-L40**
JD-E3848V**

DFW 3040**

8040**

DW 2061*

D3841*, D3835**
Hardcard 40**, 52AT LPS
SHD-2041N*

ST151*, ST3051**
SD-340H**

MK-232FB*, MK-1032FB**
WDAC140** :
WD-40/A*

XE-3040*

FK201A-54R***, FK203A-45Z****
M2631S***

WDA-240%****

JD-F2042M****

40AT Go.Drive***

STOOS2A****

MK-1122FC***

ZR 2040%**
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1.8" disk diameter

Aura Associates
Conner Peripherals
Integral Peripherals

Ministor Peripherals

NEC

1.3" disk diameter

Hewlett-Packard

AUA4DE**x*
CP-1034%%x
1842%x%, 1841 Pk
Miniport 32P*+x
D711 %%

C3013****

*Maximum 41.3 mm height, or less.
**Maximum 25.4 mm height, or less.
***Maximum 19.05 mm height, or less.
****Maximum 12.7 mm height, or less.

During the last several years of the DISK/TREND Report, the drives in this
product group were split into separate groups covering fixed disk drives with less
than 30 megabytes and 30-60 megabytes.. However, both capacity ranges have
gone into decline, and the older drives with less than 30 megabytes are ap-
proaching extinction. Both DISK/TREND groups have been combined, starting
with this edition of the report, into a single product group.

‘Drives in this capacity range are all nominally "Winchester" drives, but varia-

- tions to that technology are used, including thin film disks and both ferrite and

thin film heads in various configurations. Most use voice coil head positioning
systems, but a few use other techniques, such as stepping or torque motors.

During the last five years, numerous 3.5" drives were introduced in this
product group. Intense competition developed at the 40 megabyte level, which
led to a variety of attempts to reduce product costs, with the result that most of
the newer 3.5" drives use only one disk, with height limited to one inch.

Conner Peripheral’s two platter 40 megabyte drive became the leader in this
product group after its introduction in 1987, and provided the model for later
drive introductions by other firms. In 1988, Conner’s single platter 1" high 40 |
megabyte drive took higher densities a step further, quickly becoming the leader
for laptop portables, and serving as a model for numerous competitive drives.

The first 2.5" drive at the 40 megabyte level was PrairieTek’s two platter 1"
high model. However, most 2.5" drives with 30 and 40 megabyte capacities now
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use only one disk, with drive height limited to 17 millimeter range. Despite the
manufacturing difficulties caused by such high areal densities, the potential cost
advantages from reduced parts count and mechanical simplification will continue
to stimulate further innovation in packaging, such as drive heights of only 12.7
millimeters, exactly one half inch, originally pioneered by IBM, or less.

Future competition will also come from the wave of 1.8" drives now starting to
be introduced, following Integral Peripheral’s initial shipments of 20 megabyte
1.8" drives in late 1991, supplemented by the firm’s shipments of 42 and 64
megabyte models in the Spring of 1992. Hewlett-Packard’s introduction of the
first 1.3" drives is being followed with great interest by the industry, as it tries to
determine the extent of the market available to a 21 megabyte 1.3" drive.

Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1991 1992 1993 1994 1995
U.S. manufacturers 29008 1,431.4 536.4 158.2 79.2
All manufacturers 3,470.4 1,678.8 658.8 222.1 115.6

The peak year for shipments of drives with capacities less than 30 mega-
bytes was 1988, and the peak for 30-60 megabyte drives was 1990. Shipments
for all drives with capacities less than 60 megabytes continue to drop even faster
than predicted, as the storage demands of new software and user operating
practices move the typical capacities required by personal computers out of this
product group’s range for most applications.

Woridwide unit shipments dropped 9.9% in 1991, to 16,287,000 drives, and
the decline expected for 1992 is much greater -- down 44.7%, to 9,011,900
drives. The impact on sales revenue has been even greater, with reductions of
27.4% and 51.6% in 1991 and 1992. While 3.5" and 2.5" drives grew in shipments
during 1991, both are in decline in 1992, with reductions for each group in the
40% range. 5.25" drives have dropped even faster and are forecasted at only
166,000 units in 1992.

For several years, the combination of the 3.5" form factor with capacities in
the 30-40 megabyte range proved to be a major winner. Most of this growth was
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driven by personal computer users’ demand for more disk capacity than earlier
personal computers provided, to cope with new software programs and ever-
increasing file storage requirements. Availability of the two disk 3.5" drives with
41.3 millimeter (1.625 inch) height (30 megabytes from IBM; 40 megabytes from
almost everyone else) starting in 1987 was a perfect match for the growing
demand.

The subsequent introduction of single disk 3.5" drives with 25.4 millimeter
height (1 inch) was again very timely. It caught the wave of hard disk upgrades
to the early laptop systems, and became another winner in achieving high
production levels. U.S. drive manufacturers were the first to establish volume
manufacturing capability for 1" high 3.5" drives, and their success in this segment
accounts for their higher share of worldwide unit shipments in 1991, estimated at
87.5%. '

2.5" drives have benefited from the strong market performance of notebook
computers, despite an inconsistent growth pattern. Rapid growth of 1991
shipments for 30 and 40 megabyte 2.5" drives in the first half of 1991 more than
offset the decline in 20 megabyte drive shipments. However, overall 2.5" drive
shipments collapsed in the Autumn of 1991, due to excess inventories and the
temporary market saturation for many types of notebook computers. Demand
for 2.5" disk drives in notebook computers is increasing, but not for the drives in
this capacity range, as higher capacity models have become widely available
from multiple vendors.

An increasing share of drives in this product group are being sold in the
PCM/Reseller channel in 1992. An estimated 39.4% of all 3.5" drives in the group
will be sold in the PCM/Reseller channel this year. [ronically, the upgrade market
for older personal computers continues, even as system manufacturers move to
higher capacities. Symptomatic of this situation, the estimated 1992 average -
OEM/Integrator price for 3.5" drives is 23 cents per megabyte higher than the
PCM/Reseller price, reflecting competitive market forces.

Seagate continued its dominant share of noncaptive unit shipments in 1991,
with 35.7% of the worldwide total. 1991 was the first year that most of {Seagate’s
shipments in this capacity range were 3.5" drives: 4.5 million of Seagate’s total
5.2 million drives were 3.5" models. Conner Peripherals’ shipments were up to
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3.2 million drives, 22% of the worldwide noncaptive total, and the company was
the strong leader in 2.5" drives with over 1 million units. Quantum held third posi-
tion at 16.2%, shipping mostly 3.5" drives.

Single user personal computer applications continue to dominate applica-
tions for drives with less than 60 megabytes, with 89.7% of the worldwide market
for drives in this group in 1991, and are expected to hold 94.4% of the 1995
market, with a minor share expected for consumer and hobby computers.

Marketing trends

In this edition of the DISK/TREND Report, 1.3" drives are combined in a
group of 1.8" and smaller drives for forecasting purposes. The currently available
21 megabyte capacity of 1.3" drives precludes usage in most of the recognized
computer applications now in existence. However, the outlook for 1.3" drives
with today’s capacity level is considered promising in several areas, including
pen-based computers, a variety of "personal digital assistants", and in a variety of
specialized applications, including dedicated application mobile systems, medi-
cal and factory systems, and other "nontraditional" applications.

However, 1.3" drives will certainly not be limited to 21 megabytes throughout
the 1993-95 period. It is expected that capacity increases to the 30-60 megabyte
range, and possibly higher, will be attained by 1995, and that these improve-
ments will strengthen and broaden the market for 1.3" drives. Hewlett-Packard
has pioneered the 1.3" drive with a strong product design and an aggressive
manufacturing program -- but it is expected that several more drive manufactur-
ers will enter the field before 1995.

Worldwide unit shipments for drives with less than 60 megabytes capacity
are expected to decline at an average annual rate of 56% during the 1993-95
period, as the movement to drive capacities above the level included in this
product group accelerates. Total revenues are expected to decline at a slightly
faster rate, at an annual average of 58%. The somewhat faster revenue decline
will be driven by a rapid drop in captive drive programs. The overall average
price per megabyte for PCM/Reseller and OEM/Integrator drives will be relatively
flat as competition for sales in this group fades.
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This DISK/TREND forecast anticipates that most of the existing drives in this
product group will be gone by 1995, with remaining production mostly drives of
1.8" or less in diameter. Changing user patterns for personal computers and
fundamental changes in software have driven the minimum acceptable disk
capacity level for most applications well above the limits of this product group.

It is expected that only 690,000 drives with capacities less than 60 mega-
bytes will be shipped in 1995 and that more than 89% will be 1.8" or smaller:

Worldwide total
Unit shipments(000) 1991 1992 1993 1994 1995
5.25" full size 100.9 24.3 2.0 - -
6% 3% - - -
5.25" half high 6975 1417 10.0 - -
| 4.3% 1.6% 3% - -
3.5" 1.625" high 51243 4259 70.0 20.0 -
315%  47%  1.8% 17% -
3.5" 1" high or less - 85113 7,291 28980  500.0 75.0
52.2%  80.9%  76.6%  429%  10.9%
2.5" 1,8520 1,0370 3400 550 - -
11.4% 11.5% 9.0% 4.7% --

1.8" or less 1.0 92.0 465.0 590.0 615.0
- 1.0% = 12.3% 50.7% 89.1%

16,287.0 9,011.9 3785.0 1,165.0 690.0

Shipments through all distribution channels are expected to share in the
decline of this product group, but not equally. The current strong share held by
the PCM/Reseller channel is destined to be displaced by OEM/Integrator ship-
ments as drives 1.8" or smaller become dominant. Captive drives in this capacity
range are also expected to shrink to an insignificant shipment level by 1995.

Ironically, total shipments for the smaller drives in this group will also be
losing ground during the 1993-95 period to higher capacity models in other
DISK/TREND product groups. The shipment decline for drives with less than 60
megabytes will affect all disk diameters, and is driven not by form factor but by
software requirements, processor capabilities and user preferences.
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Technical trends

The challenges of large production volume and low cost requirements have
been the key engineering targets for the older disk drives in this group. The
problem was to achieve high production volumes despite use of continually
higher recording densities. The challenge of higher areal densities became even
more acute with the movement to 2.5" disks, followed by 1.8" disks.

Competitive cost targets have pushed drives of 60 megabytes or less in
capacity toward single disk configurations, in order to help reduce the parts
count in each drive, and thus the cost. Most 3.5" drives in the 40 megabyte
range now use sihgle disks, and single disk drives are in the process of becom-
ing the standard for 2.5" drives, with similar configurations expected for future
1.8" drives.

In addition to lower costs, higher areal density has also had the effect of
speeding the transition to intelligent embedded controllers. Higher recording
densities mean higher transfer rates, and frequently are used with multiple re-
cording bands, each with different densities. In order to mask individual drive
peculiarities, most new drives offer embedded controllers, with the choice of
either SCSI or PC/AT (IDE) interfaces. '

A different set of requirements will be guiding the development work on new
1.3" (and smaller) drives in this capacity range. The objective will be to increase
capacity significantly without increasing the parts count, and cost. Rapid jumps
in areal density are therefore needed, which will probably prompt drive manufac-
turers to early utilization of the most advanced head/disk technologies, consist-
ent with availability on a high volume production basis.

Forecasting assumptions

1. Shipments of 5.25", 3.5" and 2.5" drives in this product group will continue
to decline, as the market transitions to higher capacity ranges for desktop
and portable computer applications.

2. 1.8" and smaller drives in this product group will enjoy rapid growth rates
in mobile computer and nontraditional applications until higher capacity
drives become available, causing shipment growth to slow to a negligible
level in 1995. :
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TABLE 21
FIXED DISK DRIVES, LESS THAN 60 MEGABYTES
REVENUE SUMMARY

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

1991 ———- - Forecast-------=eecmcmcccmmcnnuo
----Revenues--- - 1992 -1993----- - 1994---—-  ——me—- 1995-----
u.s. WW u.s. WW u.s. WH u.s. WW u.s. WW

U.S. Manufacturers
IBM Captive 360.0  547.0 154.6  228.5  26.1 5.7 9.5 2.5 - -
Other U.S. Captive 8.2 8.2 - - - - - - -- -
TOTAL U.S. CAPTIVE 368.2 555.2 154.6  228.5 26.1 52.7 9.5 27.5 - -
PCM/Reseller 519.3  906.9  297.8  490.1 118.0 -~ 195.9 20.1 34,2 3.1 4.4
OEM/Integrator 708.1 1,438.7 373.8 712.8 158.1 287.8 52.5 96.5 41.4 74.8
TOTAL U.S. NONCAPTIVE 1,227.4 2,345.6 671.6 1,202.9  276.1 483.7 72.6  130.7 44.5 79.2
TOTAL U.S. REVENUES 1,595.6 2,900.8  826.2 1,431.4  302.2 536.4 82.1 158.2 44.5 79.2
Non-U.S. Manufacturers
Captive : 3.0 231.4 5.1 128.7 3.7 68.8 3.1 40.2 1.5 13.2
PCM/Reseller 6.7 13.6 2.1 11.6 1.8 8.9 .4 2.6 - .8
OEM/Integrator 26.2  324.6 16.2  107.1 8.2 44.7 4.4 21.1 4.8 22.4
TOTAL NON-U.S. REVENUES 35.9  569.6 23.4  247.4 13.7 122.4 7.9 63.9 6.3 36.4

Worldwide Recap

TOTAL WORLDWIDE REVENUES  1,631.5 3,470.4  849.6 1,678.8  315.9  658.8 90.0 222.1 50.8  115.6

OEM Average Price ($000) .191 .167 .160 .168 .159
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TABLE 22
FIXED DISK DRIVES, LESS THAN 60 MEGABYTES
UNIT SHIPMENT SUMMARY

