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FOREWORD

The conventional wisdom in the disk drive industry holds that the
number of participating companies is destined to shrink as the total
annual revenue builds to new heights. However, in 1988 actual events
haven't followed this plan.

A number of companies have dropped out of the disk drive business.
But six companies from the United States have entered the industry,
together with two each from Japan and South Korea. A1l together, there
are 63 active rigid disk drive manufacturers this year, compared to 60
last year. Perhaps we'll lose a few more next year, but if not the theory
may have to be revised.

This is the twelfth year of the DISK/TREND Report, which since last
year has been pub]ishéd in three volumes. The 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 of flexible disk drives to be
released in November.

We are always willing to help you at any time by providing additional
information on the industry which we may have available. Your suggestions
for improvements~ih the DISK/TREND report are always welcome and are sin-

cerely appreciated.

James N. Porter

Robert H. Katzive
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INTRODUCTION

One of the DISK/TREND product groups has been split this year

We do not revise the main groups into which data for this report is
organized very frequently, recognizing that many DISK/TREND users employ
the same groups in their internal plans, but we are now doing so, for the
second consecutive year. Somehow, when we reorganized several DISK/TREND
product groups last year, we didn't quite finish the job. - The previous
30-100 megabyte group was getting crowded, and it failed to differentiate
between the separate clusters of drives in high and low ends of the group.
So the old product group has been split into two new groups, at the 60
megabyte level. No other product groups are affected.

Here is the current list of DISK/TREND product groups for rigid disk
drives:

Disk cartridge drives

Disk pack drives

Fixed disk drives, less than 30 megabytes
Fixed disk drives, 30-60 megabytes

Fixed disk drives, 60-100 megabytes

Fixed disk drives, 100-300 megabytes

Fixed disk drives, 300-500 megabytes

Fixed disk drives, 500 megabytes - 1 gigabyte
Fixed disk drives, more than 1 gigabyte

OCoOoONOTOITHWN -

This information will help you use the report

* A1l disk drive revenues are reported at the level of the first
public sale, at the estimated transaction price, whether the sale
occurs at the captive end user, PCM or OEM levels.

* A11 unit totals are given in spindles. A disk drive containing two
spindles is counted in DISK/TREND statistics as two spindles,
except for some plug compatible drives which are counted in units
equivalent in capacity to corresponding IBM drive models.

* Prices for most OEM drives sold in the United States are shown,
usually at the 100 unit level. When prices for higher quantities
have been used, the applicable quantity is shown in parentheses.
Please remember that prices may be changed without notice by the
manufacturers.

1988 DISK/TREND REPORT
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SUMMARY: RIGID MAGNETIC DISK DRIVES

Industry size

Many manufacturers have been buffeted during 1988 by undercapacity to
produce rising new products and overcapacity to make sinking old products,
as well as the continuing difficulties with component sourcing, exchange
rates, and finding cash for expansion. Nevertheless, the industry's
growth continues, even if the rewards are not distributed evenly among the
participants. Total rigid disk drive revenue for 1987 was $16.6 billion,
with 1991 forecasted at $30.6 billion, averaging 16.7% per year.

The 1987 revenue total fell $1.5 billion below last year's forecast,
with the shortfall primarily in older captive models from IBM and other
U.S. captive drive manufacturers. But even with the forecasting
shortfall, 1987's revenue total was 13.7% above the previous year, due
mostly to solid growtﬁ for OEM drives.

1988's revenue increase is expected to be up again, 23.2% higher than
1987. U.S. captive revenues are climbing again, with production increases
for several new models from IBM, Digital Equipment, Hewlett-Packard and
Data General. OEM drive revenues also continue to grow, reflecting this
year's 36.8% boost in worldwide unit shipments, to 14,192,200 drives.

The excellent outlook through 1991 for total revenues will favor some
segments of the industry over others. New captive drives yet to be ann-
ounced by IBM and other U.S. companies will keep U.S. captive revenues
growing faster than the industry average. Some of these same new drives,
however, will help to continue the seesaw sales pattern for plug compat-
ible models, as PCM producers scramble to keep up with IBM. As usual, OEM

drive growth will continue, favoring those with major new products.

1988 DISK/TREND REPORT
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TABLE 1
CONSOLIDATED WORLDWIDE REVENUES
RIGID MAGNETIC DISK DRIVES
REVENUE SUMMARY

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

1987 e Forecast------=--=-cmmcmmmccccees

----Revenues---  ------ 1988-vvae  cmee 1989----=  cceen- 1990----- —eeoa- 1991 -----

u.s. WH u.s. WW u.s. WW u.s. HW u.s. WH
U.S. Manufacturers
IBM Captive 4,186.7 6,727.7 5,774.4 8,961.8 7,336.3 11,269.5 8,548.3 13,176.8 9,780.0 15,104.4
Other U.S. Captive 828.6 1,445.7 961.8 1,599.4 1,372.2 2,318.0 1,689.5 2,809.5 1,753.3 2,955.4
TOTAL U.S. CAPTIVE 5,015.3 8,173.4 6,736.2 10,561.2 8,708.5 13,587.5 10,237.8 15,986.3 11,533.3 18,059.8
PCM 168.6 232.8 148.4 232.7 84.4 160.9 103.5 192.0 173.9 286.4
OEM 2,659.1 3,681.3 3,067.0 4,619.5 3,512.8 5,279.9 3,715.1 5,618.4 3,940.0 6,026.3
TOTAL U.S. NON-CAPTIVE 2,827.7 3,914.1 3,215.4 4,852.2 3,597.2 5,440.8 3,818.6 5,810.4 4,113.9 6,312.7
TOTAL U.S. REVENUES 7,843.0 12,087.5 9,951.6 15,413.4 12,305.7 19.028;3 14,056.4 21,796.7 15,647.2 24,372.5
Non-U.S. Manufacturers
Captive 206.3 2,422.7 132.1 2,601.0 305.8 2,534.2 421.1 2,615.7 538.2 2,606.9
PCM 176.7 412.7 194.5 430.7 323.3 639.8 374.0 701.7 502.5 831.8
OEM 641.7 1,687.5 741.9 2,016.7 940.3 2,490.6 1,035.9 2,759.2 1,068.0 2,805.3

TOTAL NON-U.S. REVENUES 1,024.7 4,522.9 1,068.5 5,048.4 1,569.4 5,664.6 1,831.0 6,076.6 2,108.7 6,244.0

Worldwide Recap

TOTAL WORLDWIDE REVENUES 8,867.7 16,610.4 11,020.1 20,461.8 13,875.1 24,692.9 15,887.4 27,873.3 17,755.9 30,616.5

1988 DISK/TREND REPORT
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Marketing channels

Reversing a long term trend, the number of disk drive manufacturers
has actually increased in 1988. This edition of the DISK/TREND Report
lists 63 companies now in production or with announced products, compared
with the 60 included last year.

The U.S. disk drive manufacturers now number 35, an increase of one
over 1987. There are actually six new names on the list, with deletions
due to the departure of companies with negligible production or sale of a
product line, as in the case of Tandon's sale of its disk drive product
lTine to Western Digital. Most of the new entrants, both U.S. and non-U.S.
firms, are concentrating on small diameter low-end drives. The Asian
manufacturer list has increased by two, with the drop-outs having Tittle
or no production. New Asian firms include Samsung Electronics and
Goldstar Telecommunications, from South Korea, plus Kyocera and Mitsumi
Electric, from Japan.'

Users of the DISK/TREND Report should note that revenues are reported
at the level of each drive's first public sale. The price used for each
drive is the estimated value at the first time it is sold to a non-affil-
iated buyer, at captive end user, PCM or OEM levels. Prices are based on
disk drives alone, without controliers 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 and OEM
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. An approximation of the OEM value of
typical captive drives can be obtained by dividing captive revenues for

most types of drives by a factor of 4 to 5.

1988 DISK/TREND REPORT



WORLDWIDE REVENUES
BY MANUFACTURER TYPE

U.S. Manufacturers
1BM Captive
Other U.S. Captive
PCM

OEM

Total U.S. Manufacturers

Non-U.S. Manufacturers
Captive
PCM

OEM

Total Non-U.S. Manufacturers

Horldwide Recap
Captive
pCH
OEM

Total A1l Manufacturers

TABLE 2
CONSOLIDATED WORLDWIDE REVENUES
RIGID MAGNETIC DISK DRIVES
MARKET CLASS REVIEW

REVENUE SUMMARY

------ Y R e et T s of Lo L R
----Revenues---  --wwa- 1988-ncce  cmmea- 1989-ccan amceea 90-w-en  —eman 199} -—---
% M % M % % $M %
6,727.7 40.5% 8,961.8 43.7% 11,269.5 45.6% 13,176.8 47.2% 15,104.4 49.3%
+4.8% +33.2% +25.8% +16.9% +14.,6%
1,445.7 8.7% 1,599.4 7.8% 2,318.0 9.3% 2,809.5 10.0% 2,955.4 9.6%
-24.0% +10.6% +44,9% +21.2% +5.2%
232.8 1.4% 232.7 1.1% 160.9 .6% 192.0 .6% 286.4 .9%
+43.8% -- -30.9% +19,3% +49.2%
3,681.3 22.1% 4,619.5 22.5% 5,279.9 21.3% 5,618.4 20.1% 6,026.3 19.6%
+47.8% +25.5% +14.3% +6.4% +7.3%
12,087.5 72.7% 15,413.4 75.1% 19,028.3 76.8% 21,796.7 77.9% 24,372.5 79.4%
+10.1% +27.5% +23.5% +14.5% +11.8%
2,422.7 14.5% 2,601.0 12.7% 2,534.2 10.2% 2,615.7 9.3% 2,606.9 8.5%
+31.4% +7.4% -2.6% +3.2% -.3%
412.7 2.4% 430.7 2.1% 639.8 2.5% 701.7 2.5% 831.8 2.7%
-11.4% +4.,4% +48.5% +9.7% +18.5%
1,687.5 10.4% 2,016.7 10.1% 2,490.6 10.5% 2,759.2 10.3% 2,805.3 9.4%
+27.5% +19.5% +23.5% +10.8% +1.7%
4,522.9 27.3% 5,048.4 24.9% 5,664.6 23.2% 6,076.6 22.1% 6,244.0 20.6%
+24.5% +11.6% +12.2% +7.3% +2.8%
10,596.1 63.8% 13,162.2 64.3% 16,121.7 65.3% 18,602.0 66.7% 20,666.7 67.5%
+4,2% +24,2% +22.5% +15.4% +11.1%
645.5 3.9% 663.4 3.2% 800.7 3.2% 893.7 3.2% 1,118.2  3.7%
+2.9% +2.8% +20.7% +11.6% +25.1%
5,368.8 32.3% 6,636.2 32.5% 7,770.5 31.5% 8,377.6 30.1% 8,831.6 28.8%
+40.8% +23.6% +17.1% +7.8% +5.4%
16,610.4 100.0% 20,461.8 100.0% 24,692.9 100.0%5 27,873.3 100.0% 30,616.5 100.0%
+13.7% +23.2% +20.7% +12.9% +9.8%

Note: Percentage figures with plus/minus signs refer

to year-to-year growth rates.
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Product mix

After reaching a peak of 77% of worldwide unit shipments in 1984,
fixed disk drives less than 30 megabytes are expected to provide only
43.4% of 1988's unit shipment volume. Actual shipments are still
growing, and are expected to continue increasing through 1991, but the

share of unit shipments held by this product group is forecasted to sTump

to 33.2% by 1991.

The main application for low-end drives is the personal computer
market, and while there is enough overall growth in PCs to sustain modest
increases for this group, higher capacity drives are faring better, due to
greater software complexity and heightened user sophistication.

Among other fixed disk drive groups, 30-60 megabyte drives have
enjoyed boom times in the last few years, pushed by popularity of 286/386-
based PCs, but are also expected to decline slightly in percentage share,
to 28.1% in 1991. Onvthe other hand, all of the fixed disk drive product
groups with capacities over 60 megabytes will increase their share of the
total through 1991, driven by increasing data storage demand for high-end
personal computers, technical workstations and minicomputers.

Although much of the industry has been preoccupied with low-end and
mid-range drives in recent years, the majority of revenues still are gen-
erated by drives in the higher capacity ranges. Even though unit ship-
ments of models with capacities over 300 megabytes were less than 5% of
the total for all rigid disk drives, they provided 57.2% of 1987 revenues,
with 1991 forecasted at 63.1%. Most of the increase is expected to come
from new drives, especially for mainframe applications, with major new

drives expected from IBM next year.
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FIXED DISK DRIVES
more than 1 GB

FIXED DISK DRIVES
500 MB - 1 GB

FIXED DISK DRIVES
300 MB - 500 MB

FIXED DISK DRIVES
100 MB - 300 MB

FIXED DISK DRIVES
60 M3 - 100 MB

FIXED DISK DRIVES
30 MB - 60 MB

FIXED DISK DRIVES
less than 30 MB
REMOVABLE MEDIA
DISK DRIVES
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TABLE 3
CONSOLIDATED WORLDWIDE REVENUES
RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

REVENUE SUMMARY

WORLDWIDE REVENUES ~ ------ 1987--mm- e Forecast-w-eoeuuuuu e L PR
ALL MANUFACTURERS ----Revenues---  ------ 1988----- oo 1989----n oo 1990----- —-o--- 1991-----
M % $M % M % M % $M %

DISK CARTRIDGE DRIVES 112.2 % 80.0 4% 77.6 .3% 67.1 2% 48.4 2%
-43.3% -28.7% -3.0% -13.5% -27.9%

DISK PACK DRIVES 273.0 1.6% 205.3 1.0% 141.5 .6% 77.4 .3% 39.2 1%
-46.3% -24.8% -31.1% -45.3% -49.4%

FIXED DISK DRIVES 2,252.0 13.6% 2,320.4 11.3% 2,175.7 8.8% 2,160.9 7.8%  2,140.3 7.0%
less than 30 Megabytes +2.5% +3.0% -6.2% -.7% -1.0%

FIXED DISK DRIVES 1,968.6 11.9% 2,121.4 10.4% 2,425.4 9.8% 2,594.5 ° 9.3% 2,637.4 8.6%
30 - 60 Megabytes +70.5% +7.8% +14.3% +7.0% +1.7%

FIXED DISK DRIVES 1,151.2 6.9% 1,584.2 7.7% 2,067.8 8.4% 2,485.3 8.9% 2,893.2 9.4%
60-100 Megabytes +7.5% +37.6% +30.5% +20.2% +16.4%

FIXED DISK DRIVES 1,350.0 8.1% 2,201.2 10.8% 2,613.1 10.6% 2,894.5 10.4% 3,543.5 11.6%
100 - 300 Megabytes +8.3% +63.1% +18.7% +10.8% +22.4%

FIXED DISK DRIVES 2,035.3 12.3% 2,416.2 11.8% 2,852.2 11.6% 3,219.3 11.5% 3,498.4 11.4%
300 - 500 Megabytes +8.0% +18.7% +18.0% +12.,9% +8.7%

FIXED DISK DRIVES 2,413.7 14.5% 3,540.1 17.3% 4,095.1 16.6% 4,418.5 15.9% 3,608.4 11.8%
500 Megabytes to 1 GB +34.4% +46.7% +15.7% +7.9% -18.3%

FIXED DISK DRIVES 5,054.4 30.4% 5,993.0 29.3% 8,244.5 33.3% 9,955.8 35.7% 12,207.7 39.9%
more than 1 Gigabyte +11.0% +18.6% +37.6% +20.8% +22.6%

Total Worldwide Revenue 16,610.4 100.0% 20,461.8 100.0% 24,692.9 100.0% 27,873.3 100.0% 30,616.5 100.0%

+13.7% +23.2% +20.7% +12.9% +9.8%
% U.S. Mfg. 72.7% 75.3% 77.0% 78.1% 79.6%

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

DISK CARTRIDGE DRIVES
DISK PACK DRIVES

FIXED DISK DRIVES
less than 30 Megabytes

FIXED DISK DRIVES
30 - 60 Megabytes

FIXED DISK DRIVES
60-100 Megabytes

FIXED DISK DRIVES
100 - 300 Megabytes

FIXED DISK DRIVES
300 - 500 Megabytes

FIXED DISK DRIVES
500 Megabytes to 1 GB

FIXED DISK DRIVES
more than 1 Gigabyte

Total Worldwide Shipments

% U.S. Mfg.

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

---Shipments

Units

6,769.0
+33.1%

4,147.9
+223.3%

1,043.9
+40.1%

528.8
+108.8%

240.2
+34.1%

193.7
+107.8%

143.7
+15.0%

13,191.9
+66.4%

78.2%

51.

31.

100.

CONSOLIDATED WORLDWIDE SHIPMENTS

o,

TABLE 4

RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

UNIT SHIPMENT SUMMARY

------ 1988--v-- e
Units % Units
77.9 4% 101.5
-14.3% +30.3%
25.5 1% 17.2
-24.,6% -32.5%
7.582.4 43.5% 8,335.0
+12.0% +9.9%
5,765.6 33.0% 7,033.1
+39.0% +22.0%
1,703.5 9.8% 2,744.0
+63.2% +61.1%
1,264.8 7.2% 1,922.1
+139.2% +52.0%
541.4 3.1% 941.4
+125.4% +73.9%
303.3 1.7% 481.9
+56.6% +58.9%
185.0 1.1% 260.0
+28.7% +40.5%
17,449.4 100.0% 21,836.2
+32.3% +25.1%
79.9% 76.2%

1988 DISK/TREND REPORT

----- Forecast
1989-cneec cmeeeo
% Units
5% 116.9
+15.2%
1% 10.9
-36.6%
38.2% 9,110.0
+9.3%
32.2% 7,948.0
+13.0%
12.6% 3,730.0
+35.9%
8.8% 2,564.0
+33.4%
4.3% 1,324.7
+40.7%
2.2% 642.0
+33.2%
1.1% 413.0
+58.8%

100.0% 25,859.5

+18.4%

74.6%

35.2%

30.7%

14.4%

100.0%

9,840.0
+8.0%

8,345.0
+5,0%

5,056.0
+35,5%

3,336.0
+30.1%

1,654.0
+24.,9%

717.0
- +11.7%

605.1
+46.5%

29,657.1
+14.7%

75.1%

33.2%

28.1%

17.0%

11.2%

100.0%
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OEM market

Seagate's sales of slightly over one billion dollars in 1987 improved
the company's share of the QEM disk drive market to 19.8% of the 1987
worldwide total. Imprimis (formerly Control Data's Data Storage Products
Group) continued to hold second place, with 14.9%, almost the same share
as the previous year. New management at Imprimis has brought renewed
growth to the long-term leader in OEM disk drives, which held 55.1% of
1980 worldwide OEM revenues.

The loss of OEM market share for United States disk drive manufact-
urers which was underway in the 1984-86 period has been reversed. The
reasons are probably found in the vigorous rate of new product introduc-
tions by U.S. manufacturers, primarily in small diameter disk drives, and
in the dramatic movement in the dollar/yen exchange rate.

After holding over 80% of worldwide OEM disk drive unit shipments for
many years, U.S. manufacturers dropped to 66.7% in 1985, but gained in
1986 and reached 78.4% in 1987. The U.S. percentage share of OEM unit
shipments is expected to decline after 1988, as shipments of low-end
drives by non-U.S. manufacturers to their domestic markets increases. The
revenue share for U.S. firms is a lower percentage, in the mid-60% range,
because U.S. companies lead in low-end drives selling at lower average
prices.

OEM drive producers have led the way in the industry's movement to
drives with smaller disks, and no end is in sight. Starting with the
first shipment of the Seagate 5.25" 6 megabyte drive in 1980, OEM drive
manufacturers have been pushing 5.25" drives into higher and higher capa-
city ranges, currently capped by 760 megabyte drives promised for shipment

this year by several manufacturers, following Maxtor's lead.
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The full size 5.25" form factor, in turn, is losing ground to half
high 5.25" drives. 98.5% of 5.25" fixed drives less than 30 megabytes are
now half high models, as are 93% of the 30-60 megabyte drives. After
introduction in 1983, the rapid rise of 3.5" drives for personal computer
applications has now captured more than half of all unit shipments for
drives below 60 megabytes, and the impact of the 3.5" format is starting
to be felt in capacities above 60 megabytes. Further proof of the vital-
ity of this trend is found in the introduction this year of 2.5" drives,
which are expected to be produced in substantial quantities starting in
1989 for the laptop personal computer market.

While intense product and market development activities for OEM
drives have been underway in the capacity ranges below 100 megabytes,
drive manufacturers also have been achieving excellent growth for higher
capacity models. Only 36.1% of 1987 worldwide OEM revenues were generated
by drives over 100 megabytes, but 1991's QOEM revenue level for this cap-
acity range is forecasted at 47.2% of the worldwide total.

5.25" drives will continue to work their way into increasingly higher
capacity ranges. 5.25" drives are already leading in unit shipments as of
this year for the 300-500 megabyte group, and 5.25" drives are expected to
assume shipment leadership by 1990 in the 500 megabyte to 1 gigabyte
group, then by 1991 in the over 1 gigabyte group.