---------------- DISK DRIVE UNIT SHIPMENTS, BY SHIPMENT DESTINATION (000)-wm=s--mnemnm--

1991 -- Forecast----=comommcmamcc i cccccae e
---Shipments--- -~e=-- 1992--cee  mmmeee 1993--vee  cmeee- 1994-ccae mmeee- 1995-----
U.S. WH u.S. W U.S. WW u.S. WW U.S. WH
U.S. Manufacturers
IBM Captive 712.0 1,083.0 395.6 591.0 90.3 170.5 40.0 100.0 - -
Other U.S. Captive 5.2 5.2 - - - - - - - -
TOTAL U.S. CAPTIVE 717.2 1,088.2 395.6 591.0 90.3 170.5 40.0 100.0 - -
PCM/Reseller 3,184.9 5,512.3 1,944.0 3,173.0 785.0 1,308.0 135.0 230.0 21.0 30.0
OEM/Integrator 3,830.3 7,650.2 2,286.0 4,317.0 1,008.0 1,840.0 315.0 580.0 260.0 470.0
TOTAL U.S. NONCAPTIVE 7,015.2 13,162.5 4,230.0 7,490.0 1,793.0 3,148.0 450.0 810.0 281.0 500.0
TOTAL U.S. SHIPMENTS 7,732.4 14,250.7 4,625.6 8,081.0 1,883.3 3,318.5 - 490.0 910.0 281.0 500.0
Non-U.S. Manufacturers
Captive 5.0 407.2 11.0 278.9 10,0 171.5 10.0 120.0 5.0 45.0
PCM/Reseller 39.0 64.3 15.0 68.4 10.0 50.0 2.0 15.0 - 5.0
OEM/Integrator 132.8 1,564.8 91.5 583.6 45.0 245.0 25.0 120.0 30.0 140.0
TOTAL NON-U.S. SHIPMENTS 176.8 2,036.3 117.5 930.9 65.0 466.5 37.0 255.0 35.0 190.0

Worldwide Recap

TOTAL WORLDWIDE SHIPMENTS  7,909.2 16,287.0 4,743.1 9,011.9 1,948.3 3,785.0 527.0. 1,165.0 316.0 690.0

Total Capacity (Terabytes) 317.9 657.8 208.2 394.8 84.6 164.2 21.3 47.4 12.8 27.9

Cumulative Shipments (Units in millions)

1BM : 5.0 7.4 5.4 8.0 5.5 8.2 5.5 8.3 5.5 8.3
Non-1BM 44.7 83.3 49.0 91.7 50.9 95.3 51.4 96.4 51.7 97.1
WORLDWIDE TOTAL - 49.7 90.8 54.5 99.8 56.4 103.6 56.9 104.7 57.3 105.4
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U.S. MANUFACTURERS

1BM Captive

Other U.S. Captive
PCM/Reseller
OEM/Integrator

TOTAL U.S. REVENUES

NON-U.S. MANUFACTURERS

Captive

PCM/Reseller
OEM/Integrator

TOTAL NON-U.S. REVENUES

WORLDWIDE RECAP

Captive
PCM/Reseller
OEM/Integrator

Total Revenues

ANNUAL SHARE, BY DIAMETER

TABLE 23

FIXED DISK DRIVES, LESS THAN 60 MEGABYTES

WORLDWIDE REVENUES ($M)

BREAKDOWN BY DISK DIAMETER

1991 Forecast

Rev 1992---- 1993 1994--cncccccoan coceeee 1995-ccecua

5.25" 3.57 2.5" <=1,8" 5,257 3.5" 2.5" .8" 5.25" 3.5" 2.57 <=1.8" 3.5 2.5" <=1.8" 3.57 <=1.8"

3.0 500.0 44.0 -- 1.0 157.5 70.0 -- 5 23.1 9.1 20.0 10.0 -- 17.5 -- --

- 8.2 - - - - - - - - - - - - e - -
77.6 809.5 19.8 -- 14.8 462.1 13.2 -- -- 173.0 5.0 17.9 24.5 1.6 8.1 2.8 1.6
27.6 1,145.7 265.1 .3 5.4 612.4 82.3 12.7 1.3 215.3 28.1 43.1 30.5 4.8 61.2 4.4 70.4
108.2 2,463.4 328.9 .3 21.2  1,232.0 165.5 12.7 1.8 411.4 42.2 81.0 65.0 6.4 86.8 7.2 72.0
12.0 215.4 4.0 -- 3.8 107.6 13.1 4.2 2.1 48.5 -- 18.2 20.0 -- 20.2 4.5 8.7
.5 11.2 1.9 -- -- 8.7 2.9 - -- 2.9 1.7 4.3 g -- 1.9 -- .8
17.4 187.3 119.9 -- 4.6 44.8 51.3 6.4 -- 15.9 18.2 10.6 4.3 2.4 14.4 1.6 20.8
29.9 413.9 125.8 -- 8.4 161.1 67.3 10.6 2.1 67.3 19.9 33.1 25.0 2.4 36.5 6.1 30.3
15.0 723.6 48.0 -- 4.8 265.1 83.1 4.2 2.6 71.6 9.1 38.2 30.0 -- 3.7 4.5 8.7
~77.6% -36.4% - -- -68.0%  -63.4%  +473.1% -- -45.8%  -73.0%  -B9.0%  +B809.5% -58.1%  -100.0% -1.3% -85.0%  -76.9%
78.1 820.7 21.7 -- 14.8 470.8 16.1 - - 175.9 6.7 22.2 25.2 1.6 10.0 2.8 2.4
-89.0% -4.1% -- -- -81.0%  -42.6% -25.8% - -100.0%  -62.6%  -58.4% -- © o -85.7% -76.1%  -55.0% -88.9%  -76.0%
45.0 1,333.0 385.0 .3 10.0 657.2 133.6 19.1 1.3 231.2 46.3 53.7 34.8 7.2 75.6 6.0 91.2
-66.4%  -19.3%  +74.4% -- ~77.8%  -50.7% -65.3% - -87.0%  -64.8%  -65.3% +181.2% -84.9%  -84.4%  +40.8% -82.8%  +20.6%
138.1 2,877.3 454.7 .3 29.6 1,393.1 232.8 23.3 3.9 478.7 62.1 114.1 90.0 8.8 123.3 13.3 102.3
-84.8%  -21.1% +103.4% -- -78.6% -51.6% -48.8% - -86.8%  -65.6%  -73.3% +389.7% -81.2%  -85.8% +8.1% -85.2%  -17.0%
4.0% 83.0% 13.0% .- 1.8% 83.1% 13.9% 1.2% .6% 72.8% 9.4% 17.2% 40.6% 4.0% 55.4% 11.5% 88.5%

Note: "<=" indicates "less than or equal to".
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U.S. MANUFACTURERS

I8M Captive

Other U.S, Captive
PCM/Reseller
OEM/Integrator
TOTAL U.S. SHIPMENTS

NON-U.S. MANUFACTURERS

Captive

PCM/Reseller
OEM/Integrator

TOTAL NON-U.S. SHIPMENTS

WORLDWIDE RECAP

Captive
PCM/Reseller
OEM/Integrator

Total Shipments

ANNUAL SHARE, BY DIAMETER

TOTAL CAPACITY (Terabytes)

Note:

FIXED DISK DRIVES, LESS THAN 60 MEGABYTES

TABLE 24

WORLDWIDE SHIPMENTS (000)
BREAKDOWN BY DISK DIAMETER

1991 Forecast
Shipments 1992 1993 1994 1995,

5.25" 3.5" 2.5" .8" 5.25" 3.57 2.5" <=1.8" 5.25" 3.5" 2.5" <=1.8" 3.5" 2.5" <=1.8" 3.5 <=1.8"
3.0 1,000.0 80.0 - 1.0 450.0 140.0 - .5 100.0 20.0 50.0 50.0 - 50.0 -- --
-- 5.2 -- -- - - - - - -- - - -- -- -- -- --

552.8 4,872.5 87.0 -- 110.0 2,988.0 75.0 -- -~ 1,193.0 30.0 85.0 175.0 10.0 45.0 20.0 10.0

156.2 6,371.0 1,122.0 1.0 34.0 3,761.0 470.0 " 52.0 10.0 1,455.0 170.0 205.0 210.0 30.0 340.0 30.0 440.0
712.0 12,248.7 1,289.0 1.0 145.0 7,199.0 685.0 52.0 10.5 2,748.0 220.0 340.0 435.0 40.0 435.0 50.0 450.0
14.2 383.0 10.0 - 2.9 229.0 35.0 12.0 1.5 ‘115.0 -- 55.0 55.0 -- 65.0 15.0 30.0
.8 55.5 8.0 -- a 53.3 15.0 - -- 20.0 10.0 20.0 5.0 -- 10.0 - 5.0
71.4 948.4 545.0 - 18.0 235.6 302.0 28.0 -- 85.0 110.0 50.0 A 25.0 15.0 80.0 10.0 130.0
86.4 1,386.9 563.0 - 21.0 517.9 352.0 40.0 1.5 220.0 120.0 125.0 85.0 15.0 155.0 25.0 165.0
17.2 1,388.2 90.0 -- 3.9 679.0 175.0 12.0 2.0 215.0 20.0 105.0 105.0 .- 115.0 15.0 30.0
-68.2% -25.4% -- -- =77.3%  -51.1%  +94.4% - -48.7%  -68.3%  -88.6% +775.0% -51.2%  -100.0% +9.5% -85.7%  -73.9%
553.6 4,928.0 95.0 -~ 110.1  3,041.3 90.0 -- : -~ 1,213.0 40.0 105.0 180.0 10.0 55.0 20.0 15.0
-84.0%  +23.3% - -- -80.1%  -38.3% -5.3% -- -100.0%  -60.1%  -55.6% . -85.2% -75.0%  -47.6% -88.9%  -72.7%
221.6 7,319.4 1,667.0 1.0 52.0 3,996.6 772.0 80.0 10.0  1,540.0 280.0 255.0 235.0 45.0 420.0 40.0 570.0
-57.2% -.5%  +102.3% - -77.2%  -45.4%  -53.7% -- -80.8%  -61.5%  -63.7% +218.8% -84.7%  -83.9%  +64.7% -83.0%5  +35.7%
798.4 13,635.6 1,852.0 1.0 166.0 7,716.9 1,037.0 92.0 12.0 2,968.0 340.0 465.0 520.0 55.0 590.0 75.0 615.0
-80.2% 43.2%  +122.9% -- <79.2%  -43.4%  -44.0% -- -92.8%  -61.5%  -67.2% +405.4% -82.5%  -83.8%  +26.9% -85.6% +4.2%
4.9% 83.8% 11.3% .- 1.8% 85.7% 11.5% 1.0% 3% 78.5% 9.0% 12.2% 44.7% 4.7% 50.6% 10.9% 89.1%
30.4 565.4 62.0 -- 6.9 342.1 42.6 3.2 .5 132.7 14.1 16.8 23.1 2.3 22.1 3.3 24.6

"<=" indicates "less than or equal to".
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TABLE 25
FIXED DISK DRIVES, LESS THAN 60 MEGABYTES

APPLICATIONS SUMMARY
" Percentage of Worldwide Shipments

1991 Estimate 1995 Projection
Units Units
APPLICATION (000) % (000) %
MAINFRAME /SUPERMINI
General purpose -- -- -- --
MINICOMPUTERS AND
MULTIUSER MICROS
Business and professional, :
including networks 1,218.3 7.5 - --
PERSONAL COMPUTERS
Business and professional, :
single user 14,625.7 89.7 651.3 94.4

OFFICE SYSTEMS
AND WORKSTATIONS
Dedicated application 158.0 1.0 1.4 .2

NON-OFFICE SYSTEMS
AND WORKSTATIONS
Technical, distribution, :
medical, other specialized 101.0 .6 1.4 .2

CONSUMER AND

HOBBY COMPUTERS 175.9 1.1 34.5 5.0

OTHER .

APPLICATIONS 8.1 .1 1.4 .2
Total 16,287.0 100.0 690.0 100.0
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DISK DIAMETER

5.25"
3.5"
2.5"

1.8" or less

Captive Average

PCM/Reseller

5.25"
3.5"
2.5"

1.8" or less

PCM/Reseller Average

OEM/Integrator

5,25"
3.5"
2.5"

1.8" or less

OEM/Integrator Average

Note:

30.00
12.62
13.33

12.81

3.53
4.10
6.03

4.07

5.76
4.32
7.02

4.75

WORLDWIDE PRICE PER MEGABYTE ($/MB)

TABLE 26
FIXED DISK DRIVES, LESS THAN 60 MEGABYTES

2.97
3.46
4.45

3.47

5.47

3.69
4.18
7.09

3.82

DT2-14

I Forecast
..... 1993 1994
32.50 --
7.79 6.70
10.71 --
8.87 8.01
8.42 7.37
3.22 3.11
4,29 4.00
5.06 4,34
3.38 3.41
2.88 -
3.34 3.30
3.93 3.84
6.57 5.00 -
3.1 4,27

Price per megabyte calculations represent estimated total sales revenues for

each product type divided by the total capacity of all drives of that type sold.
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TABLE 27
FIXED DISK DRIVES, LESS THAN 60 MEGABYTES

MARKET SHARE SUMMARY
Worldwide Shipments of Noncaptive Disk Drives

1991 Net Shipments

To United States

Destinations ‘ Worldwide

" units (000) % T units (000) T

Drive Manufacturers ~ 5.25" 3.5" 2.5" 1.8" Total 525"  3.5" 2.5" 1.8" Total
Seagate Teﬁhnology 488.0 2914.0 11.0  -- 3413.0 47.5 704.0 4557.0 14.0 -- 5275.0 35.7
Conner Peripherals -- 1312.0 460.0 -- 1772.0 24.7 -~ 2182.0 1065.0 -- 3247.0 22.0
Quantum , -- 645.0 6.0 -- 651.0 9.1 - 2370.0 25.0 . -- 2395.0 16.2
Western Digital -- 621.0 - -- 621.0 8.6 -- 1179.0 — -- 1179.0 8.0
Maxtor v -- 334.0 -- -- 334.0 4.6 --" 569.0 - -~ 569.0 3.8
Jvc -- 1.0 15.0 -- 16.0 .2 --  50.0 460.0 -- 510.0 3.4
Kalok . -- 1600  -- - 160.0 2.2 -~ 356.0 --  -- 356.0 2.4
NEC -- 11.0 - -- 11.0 .2 -~ 279.0 - -~ 279.0 = 1.9
Fujitsu -- 8.5 - - 8.5 .1 .7 228.1 - -- 228.8 1.5
Toshiba -- 2.0 30.0 --  32.0 .5 -~ 42.0 93.0 -- 135.0 .9
Fuji Electric - - - - - -- -~ 130.0 -- -~ 130.0 .9
Other U.S. 2.5 6.6 55.0 g1 64.2 9 5.0 30.5 105.0 1.0 141.5 1.0
Other Non-U.S. .3 104.0 -- -~ 104.3 1.5 71.5 274.8 e -=  366.3 2.3

TOTAL  490.8 6119.1 577.0 .17187.0 100.0 781.2 12247.4 1762.0 1.0 14791.6 100.0
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FIXED DISK DRIVES, 60 - 100 MEGABYTES

Coverage

Examples of disk drives in this group include:

5.25" disk diameter

Digirede

Elebra

Hitachi

IBM

Multidigit

Qualitron

Seagate Technology
Sequel

Toshiba

3.5" disk diameter

Conner Peripherals
Fuji Electric

Fujitsu

IBM

JVC

Maxtor

Microlab
Microscience lnternatlonal
Qualitron

Quantum

Samsung

Seagate Technology
Teac

Tokico

Western Digital
Xebec

Zentek

2.5" disk diameter

Alps Electric

Areal Technology
Conner Peripherals
Fuji Electric

Fujitsu

IBM

JVC

Maxtor

Quantum

Seagate Technology
Toshiba

W525/85
W570-ST*
DK522-10*
4965-E00
DW 8910
QW-560*
ST4096
XT-1085 .
MK-56FB

CP-30060**, CP-30084E**
FK314S-90R**

M2612ES*

WDA-380* WDA-L80**
JD-E3896V**

7080A/S**

DFW 3080**

8080**

QW-3196**

Hardcard II**, 85AT ELS**
SHD-3061A**

ST3096A**

SD-380H**

TD3081C*

WDAC160**, WDA0280**
XE-3080*

ZH 3100*

DR232N2***

MD-2085***, A-QQ****
CP-2084**, CP-2064E****
FK202S-80R***
M2633S/T***

WDS-280***, WDA-S260****

JD-E2085M***  JD-E2064M****

2585A/S***

80S/AT Go.Drive***
STO096A*** STI08OA****
MK-2024FC***
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DT3-2



2.5" disk diameter (continued)

Western Digital WDAH280***
Zentek ZQ 2090***

1.8" disk diameter

Aura Associates AUBS3***

Integral Peripherals : 1885*** 1882pP****
Ministor Peripherals Miniport 64****
Seagate Technology ST7075%***

*Maximum 41.3 mm height, or less.
**Maximum 25.4 mm height, or less.
***Maximum 19.05 mm height, or less.
**x*kMaximum 12.7 mm height, or less.

Significant shipments in this product group got under way in 1981 with early
entrants such as the 8" Priam and Fujitsu drives, which developed quick accept-
ance of the 8" form factor at this capacity level, and rapidly dispiaced earlier 14"
drives. Inturn, 8" drives were unable to withstand competition starting in 1984
from full size 5.25" drives, later followed by successful half high versions.

1988 saw the start of production shipments for 3.5" drives by many additional
companies, plus several of the existing 5.25" drive producers, and 3.5" shipments
quickly rose to provide more than half of this product group’s total. Many 1" high |
3.5" drives are now available, with shipments still increasing, targeted at personal
computer applications. Embedded controllers compatible with IBM PC/AT stan-
dards, as well as SCSI, are commonly offered.

2.5" drives in this capacity first appeared in 1990. Shipments of 60 megabyte
drives started late in 1990, and have grown rapidly, joined in 1991 by 80 mega-
byte models. Most of the 2.5" drives in the group have two disks, with heights of
19 millimeters or less, with several drives only 17 millimeters high. The first 1.8"
drives in this product group, with capacity of 64 megabytes, appeared in 1992.

Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1991 _1992 1993 1994 1995
U.S. manufacturers 1,796.3 2,533 19172 1,7523 1,222.4
zAll manufacturers 1,950.5 24357 23209 22855 1,807.8
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Worldwide shipments of 60-100 megabyte drives increased 44.1% in 1991, to
5.3 million units, and are growing even faster in 1992, with the a total of 8.8 million
drives forecasted, a 65.2% increase. During most of the yearlong period ending
in the Autumn of 1992, hard disk drives for personal computers were in short
supply, and this product group benefited from that shortage. In fact, many
system manufacturers made heavier usage of 60-100 megabyte drives than
desired, due to greater scarcity of drives with higher capacities.

Gains in sales revenue continue to lag growth in shipments. Worldwide
revenues for 60-100 megabyte drives were up only 10.4% in 1991 and are esti-
mated to increase 24.9% in 1992. The influences holding down revenue gains
are the displacement of higher priced 5.25" drives and the replacement of 1.625"
high 3.5" models by 1" high disk drives using fewer disks and carrying lower
prices.

Most of the growth for this product group continues to be provided by U.S.
manufacturers of noncaptive drives. 3.5" drives, especially 1" high models,
achieved particularly rapid shipment growth during 1991 in the PCM/Reseller
channel, reflecting strong demand in the aftermarket for replacement and up-
grade products in both older systems and newly installed systems. Demand by
the OEM/Integrator channel was significantly higher in 1992, especially in the first
half of the year. The large production shipments of 2.5" drives which started in
1991 are mostly direct to manufacturers of notebook computers.

The personal computer market continues to absorb most of the worldwide
production 60-100 megabyte drives, taking 97% of 1991’s shipments. This trend
is continuing, with personal computers expected to account for 95.9% of 1995
shipments, but losing a small portion of their market share to consumer and
hobby computers.

Conner Peripherals moved into the lead in noncaptive unit shipments in 1991
for 60-100 megabyte drives with 1.3 million drives, 29.7% of the worldwide total --
70 % of which were 2.5" models. Maxtor moved up to second with 20.8%, all 3.5"
drives, and Seagate Technology dropped to third, with 19.3%, mostly 3.5" drives.

1992 DISK/TREND REPORT
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Marketing trends

Although the 60-100 megabyte product group is still growing in shipments,
DISK/TREND forecasts predict a peak in 1994, followed by a significant decline in
1995. Revenues are expected to decline during the entire 1993-95 period.
Hidden within the group totals, however, are major changes in product mix, with
major growth expected for small diameter drives.

3.5" drives are expected to peak in shipments in 1993, as average capacities
required for desktop computers continue to move up. Continued growth for 2.5"
drives is predicted through 1994, but-2.5" drive shipments in the 60-100 mega-
byte range will decline after that year, as competition from drives 1.8" and smaller
becomes significant:

Worldwide total .
Unit shipments(000) 1991 1992 1993 1994 1995
8" | - - - -
5.25" full size 114.6 58.3 12.5 40 --
2.2% 7 A - -
5.25" half high 68.2 53.3 10.5 - -
‘ 1.3% .6% 1% -- --
3.5" 1.625" high 1,013.1 257.0 70.0 - -
19.0% 2.9% 7% - --
3.5" 1" high or less 2902.0 5,495.0 5,8820 4,371.0 1,205.0
54.4% 62.4% 59.0% 43.1% 14.6%
2.5" 75" high 1,233.0 2,8450 3,095.0 12,8050 1,510.0
] 23.1% 32.3% 31.0% 27.7% 18.2%
2.5" .5" high 2 90.0 560.0 1,100.0 1,360.0
-- ,1 .0% 5.7% 10.9% 16.4%
1.8" or less - 9.0 340.0 1,850.0 4,210.0

- 1% 3.4% ' 18.3%  50.8%

53312 8,807.6 9,970.0 10,130.0 8,285.0

Although 1.8" drives in this product group are expected to have a higher
price per megabyte than 2.5" drives for several years, the eventual shipment
dominance by 1.8" and smaller drives will be caused by disk drive for_m factors
more suitable to miniaturized notebook computers and by the availability of
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drives on PCMCIA cards. 1.8" and smaller drives are expected to generate
50.6% of 1995 shipments.

Technical trends

Technology employed for drives in this product group has been derived
mostly from programs developed for the groups above and below it in capacity.
The extensive development of 3.5" drives with capacities above 100 megabytes
has resulted in achievement of high areal densities, now employed with drives in
this group, using heads, disks and other components made available through
the pioneering at higher capacities.

The packaging techniques developed for 2.5" drives and 1" high 3.5" drives
with lower capacities were also adapted to this product group, taking advantage

of the availability of miniaturized drive motors, head positioning mechanisms and

electronic components. Considerable activity continues in development of even
smaller form factors.

Interfaces offered on 3.5" and 2.5" drives in this group are also following the
patterns established on lower capacity drives. Because of the higher areal densi-
ties employed, embedded controllers are used with all new drives, with most disk
drive manufacturers offering PC/AT (IDE) controllers, and some also offering
SCSl versions. 1.8" drives are also generally offered with PC/AT (IDE) controllers,
but many are also sold in PCMCIA compatible versions.

Forecasting assumptions
1. IBM’s 3.5" and 2.5" drive shipments will peak in 1992, and shipments of
1.8" drives will start in 19983.

2. Overall shipments of 3.5" drives will peak in 1993, and 2.5" drive shipments
will peak in 1994.

3. Shipments of 1.8" and smaller drives will reach significant levels in 1993,

and shipments of 1.3" drives in the 60-100 megabyte range will start in
1994, ,

1992 DISK/TREND REPORT

DT3-6



DT3-7

TABLE 28
FIXED DISK DRIVES, 60 - 100 MEGABYTES
REVENUE SUMMARY

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

1991 —— Forecast-~-nenmw=n -
-===REVENUES-=~ = =wewe- 1992-cnuce  cemmen 1993wmmce e 1994 - cuae ceeeeo 1995-----
u.s. WW u.s. WW u.S. Wi u.s. WHW u.s. WHW

U.S. Manufacturers
IBM Captive 449.4 665.5 448.3 676.4 202.4 320.7 147.0 245.1 120.0 210.0
Other U.S. Captive - - - - - -- .- - - -
TOTAL U.S. CAPTIVE 449.4 665.5 448.3 676.4 202.4 320.7 147.0 245.1 120.0 210.0
PCM/Reseller 222.8 359.2 213.7 392.6 234.1 420.0 203.8 341.7 192.4 294.3
0EM/Integrator 428.4 771.6 577.5 1,084.3 621.9 1,176.5 596.8 1,165.5 344.9 718.1
TOTAL U.S. NONCAPTIVE 651.2 1,130.8 791.2 1,476.9 856.0 1,596.5 800.6 1,507.2 537.3 1,012.4
TOTAL U.S. REVENUES 1,100.6 1,796.3 1,239.5 2,153.3 1,058.4 1,917.2 947.6 1,752.3 657.3 1,222.4
Non-U.S. Manufacturers
Captive ' - 41.9 - 127.4 - 199.0 29.5 257.8 35.0 246.5
.PCM/Reseller 5.3 9.7 5.2 37.1 4.7 37.6 14.5 63.2 43.9 132.7
OEM/Integrator 13.0 102.6 40.5 117.9 45.0 167.1 52.0 212.2 53.7 206.2
TOTAL NON-Y.S. REVENUES 18.3 154.2 45.7 282.4 49.7 403.7 96.0 533.2 132.6 585.4

Worldwide Recap

---------------

TOTAL WORLDWIDE REVENUES 1,118.9 1,950.5 1,285.2 2,435.7 1,108.1 2,320.9 1,043.6 2,285.5 789.9 1,807.8

OEM Average Price ($000) ©.298 .226 .205 .198 .190
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TABLE 29

FIXED DISK DRIVES, 60 - 100 MEGABYTES
UNIT SHIPMENT SUMMARY

---------------- DISK DRIVE UNIT SHIPMENTS, BY SHIPMENT DESTINATION (000)

1991 eeeeeee
---Shipments---  ~-----
WW u.s.
U.S. Manufacturers
IBM Captive 638.3 945.0 895.6
Other U.S. Captive - - -
TOTAL U.S. CAPTIVE 638.3 945.0 895.6
PCM/Reseller 861.5 1,389.9 991.7
OEM/Integrator 1,495.4 2,647.7 2,626.3

TOTAL U.S. NONCAPTIVE 2,356.9 4,037.6 3,618.0

TOTAL U.S. SHIPMENTS 2,995.2 4,982.6 4,513.6

Non-U.S. Manufacturers

Captive -- 25.6 -

PCM/Reseller 25.0 35.6 25.0
OEM/Integrator 35.0 287.4 160.5
TOTAL NON-U.S. SHIPMENTS 60.0 348.6 185.5