3.5" drives will also participate in the advance to higher areal
densities and total capacity per drive. The current DISK/TREND forecast
predicts that 84.5% 100-300 megabyte drives will be 3.5" models in 1991.
The first 3.5" drives with capacities over 300 megabytes are expected next

year, growing to 23% of the world total by 1991.
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TABLE 5
OEM WORLDWIDE REVENUES
RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

REVENUE SUMMARY

WORLDOWIDE REVENUES  —---e- 1987--cme cmmmem e Forecast--=e==mmmmmmmccccc oo
ALL MANUFACTURERS ----Revenues---  —----- 1988-----  coeon- 1989--moe  amcene 1990----=  ——ome- 1991 -----
M % $M % M % M % $M %

DISK CARTRIDGE DRIVES 77.4 1.4% 64.0 1.0% 68.2 -.9% 63.2 .8% 48.4 .5%
-7.9% -17.3% +6.6% -7.3% -23.4%

DISK PACK DRIVES 178.8 3.4% 139.2 2.1% 94.5 1.2% 59.6 7% 35.0 4%
-23.0% -22.1% -32.1% -36.9% -41.3%

FIXED DISK DRIVES 1,239.3 23.2% 1,359.9 20.6% 1,372.8 17.8% 1,435.4 17.2% 1,447.0 16.5%
less than 30 Megabytes +1.6% +9,7% +0.9% +4.,6% +0.8%

FIXED DISK DRIVES 1,329.3 24.7% 1,579.8 23.8% 1,736.7 22.3% 1,787.7 21.3% 1,752.7 19.9%
30 - 60 Megabytes +150.0% +18.8% +9,9% +2.9% -2.0%

FIXED DISK DRIVES 590.0 11.0% 629.6 9.4% 882.6 11.4% 1,087.1 13.0% 1,373.9 15.5%
60-100 Megabytes +1.6% +6.7% +40.2% +23.2% +26.4%

FIXED DISK DRIVES 590.5 11.0% 902.4 13.6% 1,196.3 15.4% 1,318.4 15.8% 1,462.5 16.6%
100 - 300 Megabytes +67.5% +52.8% +32.6% +10.2% +10.9%

FIXED DISK DRIVES 461.5 8.6% 814.8 12.3% 1,000.0 12.8% 1,090.7 13.0% 1,117.4 12.6%
300 - 500 Megabytes +17.7% +76.6% +22.7% +9.1% +2.4%

FIXED DISK DRIVES 569.2 10.6% 642.3 9.7% 851.3 11.0% 884.2 10.5% 871.3 9.9%
500 Megabytes to 1 GB +156.7% +12.8% +32.5% +3.9% -1.5%

FIXED DISK DRIVES 332.8 6.1% 504.2 7.5% 568.1 7.2% 651.3 1.7% 723.4 8.1%

more than 1 Gigabyte +67.2% +51.5% +12.7% +14.6% +11.1%

Total Worldwide Revenues 5,368.8 100.0% 6,636.2 100.0% 7,770.5 100.0% 8,377.6 100.0% 8,831.6 100.0%
+40.8% +23.6% +17.1% +7.8% +5.4%

% U.S. Mfg. 68.5% 69.6% 67.9% 67.0% 68.2%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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TABLE 6
OEM WORLDWIDE SHIPMENTS
RIGID DISK DRIVES
PRODUCT CATEGORY REVIEW

UNIT SHIPMENT SUMMARY

UNIT SHIPMENTS  mee-a- 1987-==m=  mmmmmm e Forecast-------=--coccmmmmcaaon
IN THOUSANDS ---Shipments---  ------ 1988-----  ------ 1989--~--  ------1890-----  ------ 1991-----
Units % Units % Units % Units % Units %
DISK CARTRIDGE DRIVES 85.9 .8% 75.9 5% 100.3 6% 116.4 6% 97.7 4%
-1.4% -11.6% +32.1% +16.1% -16.1%
DISK PACK DRIVES 26.7 .3% 20.4 2% 13.6 -- 9.5 - 6.0 1%
-35.2% -23.6% -33.3% -30.1% -36.8%
FIXED DISK DRIVES 5,313.8 51.3% 6,211.2 43.8% 7,040.0 40.2% 7,817.0 38.4% 8,501.0 37.5%
less than 30 Megabytes +25.0% +16.9% +13.3% +11.0%. +8.8%
FIXED DISK DRIVES 3,419.8 32.9% 5,250.4 37.0% 6,270.1 35.6% 6,943.0 34.1% 7,131.0 31.4%
30 - 60 Megabytes +254.1% +53.5% +19.4% +10.7% +2.7%
FIXED DISK DRIVES 842.9 8.2% 1,129.1 8.0% 1,759.5 10.0% 2,299.0 11.3% 3,074.0 13.5%
60-100 Megabytes +25.9% +34.0% +55.8% +30.7% +33.7%
FIXED DBISK DRIVES 432.7 4.1% 921.9 6.5% 1,390.5 7.9% 1,820.0 8.9% 2,195.0 9.7%
100 - 300 Megabytes +138.3% +113.1% +50.8% +30.9% +20.6%
FIXED DISK DRIVES 135.6 1.3% 385.5 2.7% 647.7 3.7% 872.7 4,3% 1,070.0 4.7%
300 - 500 Megabytes +62.8% +184.3% +68.0% +34.7% +22.6%
FIXED DISK DRIVES 103.9 1.0% 151.7 1.1% 297.0 1.7% 398.0 1.9% 460.0 2.0%
500 Megabytes to 1 GB +245.2% +46.0% +95.8% +34.0% +15,6%
FIXED DISK DRIVES 16.0 1% 46.1 2% 71.8 3% 119.1 .5% 171.4 7%
more than 1 Gigabyte +122.2% +188.1% +55.7% +65.9% +43.9%
Total Worldwide Shipments 10,377.3 100.0% 14,192.2 100.0% 17,590.5 100.0% 20,394.7 100.0% 22,706.1 100.0%
+64.3% +36.8% +23.9% +15.9% +11.3%
% U.S. Mfg. 78.4% 79.7% 74.5% 72.0% 72.0%

Note: Percentage figures with plus/minus signs refer

to year-to-year growth rates.
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NOTE:

WORLDWIDE REVENUES OF ALL RIGID MAGNETIC DISK DRIVES

TABLE 7

1987 ESTIMATED MARKET SHARES

(value of non-U.S. currencies estimated at average 1987 rates)

Drives sold in the PCM market

at PCM price levels above, to avoid distortion of total market values.

CAPTIVE PCM
M % $M 4
U.S. MANUFACTURERS

Century Data -- -- - -—
Conner Peripherals -- -- -- -
Data General 156.1 1.5 - --
Digital Equipment 724.9 6.8 - -
Hewlett-Packard 318.3 3.0 -- --
Ibis -- -- -- --
1BM 6,727.5 63.5 -- --
Imprimis (Control Data) 50.0 .5 -- -
LaPine -- -- - -
Maxtor -- -- -- .-
Memorex -- -- 53.4 8.3
Micropolis - -- -- --
Microscience Interpational -- -- -- --
Miniscribe -- -- -- --
Plus Development -- -- -- --
Priam -- - - -
Quantum -- -- -- --
Seagate Technology -- -- - -
Storage Technology -- -- 179.4 27.8
, SyQuest - - - -
Tandon 140.7 1.3 -- --
Unisys 54.8 .5 -- -
Other U.S. 1.1 -- -- --
U.S. Total 8,173.4 77.1 232.8 36.1

NON-U.S. MANUFACTURERS
Fuji Electric -- -- - --
Fujitsu 756.9 7.1 197.4 30.6
Hitachi 238.2 2.2 215.2 33.3
1S0T 27.2 .3 - --
JVC (Victor Company) .- - -- --
Mitsubishi Electric. 55.6 .5 - --
NEC 914.9 8.6 - --
Newbury Data -- -- -- --
Northern Telecom 27.7 .3 -- --
Olivetti 129.0 1.2 -- --
Rodime -- -- -- --
Seiko Epson 36.0 .3 -- --
Siemens 42.8 .4 -- --
Tokico 48.6 .5 -- --
Toshiba 104.7 1.0 -- --
Other Non-U.S. 41.1 .4 .1 --
Non-U.S. Total 2,4822.7 22.9 412.7 63.9
WORLDWIDE TOTAL 10,596.1 100.0 645.5 100.0

3,681.3

35.0
528.4
186.4
127.8

80.5

NN ONNDOOTOY
e o e o 2 e s o
WO NOWWLMN

1,687.5

5,368.8

by other than the original manufacturer are valued
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TOTAL
INDUSTRY

% $M %
.8 42.1 .3
2.1 113.0 7
-- 156.1 .9
-- 724.9 4.4
.2 328.1 2.0
.9 50.4 .3
2.2 6,844.4 41.2
14.9 848.7 5.1
.5 26.4 .2
4.3 228.6 1.4
-- 53.4 .3
5.4 287.8 1.7
2.8 151.6 .9
6.7 361.1 2.2
1.4 72.8 .4
2.2 116.6 v
2.0 105.1 .6
19.8 1,065.7 6.4
-- 179.4 1.1

4 22.9 .1
1.5 220.0 1.3
-- 54.8 .3

6 33.6 .2
68.6 12,087.5 72.8
J 35.0 .2
9.8 1,482.7 8.9
3.5 639.8 3.9
2.4 155.0 .9
1.5 80.5 .5
1 61.8 4
6.6 1,271.8 7.7
.5 29.3 .2
.4 49.7 .3
.1 136.7 .8
2.0 109.8 .7
.2 48.6 .3
.4 65.1 .4
.4 69.4 4
1.1 163.2 1.0
1.6 124.5 7
31.4 4,522.9 27.2
100.0 16,610.4 100.0



Codes:

U.S. Manufacturers

2.5"
3"_3.9“
5.25"
8"_9. 5“
10.5"
14"

Captive
PCM
OEM

[~ BN o)
oy ou

——
PPOoOOCVWMN
nowonowonon

DISK/TREND PRODUCT GROUP:

Alpha Data

5129

Disk
Cartridge
Drives

TABLE 8

CURRENT PRODUCT LINES
MANUFACTURERS OF RIGID MAGNETIC DISK DRIVES

Disk
Pack
Drives

3

Fixed
Disk

Drives
<30 MB

Fixed
Disk
Drives
30- 60-
60 MB

4 5
Fixed
Disk

Drives

100 MB
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6 7 8
Fixed Fixed Fixed
Disk Disk Disk
Drives Drives Drives
100- 300- 500 MB-
300 MB 500 MB 1 GB

Fixed
Disk

Drives
>1 GB

13

Areal Technology

(&%

Brand Technologies

3,5

3

)
o

Cardiff Peripherals

Century Data

'U

14

8,14 8

Comport

(% (5, (O5 0]

Conner Peripherals

(9% 1 &% [FE L% JON |

Data General

13

14 8,14

DDC Pertec

o e o

Digital Equipment

14

8
5,14 14

DMA Technologies

oy O

HewTett-Packard

5,8 8

Ibis

17

1BM

3,8

5,8,14 8,14

14

Imprimis (Control Data)

o [

8,14

5,8,1
3.5,8 5,8 5,8,14

8,1¢

Josephine County Technology

KaTok

[F% {8,

Magnum TechnoTogy

Maxtor

NFM Technology

Micropolis

Microscience International

MiTtope

Hiniscribe

o (8, {8, oo

Northern Telecom

PTus Development

=

PrairieTek

Priam

5,8,14 5,8 5

Quantum

[ ]3|
[5) [e-

Seagate Technology

Storage Technology

E

SyQuest Technology

3,5

Unisys

14

17

14

Xebec

Hestern Digital

S

Asian Manufacturers

Alps Electric

Fuji Electric

Fujitsu

3,5,8,14 58,10,14 5,8,10,14

8,10

Goldstar Telecommunication

[e> (e o
= =

Hitachi

5.8 5,8 5,8,14

8,14

JVC (Victor Company)

Kyocera

Matsushita Com. Ind.

Mitsubishi Electric

58 8 8

Mitsumi Electric

NEC

13

8,14

Peripheral Technology

(&%
o
[OER8, [, [FL

3,2,8 5,8 8,14

Ricoh

Samsung Electronics

Seiko Epson

gqgq [=| [

Shinwa Digital

Teac

Tokico

[ e

wotoyoed

Toshiba

OO A OO AT O XA IO O

5,8 5,8 8

Y-E Data

European Manufacturers

14

14

5,8

14

Kovo

14

14

[exikon

Qg o

Newbury Data

Nixdorf

[os RS, (S0
(&2

Rodime

3,5 8

Sagem

gOogo oo

oyLs

Siemens R

(g
q

oyo-
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TECHNICAL REVIEW

Competing technologies

Rigid magnetic disk drive technology continues to advance, providing
ever improved performance and lower costs. However, it is becoming
clear that alternate technologies are approaching the point where they
will soon be able to challenge rigid disk drive technology in selected,
specific application niches. The most significant of these competitors
include:

* Semiconductor memory

* High capacity flexible disk drives

* Optical disk drives

* Bubble memories
A11 have already established themselves in some applications where char-
acteristics such as speed, removability, or environmental tolerance give
them unique advantages. Semiconductor memory, in particular, has advanced
down the learning curve at a faster rate than rigid magnetic drive tech-
nology, but progress is slowing as the complexity of product and process
technology increases.

The history of magnetic disk recording is one of continually improv-
ing recording densities, which translates directly into lower cost.
Higher density means fewer heads and disks for a given capacity, thus
reduced physical size, smaller motors, less heat, and lower power. And
as densities have been improved, development in head positioning tech-
niques has provided faster access.

Great competitive strength is now derived from the size of the world-

wide magretic disk drive industry, which includes scores of well estab-
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lished manufacturers and an amazing diversity of products. System manu-
facturers, employing thousands of engineers making their data storage
selection decisions, are comfortable and familiar with the magnetic disk
drive industry, know the system integration requirements for disk drives,
and have well established opinions on the credibility of specific manu-
facturers, based on extensive actual experience. These factors provide a
high level of momentum for magnetic disk drives which will not be undercut
by any potential alternative products soon, or without good reason.

Among the technological newcomers, it is reasonable to expect those
with outstanding strengths for specific applications to be successful in
gradually developing selected niche markets. Today's leading candidates
for commercial success are discussed in the following sections.

* Non-reversible optical disks: The first optical disk recording
systems to enter the market are "non-reversible" or "write-once"
systems. After many years of costly development programs un-
dertaken by several European and Japanese manufacturers, such
devices are being shipped by major suppliers, including IBM, 3M,
Eastman Kodak and Digital Equipment Corp. Whereas the initial
products manufactured were 12" in diameter, the trend is in-

creasingly to 5.25" diameter drives. 4.72" drives should enter
production status in 1989.

Because they use track densities approaching 16,000 tracks

per inch, write-once drives are capable of higher areal densi-
ties than magnetic disk drives now in use. The write-once
systems now available or entering the market use comparable,
but differing technologies, with capacities per side per disk
in the range of one hundred megabytes to five gigabytes. Some
systems, such as Eastman Kodak's 14" drive, provide several
gigabytes on a single removable disk. However, the current
technology cannot provide performance equivalent to magnetic
disk technology, nor can optical drives yet compete on a product
cost basis.

Although not yet demonstrated, advocates of the various types of
optical disk media technologies believe that their disks will
provide archival lives which equal or exceed those of magnetic
media, with 10 years being a commonly encountered specification
for archival life of the media. Lifetime is limited by the
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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 is no longer capable of coping with the gradually
increasing media defect density. More recently introduced media
using organic dyes as the recording material have no metallic
films and may offer improved stability.

In broad terms, two kinds of systems will be offered: Image
storage and data storage systems. Systems intended to store
images of documents were early entries to the market in Japan,
offered by Toshiba, Matsushita Electric, and others. The early
emphasis on optical document storage systems in the Japanese
market is explained by the extremely complicated character of
the written Japanese language. Since most business communica-
tion and records are in handwritten characters, the Japanese
emphasis first on copying machines, then facsimile transmission,
and now optical document storage systems is understandable. At
this time, it does not appear that optical document storage
systems will be able to compete on a price per image basis with
microfilm for bulk storage of images. However, the fast and
convenient access to stored images provided by optical disk
systems will probably create a major place for them in the
emerging office automation market for large-scale specialized
applications, and firms such as Eastman Kodak and Bell and
Howell are beginning to approach that market.

Data storage systems have been slower to develop, partly because
of more stringent demands upon the media and the difficulty of
developing a drive with performance suitable for data processing
applications, but also because of complex system development
necessary to provide Tibrary devices and system support for
them. Optical data storage systems and disk drives from a var-
iety of firms, including Laser Magnetic Storage, Laserdrive,
Ricoh, Optimem, ISI, Art Tech Gigadisc, Hitachi, Toshiba, NEC
and Sony are being shipped in increasing numbers, but most of
them are being used in image storage applications. These firms
have identified a number of target applications involving image
or text databases which are infrequently or never modified, and
for which a write-once system would not be at a disadvantage --
such as stock market history, legal files, seismic data, engin-
eering design records, banking transaction logs and law enforce-
ment records. Replacement of magnetic tape based mass storage
systems is also high on the target 1list.

Obviously, the market for this generation of optical disk sys-
tems will be limited to the niches which can tolerate non-revers-
ibility. These niches do exist and the low cost per byte of
optical storage will start to open selected markets to optical
disk systems. 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 a significant benefit.
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Large automated 1ibraries that provide random access to tens or
hundreds of disks make the use of large scale optical storage
attractive for engineering design firms, banks, insurance com-
panies and other organizations with massive records that must be
easily accessed. Library systems are needed in order to make
optical storage practical in a larger system environment. But
the markets will be specialized, with system manufacturers slow
to act. Manufacturers of 5.25" optical drives have yet to show
that they can make products that will stand up to extended per-
jods of hard mechanical wear and tear when used in automated
libraries.

Little displacement of magnetic disk drives by non-reversible
optical storage will result in the foreseeable future. Some
displacement of tape in archival applications is probable, but
the growth of write-once technology will be limited by the immi-
nent availability of erasable optical drives.

* Erasable optical disks: The possibility for real inroads into
the market for magnetic disk drives exists with rewritable
optical disk systems, when cost-effective drives with improved
performance are available. Magneto-optical recording has seen
development activity for more than twenty years, and "phase
change" optical recording has attracted considerable attention
during the past few years. 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
somewhat faster for a given laser power, reducing latency and
improving data transfer rate. However, it will be years before
rewritable optical technology can approach the best magnetic
drive technology.

Low-end erasable optical drives offer the promise of capac-
ities and access times equivalent to those offered by many of
today's small magnetic rigid drives. Such drives can be more
reliable than magnetic disk drives due to the increased head to
disk separation characteristic of optical disk drives. High-end
erasable drives await the availability of larger diameter eras-
able media, which is difficult to fabricate within the current
state of the art.

Especially impacted will be magnetic tape. By using an opti-
cal disk for backup with the same controller used for other
system disks, the system OEM can reduce system complexity and
cost while simultaneously improving performance. Erasable
drives, used with automated library devices, are expected to
impact larger magnetic tape and tape cartridge systems after
1990, and low-end optical drives for personal computer systems
could displace low-end tape backup systems beginning in the
early 1990s.
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Most current magneto-optical development programs involve using
a low power laser 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 orientation are detected during reading, as the affec-
ted 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 going into production
have not yet shown the ability to overwrite in place: A com-
plete sector must be erased before the sector can be rewritten.

Phase change optical recording involves a different type of
amorphous coating, in which individual spots on the disk are
changed by polarized 1ight from a crystalline state, during
which light is reflected, to a non-crystalline state, during
which Tlight is absorbed. Fujitsu has revealed a comparable
process in which different crystalline states are used to vary
reflectivity.

A third possibility, potentially the least expensive to manu-
facture, is erasable dye-based technology. As of yet, only limited
success has been obtained with this technique because developers
have not been able to demonstrate an adequately large number of
write/erase cycles, but 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. Individual firms are also working on other proposed
reversible optical recording technologies, but none of them have

~ overcome all of the problems, which have included: Slow com-
pletion of the reversal cycle, limitations on the number of
reversals before degradation, poor shelf life, and low recording
density.

Magneto-optical storage is entering the manufacturing stage.
Most of the technical problems have been overcome by some of the
U.S., Japanese and European companies working in the area, and a
few of these firms have committed to the heavy investment
required to establish volume production capability. Technology
announcements of products in 3.5" and 5.25" formats have been
made by numerous firms, and several firms, including Sony,
Maxtor, and Olympus are expected to be manufacturing magneto-
optical drives and media by the end of 1988. Others are
expected to begin in 1989. Phase change media production could
follow in a few years if acceptable stability and producibility
are feasible.

* Read-only optical disks: The read-only optical disk category
is dominated by the CD-ROM. High storage capacities of 550 to
600 megabytes, but long access times, are typical of CD-ROM
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technology, which borrows heavily from the designs of the 4.72"
CD audio players now in volume production. This technological
loan will keep CD-ROM costs low. Further, CD-ROM acceptance
benefits from industry agreement on the CD standards developed
jointly by Sony and Philips. In addition to the 4.72" CD-ROM,
which is limited in capability, high performance 12" read-only
drives are being shipped by Reference Technology.

It is technically feasible to use read-only media with write-once
drives, and 3M and other companies have proposed such media in a
5.25" format. However, the low costs of the CD-ROM relative to
read-write drives make it unlikely that read/write drives will
significantly inhibit the growth of the.CD-ROM market.

Most read-only optical drives will be used with small systems to
provide personal access to large amounts of information. The
success of read-only optical disks depends upon the existence
and timely development of a data base publishing industry wil-
ling to make use of the CD-ROM format. As of mid-1988, there
were still relatively few titles available on CD-ROM, and of
these, few seem likely to generate high volume sales.