Worldwide Recap

TOTAL WORLDWIDE SHIPMENTS  3,055.2 5,331.2 4,699.1

Total Capacity (Terabytes)  234.9  421.6  380.1
Cumulative Shipments (Units in millions)

1BM 2.5 3.6 3.4
Non-1BM 7.5 12.0 11.3
WORLDWIDE TOTAL 10.0 15.7 14.7

----------------------- Forecast-----—-—-------
1992--cme  cmeee- 1993-cccn ammee- 994-----

WH u.s. W u.S. WH
1,351.0 505.3 800.5  420.0  700.0
1,351.0 505.3  800.5  420.0  700.0
1,822.8 1,154.0 2,090.0 995.0 1,700.0
4,878.1 3,072.0 5,775.0 3,058.0 5,929.0
6,700.9 4,226.0 7,865.0 4,053.0 7,629.0
8,051.9 4,731.3 8,665.5 4,473.0 8,329.0
146.5 - 340.0 60.0  500.0
163.1 . 20.0  175.0 60.0  280.0
446.1  210.0 789.,5  255.0 1,021.0
755.7  230.0 1,304.5  375.0 1,801.0
8,807.6 4,961.3 9,970.0 4,848.0 10,130.0
712.4  419.1  840.9  409.8  857.5
5.0 3.9 5.8 4.3 6.5

19.5 15.7 28.6 20.2 38.1
24.5 19.7 34.5 24.5 44.6
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980.0
1,830.0 .
2,810.0

1,505.0
3,800.0
5,305.0

3,210.0 6,005.0

85.0
220.0
275.0
580.0

555.0
670.0
1,055.0
2,280.0

3,790.0 8,285.0

321.2 704.7
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TABLE 30
FIXED DISK DRIVES, 60 - 100 MEGABYTES
WORLOWIDE REVENUES ($M)
BREAKDOWN BY DISK DIAMETER

1991 Forecast
R 1992 1993 1994 1995
8" 5.25" 3.5" 2.5" 5.25" 3.5" 2.5 <=1.8" 5.25" 3.5" 2.5" <=]1.8" 5.257 3.5 2.5 <].8" 3.5° 2.5 <=1.8"
U.S. MANUFACTURERS
IBM Captive - 7.5 595.0 63.0 1.4 450.0 225.0 .- J 240.0 40.0 40.0 -~ 140.1 .- 105.0 60.0 -- 150.0
PCM/Reseller - 31.6 314.5 13.1 21.6 340.9 30.1 -- 3.2 352.9 39.9 24.0 -- 208.1 36.1 97.5 46.8 28.5 219.0
OEM/Integrator .3 16.0 392.9 362.4 1.7 637.0 436.4 3.2 4.5 636.6 500.9 34.5 2.0 484.8 504.9 173.8 116.1 31.0 261.0
TOTAL U.S. REVENUES .3 55.1 1,302.4 438.5 30.7 1,427.9 691.5 3.2 8.4 1,229.5 580.8 98.5 2.0 833.0 541.0 376.3 222.9 369.5 630.0
NON-U.S. MANUFACTURERS
Captive - 2.3 18.0 1.6 7.8 15.6 104.0 - .- 15.0 184.0 .- - 20.0 209.8 28.0 24.5 166.0 - 56.0
PCM/Reseller - 1.6 5.3 2.8 3.0 24.1 10.0 -- - 18.6 13.0 6.0 -- 11.1 10.8 41.3 5.4 9.3 118.0
OEM/Integrator - 19.6 56.6 26.4 6.9 11.6 99.4 -- .2 33.0 126.4 7.5 -- 26.1 128.5 57.6 6.3 87.9 112.0
TOTAL NON-U.S. REVENUES .- 43.5 79.9 30.8 17.7 51.3 213.4 - .2 66.6 323.4 13.5 -~ 57.2 349.1 126.9 36.2 263.2 286.0
WORLDWIDE RECAP
Captive - 29.8 613.0 64.6 9.2 465.6 329.0 -- g 255.0 224.0 40.0 .- 160.1 209.8 133.0 84.5 166.0 206.0
- -49.1%  -14.9% - -69.1%  -24.0%  +409.3% - -92.45  -45.2%  -31.9% - -100.0%  -37.2% -6.3%  +232.5% -47.2%  -20.9%  +54.9%
PC¥/Reseller - 33.2 319.8 15.9 24.6 365.0 40.1 -- 3.2 37].5 52.9 30.0 - - 219.2 46.9 138.8 52.2 3.8 337.0
- -80.0% +30.9% - -25.9% +14.1%  +152.2% -- -87.0% +1.8% +31.9% -- -100.0% -41.0% -11.3%  +362.7% -76.2% -19.4%  +142.8%
OEM/Integrator .3 35.6 449.5 388.8 14.6 648.6 535.8 3.2 4.7 669.6 627.3 42.0 2.0 510.9 633.4 231.4 122.4 428.9 373.0
. -81.3%  -48.5%  -10.1% -- -59.0% | +44.3%  +37.8% - -67.8% +3.2%5  +17.1% -- -57.4%  -23.7% +1.0%  +451.0% -76,0%  -32.3%  +61.2%
Total Revenues .3 98.6 1,382.3 469.3 48.4 1,479.2 904.9 3.2 8.6 1,296.1 904.2 112.0 2.0 850.2 890.1 503.2 259.1 632.7 916.0
-81.3%  -66.4% -5.6% -- -50.9% 47,05  +92.8% -- -82.2%  -12.4% -- -- -76.7%  -31.3% -1.6%  +349.3% -70.9%  -28.9%5  +82.0%
ANNUAL SHARE, BY DIAMETER - 5.1% 71.0% 23.9% 2.0% 60.8% 37.2% -- 4% 55.9% 39.0% 4.7% 1% 39.0% 38.9% 22.0% 14.3% 35.1% 50.6%

Note:

"<=" {ndicates "Less than or equal to".
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U.S. MANUFACTURERS

IBM Captive
PCM/Reseller
OEM/Integrator

TOTAL U.S. SHIPMENTS
KON-U.S. MANUFACTURERS
Captive

PCM/Reseller
OEM/Integrator

TOTAL NON-U.S. SHIPMENTS

WORLDWIDE RECAP

Captive
PCM/Reseller
OEM/Integrator

Total Shipments

ANNUAL SHARE, BY DIAMETER

TOTAL CAPACITY (Terabytes)

Note: T"<=" {indicates "Less than or equal to".

TABLE 31

FIXED DISK DRIVES, 60 - 100 MEGABYTES

WORLDWIDE SHIPMENTS (000)

BREAKDOWN BY DISK DIAMETER

1991 Forecast
Shipments 1992 1993 1994, 1995
8" 5.25" 3.5" 2.5" 5.25 3.5" 2.5" <=1.8" 5.257 3.5" 2.5" <=1.8" 5.25" 3.5" 2.5" <=1.8" 3.5 2.5" <=1.8"
-- 5.0 850.0 90.0 1.0 900.0 450.0 - .5 600.0 100.0 100.0 -- 400.0 -- 300.0 200.0 - 500.0
- 92.9 1,259.0 38.0 61.8 1,636.0 125.0 -- 10.0 1,810.0 190.0 80.0 .- 1,125.0 185.0 390.0 260.0 150.0 1,095.0 -
.1 44.4 1,583.0 1,020.2 t22.1 3,037.0 1,810.0 9.0 12.0 3,263.0 2,385.0 115.0 4.0 2,620.0 2,610.0 695.0 645.0 1,850.0 1,305.0
.1 142.3  3,692.0 1,148.2 84.9 5,573.0 2,385.0 9.0 22.5 5,6713.0 2,675.0 295.0 4.0 4,145.0 2,795.0 1,385.0 1,105.0 2,000.0 2,900.0
-~ 10.0 13.6 2.0 3.5 13,0 130.0 - - 15.0 325.0 - - 25.0 405.0 70.0 35.0 360.0 160.0
-- 2.6 25.0 8.0 8.1 115.0 4070 .- - 95.0 60.0 20.0 -- 60.0 55.0 165.0 30.0 50.0 590.0
- 27.9 184.5 75.0 15.1 51.0 380.0 -- .5 169.0 595.0 25.0 - 141.0 650.0 230.0 35.0 460.0 560.0
- 40.5 223.1 85.0 26.7 179.0 550.0 -- .5 279.0 980.0 45.0‘ -- 226.0 1,110.0 465.0 100.0 870.0 1,310.0
-- 15.0 863.6 92.0 4.5 913.0 580.0 - - .5 615.0 425.0 100.0 - 425.0 405.0 370.0 235.0 360.0 660.0
-- -56.1% +8.0% .- -70.0% +5.7%  4530.4% .- -88.9% -32.6% -26.7% - -100.0% -30.9% ~4.7% 4270.0% -44.7% -11.1% +78.4%
- 95.5 1,284.0 46.0 69.9 1,751.0 165.0 - 10.0 1,905.0 250.0 100.0 T .- 1,185.0 . 240.0 555.0 290.0 200.0 1,685.0
- -81.3% +75.6% .- -26.8% +36.4%  4258.7% -- -85.7% +8.8% +51.5% - -100.0% -37.8% -4.0%  +455.0% -75.5% -16.7%  +203.6%
.1 72.3 1,767.5 1,095.2 37.2  3,088.0 2,190.0 9.0 12,5 3,432.0 2,980.0 140.0 4.0 2,761.0 3,260.0 925.0 680.0 2,310.0 1,865.0
-83.3% -58.9% +23.5% -- -48.5% +74.7%  4100.0% .- -66.4% +11.1% +36.1% .- -68.0% -19.6% 49.4%  +560.7% =75.4% -29.1%  +101.6%
.1 182.8  3,915.1 1,233.2 111.6 5,752.0 2,935.0 9.0 23.0 5,952.0 3,655.0 340.0 4.0 4,371.0 3,905.0 1,850.0 1,205.0 2,870.0 4,210.0
-83.3% -74.6% +32.2% -- -38.9% +46.9%  +138.0% - -79.4% +3.5% +24.5% -- -82.6% -26.6% +6.8%  +444.1% -72.4% -26.5%  +127.6%
- 3.4% 73.5% 23.1% 1.3% 65.4% 33.3% -- .25 59.8% 36.7% 3.3% - 43.2% 38.5% 18.3% 14.5% 34.7% 50.8%
-- 12.6 322.8 86.2 7.3 471.7 232.8 .6 1.6 497.6 315.1 26.7 .3 367.6 337.5 152.3 " 101.1 248.3 355.4
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'FIXED DISK DRIVES, 60 - 100 MEGABYTES

APPLICATIONS SUMMARY
- Percentage of Worldwide Shipments

APPLICATION

MAINFRAME/SUPERMINI
General purpose

‘MINICOMPUTERS AND-

MULTIUSER MICROS
Business and professional,
including networks

PERSONAL COMPUTERS

Business and professional,

single user

OFFICE SYSTEMS
AND WORKSTATIONS
Dedicated application

NON-OFFICE SYSTEMS

AND WORKSTATIONS

Technical, distribution,
medical, other specialized

CONSUMER - AND
HOBBY COMPUTERS

OTHER
APPLICATIONS

~ Total

TABLE 32

1991 Estimate

Units
(000) %
26.1 5
5,170.2 97.0
23.5 . 4
65.6 1.2
45.8 .9
5,331.2 100.0

1992 DISK/TREND REPORT

1995 Projection

16.6

7,945.2

16.6

49.7

248.6

95.9
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TABLE 33
FIXED DISK DRIVES, 60 - 100 MEGABYTES
WORLDWIDE PRICE PER MEGABYTE ($/MB)

DISK DIAMETER — Forecast -
------------- 1991 1992 1993 - 1994-cauee =emee-10954n- ..
Captive -
5.25" 33.02 46.10 18.57 -- --
3.5" 8.85 6.37 5.21 4.74 4.49
2.5" 11.53 7.61 6.01 5.75 5.12
1.8" or less - - 5.00 4.44 3.84
Captive Average 9.34 6.90 5.51 5.02 4.35
PCM/Reseller
5.25" 4.94 5.12 4.50 -- ) -
3.5" 3.08 . 2.54 2.32 2.19 2.13
2.5" 4.80 2.99 2.45 2.26 2.18
1.8" or less - - : 3.52 2.94 2.35
PCM/Reseller Average 3.24 2.65 2.40 2.41 2.30
0EM/Integrator
5.25" 7.09. 6.27 5.35 7.14 --
3.5" ' 2.99 2.54 2.31 2.18 2.11
2.5" 5.03 3.04 2.44 ' 2.25 2.16
1.8" or less - 5.32 4,12 3.07 2.35

OEM/Integrator Average 3.76 2.76 2.41 2.33 2.22

Note: Price per megabyte calculations represent estimated total sales revenues for
each product type divided by the total capacity of all drives of that type sold.
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TABLE- 34
FIXED DISK DRIVES, 60 - 100 MEGABYTES

MARKET SHARE SUMMARY
Worldwide Shipments of Noncaptive Disk Drives

1991 Net Shipments

To United States

Destinations Worldwide
""""""" Units (000) % units (000)
Drive Manufacturers 8" 5.25" 3.5" 2.5" Total g 5.25" 3.5" 2.5" Total

Conner Peripherals -- -- 274.0 455.0 729.0 30.2 - -- 378.0 915;0 1293.0
Maxtor -- 5.9 536.0 -- 541.9 22.4 -- 9.0 897.0 -- 906.0
Seagate Technology -- 74.0 480.0 4,0 558.0 23.1 -- 113.0 722.0 8.0 843.0
Western Digital -- -~ 338.0 62.0 400.0 16.6 - -~ 645.0 103.0 748.0
Quantum -- -- 110.0 1.0 111.0 4.6 -- -- 200.0 10.0 210.0
Other U.S. 69 - 100 170 .6 d 153 - 222 37.6
Other Non-U.S. - 3.0 48.0 9.0 60.0 2.5 -- 30.5 209.5 83.0 323.0

TOTAL -- 89.81786.0 541.1 2416.9 100.0 .1 167.8 3051.5 1141.2 4360.6

1992 DISK/TREND REPORT
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FIXED DISK DRIVES, 100 - 200 MEGABYTES

Coverage

Examples of disk drives in this group include:

8" disk diameter

Sequel
5.25" disk diameter

Digirede

Fuijitsu

Hitachi

Micropolis

Multidigit

NEC

Seagate Technology
Sequel

3.5" disk diameter

Alps Electric

Conner Peripherals
Fuiji Electric

Fujitsu

IBM

Kalok

Maxtor

Microlab
Microscience International
Myrica

NEC

Quantum

Samsung

Seagate Technology
Teac

Toshiba

Western Digital
Xebec

Zentek

2.5" disk diameter

Alps Electric

Areal Technology
Conner Peripherals
Fuji Electric -

IBM

JVC

Maxtor

806

W525/190

M2247S

DK512-17, DK524C-20*
1674-7*

- DW 0133

D5655*, D5852
ST2209N*
XT-2190

DRR311C**

CP-30100**, CP-30170**
FK316S-105R**
M2614ES*, M2617S**
WD-3160*, WDA-L160**

" P5-125%**

7120S/A**

DFW 3120**

8080-20**

Rodime 3139A*

D3661*, D3755**

105S ProDrive*, 170AT ELS**
SHD3062S**

ST3144A**

SD-3105**

MK-234FB*, MK-1034FC**
WDAC2170**

XE-3120*

ZH 3140%*, ZM 3140**

DR232Ng***
A120*** A{18Q***
CP-2124%**
FK205A-105Z***
WDA-2120***
JD-E2130M***

- 25128A***

1992 DISK/TREND REPORT
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2.5" disk diameter (continued)

Quantum 120AT Go.Drive***, 160S GRS***
Seagate Technology STO144A%**

Toshiba . MK-2124FC***

Western Digital AL2170***

*Maximum 41.3 mm height, or less.
**Maximum 25.4 mm height, or less.
***Maximum 19.05 mm height, or less.

DISK/TREND Reports in previous years have grouped all drives with capaci-
ties in the 100-300 megabyte range in a single product group, but that group is
being split in half this year at the 200 megabyte level, in recognition of the ex-
tremely high shipment levels now in existence for both of the new product

groups. The new 100-200 megabyte group is expected to generate higher unit

shipments than any other DISK/TREND product group in 1992.

Dominated in sequence by 14", 8" and 5.25" drives, the shipments of drives in
the 100-200 megabyte capacity range are now mostly 3.5" drives, more than 90%
of the total. However, substantial shipments of 2.5" drives are taking place in
1992, and the first drives with 1.8" disks or smaller are expected in 1993.

Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1991 1992 1993 1994 1995

U.S. manufacturers 26486 32548 3,613.4 34140 2,906.7
All manufacturers 3,240.2 4,015.7 45084 4,431.4 '3,934.1

1991 worldwide shipments for this product group were 5.9 million drives, an
increase of 78.5% over the previous year. This year is expected to be even
stronger, with a projected total of 11.5 million drives, up 94.3%. The continued
strong demand for personal computers, which used 93% of 1991’s shipments,
underlies this growth, combined with the increased disk storage appetites of
today’s popular software.

3.5" drives dominate shipments in the 100-200 megabyte range, but 2.5"
drives are rising rapidly in 1992, with 912,000 drives estimated for the year.

1992 DISK/TREND REPORT



Notebook computer users, the existing market for most 2.5" drives, have also
demonstrated a preference for more capacity.

Total revenue for the product group increased only 15.7% in 1991 and gains
are expected to be held to 23.9% in 1992, despite almost a doubling of unit
shipments. Because of sharply lower price levels for captive drives, continued
displacement of more expensive 5.25" drives and declining shipments of more
costly 1.625" high 3.5" drives, revenue gains for the group have not kept up with
shipment gains. Meanwhile, the newer 1" high 3.5" drives, with lower parts
counts and very competitive prices, have captured the desktop PC market. The
overall OEM/Integrator average price per megabyte for 3.5" drives is expected to
dip below $2.00 this year.

Quantum led in noncaptive unit shipments for 1991 with 1.3 million drives,
29% of the worldwide total, all 3.5" drives. Conner Peripherals held 19.6% of the
total for second place, and Seagate Technology was third with 16.4%.

Marketing trends

Two more years of overall growth in shipments are forecasted for the 100-
200 megabyte group, then decline, as the relentless movement to higher disk
capacities for personal computers continues. The average annual shipment
growth rate for 1993-95 is projected at 13.1%, with 1995 suffering a drop of 4%.
After more growth in 1993, total revenues for 100-200 megabyte drives are
expected to decline in the 1993-95 period, as noncaptive distribution predomi-
nates and prices decline.

Until 1988-89, the big growth for 5.25" drives in this capacity range was
fueled by demand for technical workstations and minicomputers, but the even
larger market for 3.5" drives is built upon the personal computer market, which is
rapidly upgrading to more capable processors and software. The growing disk

storage requirements of these new PC systems are boosting shipments of 3.5"

drives in the 100-200 megabyte range.

Although the market for 2.5" drives has been created almost entirely to date
" by notebook computers, it is expected that 2.5" drives in the 100-200 megabyte
range will also find a market with desktop personal computers when their OEM
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prices are competitive with 3.5" drives of equal capacity. 2.5" drives, in addition
to being small in size, also have lower power requirements, generate less heat,
and are quieter than 3.5" drives. These cost and marketing advantages will be
important to manufacturers of desktop personal computers and will greatly
broaden the market available to higher capacity 2.5" drives during the next few
years.

The desktop market will probably be essential to the future growth of 2.5"
drive shipments, since 1.8" and smaller drives are expected to eat into their tradi-
tional notebook computer market starting next year, with substantial displace-
ment by 1995, "

Worldwide totai
Unit shipments(000) 1991 1992 1993 1994 1995
- 8" 2.3 3 -- .- --
5.25" full size 131.4 52.5 17.0 -- --
: 2.2% 5% 1% -- -
5.25" half high 109.0 25.5 9.0 -- -
1.8% 2% 1% -- --
3.5" 1.625" high 25915 1 ;538.0 1,100.0 665.0 350.0
i 43.6% 13.3% 7.3% - 3.9% 2.1%
3.5" 1" high or less 3,119.0 9,038.0 11,399.0 11,385.0 8,155.0
52.4% 78.1% 75.7% 66.9% 49.9%
2.5" 3 912.0 2,460.0 4,550.0 5,600.0
| -- 7.9%  16.4% 26.7% 34.2%
1.8" or less -- - 60.0 430.0 2,250.0
- -- 4% 2.5% 13.8%
5,953.5 11,566.3 15,045.0 17,030.0 1 6,355.0

Technical trends

The 2.5" and smaller drives in the 100-200 megabyte range now being de-
veloped by drive manufacturers make severe demands on the key components
used in achieving the high recording densities necessary to meet the small
packaging requirements. Not only are areal densities very high, but packaging
requiremehts are severe, involving drive heights as low as half an inch, new head
suspensions, embedded controllers, and very fast actuators. |
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Some of the newer 2.5" drives utilize areal densities which rival the recording
densities used with one gigabyte 3.5" drives which started to ship in 1992. There
will be a major development emphasis in many drive manufacturing companies
to produce both 2.5" and 1.8" drives in the 100-200 megabyte range with single
disks. The purpose of these programs, of course, will be to meet two objectives:
(1) Reduce the parts count to the same level as existing 3.5" drives and thus
open up the desktop PC market with competitive prices, and (2) reduce the
package height to the minimum, making possible 1.8" drives with more than 100
megabytes capacity, which meet the 10.5 millimeter height requirement of the
PCMCIA type 3 standard.

It is not yet clear which of several contending technology approaches will
prevail in this quest. Magnetoresistive thin film heads may be the key for some
firms. Others are attempting to achieve density breakthroughs with various
approaches to contact recording, such as Conner Peripherals with the VisQUS
technology, and Maxtor and Fujitsu with Censtor’s miniaturized head and per-
pendicular recording. '

Forecasting assumptions

1. IBM’s shipments of drives in this group will continue, but at a declining
level, as falling shipments of 3.5" drives are partially offset by shipments of
2.5" and 1.8" drives.

2. 3.5" drives will continue to dominate noncaptive drive shipments until 1995
due to their wide acceptance in the high-end personal computer market,
but will start to decline in shipments after 1993.

3. 2.5" drives used for notebook computer applications will increase in
shipment volume through 1995, for both notebook computer and desktop
PC markets, but 1.8" drives will be available starting in 1993 and will signif-
icantly displace 2.5" in portions of the low-end notebook computer market
by the end of the forecast period.
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TABLE 35
FIXED DISK DRIVES, 100 - 200 MEGABYTES
REVENUE SUMMARY

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

1991 ———— Forecast--~--cmmmeemmanaaa
----Revenues---  --~--- 1992----- 1993 1994---oe —oeee 1995-----
U.S. WH u.s. WW u.S. WW u.s. WH u.S. WH
. U.S. Manufacturers

IBM Captive 989.5 1,411.0 854.3 1,255.0 837.6 1,261.0 634.0 970.0 454.8 707.6
Other U.S. Captive - - - -- - - - .- - -
TOTAL U.S. CAPTIVE . 989.,5 1,411.0 854.3 1,255.0 - 837.6 1,261.0 634.0 970.0 454.8 707.6
PCM/Reseller 319.8 489.8 505.5 790.2 574.7 890.0 568.9 875.1 508.4 765.8
OEM/Integrator *468.0 747.8 695.8 1,209.6 798.9 1,462.4 814.2 1,568.9 714.4 1,433.3
TOTAL U.S. NONCAPTIVE . 787.8 1,237.6 1,201.3 1,999.8 1,373.6 2,352.4 1,383.1 2,444.0 1,222.8 2,199.1
TOTAL U.S. REVENUES 1,777.3 2,648.6 2,055.6 3,254.8 2,211.2 3,613.4 2,017.1 3,414.0 1,677.6 2,906.7
Non-U.S. Manufacturers
Captive 12.6 244.6 6.8 268.6 18.3 253.8 24,0 218.5 28.5 234.0
PCM/Reseller 16.1 19.2 77.0 188.7 94.7 240.1 97.7 252.2 82.0 237.5
OEM/Integrator 51.2 - 327.8 61.1 303.6 112.2 401.1 176.1 546.7 193.0 555.9
TOTAL NON-U.S. REVENUES 79.9 591.6 144.9 760.9 225.2 895.0 297.8 1,017.4 303.5 1,027.4

Worldwide Recap

TOTAL WORLDWIDE REVENUES  1,857.2 3,240.2 2,200.5 4,015.7 2,436.4 4,508.4 2,314.9 4,431.4 1,981.1 3,934.1

OEM Average Price ($000) " .336 .255 .239 ' 221 .210

e e e e 0 o e e
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FIXED DISK DRIVES, 100 - 200 MEGABYTES

WHW

0

0

0

5

5

1991
---Shipments---
u.S.
U.S. Manufacturers
IBM Captive 752.0 1,073.
Other U.S. Captive -
TOTAL U.S. CAPTIVE 752.0 1,073.
PCM/Reseller 975.3 1,507.
OEM/Integrator 1,522.5 2,426.
TOTAL U.S. NONCAPTIVE 2,497.8 3,933.
TOTAL U.S. SHIPMENTS 3,249.8 5,006.
Non-U.S. Manufacturers
Captive 3.6 118.
PCM/Reseller 47.0 52.
OEM/Integrator - 120.0 775.
170.6 947.

TOTAL NON-U.S. SHIPMENTS

Worldwide Recap

TOTAL WORLDWIDE SHIPMENTS

Total Capacity (Terabytes) 420.5

Cumulative Shipments (Units in millions)

1BM . 1.6
Non-IBM 6.1 10.
WORLDWIDE TOTAL 7.8 13.

3,420.4 5,953,

729.

2.