Another significant factor is the need to have a common standard
for recording format that allows disks to be interchanged be-
tween systems. An ad hoc group of companies proposed such a
standard and submitted it to the appropriate standards commit-
tees. As it has been agreed upon by most of the companies
involved, the newer CD-ROM releases should be usable on almost
any system, enhancing their appeal.

* Magnetic bubbles: If regarded as a specialized data storage
product, magnetic bubbles still look like a product with a future,
despite a serious loss of credibility after the 1981 departure
of National Semiconductor, Texas Instruments and Rockwell Inter-
national from the field. The rate at which the market for
magnetic bubbles developed was clearly not acceptable for the
drop-outs, who wanted more immediate returns on their investments.

Bubbles' markets were obviously not the mainstream data storage
applications dominated by magnetic disk and tape drives. As
expected by disk and tape manufacturers, but not by many bubble
manufacturers, the older products were well established, mostly
multiple sourced, and getting better all the time. But there
are many practical limitations for disk and tape, and applica-
tions where they are unsuitable or marginal because of environ-
mental limitations or minimum practical size thresholds.

Bubbles started to find suitable applications, once they were
actually in production and support chips became available. The
highest manufacturing levels are still maintained by Hitachi,
with most production used by Nippon Telephone and Telegraph for
a variety of telecommunication applications. AT&T, with manu-
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facturing by Western Electric, lagged much further behind in
developing internal bubble applications, despite the fact that
the basic technology was invented at Bell Labs.

The bubble program of Intel Magnetics was especially instrument-
al in developing a wide variety of applications. Intel led the
market with 1 megabit chips, the introduction of support cir-
cuits and a guaranteed future price reduction policy. The com-
pany attracted a variety of customers in specialized and harsh
environment applications -- at least sufficient to establish
quantity production and start down the learning curve. However,
Intel elected to withdraw from the business during the recent
semiconductor market slump in order to concentrate resources on
more critical areas, and sold its magnetic bubble business to
MemTech Technology Corp. in 1986.

Bubble memories for both military and industrial applications
are also manufactured by Magnesys, which was formed in 1983. 1In
1988, Magnesys licensed Science Applications International Corp.
(SAIC), a defense contractor, as a second manufacturing source
for its bubble memories. Magnesys has begun offering bubble
cartridge storage systems in 360 and 720 kilobyte configurat-
ions, but the price is 10 to 15 times that of equivalent flex-
ible disk drives.

The non-volatility of magnetic bubbles and their suitability for
capacities too small to be cost effective for magnetic disk
drives has proven to be attractive to system manufacturers for
applications such as industrial control systems, robots, point
of sale terminals, portable computers, medical instrumentation,
avionic systems and militarized systems. Although bubble memory
densities are approaching 4 megabits per device, they are still
not cost competitive with magnetic disk technology.

The future market available to magnetic bubbles will be directly
proportional to their price level as compared to magnetic disk
for equivalent capacities. During the rest of the 1980's it
still seems probable that bubbles' prices will not approach
disks' prices -- and bubbles' main markets will be smaller and
more specialized.

In the 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.

R& efforts at Carnegie Mellon University and in Japan have
shown promise, but much remains to be done to make VBL a prac-
tical technology. In the industrial sector, Magnesys has begun
commercial development of VBL memory technology.

High capacity flexible disk drives: It is within the capa-
bilities of today's technology to fabricate a floppy disk drive
offering over 30 megabytes of storage capacity by using media
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capable of 40,000 FCI recording density and 2,7 RLL coding.
Although such a product is not expected soon, when available, it
could compete in the very low end of potential magnetic and
optical disk drive markets. 3.5" drives with capacity in the

20 megabyte range have been announced by Brier Technology and
Insite Peripherals, and several firms in Japan are working on 16
megabyte floppy disk drives. The 20 megabyte versions would be
more acceptable to end users because they allow a 20 megabyte
rigid drive to easily be backed up.

The 12 megabyte 5.25" floppy disk drive announced by Eastman
Kodak and DTC, and the 10 megabyte drive offered by Konica and
Citizen, were aimed at applications with specialized systems
needs and the personal computer add-on market. Future products
from these firms may double capacities to 24 megabytes, or shift
to a 3.5" format. DTC announced a 24 megabyte, 5.25" drive at
the 1988 spring Comdex conference, and lIomega has previously
announced a 5.25", 20 megabyte Bernoulli disk drive and has the
technical capability to offer the same capacity in a 3.5" drive
version.

Perpendicular recording for flexible disks has the potential to
increase capacity without any significant increases in track
density. By using a sputtered thin film on a Mylar substrate,
perpendicular recording disks could achieve linear densities of
at least 50,000 BPI. Higher track densities achieved through
embedded servo techniques or optical tracking methods could
increase capacities by a factor of four or more. Toshiba has
designed a 4 megabyte, 3.5" drive based on barium ferrite as the
recording material and is offering manufacturing licenses. In
addition to Toshiba, Sony and Matsushita Electric have revealed
programs to develop 3.5" drives and media using perpendicular
recording.

Another technology with yet unrealized promise for improving
floppy capacities involves use of very small magnetic particles,
not much longer than they are wide. Such "isotropic" particles,
in coatings with conventional binder systems, could result in
coatings in which many more flux changes per inch could be
obtained than with conventional recording. The big advantage
for this technique may be producibility of the media. The prin-
cipal difficulty with isotropic media to date has been oversen-
sitivity to thermal change, with the potential under some cir-
cumstances to lose recorded data. As a result, activity in the
area of isotropic media is Tow at present.

* Stretched surface recording: SSR, as this technique is commonly
known, was devised by the 3M Corporation over the last several
years. It employs a disk composed of a plastic film with a
magnetic coating stretched across concentric cylindrical rings.
The chief characteristic of this technology is that it allows a
head to fly on an air cushion backed by a deformable surface
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under the head. This provides close head-media separation
needed for high capacity but also makes the product head crash
proof. Disk drives using this design technique could be pro-
duced in either fixed or removable format and could offer the
same capacity as a - small Winchester drive. The media, however,
will have a cost only 1/3 to 1/4 that of the rigid disk media
in current or projected use. 3M appears to have lost interest
in developing products using SSR, but if adequately supported
and promoted by 3M or a major licensee, SSR still has the po-
tential to be a major commercial technology. As of mid-1988,
reports of a joint development program between 3M and Sony were
appearing in the trade press.

Semiconductor memory: The fast response time of semiconductor
memory has already won it a role in large and small systems
where it serves as a substitute for rigid drives where very fast
access to data or programs is required. Even personal computer
operating systems allow part of their memory to be designated
for use as a virtual disk. However, semiconductor memory is
expensive, ranging from a few hundred to a few thousand dollars
per megabyte, which limits its use to situations where its high
speed is vitally necessary for the system to meet requirements.

Memory chips, now increasingly available in 1 megabit configur-
ations, are expected to become available in 4 megabit sizes in
the early 1990s and in 16 megabit configurations by the mid
1990s. The arrival of 64 megabit chips, not expected until the
very late 1990s, is expected to signal the first real opportun-
ity for semiconductor memory to compete with magnetic disks
across a broader range of applications. Until that point, the
cost and performance of the rigid magnetic drive will have im-
proved enough to keep its solid state competitor at bay.

It is probably a mistake to assume that progress in semicon-
ductor technology over the next ten years can proceed at the
rate of improvement shown in the last 20 years. Because the
complexity of the product has increased, the investment in time
and capital required to produce succeeding generations has also
increased. As a result, the rate of improvement will decline.

1988 DISK/TREND REPORT



Disk drive enhancements

Most of the major technology innovations now in use in the disk drive
industry have come from IBM. IBM developed all the basic disk recording
technology, and independent firms merely adapted heads, disks and other
components to the specific drive configurations desired. However, due to
IBM's lack of activity in development of small disk drives for several
years, many variations in the technology have been introduced by others.

* Recording heads: Ferrite heads patterned after IBM's 3350
designs dominated in early Winchester disk drives. During recent
years, PCM drives using heads designed to compete against IBM's
3370, 3375, 3380, and other new drives with ferrite heads having
sliders with 3370 contours have been more common. The convent-
ional ferrite heads are available from multiple sources, are
routinely produced with good manufacturing yields, and are comp-
etitively priced. They will continue to be used for the major-
ity of captive and OEM drives, while thin film heads gradually
reach high production levels and become price competitive with
Winchester heads. 1984 saw the beginning of thin film head
shipments for small diameter OEM disk drives. Production has
overcome startup disasters and is increasing as more vendors
start to master the process and gain control of process yields.

Heads capable of reading or writing multiple tracks are not in
use yet, but may be employed when small diameter drives used in
mainframe applications enter the marketplace. Multi-track heads
will be used to improve performance by increasing the amount of
data available as a result of a single head movement, since the
cylinder size will be effectively increased by simultaneous
access to multiple tracks.

* Recording disks: As IBM progressed through succeeding gener-
ations of disk drives, the disk media employed underwent only a
refinement of the basic process of applying an oxide coating, to
achieve a continually thinner application of a uniform coating,
plus improvements in surface lubricants. The disks used in a
majority of fixed drives today are derived from IBM's process
improvements.

For several years, there has been a stampede by numerous estab-
lished and new firms to install production capability for thin
film disks. Most have aimed at the market for 5.25" and smaller
disk drives, and the managements involved recognize the need to
establish credibility by offering facilities capable of produ-
cing large quantities of disks, with adequate process controls,
at prices competitive with oxide disks of comparable quality.
Most of this activity has been generated because of the higher
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density potential of thin film disks. Existing 5.25" drives
with less than 100 megabyte capacity need higher density than
oxide disks offer.

Things got started in 1981, with adoption of plated media by
Irwin International, IMI, New World, Evotek, SyQuest, and Texas
Instruments, all for 5.25" or smaller disk drives, and Ibis, for
14" drives. Ampex was the major supplier for the bulk of the
plated disks used through 1984. Several other companies also
installed production capacity for plated disk production, but
few remain in the business today. Many would-be manufacturers
of plated disks lacked adequate process control and were unable
to sustain high production yields or to meet delivery commit-
ments on a consistent basis. The industry now requires that
plated disks be supplied with a sputtered carbon overcoat layer
to provide lubrication and mechanical protection at the head-
disk interface.

A second wave of companies using sputtering methods to deposit
thin magnetic films is shipping disks in significant quantities.
These firms claim that the sputtering process is easier to
control than the plating process, usually resulting in sub-
stantially 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
producers of 8" disk drives have in obtaining assured sources

of sputtered 8" media. Sputtered disk producers are concen-
trating on 5.25" or 3.5" media because the bulk of the near term
demand is in those sizes.

Many firms use both plating and sputtering technologies in mult-
iple layer disks, sputtering the magnetic recording layer on a
layer of plated nickel that isolates the substrate from the
magnetic layer. Like the plated disk, disks with sputtered
magnetic layers usually have carbon overcoats for protection.

Head positioning methods: The industry is not moving forward
rapidly with TPI improvements. Several of the highest perfor-
mance small drives operate at over 1,000 TPI, but such precision
is costly. The industry still has plenty of room for innovation
in this area. IBM introduced a triple density version of the
3380 in the last half of 1987 that uses an estimated 2,100 TPI.
It will be influential in moving the rest of the industry to
higher track densities. Some firms are investigating the use of
optical tracking techniques to obtain higher TPI, and IBM has
shown the feasibility of creating media with very narrow tracks.
However, considerable work will have to be done to develop heads
capable of working with such narrow track widths.

Perpendicular recording: Today's disk drives all use longi-
tudinal recording, making use of magnetic domains oriented para-
1lel to the surface of the recording medium. 100,000 BPI could
theoretically be resolved by recording heads if magnetization
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were oriented in a plane perpendicular to the recording surface,
and TPI could also be sharply increased.

A very large amount of development activity in perpendicular
recording has been underway in Japan, with application object-
jves in video and audio recording, as well as for data storage.
In the United States, IBM and other manufacturers have develop-
ment programs, but it appears that the earliest products may
come from small firms. Lanx supplied sputtered small diame-

ter disks to manufacturers of existing high performance drives,
with the objective of making significant increases in capacity
possible for existing drive mechanisms at modest cost increases,
but the firm ran out of money before the drive manufacturers
adopted the technology. Censtor has announced production avail-
ability for a matched set of disks and heads, and hopes to en-
tice manufacturers of high-end drives to improve the capacity of
existing drive models.

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 handle. Censtor, a startup firm
working with perpendicular recording, 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. Censtor has been working with an OEM
customer to put its process into production.

* Multiple spindle arrays: A single high capacity drive can be
replaced with an array of smaller capacity drives having aggre-
gate equivalent capacity and a file organization that appears
similar to that of the larger drive. Such arrays can offer
substantially higher performance than a single large drive
limited by a single actuator. Depending upon the way the array
is configured and upon the degree of sophistication of assoc-
jated subsystems, it can also offer redundancy, very high data
transfer rates, and volumetric efficiencies, compared to single
large drives. Options such as caching and multiple data pathing
can also be added.

Most of the pioneering in development of disk arrays has been
done to satisfy fault-tolerant requirements for on-line trans-
action systems, and it is believed that the OLTP markets will
continue to drive most array development. Drive manufacturers
considering supplying complete multi-spindle arrays have dis-
covered that most of their prospective customers would prefer to
buy the drives and design and manufacture arrays themselves for
value-added considerations and because of sensitive interrelat-
jonships with system software.

* Performance: Significant improvements in data transfer rate and
average access time are expected during the next few years. The
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single most important factor in initiating these improvements
will be the increase in disk rotation rate, which both decreases
latency and increases data transfer rate. A secondary, but
significant technique will 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.

Drives having rotation rates in the range of 5400 RPM are likely
to appear in the next year or two. Hitachi has already ann-
ounced a 5.25", 600 megabyte drive operating at 4876 RPM and
other firms are understood to be designing drives operating at
this speed or higher.

The use of parallel transfer from multiple heads to achieve data
rates to 12 megabytes per second has been a practice for several
years, with such drives typically used for supercomputers and
high-end imaging applications. Drives with data transfer rates
of 24 megabytes per second are in demand for supercomputing
applications and are expected soon.

Form factor: Sub-3.5" drives will become an increasingly
significant part of the market. Driven by the demands of manu-
facturers of lap-top computers and portable word processing
equipment, small footprint, low power drive designs will pro-
liferate over the next several years. The first of these, a
2.5", 20 megabyte drive from PrairieTek, has already been ann-
ounced. Other firms, both U.S. and Japanese, have active design
programs underway.
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DEFINITIONS
Many basic terms have varying meanings within the computer indus-
try, 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 and
OEM disk drive marketing activities.

Captive: Disk drives manufactured internally or by a subsidiary of a
computer manufacturer or system OEM, 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 or OEM
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 invoived, not the manufacturer.

Examples:

* Drives sold by IBM, Hewlett-Packard or Toshiba to computer system
end users are considered captive, if internally manufactured.

* In the case of a joint venture disk drive manufacturer, such as
Magnetic Peripherals, Inc. (until 1987 MPI was a joint venture of
Control Data, Bull, and Honeywell), drive sales are considered
captive or OEM depending upon the method of sale by each joint
venture partner. MPI shipments were credited to Control Data, the
managing partner, but starting with 1987 data, all shipments to the
former MPI co-owners are treated as OEM sales by Control Data.

With the 1988 establishment of Imprimis as a separate Control Data
subsidiary, Imprimis drives sold with Control Data systems will be
considered captive product sales.

Non-captive: Any public sale or lease by any disk drive manufacturer,
except sales or leases of internally manufactured drives by computer
manufacturers or system OEMs primarily for use with their own systems.
Both OEM and PCM shipments are included in the non-captive category.
Examples:

* Shipments by NEC are non-captive, except for drives sold with sys-
tems made by the parent company or other subsidiaries.

* Shipments by Siemens are non-captive if not used in Siemens manu-
factured systems.

OEM: Disk drives sold through any non-captive distribution channel
except PCM. Drives are normally sold to OEMs to be included in complete
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systems or subsystems; such drives are included in OEM totals whether or
not the OEM actually manufactures the remainder of the system or sub-
system, or merely assembles components and adds software. Sales by a

disk drive manufacturer to a second drive manufacturer for resale are

included only in shipment totals for the originating drive manufacturer,
except when drives 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. Distributors and dealers are arbitrarily included
in OEM totals.

PCM: Disk drives sold or leased by "plug compatible manufacturers"
directly to end users; shipments of internally manufactured drives by
computer manufacturers or system OEMs are not included unless supplied
in plug compatible configurations for installation with systems supplied
by other manufacturers. This category is not limited to plug compatible
drives installed on IBM systems. It includes any drives which are suit-
ably equipped to be connected without additional hardware to systems of
all types, including minicomputers and small business systems.

Examples:

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

* On an arbitrary basis, drives manufactured by Fujitsu, Hitachi, or
Unisys and resold in the PCM market by other companies are included
in PCM tota]s, in order to avoid distortion of total industry PCM
activity.

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. A11 DISK/TREND unit totals are coun-
ted in spindles. In order to avoid distortion of shipment information for
certain large fixed disk drives used with mainframe systems, certain mod-
els have been arbitrarily counted on the basis that two or more spindles
are quiva]ent to one IBM 3380 spindie (noted in the statistical tables as
needed).

Revenue: Based on sales of disk drives alone, as normally sold by indiv-
idual manufacturers. Controllers sold as separate units are not included,
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 or OEM levels. Prices used for 1eased drives are on an "if
sold" basis, at captive or PCM levels, as appropriate. All prices are in
1988 constant dollars, unless otherwise noted.
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Forecasts: Expected shipments and revenues for current or announced
products in new production. Evolutionary improvements within existing
formats are included, but completely new configurations or technologies
are not included.

Examples:
* Enhancements such as double density versions of existing single
density configurations and revised encod1ng schemes are anticipated
in DISK/TREND forecasts.

* Innovations such as non-standard size disks or new physical config-
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urations may require establishment of new DISK/TREND product groups.

GEOGRAPHIC CLASSIFICATION

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

U.S. vs. Worldwide SHIPMENTS: Shipments are classified U.S. or worldwide
depending on the shipment destination of a drive's first public sale.

Examples:

* An OEM shipment by a U.S. drive manufacturer to a European system
manufacturer is included in worldwide totals.

* An OEM shipment by a Japanese drive manufacturer to a U.S. system
manufacturer is included in U.S. totals.

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.

Examples:

* Seagate and Microscience International are considered U.S. manu
facturers, even though each firm manufactures some of its disk
drives in non-U.S. locations.

* Northern Telecom is considered a non-U.S. manufacturer, since it
is owned by a non-U.S. organization.

APPLICATION CLASSIFICATION

Shipments of disk drives are analyzed by attachment to the following
classes of equipment:

Mainframe/superminicomputer: Disk drives attached to the processor
or connected terminal of a mainframe or superminicomputer.
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Minicomputers/multiple user microcomputers: Drives attached to
smaller general-purpose processors, including network file servers,
that serve multiple users. Examples: IBM System AS/400, HP 3000.

Personal computers: Business and professional computers normally used
by a single user. Examples: IBM PS/2 model 70, Apple Macintosh.

Office systems/workstations: Specialized equipment for dedicated
use in specific office applications such as word processing or
document storage. Examples: Wang OIS series, typesetters.

Non-office systems/workstations: Specialized equipment for dedicated
non-office applications such as engineering, order processing/ship-
ping, industrial control, military, medical, law enforcement
applications.

Consumer and hobby computers: Systems sold primarily to consumers
for non-business applications. Examples: Commodore 64, MSX
systems, most Atari models (Apple II is considered to be a
professional/business microcomputer).

Other applications: Any application not included above.

1988 DISK/TREND REPORT



DISK CARTRIDGE DRIVES

Coverage

Examples of disk drives in this group include:

14" disk diameter

ISOT CM 5400, CM 5410
Kovo (Zbrojovka Brno) KDP 724

8" disk diameter

Century Data 7110, 7130
Digital Equipment - RC25

5.25" disk diameter

DMA Technologies 360

MFM Technology 11/11, 20R
Ricoh RH5130, RH5260
SyQuest Technology SQ555

3.9" disk diameter

SyQuest Technology SQ306RD, SQ312RD

This product group includes all drives which use a removabie 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
spindie. A1l disk cartridge drives are now included in this group; in
DISK/TREND Reports through 1986, disk cartridge drives were divided into
two groups according to capacity.

The number of disk cartridge drives in production continues to
shrink, as older models are discontinued. None of the companies which led
in shipments of 14" OEM disk cartridge drives during the heyday of this
group -- Control Data, Diablo or Western Dynex -- are currently repre-
sented with products. In fact, 14" drives have been phased out, except

for Eastern Bloc production.
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Market status

DISK/TREND estimate of total market size:

Worldwide sales ($M) 1987 1988 1989 1990 1991
U.S. manufacturers 58.1 42.7 51.3 52.8 37.9
A1l manufacturers 112.2 80.0 77.6 67.1 48.4

Revenues for disk cartridge drives continued to decline in 1987,
dropping more than expected for both captive and OEM markets. Worldwide
total revenues for all disk cartridge drives were $112,200,000, down
43.3%, while worldwide captive and OEM revenues dropped 69.5% and 7.9%,
respectively.

Older 14" and 8" captive disk cartridge drive programs by Digital
Equipment and Control Data are being phased out, accounting for the
continuing sharp drop in captive revenues. OEM revenues have been
depressed by lower than anticipated non-U.S. sales.

Unfortunately, the growth expectations of several years ago for 8"
and 5.25" drives have been largely unfulfilled. Disk cartridge drives are
more difficult to design and manufacture than fixed disk drives of the
same capacity and disk diameter, due to increased mechanical complexity
and greater risk of contamination. The extent of these problems was not
clearly recognized by most would-be producers of 8" and 5.25" drives,
resulting in long delays for availability of announced products, shipment
of many unreliable disk drives, and several failed programs.

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

fixed disk drives.
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SyQuest continued to dominate shipments of non-captive disk cartridge
drives in 1987, with 53,000 units, mostly 3.9" models, which accounted for
61.6% of all unit shipments for the product group. In 1988, however, the
pattern is changing. It is estimated that this year's shipments of 3.9"
drives will be down to 24,000 units, representing only 30.6% of all disk
cartridge drive shipments. 5.25" worldwide drive shipmenfs are expected to
jump to 40,100 units in 1988, more than half of the product group total,

driven by demand for more capacity.

Marketing trends

As in previous years, it has been necessary to reduce DISK/TREND
forecasts for disk cartridge drives again this year. Substantial growth
is now expected only for 5.25" drives, especially those with higher cap-
acities. Most of the remaining production for larger drives is concen-
trated in Eastern Bloc countries and will be phased out by 1991.

Given the continuing background of technical difficulties, shaky
financial status of some manufacturers, lack of media interchange stan-
dards 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.

Despite the negative influences, disk cartridge drives provide remov-
ability, which is highly desirable for some applications. The most impor-
tant of these consists of a variety of requirements frequently called the
"security" market -- the various government offices and defense contrac-
tors which are required to remove all data from computer systems when not
in use, so that it may be kept under lock and key. Other current markets

for disk cartridge drives consist of specialized systems which utilize
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exchangable data bases and some personal computer users with specialized
requirements.

Shipments of 3.9" drives were flat in 1987 as expected, but the;
decline underway in 1988 is destined to continue, with 5.25" drives
assuming strong growth leadership for the product group. The markets
still available to disk cartridge drives want the larger capacities that
5.25" drives will be able to provide and will generally find the 5.25"
form factor to be satisfactory. 93% of 1991 worldwide shipments are

expected to be 5.25" drives.

Technical trends

The basic recording technologies now in use for products in this
group will continue to predominate for years. Most of the 14" drives
still in production use variations to the older 2314 technology.

The 8" and smaller drives introduced to date incorporate elements of
the older technologies, but utilize head designs similar to Winchester
heads, sometimes with "mini" sliders. A1l of the existing 8" drives use
oxide coated disks, while the various 5.25" and 3.9" models use oxide or
thin film disks. A1l use embedded servo techniques in order to maximize
the disk surface area available for recording.

The major difference in high density recording between disk cartridge
drives and fixed disk drives is higher probability of particulate contam-
ination in removable disk drives. At the higher areal densities already
in use with high capacity fixed disk drives, heads must fly at Tower
altitudes, increasing the need for lower contamination levels.

It is possible to increase density in removable disk drives, but the

degree of engineering difficulty is high. Changes in heads, filtration
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systems and seals may be necessary, and thin film disks are likely to be

used because of improved surface durability.

Forecasting assumptions

1. Shipments of 3.9" drives will decline due to competition from
higher capacity 5.25" drives and from floppy drives in the 20

megabyte range.

2. Production for 5.25" disk cartridge drives, including models
with higher capacities, will be available in large production
quantities starting in 1988, with good acceptance.
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TABLE 9
DISK CARTRIDGE DRIVES
REVENUE SUMMARY

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

1987 cemme e Forecast----—-mcccmmmcm el
----Revenues---  ------ 1988-----  ---——- 1989---on e 1990-~---  -ceee- 1991-----
u.S. WH u.S. WW u.s. WHW u.s. WH u.s. WW
U.S. Manufacturers
IBM Captive -- - - -- - -- - -- -- --
Other U.S. Captive 8.8 21.6 4.0 8.0 3.1 5.4 1.5 2.3 -- --
TOTAL U.S. CAPTIVE 8.8 21.6 4.0 8.0 3.1 5.4 1.5 2.3 -- -
PCM -- -- -- -- -- -- -- - -- --
0EM 33.3 36.5 31.5 34.7 41.3 45.9 45.8 50.5 35.2 37.9
"TOTAL U.S. NON-CAPTIVE 33.3 36.5 31.5 34.7 41.3 45.9 45.8 50.5 35.2 37.9
TOTAL U.S. REVENUES 42.1 58.1 35.5 42.7 44.4 51.3 47.3 52.8 35.2 37.9
Non-U.S. Manufacturers
Captive - 13.2 -- 8.0 -- 4.0 -- 1.6 -- -
PCM - -- -- -- -- -- - -- -- --
OEM 3.8 40.9 3.8 29.3 4.5 22.3 5.6 12.7 7.7 10.5
TOTAL NON-U.S. REVENUES 3.8 54.1 © 3.8 37.3 4.5 26.3 5.6 14.3 7.7 10.5
Worldwide Recap
TOTAL WORLDWIDE REVENUES 45.9 112.2  39.3  80.0  48.9  77.6  52.9  67.1  42.9  48.4
OEM Average Price ($000) .5 .9 .5 .8 .5 .6 .4 .5 .4 .4
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TABLE 10
DISK CARTRIDGE DRIVES
UNIT SHIPMENT SUMMARY

1987 e Forecast~==--ccmmomemm s
-—-Shipments---  ---=-- 1088-ccae  —mmme- 1989-mman  cmeee- 1090---e  —mmeen 1991 < ----
u.S. WH u.S. WH u.s. W u.S. W U.S. W
U.S. Manufacturers
IBM Captive -- . -- -- -- - -- -- - --
Other U.S. Captive 1.4 3.2 .5 1.0 .4 .7 .2 .3 - -
TOTAL U.S. CAPTIVE 1.4 3.2 .5 1.0 .4 .7 .2 .3 - -
/
PCM -- - -- - -- -- -- - -- -
OEM 60.4  65.7  57.7  60.1  79.2  85.8  95.0 103.4 77.5 827
TOTAL U.S. NON-CAPTIVE 60.4  65.7  57.7  60.1 79.2  85.8  95.0  103.4 7.5 82.7
TOTAL U.S. SHIPMENTS 6.8 68.9 58.2  61.1  79.6 8.5  95.2  103.7 7.5 82.7
Non-U.S. Manufacturers
Captive — 1.8 - 1.0 - .5 - .2 - -
PCH - - - - -- -- -- -- - -
OEM 4.8 20.2 4.8  15.8 6.0  14.5 8.0  13.0 1.0 15.0
TOTAL NON-U.S. SHIPMENTS 4.8  22.0 4.8 16.8 6.0  15.0 8.0  13.2 11.0  15.0
Wor ldwide Recap
TOTAL WORLDWIDE SHIPMENTS 66.6  90.9  63.0  77.9  85.6 101.5 103.2 116.9  88.5  97.7
Cumulative Shipments
m 53.3  79.0  53.3  79.0  53.3  79.0  53.3  79.0  53.3  79.0
Non-1BM 990.7 1,722.0 1,053.7 1,799.9 1,139.3 1,901.4 1,242.5 2,018.3 1,331.0 2,116.0
WORLDWIDE TOTAL 1,004.0 1,801.0 1,107.0 1,878.9 1,192.6 1,980.4 1,295.8 2.097.3 1.384.3 2.195.0
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U.S. MANUFACTURERS

Captive
OEM

TOTAL U.S. REVENUES

NON-U.S. MANUFACTURERS

Captive
OEM

TOTAL NON-U.S. REVENUES

WORLDWIDE RECAP

Captive

OEM

Total Revenues

TABLE 11
DISK CARTRIDGE DRIVES
WORLDWIDE REVENUES ($M)

BREAKDOWN BY DISK DIAMETER

1987 e eeen --Forecast -

----- Re 1988, 1989 1990 1991
147 8" 5.25"  <5.25" 14" 8" 5.25"  <5.25" 14" 8" 5.25"  <5.25" » 14" 8" 5.25" 8" 5.25"
4.4 17.2 -- - - 8.0 -- -- - 5.4 - -- -- 2.3 -- -- -~
- 10.4 3.7 22.4 - 5.2 19.9 9.6 - 4.7 38.0 3.2 -- 3.6 46.9 1.8 36.1
4.4 21.6 3.7 22.4 - 13.2 19.9 9.6 - 10.1 38.0 3.2 -- 5.9 46.9 1.8 36.1
11.2 2.0 -- -- 8.0 - -- -- 4.0 -- - - 1.6 -~ -- -- --
1.0 1.8 5.1 -- 24.5 -- 4.8 -- 16.3 -~ 6.0 -- 5.0 - 1.7 -- 10.5
45.2 3.8 5.1 - 32.5 -- 4.8 - 20.3 - 6.0 -- 6.6 - 7.7 .- 10.5
15.6 19.2 - - 8.0 8.0 -- -- 4.0 5.4 -- -- 1.6 2.3 -- - --
-63.6x  -71.0% - -- -48.7%  -58.3% - -- -50.0%  -32.5% -- -- -60.0%  -57.4% - -- --
n.0 12.2 8.8 22.4 24.5 5.2 24.7 9.6 16.3 4.7 4.0 3.2 5.0 3.6 5.6 1.8 46.6
-13.9%5  +14.0%  -17.8% -3.0% -27.9%  -57.4% +180.7% -57.1% -33.5% -9.6%  +78.1%  -66.7% -69.3% -23.4%  +24.1% -50.0%  -14.7%
49.6 31.4 8.8 22.4 32.5 13.2 24.7 9.6 20.3 - 10.1 4.0 3.2 6.6 5.9 5.6 1.8 46.6
-39.7%  -59.2%  -35.8%  -10.0% -34.5%  -58.0% +180.7% -57.1% -37.5%  -23.5%  +78.1%  -66.7% -67.5% -41.6%  +24.1% -69.5%  -14.7%
28.0% 7.8% 19.9% - 40.7% 16.5% 30.9% 11.9% 26.3% 13.0% 56.7% 4.0% 9.8% 8.8% 81.4% 3.7% 96.3%

ANNUAL SHARE, BY DIAMETER 44.3%

Note: 8 inch totals include 10.5 inch drives.
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U.S. MANUFACTURERS

Captive
OEM

TOTAL U.S. SHIPMENTS

NON-U.S. MANUFACTURERS

Captive
OEM

TOTAL NON-U.S. SHIPMENTS

WORLDWIDE RECAP

Captive

OEM

Total Shipments

ANNUAL SHARE, BY DIAMETER

Note: 8 inch totals include 10.5 inch drives.

1.1

1.1

1.4

13.6

2.5
-63.8%

13.6
-8.1%

16.1
-25.8%

17.7%

1987
----- Shipments-----
8" 5.25"
2.1 --
5.0 4.7
7.1 4.7
.4 --
.4 6.2
.8 6.2
2.5 --
-70.2% --
5.4 10.9
+68.8%  -27.8%
7.9 10.9
-31.9%  -32.3%
8.7% 12.0%

TABLE 12
DISK CARTRIDGE DRIVES
WORLDWIDE SHIPMENTS (000)

BREAKDOWN BY DISK DIAMETER

- ——-- ------Forecast-
-1988---- ----1989 1990
<5.25" 1" 8 5.25"  <5.257 14" 8" 5.25"  <5.25" 147 8" 5.25"

- - 1.0 -- - - 7 - - - .3 -
56.0 - 2.0 3.1 24.0 - 1.8 76.0 8.0 -- 1.4 102.0
56.0 - 3.0 34.1 24.0 - 2.5 76.0 8.0 - 1.7 102.0
- 1.0 - = - .5 - - -- .2 - --

- 9.8 - 6.0 - 6.5 - 8.0 - 2.0 - 11.0

- 10.8 - 6.0 - 7.0 - 8.0 -- 2.2 - 11.0

- 1.0 1.0 -- - .5 7 - - .2 .3 -

- -60.0%  -60.0% - - 5005 -30.0% - - -60.05  -57.1% -
56.0 9.8 2.0 40.1 24.0 6.5 1.8 8.0 8.0 2.0 1.4 113.0
43.7% 27.9%  -63.0% +267.9%  -57.1% 233.7%  -10.0%  +109.5%  -66.7% -69.2%  -22.2%  +34.5%
56.0 10.8 3.0 40.1 24.0 7.0 2.5 8.0 8.0 2.2 1.7 113.0
+2.6% 32,95 -62.0% +267.9%  -57.1% -35.2%  -16.7%  +109.5%  -66.7% -68.6%  -32.0%  +34.5%
61.6% 13.9% 3.95  51.6%  30.6% 6.9 2.5 82.9% 7.7% 1.9 1.5%  96.6%

------- 1991 emmmmm
8" 5,257

7 82.0

.7 82.0

- 15.0

-- 15.0

.7 97.0

-50.0%  -14.2%

.7 97.0

-58.8%  -14.2%

7% 99.3%
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TABLE 13
CARTRIDGE DISK DRIVES

APPLICATIONS SUMMARY
Percentage of Worldwide Shipments

1987 Estimate 1991 Projection

- - - - - - - - R S P

APPLICATION (000) % (000) %

MAINFRAME/SUPERMINI
General purpose - - - -

MINICOMPUTERS AND
MULTI-USER MICROS
Business and professional,
including networks 19.7 21.7 11.7 12.0

PERSONAL COMPUTERS
Business and professional,
single user 21.0 23.1 20.5 21.0

OFFICE SYSTEMS
AND WORKSTATIONS
Dedicated application - 9.8 10.8 7.8 8.0

NON-OFFICE SYSTEMS
AND WORKSTATIONS

Technical, distribution,

medical, other specialized 40.4 44.4 57.7 59.0

CONSUMER AND
- HOBBY COMPUTERS - -- - --

OTHER
APPLICATIONS -- -- -- C-a

- - - - R e - o oo

Total - 90.9 100.0 97.6 100.0
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TABLE 14
DISK CARTRIDGE DRIVES

MARKET SHARE SUMMARY
Worldwide Shipments of Non-Captive Disk Drives

1987 Net Shipments

To United States

Destinations Horldwide

ST Units (000) s Units (000)

orive tanutacturers 10 Bbm s Tewl w5 s e ol
SYQUEST -- -- 1.0 52.0 53.0 81.3 -- -- 1.0 56.0 57.0 66.4
RICOH -- -- 4.8 -- 4.8 7.4 -- -- 6.0 -~ 6.0 7.0
CENTURY DATA -- 4.1 -~ -- 4.1 6.3 -- 4.3 -- -- 4.3 5.0
Other U.S. -- 6 2.7 -- 3.3 5.0 -- 7 3.7 -~ 4.4 5.1
Other Non-U.S. -- -- -- -- -- -- 13.6 .4 .2 -- 14.2 16.5

TOTAL - 4.7 8.5 52.0 65.2 100.0 13.6 5.4 10.9 56.0 85.9 100.0

Note: 8 inch totals include 10.5 inch drives.
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DISK PACK DRIVES:

Coverage

Examples of disk drives in this group include:

14" disk diameter

Century Data T306

Data General 6060, 6122
Digital Equipment RA60

Imprimis (Control Data) 9762, 9766

NS ES 5066, ES 5067
Kovo (Aritma) 4080, 5080

NEC N7745

Unisys ' 9484-13

9" disk diameter
Imprimié (Control Data) 9710
IBM's 1971.introduction of the 3330, with 19 data surfaces, set the
bhysica] mode fdr larger disk pack drives. The‘Control Data 300 megabyte

SMD is the major large disk pack drfve still in production. Among the

large disk pack files introduced in more recent years, the Digital Equip-

ment RA60 (14" 205 MB uéing 6 data surfaces) is the sole survivor, except
for Eastern Bloc products.

The Control Data 9760 series, the original "storage module drives"
introduced in 1974, exerted broad influence in the industry. "SMD" became
the generally used term for drives using 3330 technology in packs with
five data surfaces, as well as for the larger 19 surface drives. The SMD
interface also became the industry standard for high performance OEM disk
drives.

Control Data's 9" "RSD", or 9710, is functionally similar to the
80 megabyte SMD except for smaller size and lower price. Its size is

matched to the Control Data "FSD" 9" family of fixed disk drives. The
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continuing Eastern Bloc production of drives equivalent to the older IBM

2314 is also included in this product group.

Market status

DISK/TREND estimate of total market size:

Worldwide sales ($M) 1986 1987 1988 1989 1991
U.S. manufacturers 189.7 122.0 69.7 26.6 3.5
A11 manufacturers 273.0 205.3 141.5 77 .4 39.2

As expected, 1987 saw a major reduction in shipments of disk pack
drives, continuing the trend which began with the introduction of Win-
chester technology in the mid-1970's. Worldwide 1987 shipments of all
types of disk pack drives were 33,800 spindles, down 42.2%.

Despite its shrinking production of disk pack drives, Control Data
remained the dominant worldwide producer of non-captive drives in i987,
with 9,000 14" SMD drives and 7,300 9" RSD drives. Bulgarian production
by ISOT of disk pack drives using 2314 and SMD technology accounted for

most of the remainder.

Marketing trends

The future is expected to bring continuous decline for all types of
disk pack drives, sold through both captive and OEM distribution channels.
Even Eastern Bloc production is expected to suffer a slow decline, as
Bulgarian shipments of fixed disk drives increase.

The trend is also moving against 9" disk pack drives, once expected
to find continued growth due to the security requirements of the U.S.
government -- which requires that many types of applications connected

with national defense utilize disk media which is removable, to facilitate
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secure storage of confidential data. 1991 worldwide OEM shipments of 9"
drives are now forecasted to drop to 1,000 units. Disk pack drives of all
types have suffered from intense competition from fixed disk drives, first
14", then 8" and now 5.25" models -- offering lower price, improved
re]iabi]ify, and usually smaller size.

Nothing on the‘horizon is likely to reverse the basic trend. Fixed
disk drives are obviously being designed into most new systems requiring

capacities in this range.

Technical trends

It remains unclear whether any significant new disk pack drives will
be introduced. Higher effective areal densities were achieved by DEC's
1983 introduction of the RA60, partially through use of run length Timited

kencoding. However, there are no known plans by any drive manufacturer to

develop a new drive in this group using today's technology.

Forecasting assumptions

1. Worldwide shipments of drives in this group will decline, due to
displacement by newer systems and disk drives.
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TABLE 15
DISK PACK DRIVES
REVENUE SUMMARY

------------------- DISK DRIVE REVENUES, BY SHIPMENT DESTINATION ($M)-weeeoooomcuconan
1987 = eemeeeeccmcecccceceeeeeeee Forecast-==mecmmmmmm ol
----Revenues---  ------ 1988-ccce  ceen-- 1980-v-a-  meeeee 1990--cee coeee- 1991-----
u.sS. WW u.S WW u.s. WH u.S. WH u.S. WW
U.S. Manufacturers
IBM Captive -- - - - -- -- -- - - --
Other U.S. Captive 68.3 82.2 37.3 54.1 25.2 36.0 8.4 12.0 -- --
TOTAL U.S. CAPTIVE 58.3 82.2 37.3 54.1 25.2 36.0 8.4 12.0 - -
PCM -- -- -- -- -- -- -- - -- --
0EM 61.4 107.5 40.9 67.9 17.3 33.7 7.3 14.6 2.1 3.5
TOTAL U.S. NON-CAPTIVE 61.4 107.5 40.9 67.9 17.3 33.7 7.3 14.6 2.1 3.5
TOTAL U.S. REVENUES 119.7 189.7 78.2 122.0 42.5 69.7 15.7 26.6 2.1 3.5
Non-U.S. Manufacturers
Captive -- 12.0 -- 12.0 -- 11.0 - 5.8 -- 4.2
PCM -- -- -- -- -- -- -- -- -- --
0EM -- 71.3 -- 71.3 -- 60.8 - 45.0 -- 31.5
TOTAL NON-U.S. REVENUES - 83.3 - 83.3 -- 71.8 -- 50.8 - 35.7
Worldwide Recap
TOTAL WORLDWIDE REVENUES  119.7  273.0  78.2 2053  42.5 141.5  15.7  77.4 2.1  39.2
OEM Average Price ($000) 5.9 6.6 6.0 6.8 5.9 6.9 5.2 6.2 3.5 5.8
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TABLE 16
DISK PACK DRIVES
UNIT SHIPMENT SUMMARY

---------------- ﬁISK DRIVE UNIT SHIPMENTS, BY SHIPMENT DESTINATION (000)-----n---eeemne-

1987 e Forecast-—----mmmmmmmmce el
---Shipments--=  ====nn 1988--mcn  mmeme- 1<7: 1 F 1990-cmmn  mmeme- 1991 ----
u.S. WH u.S. WH u.Ss. WH u.S. WH u.S. WW
U.S. Manufacturers
IBM Captive < -- -- -- -- -- -- -- -- - --
Other U.S. Captive ‘ 4.6 6.5 3.1 4.5 2.1 3.0 i 1.0 - -
TOTAL U.S. CAPTIVE 4.6 6.5 3.1 4.5 2.1 3.0 .7 1.0 - -
PCH ' -- -- -- -- - -- -- -- -- --
OEM 10.4 17.1 6.8 10.8 2.9 5.1 1.4 2.5 .6 1.0
TOTAL U.S. NON-CAPTIVE . 10.4 17.1 6.8 10.8 2.9 5.1 1.4 2.5 .6 1.0
TOTAL U.S. SHIPMENTS 15.0 23.6 9.9 15.3 5.0 8.1 2.1 3.5 .6 1.0
Non-U.S. Manufacturers
Captive ' -- .6 -- .6 -- .6 -- .4 - 3
PCH . -- -- - -- -- - - -- - --
OEM ‘ -- 9.6 - 9.6 - 8.5 -- 7.0 -+ 50
TOTAL NON-U.S. SHIPMENTS -- 10.2 -- 10.2 -- 9.1 -- 7.4 - 5.3
WOrldwide Recap
TOTAL WORLDHIDE SHIPMENTS 15.0  33.8 9.9  25.5 5.0  17.2 2.1 10.9 .6 6.3
Cumulative Shipments
. 41.3  72.6  41.3  72.6  41.3  72.6  41.3  72.6 413 72.6
Non-1IBM 519.1 935.8 529.0 961.3 534.0 978.5 . 536.1  989.4  536.7  995.7
WORLDWIDE TOTAL 560.4 1,008.4  570.3 1,033.9  575.3 1,051.1  577.4 1,062.0 578.0 1,068.3
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U.S. MANUFACTURERS