5

1

oW

UNIT SHIPMENT SUMMARY

DISK DRIVE UNIT SHIPMENTS, BY SH

IPMENT DESTINATION (000)
Forecast--=-m=ommmmmmcm e

1,062.6 1,561.0 1,395.3

1,062.6 1,561.0 1,395.3
2,015.7
2,789.7
4,805.4

3,157.5 2,523.0
4,862.0 3,378.5

5,868.0

5.0
295.0
218.5
518.5

199.3
719.0
1,067.5
1,985.8

19.0

6,386.5 11,566.3 8,145.8 15,045.0 8,900.0 17,030.0 8,300

801.2 1,440.5 1,022.9.1,884.7 1,133.7 2,173.4 1,069
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8,019.5 5,901.5 10,083.5 6,390.0 11,270.0 5,840

9,580.5 7,296.8 12,184.0 7,665.0 13,220.0 6,965

400.0 1,000.0
430.0 1,611.0
849.0 2,861.0 1,235.0 3,810.0 1,335

2,100.5 1,275.0 1,950.0 1,125.0 1,750.0

2,100.5 1,275.0 1,950.0 1,125.0 1,750.0

3,905.0 2,655.0 4,095.0 2,415
6,178.5 3,735.0 7,175.0 3,425

.0 3,655.0
.0 6,870.0
.0 10,525.0

.0 12,275.0

250.0 45.0 370.0
390.0 1,110.0
900.0 2,600.0

.0 4,080.0

30.0  275.0
445.0 1,135.0
760.0 2,400.0

.0 16,355.0

.8 2,122.3
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TABLE 37

FIXED DISK DRIVES, 100 - 200 MEGABYTES

WORLDWIDE REVENUES ($M)

BREAKDOWN BY DISK DIAMETER

1991 Forecast.
R 1992 1993 1994, 1995

8" 5.25" 3.57 2.5" 8" 5.257 3.5" 2.5 5.25" 3.57 2.5" <=].8" 3.5" 2.5" <=1.8" 3.5" 2.5" <=1.8"
IBM Captive - 6.0 1,405.0 .- -- 2.0 1,218.0 35.0 1.0 1,080.0 180.0 .- 750.0 200.0 20.0 477.6 160.0 70.0
PCMIRese'lier -- 81.3 408.5 -- - 27.2 754.7 8.3 6.5 865.9 17.6 .- 800.1 34.5 40.5 524.0 46.2 195.6
OEM/Integrator - 33.8 713.8 2 - 7.9 1,042.7 159.0 6.6 1,101.2 333.5 2.1 976.5 542.9 49.5 641.0 611.1 181.2
TOTAL U.S. REVENUES - 121.1  2,527.3 .2 -- 37.1 3,015.4 202.3 - 4.1 3,047.1 531.1 21.1 2,526.6 777.4 110.0 1,642.6 817.3 446.8
NON-U.S. MANUFACTURERS
Captive 16.2 68.2 160.2 - - 25.8 211.3 31.5 11.3 154.5 88.0 - 117.0 101.5 - 84.0 96.0 54.0
PCM/Reseller -- 1.8 17.4 .- - - 158.0 30.7 - 198.1 42.0 -- 190.3 52.9 9.0 130.2 58.1 49.2
OEM/Integrator 1.5 26.0 300.3 - .6 8.4 237.1 57.5 .5 235.5 165.1 - 233.2 298.5 15.0 158.9 352.6 4.4
TOTAL NON-U.S. REVENUES 17.7 96.0 471.9 - .6 34.2 606.4 119.7 11.8 588.1 295.1 - 540.5 452.9 24.0 373.1 506.7 147.6
WORLOWIDE RECAP
Captive 16.2 74.2  1,565.2 - - 27.8 1,429.3 ‘ 66.5 12.3  1,234.5 268.0 .- 867.0 301.5 20.0 561.6 256.0 124.0

+24.6% -81.6% +51.5% .- -100.0% -62.5% -8.7% .- -55.8% -13.6% +303.0% - -29.8’5 +12.5% - -35.2% -15.1%  +520.0%
PCM/Reseller -~ 83.1 425.9 - - 27.2 912.7 39.0 6.5 1.0“.0 59.6 -- 990.4 87.4 49.5 654.2 104.3 244.8

-- =28.1% - +433.6% - - -67.3% +114.3% - -76.1% +16.6% +52.8% - -6.9%  +46.6% .- -33.9% +19.3%  +394.5%

OEM/Integrator 1.5 59.8 1,014.1 .2 .6 16.3 1,279.8 216.5 7.1 1,336.7 498.6 21.1 1,209.7 841.4 64.5 799.9 963.7 225.6

-78.3%  -62.3%  +34.8% .- -60.0%  -72.7%  +26.2% -- -56.4% +4.4%  +130.3% - -9.5%  +68.8%  +205.7% -33.9%  +14.5%  +249.8%
Total Revenues 17.7 217.1  3,005.2 2 "6 7.3 3,621.8 322.0 25.9 3,635.2 826.2 21.1 3,067.1 1,230.3 134.0 2,015.7 1,324.0 594.4

-11.1% -67.9% +2.8% - -96.6% -67.2% +20.5% -- -63.7% +.4%  +156.6% -- -15,.6% +48.9%  +535.1% -34.3% +7.6%  +343.6%
ANNUAL SHARE, BY DIAMETER 5% 6.7% 92.8% - -- 1.8% 90.3% 7.9% .6% 80.7% 18.3% 4% 69.3% 27.8% 2.9% 51.3% 33.7% 15.0%

Note:

"<=" {ndicates "Less than or equal to".
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U.S. MANUFACTURERS

1BM Captive
PCM/Reseller
OEM/Integrator

TOTAL U.S. SHIPMERTS
NON-U.S. MANUFACTURERS
Captive

PCM/Reseller
OEM/Integrator

TOTAL NON-U.S. SHIPMENTS

WORLOWIDE RECAP

Captive

PCM/Reseller

OEM/Integrator

Total Shipments

ANNUAL SHARE, BY DIAMETER
TOTAL CAPACITY (Terabytes)

Note:

TABLE 38

FIXED DISK DRIVES, 100 - 200 MEGABYTES

WORLDWIDE SHIPMENTS (000)

BREAKDOWN BY DISK DIAMETER

1991 Forecast
Shipment. 1992 1993 1994, 1995
8" 5.25" 3.5" 2.5" 8" 5.25° 3.57 2.5" 5.25" 3.5" 2.5" <=1,8" 3.57 2.5 <=1.8" 3.5 2.5" <=1.8"
-- 3.0 1,070.0 -- - 1.0 1,510.0 50.0 .5 1,800.0 300.0 -- 1,500.0 400.0 50.0 1,150.0 400.0 200.0
-~ 123.7 1,383.3 -- -- 41.5 3,089.0 21.0 10.0  3,830.0 65.0 - 3,810.0 150.0 135.0 2,620.0 220.0 815.0
-- £3.0 2,373.2 .3 .- 12.0 4,325.0 525.0 9.5 4,874.0 1,235.0 60.0 4,650.0 2,360.0 165.0 3,205.0 2,910.0 755.0
-- 179.7 4,826.5 .3 - 54.5 8,924.0 602.0 20.0 10,504.0 1,600.0 60.0 9,960.0 2,910.0 350.0 6,975.0 3,530.0 1,770.0
1.6 23.1 9.0 -- - 10.3 154.0 35.0 5.0 -135.0 110.0 - 130.0 145.0 .- 120.0 160.0 90.0
-~ 1.6 51.0 - -- -- 629.0 90.0 - 850.0 150.0 - 880.0 225.0 30.0 635.0 270.0 205.0
.7 36.0 739.0 - .3 13.2 869.0 185.0 1.0 1,010.0 600.0 - 1,080.0 1,270.0 50.0 775.0  1,640.0 185.0
2.3 60.7 884.0 -- .3 23.5 1,652.0 310.0 6.0 1,995.0 860.0 -- 2,090.0 1,640.0 80.0 1,530.0 2,070.0 480.0
1.6 26.1 1,164.0 - - 11.3  1,664.0 85.0 5.5 1,935.0 410.0 - 1,630.0 545.0 50.0 1,270.0 560.0 290.0
+45.5%  -77.9%  +76.1% - -100.0%  -56.7%  +43.0% -- -51.3%  416.3%  +382.4% -- -15.8%  +32.9% - -22.1% +2.8%  +480.0%
- 125.3 1,434.3 . - 41,5 3,718.0 117.0 10.0 4,680.0 215.0 . 4,690.0 375.0 165.0 3,255.0 450.0 1,020.0
- -18.2%  +126.7% - -- -66.9%  +159.2% -- -75.9%  425.9%  +83.8% .- +.2%  474.4% - -30.6%  +30.7%  +518.2%
7 89.0 3,112.2 .3 .3 25.2  5,194.0 710.0 10.5 5,884.0 1,835.0 60.0 5,730.0 3,630.0 215.0 3,980.0 4,550.0 940.0
-80.6%  -57.9% +100.2% -- -57.1%  -T71.7% - +66.9% -- -58.3%  +13.3%  +158.5% -- -2.6%  +97.8%  +258.3% -30.5%  +425.3%  +337.2%
2. 240.4 5,710.5 .3 .3 78.0 10,576.0 912.0 26.0 12,499.0 2,460.0 60.0 12,050.0 4,550.0 430.0 8,505.0 5,600.0 2,250.0
-51.1%  -50.2%  +100.5% - -87.0%  -67.6%  +85.2% - -66.7%  +18.2%  +169.7% -- -3.6%  +85.0% +616.7% -29.4%  423.1%  +423.3%
- 4.0% 96.0% -- - T% 91.5% 7.8% 2% 83.2% 16.4% 2% 70.9% 26.7% 2.4% 52.1% 34.2% 13.7%
.3 38.4 690.4 - -- 12,3 1,310.5 nz.z 4.0 1,548.4 325.1 7.2 1,494.3 627.5 51.6 1,047.7 - 804.7 270.0

“<=" {ndicates "Less than or equa) to".
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TABLE 39

FIXED DISK DRIVES, 100 - 200 MEGABYTES

APPLICATIONS SUMMARY

- Percentage of Worldwide Shipments

APPLICATION

MAINFRAME/SUPERMINI
General purpose

MINICOMPUTERS AND
MULTIUSER MICROS
Business and professional,
including networks

PERSONAL COMPUTERS
Business and professional,
single user

OFFICE SYSTEMS
AND WORKSTATIONS
Dedicated application

NON-OFFICE SYSTEMS

AND WORKSTATIONS

Technical, distribution,
medical, other specialized

CONSUMER AND
HOBBY COMPUTERS

OTHER
APPLICATIONS

Total

1992 DISK/TREND REPORT

1991 Estimate

71.4

5,536.7

170.3

169.1

4.2

5,953.5

1.2

93.0

2.9 -

2.8

100.0

1995 Projection

49.1

15,815.2

163.6

245.3

65.4

16,355.0

96.7

1.0

1.5
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"TABLE 40
FIXED DISK DRIVES, 100 - 200 MEGABYTES
WORLDWIDE PRICE PER MEGABYTE ($/MB)

DISK DIAMETER - - —e--FOrecast--=ememeemammaana—-
------------------- 1991-mmme meeeeel002-cmee  ememael003-meme  cmeeee]1998eemme meeeea]1995-mn--
Captive
8" 81.00 -- - - -
5.25" 20.04 17.31 15.51 -- -
3.5" 10.37 6.63 5.05 4.30 3.73
2.5 ‘ - 6.15 5.4 4.35 3.59
1.8" or less ’ -- -- -- 3.33 3.56
Captive Average 10.69 6.69 5.09 4,29 3.67
PCM/Reseller
g" - - - - --
5.25" 3.95 3.98 4.06 -- --
3.5 2.51 2.03 1.86 - 1.70 1.62
2.5" - 2.51 2.10 1.71 1.50
1.8" or less - - - 2.50 2.00
PCM/Reseller Average 2.67 2.07 1.87 1.72 1.68
OEM/Integrator
8" 15.40 - - - -
5.25" ’ 4.36 4.13 4.31 -- -
3.5" 2.74 1.97 1.82 1.70 1.62
2.5 - 2.36 2,03 1.65 1.45
1.8" or less -- -- 2.91 2.50 . 2.00
OEM/Integrator Average 2.80 2.03 1.89 1.70 1.56

Note: Price per megabyte calculations represent estimated total sales revenues for
each product type divided by the total capacity of all drives of that type sold.
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TABLE 41
FIXED DISK DRIVES, 100 - 200 MEGABYTES
~ MARKET SHARE SUMMARY

Worldwide Shipments of Noncaptive Disk Drives

To United States

Destinations

1991 Net Shipments

Units (000)

Drive Manufacturers 8" 5.25" 3.5" 2.5" Total
Quantum - -- 746.0 -- 746.0
Conner Peripherals -- -- 629.0 -- 629.0
Seagate Technology -- 78.0 533.0 -- 611.0
-Maxtor -- 16.8 192.0 -- 208.8
Fujitsu .1 1.1 37.4 -- 38.6
NEC ' - 9.0 23.0 - 32,0
Western Digital - -- 105.0 -- 105.0
Toshiba - -- 59,0 -- 59,0
Kalok -- -- 53,0 -- 53,0
Other U.S. -- 18.1 126.7 .2 145.0
Other Non-U.S. - 2.4 35.0 - 37.4

TOTAL .1 125.4 2539.1 .2 2664.8

1992 DISK/TREND REPORT

28.0
23.6
22.9
7.8
1.4
1.2

.7 214.3 4546.5

-- 1380.0 29.0

-- 933.0 19.6
-- 783.0 16.4
-- 352.0 7.4
-- 297.0 6.2
-- 233.0 4.9
-- 193.0 4.1
-- 115.0 2.4
-- 105.0 2.2
3 187.5 4.0
-- 183.3 3.8

.3 4761.8 100.0
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FIXED DISK DRIVES, 200 - 300 MEGABYTES

Coverage

Examples of disk drives in this group include:

8" disk diameter

Seagate Technology
Sequel

5.25" disk diameter

Digital Equipment
EZI

Fuijitsu

IBM

Sagem

3.5" disk diameter

. Alps Electric
Brand Technologies
Conner Peripherals
Fuji Electric
Fujitsu
Hewlett-Packard
Hitachi ‘
IBM
Kalok
Maxtor
Microlab
Microscience International
Myrica
Quantum
Seagate Technology
Teac
Western Digital
Zentek

2.5" disk diameter

Digital Equipment
Seagate Technology

*Maximum 41.3 mm height, or less.