Captive
OEM
TOTAL U.S. REVENUES

NON-U.S. MANUFACTURERS

Captive
OEM
TOTAL NON-U.S. REVENUES

WORLDWIDE RECAP

Captive

OEM

Total Revenues

ANNUAL SHARE, BY DIAMETER

1987

----- Revenues-----

14" 9"
82.2 --
80.4 27.1
162.6 27.1
12.0 -
71.3 --
83.3 -
94.2 --
-65.6% --
151.7 27.1
-18.4% -41.6%
245.9 27.1
-46.5% -44.5%
90.2% 9.8%

TABLE 17

DISK PACK DRIVES

WORLDWIDE REVENUES ($M)
BREAKDOWN BY DISK DIAMETER

....... 1988-------  --
14" 9"
54.1 -
49.3 18.6
103.4 18.6
12.0 --
71.3 --
83.3 -
66.1 -
-29.8% -
120.6 18.6
-20.5%  -31.4%
186.7 18.6
-24.1%  -31.4%
91.0% 9.0%

36.0
24.8
60.8

11.0
60.8
71.8

47.0
-28.9%

85.6
-29.0%

132.6
-29.0%

93.8%

.............. 1990

9" 14"

-- 12.0

8.9 9.2

8.9 21.2

- 5.8

- 45.0

- 50.8

- 17.8

-- -62.1%

8.9 54,2

-52.2% -36.7%

8.9 72.0

-52.2% -45.7%

6.2% 93.1%

5.4
5.4

cmmemm—-— -

4.2
31.5
" 35.7

4.2
-76.4%

31.5
-41.9%

35.7
-50.4%

91.2%

3.5
3.5

3.5
-35.2%

3.5
-35.2%

L-¢1da
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U.S. MANUFACTURERS

Captive
OEM
TOTAL U.S. SHIPMENTS -

NON-U.S. MANUFACTURERS

Captive
OEM
TOTAL NON-U.S. SHIPMENTS

WORLDWIDE RECAP

Captive

OEM

Total Shipments

ANNUAL SHARE, BY DIAMETER

1987
----- Shipments----

4"

6.5
9.8
16.3

9.6
10.2

7.1
-58.5%

19.4
-31.4%

26.5
-41.6%

78.5%

7.3
7.3

21.5%

WORLDWIDE SHIPMENTS (000)

TABLE 18
DISK PACK DRIVES

BREAKDOWN BY DISK DIAMETER

------- 1988---m---
14" "
4.5 --
5.8 - 5.0
10.3 5.0
.6 -
9.6 --
10.2 --
5.1 --
-28.2% --
15.4 5.0
-20.6%  -31.5%
20.5 5.0
-22.6%  -31.5%
80.5% 19.5%

Forecast
------- 1989--—-~o- ——————

14" " 14"
3.0 - 1.0
2.7 2.4 1.0
5.7 2.4 2.0
.6 -- .4
8.5 - 7.0
9.1 -- 7.4
3.6 - . 1.4
-29.4% - -61.1%
11.2 2.4 8.0
-27.3% -52.0% -28.6%
14.8 2.4 9.4
-27.8% -52.0% -36.5%
86.1% 13.9% 86.3%

1.5
1.5

1.5
-37.5%

1.5
-37.5%

13.7%

------- 1991-------
14" "

-- 1.0

- 1.0

.3 --

5.0 --

5.3 --

.3 --

-78.6% --

5.0 1.0

-37.5%  -33.3%

5.3 1.0

-43.6%  -33.3%

84.2%  15.8%
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TABLE 19
DISK PACK DRIVES

APPLICATIONS SUMMARY
Percentage of Worldwide Shipments

1987 Estimate 1991 Projection

APPLICATION (000) % ~ (000) %

MAINFRAME/SUPERMINI
General purpose 6.8 20.1 .3 5.0

MINICOMPUTERS AND
MULTI-USER MICROS
Business and professional, :
including networks 14.2 42.1 4.2 69.0

PERSONAL COMPUTERS
Business and professional,
single user -- - - -

OFFICE SYSTEMS
AND WORKSTATIONS
Dedicated application 11.6 34.3 .3 5.0

NON-OFFICE SYSTEMS

AND WORKSTATIONS

Technical, distribution,

medical, other specialized 1.2 3.5 1.3 21.0

CONSUMER AND
HOBBY COMPUTERS -- -- - -

OTHER
APPLICATIONS -- -- .- --

Total 33.8 100.0 6.2 100.0
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FIXED DISK DRIVES, LESS THAN 30 MEGABYTES

Coverage

Examples of disk drives in this group include:

8" disk diameter

IBM 5525-021/031

5.25" disk diameter

Fujitsu M2233AT*, M2235AS
Goldstar Telecommunication GSH-520*

Hitachi DK505-2*
Josephine County Technology JCT-105, JCT-110
‘Matsushita Communication Ind. Ju-614
Microscience International HH-825*

Miltope RDS-1500

NEC D5126H*

Seagate Technology
Shinwa Digital

ST225*, ST225N*, ST4026
D110*, D220*

Teac SD-521%*
Tokico DK502-3, DK505-2%
Xebec Owl II*

3.5" disk diameter

Alps Electric

DRMO20A*, DRPO20A*

Conner Peripherals CP3022**
Fuji Electric FK309-26*
Fujitsu M2225D2*
Hewlett-Packard 97501B
Hitachi DK302-2*
IBM WD-325%
JVC (Victor) JD-3824T**
Kalok KL320*
Kyocera KC208B
Matsushita Communication Ind. JU-114%, JU-106**
Microscience International HH-325*

Miniscribe

Mitsubishi Electric
NEC

Peripheral Technology
Plus Development
Rodime

8425*, 8425S*, 8425F*
MR321*, MR322*

D3126*

PT-225*

Hardcard 20**, Passport*
RO652*

Seagate Technology ST125*

Seiko Epson HMD-720*, HMD-726*
Toshiba MK-132FA*

Western Digital WD93028-A*
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2.5" disk diameter

PrairieTek 220%**

*Indicates drives with maximum 41.3 mm height, or less.
**Indicates drives with maximum 25.4 mm height, or less.

A11 drives in this group use variations of the technology loosely

described as "Winchester". Some use 3340/3350-type ferrite heads, but

most of the newer drives use "mini-slider" heads which employ ferrite

cores in 3370/3380-type sliders. The majority of 5.25" and larger drives
in the group use conventional oxide disks, but most of the 3.5" drives,
with the exception of IBM's, use plated or sputtered disks.

Most of the drives in the group use head positioning systems driven
by stepping motors, with relatively slow average access times, but Tow
costs. Some drives in the group use voice coil or torque motor actuators,
rotary or linear, to produce access times suitable for high end single
user personal computers or multiple workstation systems.

Utilizing the higher areal densities now possible with advanced heads
and disks, one inch high 20 megabyte drives using single 3.5" disks have
appeared, signaling a major future trend. The new two disk PrairieTek

2.5" drive is also probably the pathfinder for many drives to follow.

Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1987 1988 1989 1990 1991

U.S. manufacturers 1,466.5 1,705.2 1,559.9 1,494.6 1,430.1
A11 manufacturers 2,252.0 2,320.4 2,175.7 2,160.9 2,140.3
As the personal computer market moves to more powerful processors,

demand has shifted in favor of disk drives with higher capacities, holding
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down the growth rate for this product group. Worldwide unit shipments
increased 33.1% in 1987, to 6,769,000 drives, but the estimate for 1988 is
up only 12%, a reduction in growth rate from last year's DISK/TREND
forecast.

Total revenues for the product group increased only 2.5% in 1987,
held down by lower prices for OEM drives and reduced captive drive manu-
facturing programs by both U.S. and Japanese manufacturers. These
~factors, plus slower growth in unit shipments, limit the 1988 revenue
forecast to a nominal 3.0% increase. |

The continuing shift to 3.5" drives continues, but has not proceeded
as far as expected during 1988. It appears that IBM overestimated its
inf]uenée on the personal computer market, in attempting to move too
quickly in 1987 to the PS/2 product family. Unfortunately for IBM, too
many users liked the older PC XT and PC AT systems and decided they
wouldn't discard their old software, their expensive add-in cards and
their 5.25" disk drives.

As a result, the older PC standard has continued to prosper without
IBM, providing a strong residual market for low-end 5.25" disk drives
through both clone manufacturers and the dealer aftermarket. And the many
technical and legal delays faced by clone manufacturers in entering the
PS/2 compatible market have slowed the growth of 3.5" drive shipments, up
only 51.9% in 1988, a million units below the previous forecast.

But the rise of the 3.5" format continues, growing from 26.2% of the
unit shipment total in 1986 for this product group to 48.1% in 1987, with
1988 estimated at 65.3%. The commercial impact of these changes in
product mix has been excellent growth for U.S. based drive manufacturers

with low cost 3.5" drive production capability. On the other hand, the
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continuing decline in 5.25" drive shipments has led to lower pricés and
increased inventories for firms late in developing appropriate 3.5"
models.

Despite IBM's limited influence on the PC clone makers, the firm's
requirements for 3.5" drives in this product group have grown immensely.
Captive IBM shipments of 3.5" 20 megabyte drives, all manufactured at
Fujisawa, started in 1986 with nominal quantities for specialized Asian
personal computer models. But with the April, 1987, introduction of the
PS/2 product line, IBM's shipments increased to an estimated 850,000 units
-- not including, of course, the company's internal consumption of its own
products. 1988 shipments are forecasted at 1,050,000 drives, down from
last year's forecast for 1988, due to emphasis on new 30 and 60 megabyte
drives on some PS/2 models and displacement of some requirements by out-
side purchase of 20 megabyte 3.5" drives from Seagate.

Usage of hard diék drives with personal computers has now become
standard practice in most offices, and the personal computer market
continues to be the dominant application area for drives in this product
group, accounting for 89.6% of 1987 unit shipments. It is expected that
the future will see a modest decline in usage with minicomputers and
multi-user systems in favor of higher capacity drives, while a slight
percentage increase in consumer and hobby computer applications will
occur.

To the surprise of no one in the disk drive industry, Seagate shipped
more than twice as many non-captive drives as any other competitor in this
product group in 1987. The Seagate total was 2,224,000 drives, mostly
5.25", for 41.9% of the worldwide total. Miniscribe recorded the biggest

increase, shipping 970,000 drives, the majority of which were 3.5", for
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18.3% of the worldwide total. It should be noted that Table 26 inciudes
shipments by Tandon and LaPine, both active in the disk drive industry in

1987, but not in 1988.

Marketing trends

The 20 megabyte 3.5" drive can expect another year or two of heady
growth, but that growth is destined to flatten by 1991, suffering from
tough competition from both smaller drives and higher capacity drives.

The first 2.5" drives are expected to be shipped this year, and numerous
higher capacity 3.5" drives are already available.

Small diameter driVes started at 5 megabytes (formatted), then
quickly upgraded to 10 megabytes, and during the last two years fixed disk
drives shipped in this group have become mostly 20 megabyte models. It is
clear that the typical office personal computer will eventually use disk
drives with capacities above this product range.

In view of the changes expected above, the overall growth rate for
3.5" drives with less than 30 megabytes capacity is forecasted to level
off in 1990, and the impact could be sharper if IBM should de-emphasize .
the usage of 20 megabyte drives sooner than anticipated. Although OEM
shipments of 3.5" drives are still expected to be in a growth mode in
1990, IBM's captive shipments of 3.5" drives with capacities below 30
megabytes are expected to decline starting in 1989, with the result that
worldwide shipments are projected to increase only 14.8% in 1990.

But while 3.5" drives eventually lose momentum and 5.25" drives drop
to less than 1% of shipments for the product group in 1991, 2.5" drives
are expected to enjoy rapid growth, rising to almost 14% of unit shipments

in this product group in 1991. Although the vitality of this market has
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not yet been demonstrated with volume shipments, all of the prerequisites
for success are present: A growing laptop computer market, availability
of essential components, and a manufacturing kick-off by a well funded
startup staffed by successful industry veterans.

The changes in product mix will be dramatic:

Worldwide captive & OEM

Unit shipments (000) 1987 1988 1989 1990 1991
5.25" full size 101.2 39.3 25.0 32.0 45.0
| 1.5% 5% .3% 3% .5%
5.25" half high 3,402.1 2,581.7 940.0  253.0 47.0
50.3%  34.1% 11.3% 2.8% 5%
3.5 3,264.0 4,959.1 7,172.0 8,231.0 8,373.0
| 48.2%  65.4%  86.0%  90.4%  85.1%
<3.5" -- 2.0 198.0  594.0 1,375.0
-- -- 2.0% 6.5% 13.9%

Full size 5.25" drives have become an insignificant factor in the OEM
market. Without Eastern Bloc shipments of full size drives, which will
probably continue indefinitely, production of drives in this form factor

would stop completely by 1989.

Technical trends

As the shift to 3.5" drives continues, the challenges of large prod- -
uction volume and low cost requirements are the key engineering targets
for disk drives in this group. The problem is to achieve high production
volumes despite use of continually higher recording densities.

Although several initially available 3.5" drives used disks with 40
millimeter inner diameters, 25 millimeter has been more widely used, to
increase the recording area per disk. The result is linear densities in

the 13,000 bits per inch range for 3.5" 20 megabyte drives using two
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disks, and up to 21,500 BPI for single disk models. The new 2.5" drives
will also use two disks (65 millimeter OD, 20 millimeter ID) for 20 mega-
bytes, recorded at 22,500 BPI. High density oxide disks are used by a few
firms at the low end of the above range, but sputtered or plated are used
by most drive manufacturefs;

Two interrelated future developments may be expected to increase the
cost-effectiveness of 3.5" drives in this group. It is cheaper to package
the controller function within the disk drive, and SCSI drives, plus those
with embedded controllers for IBM personal computers, are gaining a cont-
inually higher percentage of OEM drive shipments.

Embedded controllers will also make it possible to take the next step
in recording density, since the physical characteristics of drives will be
masked from systems. Most 3.5" floppy drives are already produced in one
inch high cohfigurations, and production of one inch high 3.5" rigid disk
drives using only one disk has already commenced, offering the prospect of

further reductions in drive costs.

Forecasting assumptions

1. IBM will continue to rely on 3.5" drives in this group for major
models in the PS/2 series, but with a reduction in shipments
starting in 1989, in favor of higher capacity drives.

2. Drives with less than 3.5" disk diameter will achieve quantity
production from multiple vendors in.1989 and will develop a
major market with laptop portable applications.

2. The dollar/yen exchange rate will stay in the current range,
resulting in increased U.S. OEM market share.
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u.S. Manufacturers

1BM Captive
Other U.S. Captive
TOTAL U.S. CAPTIVE

PCM
OEM
TOTAL U.S. NON-CAPTIVE

TOTAL U.S. REVENUES

Non-U.S. Manufacturers

Captive

PCM

OEM

TOTAL NON-U.S. REVENUES

Worldwide Recap

TOTAL WORLDWIDE REVENUES

OEM Average Price ($000)

TABLE 21

FIXED DISK DRIVES, LESS THAN 30 MEGABYTES

1987
----Revenues---
u.s. WH

357.0  510.0
41.8 62.2
398.8 572.2
500.9  894.3
500.9  894.3

899.7 1,466.5

18.4  440.5
72.9  345.0
91.3 785.5

991.0 2,252.0

.231 .233

REVENUE SUMMARY

------ 1988----- -
. WH
428.4  630.0
9.6  24.0

438.0  654.0

547.9 1,051.2
547.9 1,051.2

985.9 1,705.2

-- 306.5
50.7  308.7
50.7  615.2

1,036.6 2,320.4

214 .219

363.0
9.0
372.0

484.9
484.9
856.9
7.0
66.0

73.0

929.9

191

1988 DISK/TREND REPORT

Forecast
W u.s.
550.0  308.0

18.0 12.6
568.0  320.6
991.9  510.9
991.9  510.9

1,559.9  831.5
234.9  15.8
380.9 67.3
615.8 83.1
2,175.7  914.6
.195 .178

475.0
23.1
498.1

996.5
996.5
1,494.6
227.4
438.9

666.3

2,160.9

.184

262.8
29.3
292.1

538.7

538.7

830.8

27.9

65.2

93.1

923.9

.164

405.0
46.5
451.5

978.6

978.6

1,430.1

241.8

468.4

710.2

2,140.3
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TABLE 22
FIXED DISK DRIVES, LESS THAN 30 MEGABYTES
UNIT SHIPMENT SUMMARY

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

1987 = cemmmeeeccecmmccemccccecc—aa- Forecast-------mommmcmm o
---Shipments--- -===-- 1988-ccne ameee- 1989---~-  —eee- 1990~~emn ceeeeo 1991 -----
S WH WHW WH u.s WW
U.S. Manufacturers
1BM Captive 595.0 850.0 714,0 1,050.0 660.0 1,000.0 616.0 950.0 584.0 900.0
Other U.S. Captive 155.0 210.7 6.0 15.0 9.0 18.0 18.0 33.0 50.0 79.0
TOTAL U.S. CAPTIVE 750.0 1,060.7 720.0 1,065.0 669.0 1,018.0 634.0 983.0 634.0 979.0
PCH -- -- -- -- -- -~ -- -- -- -
OEM 2,190.3 4,006.4 2,574.2 4,994.3 2,571.0 5,248.0 2,905.0 5,668.0 3,336.0 6,061.0
TOTAL U.S. NON-CAPTIVE 2,190.3 4,006.4 2,574.2 4,994.3 2,571.0 5,248.0 2,905.0 5,668.0 3,336.0 6,061.0
TOTAL U.S. SHIPMENTS 2,940.3 5,067.1 3,294.2 6,059.3 3,240.0 6,266.0 3,539.0 6,651.0 3,970.0 7,040.0
Non-U.S. Manufacturers
Captive 18.0 394.5 -- 306.2 10.0 277.0 25.0 310.0 49.0 360.0
PCH -- -- -- - - - - -- -- --
OEM 298.3 1,307.4 227.7 1,216.9 314.0 1,792.0 336.0 2,149.0 350.0 2,440.0
TOTAL NON-U.S. SHIPMENTS 316.3 1,701.9 227.7 1,523.1 324.0 2,069.0 361.0 2,459.0 399.0 2,800.0

Worldwide Recap

TOTAL WORLDWIDE SHIPMENTS  3,256.6 6,769.0 3,521.9 7,582.4 3,564.0 8,335.0 3,900.0 9,110.0 4,369.0 9,840.0

Cumulative Shipments

1BM 1,243.4 1,794.9 1,957.4 2,844.9 2,617.4 3,844.9 3,233.4 4,794.9 3,817.4 5,694.9
Non-IBM 10,644.8 17,920.0 13,452.7 24,452.4 16,356.7 31,787.4 19,640.7 39,947.4 23,425.7 48,887.4
WORLDWIDE TOTAL 11,888.2 19,714.9 15,410.1 27,297.3 18,974.1 35,632.3 22,874.1 44,742.3 27,243.1 54,582.3
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U.S. MANUFACTURERS

IBM Captive
Other U.S. Captive
OEM

TOTAL U.S. REVENUES

NON-U.S. MANUFACTURERS

Captive
OEM

TOTAL NON-U.S. REVENUES

WORLOWIDE RECAP

Captive

OEM

Total Revenues

ANNUAL SHARE, BY DIAMETER

FIXED DISK DRIVES, LESS THAN 30 MEGABYTES

WORLDWIDE REVENUES ($M)

BREAKDOWN BY DISK DIAMETER

1987 emeeemmeeececcccecmmncceceeee Forecast.
---------- Revenues: 1988 -----1989 1990 - 1991

8" 5.25" 3.5" 8" 5.25" 3.5" <3.5" 5.25" 3.5" <3.5" 5.25" 3.5" <3.5" 5.25" 3.5" <3.5"
-- - 510.0 -- - 630.0 -- -- 550.0 - -- 450.0 25.0 -- 315.0 90.0

-- -- 62.2 -- -- 24.0 - -- 18.0 - -- 23.1 -- - 35.4 1.1
.7 602.6 291.0 - 456.4 594.3 .5 157.1 797.0 37.8 40.8 872.4 83.3 8.2 832.6 137.8
7 602.6 863.2 -- 456.4 1,248.3 .5 157.1 1,365.0 3.8 - 40.8 1,345.5 108.3 8.2 1,183.0 238.9
- 262.4 178.1 - 155.9 150.6 .- 66.9 168.0 - n.8 179.4 13.2 35.0 171.0 35.8
.6 120.3 224.1 .6 36.8 271.3 - 15.9 361.0 4.0 16.4 407.4 15.1 19.3 393.1 5.0
.6 382.7 402.2 .6 192.7 421.9 -- 82.8 529.0 4.0 v 51.2 586.8 28.3 54.3 564.1 9.8
- 262.4 750.3 -- 155.9 804.6 -- 66.9 736.0 -~ 4.8 652.5 38.2 35.0 521.4 136.9
-- -62.7% +208.8% --  -40.6% +7.2% -- -57.1% -8.5% - -48.0%  -11.3% -- +.6%  -20.1% +258.4%

1.3 12.9 515.1 ;6 493.2 865.6 .5 173.0 1,158.0 41.8 57.2 1,279.8 98.4 21.5 1,225.7 193.8
-81.9% -18.4%  +57.5% -53.8%  -31.8%  +68.0% -- -64.9%  +33.8% -- -66.9%  +10.5% +135.4% -51.9% -4.2%  +97.0%
1.3 985.3 1,265.4 .6 649.1 1,670.2 .5 239.9 1,894.0 41.8 92.0 1,932.3 136.6 62.5 1,747.1 330.7
-96.5% -38.0% +122.0% -53.8%  -A.1%  +32.0% - -63.0%  +13.4% -- -61.7% +2.05 +226.8% -32.1% -9.6% +142.1%
% -43.9% 56.0% .- 28.1% 71.9% -- 11.0% 87.2% 1.8% 4.3% 89.5% 6.2% 2.9% 81.7% 15.4%
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TABLE 24

FIXED DISK DRIVES, LESS THAN 30 MEGABYTES

WORLOWIDE SHIPMENTS (000)

BREAKDOWN BY DISK DIAMETER

1987 Forecast
Shipments: 1988 1989 1990 1991

8" 5.25" 3.5" 8" 5.25" 3.5" <3.5" 5.25" 3.57 <3.5" 5.25" 3.5" <3.5" 5.25" 3.5" <3.5"
U.S. MANUFACTURERS
IBM Captive . -- 850.0 .- -~ 1,050.0 - -- 1,000.0 -- -- 900.0 50.0 -~ 700.0 200.0
Other U.S. Captive -- - 210.7 - -- 15.0 .- -- 18.0 -- -~ 33.0 -- -- 59.0 20.0
OEM .7 2,817.6 1,188.1 -- 2,365.3 2,627.0 2.0 873.0 4,195.0 180.0 233.0 4,985.0 450.0 47.0 5,204.0 810.0
TOTAL U.S. SHIPMENTS J2,817.6 2,248.8 -- 2,365.3 3,69%2.0 2.0 873.0 5,213.0 180.0 233.0 5,918.0 500.0 47.0 5,963.0 1,030.0
NON-U.S. MANUFACTURERS
Captive -- 184.2 210.3 -- 110.2 196.0 -- 37.0 240.0 - 12.0 276.0 22.0 10.0 285.0 65.0
OEM .3 501.5 805.6 .3 145.5 1,071.1 -- 55.0 1,719.0 18.0 40.0 2,037.0 72.0 35.0 2,125.0 280.0
TOTAL NON-U.S. SHIPMENTS .3 685.7 1,015.9 .3 255.7 1,267.1 -- 92.0 1,959.0 18.0 52.0 2,313.0 94.0 45.0 2,410.0 345.0
WORLDWIDE RECAP
Captive -- 184.2 1,271.0 -- 110.2 1,261.0 -- 37.0 1,258.0 - 12.0 1,209.0 72.0 10.0 1,044.0 285.0

--  -68.3% +408.2% --  -40.2% -.8% - ~66.4% -2 -- -67.6% -3.9% -- -16.7%  -13.6% +295.8%

OEM 1.0 3,319.1 1,993.7 .3 2,510.8 3,698.1 2.0 928.0 5,914.0 198.0 273.0 7,022.0 522.0 82.0 7,329.0 1,09.0

-81.1% +5.0%  +83.5% -70.05  -24.4%  +85.5% .- -63.0%  +59.9% - -70.6%  +18.7% +163.6% -70.0% +4,4%  +108.8%
Total Shipments 1.0 3,503.3 3,264.7 3 2,621.0 4,959.1 2.0 965.0 7,172.0 198.0 285.0 8,231.0 594.0 92.0 8,373.0 1,375.0

-89.7% -6.3% +144.3% -70.0%  -25.2%  +51.9% -- -63.2%  +44.6% -- -70.5%  +14.8% +200.0% -67.7% +1.7%  +131.5%
ANNUAL SHARE, BY DIAMETER - 51.9% 48.1% - 4.7% 65.3% -- 11.6% 86.1% 2.3% 3.1% 90.5% 6.4% % 85.2% 13.9%
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TABLE 25
FIXED DISK DRIVES, LESS THAN 30 MEGABYTES

APPLICATIONS SUMMARY
Percentage of Worldwide Shipments

1987 Estimate 1991 Projection
Units Units

APPLICATION (000) % (000) %
MAINFRAME/SUPERMINI _

General purpose -- -- -- --
MINICOMPUTERS AND
MULTI-USER MICROS

Business and professional,

including networks 246.4 3.6 39.4 .4
PERSONAL COMPUTERS

Business and professional,

single user 6061.7 89.6 8787.0 89.3
OFFICE SYSTEMS
AND WORKSTATIONS

Dedicated application 182.1 2.7 344.4 3.5
NON-OFFICE SYSTEMS
AND WORKSTATIONS

Technical, distribution,

medical, other specialized 157.0 2.3 334.6 3.4
CONSUMER AND
HOBBY COMPUTERS 111.0 1.6 314.9 3.2
OTHER
APPLICATIONS 10.8 .2 19.7 2

Total ' _ 6768.9 100.0 9840.1 100.0
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Drive Manufacturers -

SEAGATE
MINISCRIBE

NEC

TANDON

JVC
MICROSCIENCE
RODIME

PLUS DEVELOPMENT
LAPINE

Other U.S. ‘
Other Non-U.S.

TOTAL

TABLE 26

FIXED DISK DRIVES, LESS THAN 30 MEGABYTES

MARKET SHARE SUMMARY

Worldwide Shipments of Non-Captive Disk Drives

1987 Net Shipments

To United States

Destinations

T Units (000)
T R ae e
-- 1507.3 7.6 1514.9 60.9

-- 280.0 100.0 380.0 15.3

-- 52.0 3.0 55.0 2.2

- -~ 25,0 25.0 1.0

-- -- 20,0 20.0 .8

-~ 58.5 2.0 60.5 2.4

-- 1.0 128.0 129.0 5.2

-- -- 100.0 100.0 4.0

- -- 81.0 81.0 3.3

5 7.5 20.9 28.9 1.1

-~ 3.2 91.1 9.3 3.8

.51909.5 578.6 2488.6 100.0

1988 DISK/TREND REPORT

2209.8 14.2 2224.0

400.0 570.0 970.0
366.0 114.0 480.0
-- 345.0 345.0
-- 230.0 230.0
195.0 5.0 200.0
5.0 160.0 165.0
-- 125.0 125.0

-- 108.0
12.8

130.5 301.6 432.4

108.0

20.9 34.4

(=21
.
[S,]

1.0 3319.1 1993.7 5313.8 100.0
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FIXED DISK DRIVES, 30-60 MEGABYTES

Coverage

Examples of disk drives in this group include:

8" disk djameter

Fujitsu
Hitachi

5.25" disk diameter

Fujitsu

Hitachi

IBM :
Imprimis (Control Data)
Micropolis

Microscience International
Miltope

Miniscribe

Mitsubishi Electric

NEC

Quantum

Sagem

Seagate Technology

Teac :

Tokico

Toshiba

Xebec

3.5" disk diameter

Alps Electric

Areal Technology

Brand Technologies
Cardiff Peripherals
Comport

Conner Peripherals

Fuji Electric

Fujitsu

Hitachi

IBM

JVC

Kalok

Kyocera

Matsushita Communication Ind.
Microscience International
Miltope

Miniscribe

Mitsubishi Electric

M2311K
DK812S5-5

M2241, M2242

DK511-5, DK521-5%
4956

94155-48

1333A°

HH-1050*, HH-830*
RDS-5000

3650*, 3053*
MR533*, MR535*

D5127H*, D5146H*

Q250*

MSA 240-50
ST4038, ST251*
SD-540*
DK5046*
MK-53FB

Owl 40AT*

DRQO40A**

- BP 50**

BT9053*

F3057*

2040*, 2041*
CP340*,CP344*
FK303-52*, FK308S-58R*
M2226D2*, M2611S**
DK302-3*

8550-031

JD-3848H*

KL330*

KC 40C*

JU-127*, Ju-128*
HH-330%*

RDS-3040

8438*, 8438F*
MR335*
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3.5" disk diameter (continued)

NEC

Peripheral Technology
Plus Development
Quantum

Rodime

Samsung Electronics
Seagate Technology
Seiko Epson

Shinwa Digital
Tokico

Toshiba

Western Digital

Y-E Data

D3142*

PT338*, PT357R*
Hardcard 40*

40S*, 40AT*
R0O3055*, R03065*
SHD2040M*

ST138*, ST157N*
HMD-946*

D440*

TD3041C*, TD3042C**
MK-133FA*, MK-134FA*
WD93038-X*

YD-3042*

*Indicates drives with maximum 41.3 mm height, or Tless.
**Indicates drives with maximum 25.4 mm height, or Jess.

1988 is the first year that the drives in this capacity range have
been analyzed as a separate group. Through last year, they had been
included in the broader 30-100 megabyte group in several previous editions
of the DISK/TREND Report.

These are all nominally "Winchester" drives, but variations to that
technology are used, including thin film disks and ferrite heads with 3370
type sliders. Most use rotary or linear voice coil head positioning sys-
tems, but a few use other techniques, such as stepping or torque motors.

In the last two years, numefous 3.5" drives were introduced ih this
product group. Intense competition is developing at the 40 megabyte (for-
matted) level, which will lead to a variety of attempts to reduce product
costs, affecting product design.

Conner Peripheral's 40 megabyte drive, currently the 3.5" shipment
leader in this product group, uses only two disks, and provided the model
for many later drive introductions by other firms. Taking the trend to
higher densities a step further, Fujitsu has announced a 45 megabyte

single disk 3.5" drive.
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Perhaps providing a glimpse of the future, a new manufacturer, Areal
Technology, has announced a 3.5" drive with 50 megabyte capacity, using
only one side of a single 3.5" disk. Despite the manufacturing diffi-
culties caused by such high areal densities, the potential cost advantages
from reduced parts count and mechanical simplification will continue to

stimulate further innovation.

Market status

DISK/TREND estimate of total market size:
Worldwide sales ($M) 1987 1988 1989 1990 1991

U.S. manufacturers 1,557.5 1,560.8 1,756.2 1,871.0 1,942.2
A11 manufacturers 1,968.6 2,121.4 2,425.4 2,594.5 2,637.4

1987 was a boom year for drives in this product group, as drive
manufacturers responded to the demand by personal computer users for mbre
disk capacity. Worldwide unit shipments rose 223.3% in 1987, to 4,147,900
drives, generating $1.9 billion in revenue. However, 1988's growth in
unit shipments is expected to be a modest 39%, reflecting more restrained
growth in personal computer shipments and diversion of part of the PC
upgrade business to drives with more than 60 megabyte capacity.

Full size 5.25" drives in this capacity range had their last big year
in 1987 with worldwide shipments of 1,342,400 units, but are forecasted to
drop to 191,700 drives this year, almost 80% of which will be produced by
IBM. Full size drives had already been eclipsed by half high models in
1987, and the 2,581,800 half high drives estimated for this year will
constitute 93% of the 5.25" total.

1988 DISK/TREND REPORT
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3.5" drives enjoyed an outstanding production start-up year in 1987,
with numerous manufacturers participating in worldwide unit shipments of
990,500 drives. Explosive growth in 1988 is expected to result in shfp-
ments of 2,991,600 3.5" drives, 51.8% of the worldwide total for drives of
all sizes in this product group.

Captive shipments are still dominated by IBM's activities. While
1987 IBM shipments of full size 5.25" "Pixie" drives were an estimated
350,000 units, 1988's total is forecasted at only 150,000 drives. One of
the reasons for this decline is IBM's new 30 megabyte 3.5" drive, with
1988 shipments projected at 250,000 drives. Tandon's large captive 1987
shipments of 3.5" drives in this product group do not appear in the 1988
statistics, due to the sale of this product line to Western Digital, and
1988 shipments to Tandon are considered to be OEM sales by Western
Digital.

Non-captive 1987‘shipments were dominated by Seagate's OEM sales of
5.25" drives, which constituted almost all of the company's 1,616,000
drives included in this product group. Seagate's 47.3% of the worldwide
OEM unit shipment total was followed by 11.2% for Miniscribe (split
between 5.25" and 3.5"), 8.1% for Imprimis (all 5.25"), 7.4% for Conner
Peripherals (all 3.5"), and 7.3% for Microscience International (mostly
5.25").

87% of 1987 total worldwide shipments of drives in this product group
were used in single user personal computer applications. The 6.1% used
with minicomputers and multi-user micros in 1987 is expected to be cut in
half by 1991, in favor of higher capacity drives, while modest increases
are expected in dedicated application non-office markets and with home

computers.
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Marketing trends

Next year's growth in unit shipments for this group is expected to be
up over 1.2 million drives, but the forecast is for more modest increases
to follow, with 1991 up only 5%. The outlook for worldwide revenue growth
is even lower, with annual increases averaging only 7.7% during 1989-91,
and slumping to 1.7% in 1991.

The impact on total revenue will be caused by changes in product mix,
as smaller drives become predominant, by stronger growth for OEM drives
sold at lower prices than captive drives, and by lower average prices for
all drives. Underlying all of these changes is the continuous upward
movement in the average capacity of disk drives used with personal comp-
uters. This product group has been benefiting from that trend during the
last few years, and will suffer from the same trend in the future as aver-
age capacities move up.

The growth pattern for 3.5" drives is destined to continue, assisted
by increases in IBM's captive production of 3.5" drives, but with OEM

drives holding the overwhelming majority of total shipments:

Worldwide captive & QEM

Unit shipments (000) 1987 1988 1989 1990 1991
5.25" full size 1,342.4 191.7 57.0 -- --
32.4% 3.3% .8% -- --
5.25" half high 1,809.1 2,581.8 1,914.0 728.0 158.0
43.7% 44 .8% 27.2% 9.2% 1.9%
3.5" 990.5 2,991.6 5,062.0 ‘7,220.0 8,187.0

23.9% 51.9% 72.0% 90.8% 98.1%

A classic rivalry has been underway between 5.25" half high drives and
3.5" drives, which still continues. 5.25" half high drives were available

in the marketplace in production quantities well before 3.5" drives, at
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lower prices. But their main strength during the last year has been cont-
inuing momentum for shipments of PC AT clones. However, the movement to
small footprint personal computers favors future growth for the 3.5"
drives in this capacity range, and they are expected to provide 98% of the

group's 1991 worldwide shipments.

Technical trends

The same technical developments that are pushing drives below 30
megabytes in capacity toward single disk configurations are having a
similar impact on this product group: The pressure to cut costs by
reducing the parts count. The first of the single disk drives in the 40-
50 megabyte range have been announced, and many more participants are to
be expected during the next few years as availability of suitable heads
and disks is established.

In addition to lower costs, higher areal density will also have the
effect of speeding the transition to intelligent embedded controllers.
Higher recording densities mean higher transfer rates, and frequently will
be used with multiple recording bands, each with different densities. In
order to mask individual drive peculiarities, it is expected that most new
drives will offer embedded controllers, with the choice of leading
interfaces such as SCSI, PC AT and others.

Higher areal density will also make smaller box sizes practical. It
is obvious that the new single disk 3.5" drives will be offered in one
inch high packages, but further reductions in disk diameter may also
appear. Although not forecasted separately in this edition of the

DISK/TREND report, it would not be surprising to see the appearance of

1988 DISK/TREND REPORT



DT4-8

2.5" drives in this product group, now that they have been introduced at

the 20 megabyte capacity level.

Forecasting assumptions

1. IBM's production of 5.25" drives will stop in 1989, but cont-
inuous growth for 3.5" drives will occur. IBM will continue to
rely primarily on internal manufacturing for drives in this
group, but will supplement internal shortfalls with outside

purchases.

2. The decline of OEM 5.25" drives will continue, replaced by the
movement to 3.5" drives.
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TABLE 27
FIXED DISK DRIVES, 30 - 60 MEGABYTES
REVENUE SUMMARY

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

1987 e Forecast--=e=cmommemmmmcm o
----Revenues---  ------ 1988-----  —eee--- 1989ccas cmeees 1990---oc —eeeo- 1991-----
u.sS. WH u.s. WH u.s. WH u.S. WH u.s. WW
U.S. Manufacturers
1BM Captive 249.9 367.5 244.4 356.3 337.0 498.0 408.8 618.8 448.0 700.0
Other U.S. Captive 14.0 85.3 1.2 1.2 2.2 2.4 3.0 4,0 2.4 4.0
TOTAL U.S. CAPTIVE 263.9 452.8 245.6 357.5 339.2 500.4 411.8 622.8 450.4 704.0
pCM -- -- -- - - - - - - --
OEM 905.1 1,104.7 749.3 1,203.3 766.7 1,255.8 730.1 1,248.2 694.6 1,238.2
TOTAL U.S. NON-CAPTIVE 905.1 1,104.7 749.3 1,203.3 766.7 1,255.8 730.1 1,248.2 694.6 1,238.2
TOTAL U.S. REVENUES 1,169.0 1,557.5 994.9 1,560.8 1,105.9 1,756.2 1,141.9 1,871.0 1,145.0 1,942.2
Non-U.S. Manufacturers
Captive 88.2 186.5 54.6 184.1 61.8 188.3 65.8 184.0 72.3 180.7
PCM -- -- -- -- -- -- -- -- -- -
0EM 54.8 224.6 100.8 376.5 138.3 480.9 159.4 539.5 153.4 514.5
TOTAL NON-U.S. REVENUES 143.0 411.1 155.4 560.6 200.1 669.2 225.2 723.5 225.7 695.2

Horldwide Recap

TOTAL WORLDWIDE REVENUES 1,312.0 1,968.6 1,150.3 2,121.4 1,306.0 2,425.4 1,367.1 2,594.5 1,370.7 2,637.4

OEM Average Price ($000) .385 .389 .294 301 272 277 .254 .257 .243 .246
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U.S. Manufacturers

IBM Captive
Other U.S. Captive
TOTAL U.S. CAPTIVE

PCM
OEM
TOTAL U.S. NON-CAPTIVE

TOTAL U.S. SHIPMENTS

Non-U.S. Manufacturers

Captive

PCM

OEM

TOTAL NON-U.S. SHIPMENTS

Horldwide Recap

TOTAL WORLDWIDE SHIPMENTS

Cumulative Shipments

WORLDWIDE TOTAL

TABLE 28

FIXED DISK DRIVES, 30 - 60 MEGABYTES
UNIT SHIPMENT SUMMARY

---Shipments---

u.s.

238.0
44.6
282.6

2,345.2
2,345.2

2,627.8

42.0

147.9
189.9

WHW

350.0
288.2
638.2

2,907.1
2,907.1

3,545.3

89.9

512.7
602.6

DISK DRIVE UNIT SHIPMENTS, BY SHIPMENT DESTINATION (000)

u.S.

275.0
.8
275.8

2,593.5
2,593.5

2,869.3

36.0

302.6
338.6

2,817.7 4,147.9 3,207.9

400.0
.8
400.8

4,163.3 2
4,163.3 2

4,564.1 3

114.4

1,087.1
1,201.5

5,765.6 3

413.0
1.8

414.8

,880.0
,880.0

,294.8

53.0

452.0
505.0

,799.8
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Forecast

WW .S.
610.0 545.0

2.0 3.0
612.0 548.0

4,715.0 2,928.0
4,715.0 2,928.0

5,327.0

151.0

1,555.1
1,706.1

7,033.1

3,476.0

66.0

575.0
641.0

4,117.0

825.0
4.0
829.0

640.0
3.0
643.0

5,005.0 2,894.0
5,005.0 2,894.0

5,834.0 3,537.0

1,
2,

176.0

938.0
114.0

87.0

589.0
676.0

7,948.0 4,213.0
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.........