ST6344J
807

RA 70, RF31F*
1300, 2300
M2248E/S
671-284

MSA 252-200

DRR112C**

BT9220A*

CP-3200F*, CP-30200**
FK317S-240R**

M2618S**

C2233*

DK312C-25%, DK-324C-21A**
9371-10*, WD-L200**
Kalok P5-250****
7213S/A**

DFW 3200*

7200%, 8200**

Rodime 3259A*

240AT LPS**

ST3283A**

SD-3210**

WDAP4200*, WDAC2250**
H3370*

DSP2022S/A***
STO235A***

**Maximum 25.4 mm height, or less.
***Maximum 19.05 mm height, or less.
****kMaximum 12.7 mm height, or less.

1992 DISK/TREND REPORT
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Until this year, all disk drives with capacities in the 100-300 megabyte range
were included in a single group. However, that group had become extremely

- large in annual shipments and it has now been split at the 200 megabyte level, in

recognition of the industry’s current product clusters. Unit shipments in the new
200-300 megabyte product group are expected to exceed 4 million drives in
1992 and rapid growth is projected for the group.

During most of the 1980’s, there was little activity in this capacity rangé, with
most 14", 8" and 5.25" drive capacities jumping to higher levels when the pace of
the technology allowed. However, the personal computer market’s continually
increasing requirements for higher storage capacities have created a new market
for 200-300 rhegabyte drives at the beginning of the 1990’s, which is being
served by 3.5" drives. |

Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1991 1992 1993 1994 1995

U.S. manufacturers 9339 1,3744 24638 3,151.3 3,675.7
All manufacturers 988.9 1,530.1 2,7345 3,566.7 4,249.5

The 200-300 megabyte group achieved the highest rate of growth in annual

- shipments of any DISK/TREND product group during 1991, an increase of 282%

over the previous year. Another strong year is under way in 1992, and the fore-
casted shipment increase of 111.6% will result in worldwide shipments of over 4
million drives. Revenue growth is not as strong, since most of the current ship-
ment increases are still for noncaptive drives, with an expected buildup of higher
priced captive shipments still in the future.

The current prosperity for this product group is being generated by rapidly
growing sales of 3.5" drives, especially 1" high models. 99.6% of 1992’s unit
shipments are expected to be 3.5" drives, with early shipments of 2.5" drives just
getting started this year. Values to system manufacturers and end users are
excellent -- the average price per megabyte for 3.5" drives in 1992 is already |
down to $1.50 in the OEM/Integrator channel.

The personal computer market produced 73.4% of 1991’s worldwide unit

1992 DISK/TREND REPORT



shipments, followed by 13.4% for nonoffice systems and workstations, and 7.2%
for minicomputers and networks -- but the personal computer market is expected
to consume 91% of 1995’s shipments. '

Seagate Technology jumped to an early lead in 1891 noncaptive shipments,
with 33.1% of the worldwide total. Maxtor and Conner Peripherals were in a dead
heat for second place, each with 20.5% of the total shipments.

Marketing trends

~ Unit shipments of 200-300 megabyte drives are expected to increase at an
average annual rate of 56.3% in the 1993-95 period. The product group is fore-
casted for total shipments of 14.6 million drives in 1995, which will make it the
second largest DISK/TREND product group in that year. Sales revenues are
expected to increase at an average annual rate of 42.7% during the same period,

~ arelatively strong revenue increase, boosted by significant growth in captive

drives at higher average prices.

Despite growth in shipments by smaller diameter drives, 3.5" drives will
continue to dominate this product group through 1995: '

Worldwide total
Unit shipments(000) 1991 1992 1993 1994 1995
8" ) 52 2.0 1.0 -- --
3% - g - --
5.25" 16.2 47 = - - -
.8% 1% -- -- --
3.5" 1.625" high 1,406.8 727.3 362.0 199.0 105.0
73.8% 18.0% 4.5% 1.8% T%
3.5" 1" high or less 4786 32856 7,317.0 9,836.0 12,850.0
25.1% 81.5% 91.6% 89.3% 87.7%
2.5" - 15.0 310.0 980.0 1,620.0
- 4%  3.9% 89%  11.1%
1.8" or less - -- - - 80.0
- - -- -- 5%

1,906.8 4,0346 7,990.0 11,015.0 14,655.0

' The high expectations for rapidly growing shipments in this product group
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are based mostly on the expanding disk storage capacities needed for desktop
personal computers, a market which will turn heavily to 1" high 3.5" drives for that
requirement. The success of Microsoft’s Windows software has already pushed
the typical drive capacity used with new PC’s over 100 megabytes, and the trend
is up. Newer versions of IBM’s 0S/2, Microsoft’s Windows and the associated |
applications software will continue to require greater disk capacity, accelerating

.growth for this product group and for those with even higher capacity drives.

2.5" drives in this capacity group, which started to ship in 1992, are also
expected to benefit from the impact of personal computer software on the
notebook computer market. Notebook computers with disk capacity over 200

.megabytes are not for everyone, but the market is expected to be large enough

to generate a significant portion of the sales forecasted through 1995. Some 2.5"
drives will also be utilized with desktop computers, as higher recording densities
make it possible for 2.5" drives to compete with 3.5" drives for some desktop
applications. 2.5" drives offer advantages in lower power specifications, less heat
generation and quieter operation.

Technical trends

As this product group continues its strong increase in shipments, the leading
drive manufacturers will concentrate their development efforts on cost reduction.
In this type of product, cost reduction frequently requires significant advances in
the technology and the assumption of considerable risk.

Well before 1995, it will be possible to produce 3.5" drives in the 200-300
megabyte range using only one disk, instead of the two or three disks currently
employed. During the same period, it will probably also be possible to manufac-
ture 200-300 megabyte 2.5" drives with only one disk. '

The major reduction in parts count represented by the drive with a single
disk will stimulate drive manufacturers to use high density magnetoresistive thin
film heads as soon as they are in hig'h volume production for the noncaptive
market, as well as continue to drive disk coercivities to highek levels. If contact,
or near-contact, recording becomes a production reality in the next few years, it
will probably be used in this capacity range early in its life, due to the significant
cost reduction opportunity offered. Other cost reductions will be derived from
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continued simplification of mechanical subassemblies and combination of more
functions on fewer semiconductor chips.

Forecasting assumptions

1. Shipments of IBM’s 3.5" drives in this capacity group, started in 1992, are
expected to grow to high levels during the forecast period, and high
shipments are also expected for new 2.5" drives starting in 1993.

2. 3.5" drives will continue to dominate noncaptive drive shipments until 1995
due to their wide acceptance in the desktop personal computer market.

3. 2.5" drives for other captive and noncaptive applications will be in volume
production by 1992, and 1.8" drives will be in volume production for the
OEM market in 1995.

1992 DISK/TREND REPORT
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TABLE 42
FIXED DISK DRIVES, 200 - 300 MEGABYTES
REVENUE SUMMARY

------------------- DISK DRIVE REVENUES, BY SHIPMENT DESTINATION ($M)---n--mmmmmmmcmmenn

1991 Forecast -
----Revenues--- 1992 1993 1994--—--  —oeen 1995-----
u.S. WW u.S. WH U.S. WW u.s. WW u.s. WW
U.S. Manufacturers
IBM Captive 5.2 8.0 72.8 104.0 401.2 602.0 637.0 980.0 681.0 1,080.0
Other U.S. Captive 33.2 74.7 11.5 22.5 9.9 16.8 '13.6 24.2 13.9 28.5
TOTAL U.S. CAPTIVE 38.4 82.7 84.3 126.5 411.1 618.8 - 650.6 1,004.2 694.9 1,108.5
PCM/Reseller 234.0 331.6 325.1 461.6 443.3 629.2 498.6 712,0 607.8 869.0
OEM/Integrator 372.0 519.6  498.1 786.3 743.6 1,215.8 861.3 1,435.1 991.0 - 1,698.2
TOTAL U.S. NONCAPTIVE 606.0 851.2 823.2 1,247.9 1,186.9 1,845.0 1,359.9 2,147.1 1,598.8 2,567.2
TOTAL U.S. REVENUES 644.4 933.9 907.5 ’1,374.4 1,598.0 2,463.8 2,010.5 3,151.3 2,293.7 3,675.7
Non-U.S. Manufacturers
Captive -- 13.0 - 50.2 -- 72,0 3.5  141.0 9.0  179.0
PCM/Reseller - 1.2 7.4 28.2 15.0 49.5 23.9 71.9 41.7 108.2
OEM/Integrator 7.0 40.8 8.9 77.3. 32.8 149,2 59.1 202.5 92.5 286.6

TOTAL NON-U.S.. REVENUES 7.0 55.0 16.3  155.7 47.8  270.7 86.5 415.4  143.2  573.8

Worldwide Recap

TOTAL WORLDWIDE REVENUES 651.4  988.9  923.8 1,530.1 1,645.8 2,734.5 2,097.0 3,566.7 2,436.9 4,249.5

~ OEM Average Price ($000) ' .463 : .340 .285 .257 .235
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TABLE 43
FIXED DISK DRIVES, 200 - 300 MEGABYTES
UNIT SHIPMENT SUMMARY

1991 ceeemcmcememmeeeae Forecast--=mmmmommmmcccmccmccc e
--~Shipments---  ~c-uu- 1992«ccnn  meeen 1993----- ~eeea- 1994-----  —ee--- 1995-----
u.s. WH u.S. WH u.s. WW u.S. WW u.sS. WW
U.S. Manufacturers

IBM Captive 1.3 2.0 70.7 101.0 500.3 750.5 910.0 1,400.0 1,135.0 1,800.0
Other U.S. Captive 5.6 12.6 2.6 4.6 13.0 22.0 22.0 39.0 27.0 55.0
TOTAL U.S. CAPTIVE 6.9 14.6 73.3 105.6 513.3 772.5 932.0 1,439.0 1,162.0 1,855.0
PCM/Reseller 481.5 676.8 913.7 1,304.1 1,565.0 2,225.0 1,975.0 2,820.0 2,630.0 3,760.0
OEM/Integrator 812.1 1,127.5 1,492.1 2,349.5 2,624.1 4,302.5 3,365.0 5,621.0 4,230.0 7,255.0
TOTAL U.S. NONCAPTIVE 1,293.6 1,804.3 2,405.8 3,653.6 4,189.1 6,527.5 5,340.0 8,441.0 6,860.0 11,015.0
TOTAL U.S. SHIPMENTS 1,300.5 1,818.9 2,479.1 3,759.2 4,702.4 7,300.0 6,272.0 9,880.0 8,022.0 12,870.0

Non-U.S. Manufacturers
Captive - 3.7 - 24.2 - 40.0 5.0 105.0 15.0 165.0
PCM/Reseller - 2.0 18.0 63.0 50.0 165.0 90.0 270.0 170.0 440,0
OEM/ Integrator 16.4 82.2 21.7 188.2 105.0 485.0 220.0 760.0 380.0 1,180.0
TOTAL NON-U.S. SHIPMENTS 16.4 87.9 39.7 275.4 155.0 690.0 315.0 1,135.0 565.0 1,785.0

Worldwide Recap

TOTAL WORLDWIDE SHIPMENTS 1,316.9 1,906.8 2,518.8 4,034.6 4,857.4 7,990.0 6,587.0 11,015.0 8,587.0 14,655.0

Total Capacity (Terabytes) 282.2 409.8 562.1 900.1 1,091.3 1,800.0 1,490.7 2,498.5 1,961.1 3,355.6

Cumulative Shipments (Units in millions)

IBM -- .1 .1 .2 .6 .9 1.5 2.3 2.7 4.1
Non-IBM 1.8 2.7 4.3 6.6 8.7 13.8 14.3 23.4 21.8 36.3
WORLDWIDE TOTAL 1.9 2.8 4.5 6.8 9.3 14.8 15.9 25.8 24.5 40.5
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U.S. MANUFACTURERS

IBM Captive

Other U.S. Captive
PCM/Reseller
OEM/Integrator

TOTAL U.S. REVENUES

NON-U.S. MANUFACTURERS

Captive

PCM/Reseller
OEM/Integrator

TOTAL NON-U.S. REVENUES

WORLDWIDE RECAP

Captive
PCM/Reseller
OEM/Integrator

Total Revenues

ANNUAL SHARE, BY DIAMETER

Note: "<=" indicates "less

TABLE 44

FIXED DISK DRIVES, 200 - 300 MEGABYTES

WORLDWIDE REVENUES ($M)

BREAKDOWN BY DISK DIAMETER

1991 Forecast
Revenues 1992 1993 1994 1995-=cccenccaan
8" 5.25" 3.5" 8" 5.25" 3.5" 2.5" 8" 3.5 2.5" 3.5" 2.5" 3.5" 2.5" <=1.8"
8.0 - - 4.0 -- 100.0 - 2.0 560.0 40.0 700.0 280.0 660.0 420.0 --
-- 74.7 - -- 22.0 5 - -- 1.8 15.0 3.2 21.0 3.5 25.0 -
-- - 331.6 - -- 461.6 - -- 624.0 5.2 702.8 9.2 846.5 13.8 8.7
1.6 -- 518.0 1.6 - 779.1 '5.6 1.6 1,146.2 68.0 1,303.1 132.0 1,504.3 182.3 11.6
9.6 74.7 849.6 5.6 22.0 1,341.2 5.6 3.6 2,332.0 128.2 2,709.1 442.2 3.014.3 641.1 20.3
6.0 -- 7.0 2.2 - 48.0 - -- 72.0 -- 120.0 21.0 140.0 39.0 --
-- -- 1.2 - -- 28.2 - -- 49.5 - 70.3 1.6 105.4 2.8 -
5.6 3.2 32.0 g .6 76.0 .- - 140.4 8.8 190.0 12.5 264.0 19.6 3.0
11.6 " 3.2 40.2 2.9 .6 152.2 -- -- 261.9 8.8 380.3 35.1 509.4 61.4 3.0
14.0 74.7 7.0 6.2 22.0 148.5 -- 2.0 633.8 55.0 823.2 322.0 803.5 484.0 --
-68.0% - +7.7% -55.7%  -70.5% -- - -67.7% +326.8% - +29.9% +485.5% -2.4%  +50.3% -
-- -- 332.8 -- - 489.8 - -- - 673.5 5.2 773.1 10.8 951.9 16.6 8.7
-- -100.0% +766.7% - -- +47.2% - - +37.5% -- +14.8% +107.7% +23.1%  +53.7% --
7.2 3.2 550.0 2.3 .6 855.1 5.6 1.6 1,286.6 76.8 1,493.1 144.5 1,768.3 201.9 14.6
+350.0% -61.0% +159.2% -68.1% -81.3% +55.5% - -30.4% +50.5% - +16.1% +88.2% +18.4% +39.7% --
21.2 77.9 889.8 8.5 22.6 1,493.4 . 5.6 3.6 2,593.9 137.0 3,089.4 477.3 3,523.7 702.5 23.3
-53.2% +299.5% +246.1% -59.9%  -71.0%  +67.8% - -57.6%  +73.7% -- +19.1%  +248.4% +14.1%  +47.2% --
2.1% 7.9 90.0% .6 1.5% 97.7% 2% 1% 95.0% 4.9% 86.7% 13.3% 83.0% 16.5% .5

than or equal to".
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U.S. MANUFACTURERS

IBM Captive

Other U.S. Captive
PCM/Reseller
OEM/Integrator
TOTAL U.S. SHIPMENTS

NON-U.S. MANUFACTURERS

.