1,000.0
5.0
1,005.0

5,159.0
5,159.0

6,164.0

209.0

1,972.0
2,181.0

8,345.0
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U.S. MANUFACTURERS

18M Captive
Other U.S. Captive
0EM

TOTAL U.S. REVENUES

NON-U.S. MANUFACTURERS

Captive
OEM

TOTAL NON-U.S. REVENUES

WORLDWIDE RECAP

Captive

OEM

Total Revenues

ANNUAL SHARE, BY DIAMETER

TABLE 29
FIXED DISK DRIVES, 30 - 60 MEGABYTES
WORLDWIDE REVENUES {$M)

BREAKDOWN BY DISK DIAMETER

1987 0 eeceee- -- Forecast -
---------- Revenues---------- ~=ema-------1988 1989 -- 1990 1991

8" 5.25" 3.5 8" 5.25" 3.5" 8" 5.25" 3.57 5.25" 3.57 5.257 3.5"

- 367.5 -~ -- 150.0 206.3 -- 50.0 448.0 -- 618.8 -- 700.0

-- 9.4 75.9 -- 1.2 -- -- 2.4 -- 4.0 -- 4.0 --

7.3 926.0 171.4 -- 661.7 541.6 -- 449.8 806.0 154.4 1,093.8 29.8 1,208.4

7.3 1,302.9 247.3 -- 812.9 747.9 .- 502.2 1,254.0 158.4 1,712.6 33.8 1,908.4

- 160.0 26.5 - 117.9 66.2 -- 78.3 110.0 54.4 129.6 25.5 155.2

1.8 138.3 84.5 1.0 76.1 299.4 .2 58.6 422.1 23.6 515.9 5.4 509.1

1.8 298.3 111.0 1.0 194.0 365.6 .2 136.9 532.1 78.0 645.5 30.9 664.3

- 536.9 102.4 - 269.1 272.5 -- 130.7 558.0 58.4 748.4 29.5 855.2

- -2.8% -- --  -49.9% +166.1% --  -51.4% +104.8% -55.3%  +34.1% -49.5%  +14.3%

9.1 1,064.3 255.9 1.0 737.8 841.0 .2 508.4 1,228.1 178.0 1,609.7 35.2 1,717.5

-71.2%  +116.5% -- -89.0%  -30.7% +228.6% -80.0%  -31.1%  +46.0% -65.0%  +31.1% -80.2% +6.7%

9.1 1,601.2 358.3 1.0 1,006.9 1,113.5 .2 639.1 1,786.1 236.4 2,358.1 64.7 2,572.7

-90.9%  +53.4% -- -89.0%  -37.1% +210.8% -80.0%  -36.5%  +60.4% -63.0%5  +32.0% -72.6% +9.1%

5% 81.4% 18.1% -- 47.6% 52.4% - 26.5% 73.5% 9.1% 90.9% 2.5% 97.5%
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U.S. MANUFACTURERS

IBM Captive
Other U.S. Captive
OEM

TOTAL U.S. SHIPMENTS

NON-U.S. MANUFACTURERS

Captive
OEM

TOTAL NON-U.S. SHIPMENTS

WORLDWIDE RECAP

Captive

OEM

Total Shipments

ANNUAL SHARE, BY DIAMETER

FIXED DISK DRIVES, 30 - 60 MEGABYTES

TABLE 30

WORLOWIDE SHIPMENTS (000)

BREAXDOWN BY DISK DIAMETER

1987 Forecast
--------- Shipments 1988 1989-- 1990 1991

8" 5.25" 3.5" 8" 5.25" 3.5" 8" 5.25" 3.5" 5.25" 3.5" 5.25" 3.5"
- 350.0 -- -- 150.0 250.0 -- 50.0 560.0 -- 825.0 -- 1,000.0
- 12.2 276.0 -- .8 - -- 2.0 -- 4.0 -- 5.0 -
5.0 2,443.8 458.3 -- 2,383.1 1,780.2 -- 1,730.0 2,985.0 630.0 4,375.0 124.0 5,035.0
5.0 2,806.0 734.3 -- 2,533.9 2,030.2 -- 1,782.0 3,%45.0 634.0 5,200.0 129.0 6,035.0
- 71.9 18.0 -- 56.4 58.0 -- 41.0 110.0 32.0 144.0 15.0 194.0
.9 273.6 238.2 .5 183.2 903.4 A 148.0 1,407.0 62.0 1,876.0 14.0 1,958.0
.9 345.5 256.2 .5 239.6 961.4 .1 189.0 1,517.0 9.0 2,020.0 29.0 2,152.0
- 434.1 294.0 - 207.2 308.0 -- 93.0 670.0 36.0 969.0 20.0 1,194.0
- Hl.1% - - -52.3% +4,8% --  -55.1%  +117.5% -61.3%  +44.6% -44.4%  +23.2%
5.9 2,717.4 696.5 .5 2,566.3 2,683.6 .1 1,878.0 4,392.0 692.0 6,251.0 138.0 6,993.0
-68.9% +193.6% -- -91.5% -5.6% +285.3% -80.05  -26.8%  +63.7% -63.2%5  +42.3% -80.1%  +11.9%
5.9 3,151.5 990.5 .5 2,773.5 2,991.6 .1 1,971.0 5,062.0 728.0 7,220.0 158.0 8,187.0
-79.2% +155.6% - -91.5%  -12.0% +202.0% -80.0%  -28.9%  +69.2% -63.1%5  +42.6% -78.3%  +13.4%
1% 76.1% 23.8% -- 48.2% 51.8% -- 28.1% 71.9% 9.2% 90.8% 1.9% 98.1%
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TABLE 31
FIXED DISK DRIVES, 30 - 60 MEGABYTES

APPLICATIONS SUMMARY
Percentage of Worldwide Shipments

1987 Estimate 1991 Projection
Units Units

APPLICATION (000) % (000) %
MAINFRAME/SUPERMINI

General purpose -~ -- -- --
MINICOMPUTERS AND
MULTI-USER MICROS

Business and professional,

including networks 254.7 6.1 250.4 3.0
PERSONAL COMPUTERS

Business and professional,

single user 3610.4 87.0 7268.4 87.1
OFFICE SYSTEMS
AND WORKSTATIONS

Dedicated application 119.0 2.9 200.3 2.4
NON-OFFICE SYSTEMS
AND WORKSTATIONS

Technical, distribution,

medical, other specialized 133.1 3.2 500.7 6.0
CONSUMER AND
HOBBY COMPUTERS 23.6 .6 108.5 1.3
OTHER
APPLICATIONS 7.1 2 16.7 .2

Total 4147.8 100.0 8345.1 100.0
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TABLE 32
FIXED DISK DRIVES, 30 - 60 MEGABYTES

MARKET SHARE SUMMARY
Worldwide Shipments of Non-Captive Disk Drives

1987 Net Shipments

To United States

Destinations Worldwide
T Units (000) s Units (000)
Drive Manufacturers 8" 5.25 3.5 Total g 5.5 3.5" Total
SEAGATE --1367.6 2.1 1369.7 54.9 . 1613.8 2.2 1616.0 47.3
MINISCRIBE -- 190.0 100.0 290.0 11.6 -- 233.0 150.0 383.0 11.2
IMPRIMIS (CDC) -- 219.4 -- 219.4 8.8 -- 277.8 -- 277.8 8.1
CONNER PERIPHERALS -- -- 248.0 248.0 9.9 -- -- 254.0 254.0 7.4
MICROSCIENCE -- 120.0 4.0 124.0 5.0 -- 240.0 10.0 250.0 7.3
NEC -- 17.0 1.0 18.0 .7 -- 150.0 3.0 153.0 4,5
FUJITSU -- 1.8 14.7 16.5 .7 -- 13.8 83.8 097.6 2.9
FUJT ELECTRIC -- -- 60.0 60.0 2.4 -- -- 70.0 70.0 2.0
RODIME -- 3.5 20.0 23.5 1.0 -- 35.0 25.0 60.0 1.8
Other U.S. 3.5 57.5 33.1 94.1 3.8 5.0 79.2 42.1 126.3 3.7
Other Non-U.S. -- 7.1 12.8 29.9 1.2 9 74.8 56.4 132.1 3.8
TOTAL 3.5 1993.9 495.7 2493.1 100.0 5.9 2717.4 696.5 3419.8 100.0
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FIXED DISK DRIVES, 60-100 MEGABYTES

Coverage

Examples of disk drives in this group include:

8" disk diameter

Fujitsu M2312K, M2321K
Hitachi DK812S-8
IBM 4963-64A
Priam 7050, 803
Toshiba MK-182FB

5.25" disk diameter
Brand Technologies BT8085
Fujitsu M2243
Hitachi DK511-8, DK512-8
IBM 5364, 667-85
Imprimis (Control Data) 94155-85, 94205-77*
Magnum Technology MT3085
Maxtor XT-1085
Micropolis 1353, 1373
Microscience International HH-1075*, HH-1090*
Miniscribe 6085, 3675*
Mitsubishi Electric MR537S*
NEC D5147H*, D5452
Newbury Data NDR 1085
Priam V185A
Quantum Q280*
Rodime R05090*
Seagate ST277N*, ST4096
Tokico DK5087*
Toshiba MK-56FB

3.5" disk diameter
Brand Technologies BT9075*
Cardiff Peripherals F3096*
Comport 2082*
Fujitsu M2612S**
IBM 8550-061
Kyocera KC 80C*
Matsushita Commmunication Ind. JU-1391*
Maxtor LXT-100S*
Peripheral Technology PT-41025*
Quantum 80S*, 80AT*
Rodime RO3085A/S*
Seiko Epson HMD-976*
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3.5" disk diameter (continued)

Tokico TD3081E*
Y-E Data YD-3082*

*Indicates drives with maximum 41.3 mm height, or less.
**Indicates drives with maximum 25.4 mm height, or less.

60-100 megabyte drives have been split into a separate product group
this year, instead of being included in the previous 30-100 megabyte
group. Significant shipments in this product group got underway in 1981
with early entrants such as the 8" Priam and Fujitsu drives, which devel-
oped quick acceptance of the 8" form factor at this capacity level, and
rapidly displaced earlier 14" drives.

During recent years, however, even more substantial displacement,
this time of 8" models, followed the 1984 arrival of 85 megabyte 5.25"
drives. By providing a major reduction in price and making possible the
addition of higher disk capacities to desktop workstations, 85 megabyte
5.25" drives became one of the industry's classic success stories. Newer
half high versions are continuing much of the same momentum.

1988 is also seeing the start of production shipments for 3.5" drives
by many additional companies, plus several of the 5.25" drive producers.
So far, the majority of the 3.5" drives are targeted at personal computer
applications, with embedded controllers compatible with IBM PC AT stan-

dards, as well as SCSI, commonly offered.

Market status

DISK/TREND estimate of total market size:

Worldwide sales ($M) 1987 1988 1989 1990 1991
U.S. manufacturers 889.3 1,392.7 1,650.7 1,978.0 2,356.5
A1l manufacturers 1,151.2 1,584.2 2,067.8 2,485.3 2,893.2

NEN
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Disk drives in this capacity range have become an important part of
the industry, led by the rapid growth of 85 megabyte 5.25" drives during
the second half of this decade. Total shipments of all drives in the
product group were 1,043,900 units in 1987, 97% of which were 5.25"
models, and revenues topped $1 billion.

But disk drive industry successes are temporary phenomena. 8" drive
shipments in this group peaked in 1984, and total 5.25" shipments will top
out this year, even though shipments of half high versions are expected to
grow for another year. 3.5" drive shipments are off to a fast start,
boosted by heavy shipments of IBM's new 60 megabyte drive for mid-range
PS/2 models, providing over 75% of the estimated 3.5" shipment total for
1988. Numerous manufacturing programs for OEM 3.5" drives are also being
established during 1988, facilitating rapid future growth.

The personal computer market bought 43.6% of the unit shipments for
this group in 1987, and this share is forecasted to grow to 73.8% in 1991.
Growing reliance on this application area set the stage for the pricing
donnybrook which occurred in the U.S. market for 5.25" OEM drives in 1988.
Although the market with traditional system manufacturers was in decline,
drive manufacturers had discovered that the personal computer aftermarket
was able to absorb most of their available production, as more and more
users upgraded systems. Unfortunately for the traditional market leaders
in this product group, Seagate eventually discovered the market, too. As
a result, average prices for all OEM drives in the group dropped from $700
in 1987 to $558 in 1988, with much lower prices the norm in the PC after-
market.

Micropolis maintained its lead in non-captive unit shipments in 1987

with 272,600 drives, 32.6% of the worldwide total. Quantum moved up to
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16.1% on the strength of its half high 5.25" drive, Imprimis held 11.8%,
and Priam had 8.3%.

Marketing trends

1987's one million drive shipment total is forecasted to grow to five
million drives in 1991, with worldwide revenues over $2.8 billion. The
major cause for growth will continue to be the expanding market for mid-
range personal computers, and most of the growth will go to 3.5" drives.
Average annual growth for 3.5" drives is estimated at 125.1% for 1989-91.

The only increases forecasted for 5.25" drives are in half high

models, and that will continue only through 1989:

Worldwide captive & OEM

Unit shipments (000) 1987 1988 1989 1990 1991
5.25" full size 800.0 765.1 375.5 155.0 62.0
: 78.7% 45.6% 13.7% 4.1% 1.2%
5.25" half high 211.6 403.5 596.0 517.0 233.0
20.8% 24.0% 21.7% 13.9% 4.6%
3.5" 5.0 510.7 1,771.0 3,058.0 4,761.0
5% 30.4% 64.6% 82.0% 94.2%

Almost 60% of 1991 unit shipments of 3.5" drives are expected to bhe
OEM models, totaling 2.8 million units. Of the remaining 1.9 million
captive units, IBM is forecasted to account for most of the total, with

1.8 million.

Technical trends

It is believed that technology employed for drives in this product
group will be derived mostly from programs developed for the groups above

and below it in capacity. The extensive development of 3.5" drives with
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capacities above 100 megabytes will result in achievement of high areal
densities, which will be employed with drives in this group as suitable
heads, disks and other components become available through the pioneering
at higher capacities. The packaging techniques developed for one inch
high drives with lower capacities also will be adapted to this product
group, taking advantage of the availability of miniaturized drive motors,
head positioning mechanisms and electronic components.

Interfaces offered on future 3.5" drives in this group will also
probably follow the patterns established on lower capacity drives.
Because of the higher areal densities to be employed, embedded controllers
will be used with most drives, to mask unique individual file organiza-
tion, with most drive manufacturers offering an optional choice of most

interfaces compatible with popular personal computers.

Forecasting assumptions

1. IBM's production of 8" drives will stop in 1988, and production
of 5.25" drives will stop in 1989, while 3.5" shipments will
build rapidly. IBM will rely on internal manufacturing for
drives in this group, but will supplement internal shortfalls
with outside purchases.

2. Growth for OEM 5.25" drives will end in 1988, except for cont-
inued growth for half high models through 1989, limited by
movement to higher capacities, and by a movement to 3.5" drives.

3. Availability of OEM 3.5" drives will be adequate to satisfy
growing demand.
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U.S. Manufacturers

..................

IBM Captive
Other U.S. Captive
TOTAL U.S. CAPTIVE

PCM
OEM
TOTAL U.S. NON-CAPTIVE

TOTAL U.S. REVENUES

Non-U.S. Manufacturers

Captive

PCM

OEM

TOTAL NON-U.S. REVENUES

Wor ldwide Recap

TOTAL WORLDWIDE REVENUES

OEM Average Price ($000)

TABLE 33

FIXED DISK DRIVES, 60-100 MEGABYTES
REVENUE SUMMARY

1987

----Revenues--~
.S WW
267.2 400.0
13.8 25.5
281.0 425.5
363.4 463.8
363.4 463.8
644.4 889.3
48.0 135.7
52.0 126.2
100.0 261.9
744.4 1,151.2
.681 .700

621.9
10.1
632.0

376.5
376.5

1,008.5

1,070.4

.541

875.0
20.8
895.8

496.9

496.9

1,392.7

58.8

132.7

191.5

1,584.2

.558

705.2
24.8
730.0

441.4

441.4

1,171.4

3.6

154.5

158.1

1,329.5

.495
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DISK DRIVE REVENUES, BY SHIPMENT DESTINATION ($M)

-Forecast
W U.s.
1,010.5 795.6
43.5 46.8
1,054.0 842.4
596.7 547.4
596.7 547.4
1,650.7 1,389.8
131.2 7.8
285.9 189.9
417.1 197.7
2,067.8 1,587.5
.502 .470

1,170.0
80.0
1,250.0

728.0
728.0

1,978.0

148.2

359.1
507.3

2,485.3

.473

833.0
60.5
893.5

698.3

698.3

1,591.8

18.0

183.3

201.3

1,793.1

.446

1,260.0
106.3
1,366.3

990.2

990.2

2,356.5

153.0

383.7

536.7

2,893.2

.447
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TABLE 34
FIXED DISK DRIVES, 60-100 MEGABYTES
UNIT SHIPMENT SUMMARY

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

1987 e Forecast--=-=cemmmccmccc e
---Shipments---  ------ 1988----=  cmeea- 1989----=  ceeea- 1990----=  —-ee-- 1991-----
u.S. WH u.s. WH u.sS. WH u.S. WW u.sS. WH
U.S. Manufacturers
1BM Captive 108.0 160.0 402.0 550.0 632.0 905.0 884.0 1,300.0 1,190.0 1,800.0
Other U.S. Captive 3.5 8.6 2.3 4.4 16.5 27.5 34.0 56.0 49.0 84.0
TOTAL U.S. CAPTIVE 111.5 168.6 404.3 554.4 648.5 932.5 918.0 1,356.0 1,239.0 1,884.0
PCM -- -- -- - -- -~ -- -- - --
OEM 540.6 687.5 710.1 935.7 915.5 1,236.0 1,185.0 1,576.0 1,583.0 2,245.0
TOTAL U.S. NON-CAPTIVE 540.6 687.5 710.1 935.7 915.5 1,236.0 1,185.0 1,576.0 1,583.0 2,245.0
TOTAL U.S. SHIPMENTS 652.1 856.1 1,114.4 1,490.1 1,564.0 2,168.5 2,103.0 2,932.0 2,822.0 4,129.0
Non-U.S. Manufacturers
Captive 12.0 32.4 - 20.0 2.0 52.0 6.0 75.0 15.0 98.0
PCM -- -- -- -- -- -- -- -- -- -—
OEM 69.2 155.4 99,7 193.4 288.1 523.5 383.0 723.0 395.0 829.0
TOTAL NON-U.S. SHIPMENTS 81.2 187.8 99.7 213.4 290.1 575.5 389.0 798.0 410.0 927.0

Worldwide Recap

TOTAL WORLDWIDE SHIPMENTS 733.3 1,043.9 1,214.1 1,703.5 1,854.1 2,744.0 2,492.0 3,730.0 3,232.0 5,056.0

Cumulative Shipments

1BM 349.1 526.0 751.1 1,076.0 1,383.1 1,981.0 2,267.1 3,281.0 3,457.1 5,081.0
Non-1BM 1,541.2 2,218.6 2,353.3 3,372.1 3,575.4 5,211.1 5,183.4 7,641.1 7,225.4 10,897.1
WORLDWIDE TOTAL 1,890.3 2,744.6 3,104.4 4,448.1 4,958.5 7,192.1 7,450.5 10,922.1 10,682.5 15,978.1
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U.S. MANUFACTURERS

IBM Captive
Other U.S. Captive
OEM

TOTAL U.S. REVENUES

NON-U.S. MANUFACTURERS

Captive
OEM

TOTAL NON-U.S. REVENUES

WORLDWIDE RECAP

Captive

OEM

Total Revenues

ANNUAL SHARE, BY DIAMETER

TABLE 35
FIXED DISK DRIVES, 60-100 MEGABYTES
WORLDWIDE REVENUES ($M)

BREAKDOWN BY DISK DIAMETER

1987 -- Forecast
---------- Revenues-- 1988----- 1989 1990 1991

8" 5.25" 3.5" 8" 5.25" 3.5" 8" 5.25" 3.5" 5.25" 3.5" 5.25" 3.5"
148.0 252.0 -- 144.0 221.0 ©  510.0 -- 48.0 962.5 -~ 1,170.0 -- 1,260.0
- 25.5 - - 20.8 -- -- 21.9 21.6 49.0 3.0 68.7 37.6
7.7 456.1 - 5.4 467.5 4.0 2.0 354.5 240.2 224.3 503.7 79.4 910.8
155.7 733.6 -- 149.4 709.3 534.0 2.0 424.4 1,224.3 273.3 1,704.7 148.1 2,208.4
6.0 129.7 - - 57.0 1.8 -- 98.8 32.4 93.6 5.6 63.0 90.0
6.2 116.5 3.5 3.3 87.9 41.5 1.0 92.5 192.4 72.9 286.2 30.0 353.7
12.2 246.2 3.5 3.3 144.9 43.3 1.0 191.3 224.8 166.5 340.8 93.0 443.7
154.0 407.2 -- 144.0 298.8 511.8 .- 168.7 1,016.5 142.6 1,255.6 131.7 1,387.6
-61.4%  +422.1% - -6.5%  -26.6% - --  -43.5%  +98.6% -15.5%  +23.5% -7.6%  +10.5%
13.9 572.6 3.5 8.7 555.4 65.5 3.0 447.0 432.6 297.2 789.9 109.4 1,264.5
-48.3% +3.7% .- -37.4% -3.0% -~ -65.5%  -19.5% +560.5% -33.5%  +82.6% -63.2%  +60.1%
167.9 979.8 3.5 152.7 854.2 577.3 3.0, 615.7 1,449.1 439.8 2,045.5 241.1 2,652.1
-60.5%  +55.4% -- -9.1%  -12.8% -- -98.0%  -27.9% +151.0% -28.6%  +41.2% -45.2%  +29.7%
14.8% 85.2% 2% 9.6% 54.0% 36.4% 1% 29.9% 70.0% 17.7% 82.3% 8.3% 91.7%

Note: 8 inch totals include 10.5 inch drives.
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U.S. MANUFACTURERS

IBM Captive
Other U.S. Captive
OEM

TOTAL U.S. SHIPMENTS

NON-U.S. MANUFACTURERS

Captive
OEM

TOTAL NON-U.S. SHIPMENTS

WORLDWIDE RECAP

Captive

OEM

Total Shipments

ANNUAL SHARE, BY DIAMETER

2.7

3.3

20.6
-59.7%

6.7
-50.4%

21.3
-51.7%

2.6%

TABLE 36

FIXED DISK DRIVES, 60-100 MEGABYTES

WORLDWIDE SHIPMENTS (000)