Captive

PCH/Reseller
OEM/Integrator

TOTAL NON-U.S. SHIPMENTS

WORLDOWIDE RECAP

Captive

PCM/Reseller

OEM/Integrator

Total Shipments

ANNUAL SHARE, BY DIAMETER

TOTAL CAPACITY (Terabytes)

TABLE 45
FIXED DISK DRIVES, 200 - 300 MEGABYTES
WORLDWIDE SHIPMENTS (000)
BREAKDOWN BY DISK DIAMETER

1991 Forecast
Shipments 1992 1993 1994 - 1995
8" 5.25" 3.5" 8" 5.25" 3.5" 2.5" 8" 3.5" 2.5" 3.5" 2.5" 3.5" 2.5 <=1.8"
2.0 -- -- 1.0 - 1060.0 -- .5 1700.0 50.0 1,000.0 400;0 1,100.0 700.0 --
-- 12.6 - -- 4.0 .6 -- - 2.0 20.0 4.0 35.0 5.0 50.0 .-
-- - 676.8 -- - 1,304.1 - -- 2,210.0 15.0 2,790.0 30.0 3,680.0 50.0 30.0
.5 -- - 1,127.0 .5 -~ 2,3%.0 15.0 .5 4,102.0 200.0 5,181.0 440.0 6,540.0 675.0 40.0
2.5 12.6 1,803.8 1.5 4.0 3,738.7 15.0 1.0 7,014.0 285.0 8,975.0 905.0 11,325.0 1,475.0 70.0
.5 -- 3.2 2 -- 24.0 - -- 40.0 - 75.0 30.0 100.0 65.0 --
-- -- 2.0 -- - 63.0 - -- 165.0 -- 265.0 5.0 430.0 10.0 --
2.2 3.6 76.4 .3 7 187.2 - -- 460.0 25.0 720.0 40.0 1,100.0 70.0 10.0
2.7 3.6 81.6 .5 g 274.2 - -- 665.0 25.0 1,060.0 75.0 1,630.0 145.0 10.0
2.5 12.6 3.2 1.2 4.0 124.6 - .5 742.0 70.0 1,079.0 465.0 1,205.0 815.0 --
-47.9% - +23.1% -52.0%  -68,3% -- -- -58.3%  +495.5% -- +45.4%  +564.3% +11.7%  +75.3% --
-- - 678.8 T - 1,367.1 -- - 2,375.0 15.0 3,055.0 35.0 4,110.0 60.0 30.0
-- -100.0%  +551.4% - - +101.4% -- - +73.7% -- 428.6% +133.3% +34.5%  471.4% --
2.7 3.6 1,203.4 . 7 2,521.2 15.0 .5 4,562.0 225.0 5,901.0 480.0 7,640.0 745.0 50.0
+350.0% -63.6% +228.7% ' -70.4% -80.6% +109.5% -- -37.5% +80.9% -- +29.4% +113.3% +29.5% +55.2% -
5.2 16.2 © 1,885.4 2.0 4.7 4,012.9 15.0 1.0 7,679.0 310.0 10,035.0 980.0 12,955.0 1,620.0 80.0
-3.7%  -22.1% +298.7% -61.5%  -71.0% +112.8% -- -50.0%  +91.4% -- +30.7% +216.1% 429.1%  +65.3% --
3% .8% 98.9% -- 1% 99.6% .3% -- 96.2% 3.8% 91.2% 8.8% 88.5% 11.1% 4%
2,929.3 407.2 19.2

1.2 4.1 404.5 .5 1.2 895.3 3.1 .2 1,730.6 69.2 2,263.4 235.2

Note: "<=" jindicates "less than or equal to".
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TABLE 46

FIXED DISK DRIVES, 200 - 300 MEGABYTES

APPLICATIONS SUMMARY

" Percentage of Worldwide Shipments

APPLICATION

MAINFRAME / SUPERMINI
General purpose

MINICOMPUTERS AND
MULTIUSER MICROS
Business and professional,
including networks

PERSONAL COMPUTERS
Business and professional,
single user

OFFICE SYSTEMS
AND WORKSTATIONS .
Dedicated application

NON-OFFICE SYSTEMS

AND WORKSTATIONS

Technical, distribution,
medical, other specialized

CONSUMER AND
HOBBY COMPUTERS

OTHER
APPLICATIONS

Total

1991 Estimate_

Units
(000) %
1.1 1
138.1 7.2
1,398.8 73.4
111.9 5.9
256.3 13.4
1,906.8 100.0

1992 DISK/TREND REPORT

1995 Projection

Units
(000) %
366.4 2.5
13,335.9 91.0
73.3 .5
732.8 5.0
146.6 1.0
14,655.0 100.0



DISK DIAMETER

5.25"
3.5"
2.5"

1.8" or less

Captive Average

PCM/Reseller

5.25"
3.5"
2.5"

1.8" or less

PCM/Reseller Average

OEM/Integrator

5.25"
3.5"
2.5"

1.8" or less

OEM/Integrator Average

Note:

28.00
23.34
10.05

10.21
3.60
2.13

2.15

TAl

BLE 47

FIXED DISK DRIVES, 200 - 300 MEGABYTES
WORLDWIDE PRICE PER MEGABYTE ($/MB)

11.55
2.80
1.50
1.81

1.50

11.34

1.22
1.55

1.24

DT5-12

—221094-memm nmen1995-mmm-
3.76 3.27
2.88 2.44
3.46 2.90
1.12 1.02
1.27 1.06
-- 1.20
1.12 1.02
1.10 1.00
1.25 1.04°
-- 1.21
1.11 1.01

Price per megabyte calculations represent estimated total sales revenues for

each product type divided by the total capacity of all drives of that type sold.
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TABLE 48

FIXED DISK DRIVES, 200 - 300 MEGABYTES

MARKET SHARE SUMMARY

Worldwide Shipments of Noncaptive Disk Drives

1991 Net Shipments

To United States
Destinations

8" 5.25" 3.5" Total

Seagate Technology

Maxtor

Conner Peripherals

Western Digital

Quantum

Other U.S.

Other Non-U.S.
TOTAL

-- -- 486.0 486.0
- -- 303.0 303.0
- -- 278.0 278.0
-~ -- 110.0 110.0
-- -- 110.0 110.0

1 - 65 6.6
3 - 161 16.4
T4 o2 1309.6 1310.0

Horldwide

Units (000)

37.1
23.1
21.2

100.0

1992 DISK/TREND REPORT

5.25"  3.5" Total

-- 626.0 626.0
-- 388.0 388.0
-- 388.0 388.0
-- 202.0 202.0
-- 187.0 187.0
-- 12.8 13.3
3.6 78.4 84.2

3.6 1882.2 1888.5

33.1
20.5
20.5
10.7

100.0
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FIXED DISK DRIVES, 300 - 500 MEGABYTES

Coverage

Examples of disk drives in this group include:

14" disk diameter
DZU
10.5" disk diameter

Fujitsu
9" disk diameter

Elebra
Hitachi
Seagate Technology

8" disk diameter
Fujitsu
5.25" disk diameter

Digital Equipment
Edisa

EZI

Fujitsu
Hewlett-Packard
Hitachi

IBM

Maxtor

Micropolis

NEC

Seagate Technology
Sequel

3.5" disk diameter

Brand Technologies
Conner Peripherals
Digital Equipment
Fujitsu
Hewlett-Packard
Hitachi

IBM

Maxtor
Microscience International
NEC

Quantum

EC 5063

M2350A, F6421

W950
DK815-5
ST6515J

M2343K, M2381K

RF31*

ED 71396

4410

M2249E/S

97544P

DK514-38
0671-387, 0681-500
XT-8380E/S
1558-15, 1684*
D5662

ST4385N, ST2383N*
XT-4380E/S

BT3480*

CP-3360*

RF31T*

M2622S*

C2235*

DK314C-41*
0661-371%*, 0661-467*
LXT-340S*, MXT-340A**
7400*

D3872*, D3881*
425iS/AT ProDrive*

1992 DISK/TREND REPORT
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3.5" disk diameter (continued)

Seagate Technology ST1 480A/N*, ST3500A/N**

Western Digital : WDAC2340**
Zentek . - ZH 3490*

- *Maximum 41.3 mm height, or Iess‘.
**Maximum 25.4 mm height, or less.

The original disk drives in this group were patterned after IBM’s 3350 --
typically 317.5 megabyte floor-standing drives intended for use with mainframes.
These drives, and the rack-mounted 14", 10.5", 9" and 8" drives which followed,
are now mostly gone, as improving areal density has continually reduced drive
packaging to smaller sizes.

A wave of 380 megabyte 5.25" drives, following the lead of Maxtor, provided
major shipments for many producers for several years, with more than 20
companies active, at various times, in the market. The half high Wren 5.25"
drives (pioneered by Control Data, now part of Seagate’s product line), were
followed with half high 5.25" models from only one other company, Micropolis.

In 1989, IBM became the first company to announce and ship 3.5" drives in.
this capacity range, but numerous other drive manufacturers also introduced 3.5"
drives in 1990. In 1991, Seagate announced 426 megabyte models only 1" high,
and in 1992 Western Digital announced a 1" high 341 megabyte 3.5" drive using

~ only two disks.

Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1991 1992 1093 1994 1995

U.S. manufacturers 2,448.7 1,369.5 1,123.7 1,096.8 1,314.6
All manufacturers 2,7596 11,6088 13563 1,389.1 1,720.1

Total sales revenues for this product group are currently suffering due to the

" movement from 5.25" drives to 3.5" models carrying lower prices, combined with

IBM’s sharply reduced revenue from its 320 and 400 megabyte 3.5" drives -- but
total unit shipments continue to climb. Revenue growth was only 8.4% in 1991
and will decline an estimated 41.7% in 1992. Overall unit shipments were up
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32.8% in 1991, with another increase of 22.4% expected this year.

The 380 megabyte 5.25" drive, originally introduced by Maxtor in 1984, was a
big winner for several leading manufacturers of OEM disk drives, but shipments
peaked in 1989. 5.25" drive shipments were down 25.7% in 1991, with a further
decline of 59.3% expected in 1992, down to 218,400 drives.

For several years 3.5" drive shipments in this product group were dominated
by IBM’s "Lightning/Turbo" series, with initial shipments in 1989. Major noncap-
tive shipments of 3.5" drives from several drive manufacturers did not start until
1991. IBM’s shipments of 320/400 megabyte drives peaked in 1991 at an esti-
mated 440,000 units. However, 1992’s shipments of these models are expected
to be less than half of the 1991 total, due to displacement by the "Corsair" series
of 3.5" drives, with capacities over 1 gigabyte. Combined with drastic price
reductions, IBM’s lower shipments of 3.5" drives in this product group will reduce
the company’s estimated captive sales revenue for 300-500 megabyte drives
from $1.6 billion in 1991 to $410 million in 1992.

The 1989 Lightning introduction represented an interesting change in IBM
sales strategy for the nonbaptive market. After unsuccessful attempts to sell
earlier small diameter disk drives to major system manufacturers on an OEM
basis, a different sales program was established for the Lightning. The drive was
offered for resale through Western Digital on an OEM basis and through WD’s
distributors, through System Industries and other add-on subsystems builders,
and through CMS Enhancements for the PC aftermarket. |1BM realized only
moderate success with the Lightning in these programs, but they helped pave
the way for more successful programs later, as the firm continued to offer major
new drives to other system manufacturers for early delivery.

IBM no longer dominates 3.5" drive shipments in the 300-500 megabyte

range, and in 1992 1.2 million drives will be shipped by the other 13 manufactur-
ers which have entered the field. OEM/Integrator shipments are expected to be
up 202% in 1992 and PCM/Reseller shipments will climb 360%.

Personal computer applications took over the lead in shipments in this
product group in 1991 for the firs