BREAKDOWN BY DISK DIAMETER

1987 ---Forecast.
Shipments-- 1988----- 1989 1990 1991
5.25" 3.57 8" 5.25" 3.5" 8" 5.25" 3.5" 5.25" 3.5" 5.257 3.57
140.0 -- 20.0 130.0 400.0 -- 30.0 875.0 -~ 1,300.0 -- 1,800.0
8.6 -- -- 4.4 -- -- 9.5 18.0 25.0 31.0 37.0 47.0
683.5 - 2.7 893.0 40.0 1.0 745.0 490.0 481.0 1,095.0 175.0 2,070.0
832.1 -- 22.7 1,027.4 440.0 1.0 784.5 1,383.0 506.0 2,426.0 212.0 3,917.0
31.8 -- -- 19.0 1.0 - 34.0 18.0 33.0 42.0 23.0 75.0
147.7 5.0 1.5 122.2 69.7 .5 153.0 370.0 133.0 590.0 60.0 769.0
179.5 5.0 1.5 141.2 70.7 .5 187.0 388.0 166.0 632.0 83.0 844.0
180.4 -- 20.0 153.4 401.0 - 73.5 911.0 58.0 1,373.0 60.0 1,922.0
+667.7% -- -2.9%5  -15.0% - --  -52.1%  +127.2%% -21.1%  +50.7% +3.45  440.0%
831.2 5.0 4.2 1,015.2 109.7 1.5 898.0 860.0 614.0 1,685.0 235.0 2,839.0
426.9% -- <37.3%  +22.1% -- -64.3%  -11.5% +684.0% -31.6%  +95.9% -61.7%  +68.5%
1,011.6 5.0 24.2 1,168.6 510.7 1.5 971.5 1,771.0 672.0 3,058.0 295.0 4,761.0
+49,0% -- -11.4%  +15.5% - -93.8%  -16.9% +246.8% -30.8%  +72.7% -56.1%  +55.7%
97.0% 4% 1.4% 68.7% 29.9% 1% 35.5% 64.4% 18.0% 82.0% 5.8% 94.2%

Note: 8 inch totals include 10.5 inch drives.
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TABLE 37
FIXED DISK DRIVES, 60 - 100 MEGABYTES

APPLICATIONS SUMMARY
Percentage of Worldwide Shipments

1987 Estimate 1991 Projection
Units Units

APPLICATION (000) % (000) %
MAINFRAME /SUPERMINI

General purpose .9 .1 -- --
MINICOMPUTERS AND
MULTI-USER MICROS

Business and professional,

including networks 338.4 32.4 657.3 13.0
PERSONAL COMPUTERS

Business and professional,

single user 455.1 43.6 3731.3 73.8
OFFICE SYSTEMS

AND WORKSTATIONS

Dedicated application 48.1 4.6 192.1 3.8
NON-OFFICE SYSTEMS

AND WORKSTATIONS

Technical, distribution,

medical, other specialized 201.4 19.3 455.0 9.0
CONSUMER AND

HOBBY COMPUTERS -- -- 15.2 .3
OTHER

APPLICATIONS -- -- 5.1 .1

Total 1043.8 100.0 5056.0 100.0
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TABLE 38
FIXED DISK DRIVES, 60-100 MEGABYTES

MARKET SHARE SUMMARY
Worldwide Shipments of Non-Captive Disk Drives

1987 Net Shipments

To United States

Destinations Worldwide

T Units (000) s units (000) 5

Drive Manufacturers 8  5.25" 3.5° Total 8" 5.25% 3.5% Total
MICROPOLIS - 2093 - 2003 34.3 - 2.6 - 272.6 32.4
QUANTUM - 106.0  -- 106.0 17.4 - 136.0 - 136.0 16.1
IMPRIMIS (COC) - 8.5 -~ 68.5 11.2 - 993 - 9.3 11.8
PRIAM 2.4 58.2 -~ 60.6 9.9 4.0 66.2 - 70.2 8.3
SEAGATE - 495 - 495 8.1 - 5.2 - 5.2 6.2
RODIME - 28.0 4.8 32.0 5.3 -~ 35.0 5.0 40.0 4.8
TOSHIBA - 184 - 18.4 3.0 - 309 o 30.9 4.7
FUJITSU 6 1.4 - 120 2.0 2.1 35.4 - 3.5 4.4
MINISCRIBE | - 302 - 30.2 5.0 - 3.7 - 3.0 4.2
Other U.S. - 165 - 16,5 2.7 - A5 - 2.5 2.6
Other Non-U.S. - 6.8 -- 68 1l 6 3.4 - 38.0 4.5

TOTAL 3.0 602.8 4.0 609.8 100.0 6.7 831.2 5.0 842.9 100.0

Note: 8 inch totals include 10.5 inch drives.
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Coverage

FIXED DISK DRIVES, 100-300 MEGABYTES

Examples of disk drives in this group include:

14" disk diameter

9"

Fujitsu
IBM
Priam

disk diameter

Imprimis (Control Data)

disk diameter

DDC Pertec

Fujitsu

Hitachi

1BM

Mitsubishi Electric
NEC

Northern Telecom
Priam

Toshiba

5.25" disk diameter

Brand Technologies
Century Data
Fujitsu
Hewlett-Packard
Hitachi

IBM

Imprimis (Control Data)
Maxtor

Micropolis
Microscience International
Miltope

Miniscribe
Mitsubishi Electric
NEC

Newbury Data

Priam

Rodime

Sagem

Seagate Technoloyy
Siemens

Toshiba

M2284
4967-2CX, 5360-BXX
15450

9715-160

DX199, DX265

M2322, M2331
DK812S-12, DK814S-17
9332-A11, 678-200
M4870F

D2257

8208X, 8210X

806

MK184FB, MK284FC

BT8128, BT8170E/S
14406*

M2245E, M2243R*
97532S, 97533E
DK512-17, DK522C-10*
8580-111, 669
94166-182, 94221-190*
XT-1140, XT-2190
1554, 1674-7*
HH-1120*, HH-3120*
RDS-1720

6128, 3180E/S*
MR5310E*

D5655*, D5852

NDR 2190, NDR 4175E
519, 728

R05180S*

MSA 250-100
ST4144R, ST4192N
2300

MK-154FA, MK-156FB
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3.5" disk diameter

Areal Technology BP 100**

Brand Technologies BP9149E*

Cardiff Peripherals F-3127*

Conner Peripherals CP3100*, CP3114*
Fujitsu M2614S**

IBM 8570-121
Imprimis (Control Data) 94354-200*
Maxtor LXT-100S*, LXT-200S*
Microscience International 5100*

NEC D3661*
Peripheral Technology PT4102R*

Quantum 170S*

Rodime RO3130A*

*Indicates drives with maximum 41.3 mm height, or less.
**Indicates drives with maximum 25.4 mm height, or less.

Previously the exclusive domain of 14" drives, the 1980's have seen
numerous introductions of drives using smaller diameter disks in this
group. A parade of 8" drives was launched at the beginning of the decade,
followed by numerous 5.25" drives in the middle of the decade -- and now
by a wave of 3.5" drives since 1987.

These, as well as the older 14" drives, all use variations of Win-
chester technology. Disks used with the 14" and 8" drives are oxide
coated, but disks used on the 5.25" and 3.5" drives are mostly plated or
sputtered.

Heads are usually ferrite types on the 14" and 8" drives, and also on
a majority of the smaller drives, usually "mini" types patterned after the
3370 slider. There is limited usage of thin film heads, except for 5.25"

and 3.5" drives employing higher areal densities.
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Market status

DISK/TREND estimate of total market‘size:

Worldwide sales ($M) 1987 1988 1989 1990 1991
U.S. manufacturers 884.1 1,545.8 1,860.7 2,038.8 2,628.6
A1l manufacturers 1,350.0 2,201.2 2,613.1 2,894.5 3,543.5

As recently as 1985, 5.25" drives provided only 6.4% of the revenues
and 16.6% of the unit shipments for this product group. Only two years
later, 1987 revenues for 5.25" drives were more than half of the group
total, and 83.1% of the group's unit shipments were 5.25" drives.

However, the rapid migration to 5.25" drives reduced revenue growth
in 1987, with total revenue for the group at $1.35 billion, up only 8.3%
over the previous year, while unit shipments at 528,800 drives were up
108.8%. Also tending to dampen total revenue growth was the shrinking
production of captive 8"-14" drives, with typical prices much higher than
smaller diameter drives.

U.S. manufacturers continue to win back the largest share of non-
captive drive revenues in this product group by dominating shipments of
5.25" drives, holding 84% of 5.25" unit shipments in both 1987 and 1988.
Japanese manufacturers continue to lead in 8" OEM drive shipments, but
these products are now dropping rapidly. IBM's shipments of 14", 8",
and 5.25" drives, plus a new 3.5" model, are estimated at 252,500 units
for 1988, 73.6% of the captive worldwide unit shipment total.

Maxtor continued to claim leadership in non-captive unit shipments
for 1987, with 130,000 drives, 30.1% of the worldwide total. In a close
second p1ace; Micropolis held 20.6% and Imprimis, 20.1%. Minicomputer and
multiple user micros held Z4.5% of unit shipments in 1987, but the big

growth by 1991 is expected to come from personal computers.
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Marketing trends

This product group is clearly destined to enjoy excellent growth for
many years, but with inevitable changes in product mix. Worldwide ship-
ments are forecasted to grow from 1987's half million drives to 3,336,000
units in 1991, with revenues reaching $3.5 billion.

Despite the fact that 5.25" drives have established great momentum in
this capacity range, only the half high versions are expected to continue
growing for a few more years after 1988, with full size drives peaking in

1988 with 664,600 estimated unit shipments:

Worldwide captive & OEM

Unit shipments (000) 1987 1988 1989 1990 1991

5.25" full size 410.4 664.6 538.0 309.0 154.0
90.9% 54.8% 28.4% 12.1% 4.6%

5.25" half high 28.4 197.4 407.0 505.0 362.0

6.3% 16.3% 21.5% 19.8% 10.9%
3.5" 12.5 350.7 950.5 1,742.0 2,820.0
2.8% 28.9% 50.1% 68.1% 84.5%
Underlying the expected decline in full size 5.25" drives is the
movement by the minicomputer and technical workstations markets to higher
capacity 5.25" models, above this product group. Half high 5.25" drives,
in high volume production only during the last year, will be preferred for
many workstation applications, but 3.5" drives are expected to pass up
total 5.25" shipments by 1989, due to growth in sophisticated personal

computers, preference for small footprint systems, and competitive prices.

Technical trends

This product group continues to make severe demands on the key com-

ponents used in achieving the high recording densities necessary to pro-
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duce 5.25" and 3.5" drives in the 100-300 megabyte range. Most of the
5.25" drives and all of the 3.5" drives with capacities over 100 megabytes
now offered use thin film disks, to make possible high areal densities.
The high capacity 3.5" drives now being developed throughout the
world by disk drive manufacturers present some of the most demanding
design challenges facing the industry. Not only are areal densities very
high, but packaging requirements are severe, involving up to five disks,
new head suspensions, embedded controllers, and very fast actuators.
Areal Technology's single disk 3.5" drive offering 100 megabytes
(formatted) capacity is the most technically ambitious undertaking among
the new products, operating at 57,000 BPI (2,7 RLL) and 1,720 TPI.
Ironically, the drive designers had to cut the rotational speed to 1,600
RPM to adhere to the transfer rate limitations of the markets addressed.
Most drive manufacturers are offering ESDI interfaces with 5.25"
drives operating at 10 megabit/second transfer rates, and embedded SCSI
controllers are also availablie from a growing list of manufacturers. It
is not yet clear which interfaces will prevail with 3.5" drives in this
range. But there are design advantages in masking a file organization
optimized for high density behind an intelligent interface, so SCSI and
embedded controllers compatible with specific personal computers will

probably continue to predominate.

Forecasting assumptions

1. Growth in IBM's shipments in this group will continue to be
dominated by 3.5" drives.

2. U.S. manufacturers will continue to dominate OEM shipments of

5.25" and 3.5" drives, due to their early market lead and favor-
able dollar/yen exchange rate.

1988 DISK/TREND REPORT
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TABLE 39
FIXED DISK DRIVES, 100 - 300 MEGABYTES
REVENUE SUMMARY

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

1987 e Forecast---====-cccocmcococmo
----Revenues---  -=--ua 1988-----  ------ 1989-----  —eme-- 1990----- ——-ee- 1991 --=--
u.S. WH u.S. WH u.S. WW u.S. HWH u.S. WW
U.S. Manufacturers
IBM Captive 300.6 439.7 572.6 782.6 603.2 834.2 639.7 893.1 879.0 1,275.0
Other U.S. Captive 9.1 19.8 13.4 25.7 48.1 84.4 113.7 193.6 185.0 316.6
TOTAL U.S. CAPTIVE 309.7 459.5 586.0 808.3 651.3 918.6 753.4 1,086.7 1,064.0 1,591.6
PCM -- -- -- -- - -- -- -- -- --
0EM ' 337.7 424.6 576.1 737.5 714.4 942.1 701.8 952.1 732.3 1,037.0
TOTAL U.S. NON-CAPTIVE 337.7 424 .6 576.1 737.5 714.4 942.1 701.8 952.1 732.3 1,037.0
TOTAL U.S. REVENUES 647.4 884.1 1,162.1 1,545.8 1,365.7 1,860.7 1,455.2 2,038.8 1,796.3 2,628.6
Non-U.S. Manufacturers
Captive 26.2 300.0 23.1 490.5 98.1 498.2 127.6 489.4 169.6 489.4
PCM - - -- -- - -- - -- -- -
OEM 79.2 165.9 77.9 164.9 107.0 254.2 147.6 366.3 169.1 425.5
TOTAL NON-U.S. REVENUES 105.4 465.9 101.0 655.4 205.1 752.4 275.2 855.7 338.7 914.9
Worldwide Recap
TOTAL WORLDWIDE REVENUES  752.8 1,350.0 1,263.1 2,201.2 1,570.8 2,613.1 1,730.4 2,804.5 2,135.0 3,543.5
OEM Average Price ($000) 1.3 1.3 .9 .9 .8 .8 .7 .7 .6 .6
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TABLE 40
FIXED DISK DRIVES, 100 - 300 MEGABYTES
UNIT SHIPMENT SUMMARY

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

1987  cmmemcmecmccmcmm e Forecast--e-cmmmmammmcm e
---Shipments---  =memm- 1988-nmme  mmmme- 1980---nn  —mmmo- 1990----=  —meee- 1991-----
u.S. WW U.S. WW W . Wi U WW
U.S. Manufacturers
IBM Captive 39.3 53.0 195.0 252.5 284.0 383.0 384.1 534.0 586.0 850.0
Other U.S. Captive 1.2 2.1 3.3 6.4 15.7 27.5 40.0 68.0 73.0 125.0
TOTAL U.S. CAPTIVE 40.5 55.1 198.3 258.9 299.7 410.5 424.1 602.0 659.0 975.0
PCM -- -- -- -- -- -- -- -- -- --
OEM 267.5 340.0 598.8 775.0 838.3 1,110.5 980.0 1,330.0 1,111.0 1,574.0
TOTAL U.S. NON-CAPTIVE 267.5 340.0 598.8 775.0 838.3 1,110.5 980.0 1,330.0 1,111.0 1,574.0
TOTAL U.S. SHIPMENTS 308.0 395.1 797.1 1,033.9 1,138.0 1,521.0 1,404.1 1,932.0 1,770.0 2,549.0
Non-U.S. Manufacturers
Captive 4.2 41.0 4.1 84.0 30.1 121.1 44.0 142.0 64.0 166.0
PCM - -- -- -- -- -- -- - -- --
0EM 43.1 92.7 63.6 146.9 114.0 280.0 196.0 490.0 247.0 621.0
TOTAL NON-U.S. SHIPMENTS 47.3 133.7 67.7 230.9 144.1 401.1 240.0 632.0 311.0 787.0
Worldwide Recap
TOTAL WORLDWIDE SHIPMENTS  355.3  528.8  864.8 1,264.8 1,282.1 1,922.1 1,644.1 2,564.0 2,081.0 3,336.0
Cumulative Shipments
iBM 93.4 133.3 288.4 385.8 572.4 768.8 956.5 1,302.8 1,542.5 2,152.8
Non-IBM 690.7 1,110.7 1,360.5 2,123.0 2,358.6 3,662.1 3,618.6 5,692.1 5,113.6 8,178.1
WORLDWIDE TOTAL 784.1 1,244.0 1,648.9 2,508.8 2,931.0 4,430.9 4,575.1 6,994.9 6,656.1 10,330.9
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U.S. MANUFACTURERS

IBM Captive
Other U.S. Captive
OEM

TOTAL U.S. REVENUES

NON-U.S. MANUFACTURERS

Captive
OEM

TOTAL NON-U.S. REVENUES

WORLOWIDE RECAP

Captive

OEM

Total Revenues

ANNUAL SHARE, BY DIAMETER

Note:

TABLE 41

FIXED DISK DRIVES, 100 - 300 MEGABYTES

WORLDWIDE REVENUES (M)

BREAKDOWN BY DISK DIAMET!

ER

1987 Forecast

ReVenUes-=nemnmmeenmcean 1988 1989 —e-- 1990 1991 .

14" 8" 5.25" 3.5" 14" 8" 5.25" 3.5" 14" 8" 5.25" 3.5" 8" 5.25" 3.5" 5.25" 3.5"
315.1 46.6 78.0 -~ 210.1 90.5 212.0 °  270.0 87.6 70.4 123.7 552.5 34.0 27.1 832.0 -- 1,275.0
16.7 -- 3.1 - 2.4 -- 23.3 -- - -~ 82.8 1.6 -- 173.6 20.0 261.6 55.0
16.5 16.2 378.2 13.7 12.2 5.3 551.3 168.7 6.0 1.3 509.1 425.7 -- 375.3 576.8 177.0 860.0
348.3 62.8 459.3 13.7 224.7 95.8 786.6 438.7 93.6 n.7 715.6 979.8 4.0 576.0 1,428.8 438.6 2,190.0
-- 111.0 189.0 -- -- 112.0 378.5 -- -- 32.6 399.6 66.0 10.0 361.8 117.6 299.4 190.0
.8 82.8 82.3 - - 31.0 113.3 20.6 - 17.6 121.1 115.5 6.6 107.4 252.3 54.3 371.2
.8 193.8 271.3 - -- 143.0 491.8 20.6 - 50.2 520.7 181.5 16.6 469.2 369.9 353.7 561.2
331.8 157.6 270.1 - 212.5 202.5 613.8 270.0 87.6 103.0 606.1 620.1 44.0 562.5 969.6 561.0 1,520.0
-34.2%  -49.1%  +237.6% - -36.0%  +28,5% +127.2% -- -58.8%  -49.1% -1.3%  +129.7% -57.3% <7.2%  +56.4% -.3%  +56.8%
17.3 9.0 460.5 13.7 12.2 36.3 664.6 189.3 6.0 18.9 630.2 541.2 6.6 482.7 829.1 231.3 1,231.2
-37.1%  -26.1% +141.0% - -29.5%  -63.3%  +44.3% -- -50.8%  -47.9% -5.2% +185.9% -65.1%  -23.4%  +53.2% -52.1%  +48.5%
349.1 256.6 730.6 V 13.7 224.7 238.8 1,278.4 459.3 93.6 121.9 1,236.3 1,161.3 50.6 1,045.2 1,798.7 792.3 2,751.2
-34.3% -42.1%  +169.5% - -35.6% -6.9%  +75.0% -- -58.3%  -49.0% -3.3% +152.8% -58.5%  -15.5%  +54.9% -24.2%  +53.0%
26.0% 19.0% 54.1% .9% 10.2% 10.8% 58.2% 20.8% 3.6% 4.7% 47.4% 44.3% 1.7% 36.2% 62.1% 22.4% 77.6%

8 inch totals include 9 inch drives.
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TABLE 42
FIXED DISK DRIVES, 100 - 300 MEGABYTES
WORLDOWIDE SHIPMENTS (000)

BREAKDOWN BY DISK DIAMETER

1987 Forecast.
-------------- Shipments 1988 - ----1989 1990 1991

14" 8" 5.25" 3.5" 14" 8" 5.25" 3.5" 14" 8" 5.25" 3.5" 8" 5.25" 3.5" 5.25" 3.5"
U.S. MANUFACTURERS
IBM Captive 18.0 5.0 30.0 -- 12.0 10.5 80.0 150.0 5.0 8.0 45.0 325.0 4.0 10.0 520.0 -- 850.0
Other U.S. Captive 1.4 -- J - .2 -- 6.2 -- .- - 21.0 .5 - 60.0 8.0 100.0 25.0
OEM 5.3 5.9 316.3 12.5 3.8 2.0 592.2 177.0 2.0 5 635.0 473.0 -- 506.0 824.0 251.0 1,323.0
TOTAL U.S. SHIPMENTS 24.7 10.9 347.0 12.5 16.0 12.5 678.4 327.0 7.0 8.5 707.0 798.5 4.0 576.0 1,352.0 351.0 2,198.0
NON-U.S. MANUFACTURERS
Captive -- 9.5 31.5 - -- 10.0 74.0 -- -- 3.1 98.0 20.0 1.0 99.0 42.0 90.0 76.0
OEM .2 32.1 60.4 - -~ 13.6 109.6 23.7 -- 8.0 140.0 132.0 3.0 139.0 348.0 75.0 546.0
TOTA<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>