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FOREWORD

In its eighth year, the DISK/TREND Report finds much of the industry
in a state of turmoil -- but that's not unusual. As on past occasions,
nervous industry participants await IBM product introductions, try to
understand the impact of additional captiQe programs, watch the movement
of small drive manufacturing to several Asian countries and assess how
soon new data storage technologies will affect the market.

This year, however, the industry is bigger than ever (almost thirteen
billion in revenues for 1984), and the stakes for some of the players are
now more than they would like to think about losing. For those companies
which have become adept at flexible planning and quick response the future
can be a very good one.

This section of the DISK/TREND Report covers moving head rigid disk
drives and optical disk drives. Flexible disk drives will be covered in
a separate report to be published in November.

I am always willing to help you at any time by providing additional
information on the industry which I may have available in my files.
Projects requiring elaborate research and analysis can be addressed on a
normal consulting basis if desired.

Your suggestions for improvements in the report are always welcome.

James N. Porter

1984 DISK/TREND REPORT
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INTRODUCTION

We've made some changes you asked for

As always, the basic formats used in presentation of DISK/TREND
information have been retained this year, since we know many users wish to
be consistent as they compare our statistics with their own operating
results and plans. Please note that we have made these changes in the
1984 DISK/TREND Report, most of which should improve its usefulness:

* Tables have been added to most product sections to provide a
breakdown by disk diameter for revenues, following the same format
already used to show the breakdown by disk diameter for shipments.

* A new section on optical disk drives for data storage has been
added. We are not providing unit shipment or revenue forecasts for
optical disk drives just yet, since the shipments starting this
year are still insignificant. We hope that optical disk drive
markets will be coherent enough to provide forecasts in the usual
DISK/TREND style next year.

* We have stopped reporting cumulative unit shipments at the bottom
of each product section's unit shipment table. The numbers at that
location of each shipment table now show cumulative shipments in
each product group. This change was made in recognition of the
fact that, with the industry's current complexity and volatility,
there is no reasonably accurate way to estimate retirements of
previously shipped drives. Accordingly, the shipment tables will
no longer contain negative numbers to indicate reductions from the
installed base -- all numbers in the shipment tables now show net
new shipments.

To avoid confusion, please note these points

* A1l unit totals are given in spindles. A disk drive containing two
spindles is counted in DISK/TREND statistics as two spindles.

* Prices for most OEM drives sold in the United States are shown,
usually at the 100 unit level. Please remember that prices may be
changed without notice by the manufacturers.

* The value of all leased disk drives is given on an "if sold" basis
in all DISK/TREND estimates.

1984 DISK/TREND REPORT
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SUMMARY

Industry size

1983 was a another year of strong worldwide growth for rigid disk
drives, with revenues up 23.1%, for a total of $9,112,400,000. Despite a
year of turmoil in several segments of the 1ndu$try the outlook for 1984
worldwide revenues is even stronger, with the total estimated at
$12,922,700,000, an increase of 41.8%.

Production of captive drives is growing at a healthy rate, but non-
captive drive shipments are on an even steeper slope. The greatest
percentage increase in revenues is expected to go to plug compatible
drives, growing by 183.7% this year with volume shipments of 3380 equiv-
alent drives, after a deep decline in 1983 as the shipment rate for 3350
type drives died. Worldwide OEM revenues are also rising rapidly in 1984,
up 56.2%, as all types of fixed disk drives enjoy sharp growth.

Average annual growth in worldwide revenue in the period 1985-1987 is
forecasted to slow down to 20.5%, with a higher rate of unit shipments
masked by the continuing decline in average unit prices for OEM drives.
Also, holding down the overall revenue growth rate are the declining
shipments of older removable media drives.

IBM's 39.3% of worldwide industry rigid disk revenues are expected to
fall off slightly to 35.5% of the 1987 total, reflecting the growing vigor
and diversity of the industry. U.S. manufacturers are projected to retain
73% of 1987's forecasted worldwide revenues of $22,608,700,000, down from
1983's 76.6%, as Japanese manufacturers of OEM drives continue growth in

several product groups.

1984 DISK/TREND REPORT



U.S. Manufacturers

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

PCM
0EM
TOTAL U.S. NON-CAPTIVE

TOTAL U.S. REVENUES

Non-U.S. Manufacturers

Captive

PCM

0EM

TOTAL NON-U.S. REVENUES

Worldwide Recap

TOTAL WORLDWIDE REVENUES

WO P o

1983

TABLE 1

CONSOLIDATED WORLDWIDE SHIPMENTS

----Revenues---

u.S.

————

2,158.4
1,111.9
3,270.3

85.5
1,066.3
1,151.8

4,422.1

18.2

85.8

213.2
317.2

4,739.3

HW

3,579.1
1,829.8
5,408.9

149.6
1,425.5
1,575.1
6,984.0
1,476.4

137.0

515.0
2,128.4

9,112.4

2964

ALL EXISTING MOVING HEAD DISK DRIVE GROUPS

REVENUE SUMMARY

DISK DRIVE REVENUES, BY SHIPMENT DESTINATION ($M)

SUM-3

- s o = e o0 m

------------------------------- Forecaste-ec-cwcmmmcca e

2,899.8
1,528.1
4,427.9

277.2
1,597.7
1,874.9

6,302.8

61.5

221.8

414.5
697.8

7,000.6

4,618.6
2,490.5
7,109.1

398.3
2,103.5
2,501.8
9,610.9
1,969.3

414.9

927.6
3,311.8

12,922.7

gl13.7

3,584.8
1,949.4
5,534.2

5,676.2
3,064.6
8,740.8

4,252.1
2,443.9
6,696.0

313.0
1,930.3
2,243.3

427.8
2,458.1
2,885.9

534.8
2,204.6
2,739.4
7,777.5

11,626.7 9,435.4

92.2 2,388.7

174.0 377.6 130.5
584.3

850.5

1,230.6 784.6

3,996.9 1,129.3

8,628.0 15,623.6 10,564.7
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214.2

6,746.5
3,816.2
10,562.7

679.2
2,826.7
3,505.9

14,068.6

3,071.5

397.3

1,551.0
5,019.8

19,088.4

5,079.7
2,747.3
7,827.0

8,018.6
4,347.1
12,365.7

735.4
2,415.8
3,151.2

1,028.7
3,119.5
4,148.2

10,978.2 16,513.9

355.6 3,671.3

244,5  502.0
1,016.2

1,616.3

1,921.5
6,094.8

12,594.5 22,608.7
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Marketing channels

The annual DISK/TREND roster of the worldwide rigid disk drive
industry shows a net increase of 3 manufacturers since last year, with the
total up to 75. During the past year only 7 firms have dropped out of the
industry or disposed of their disk drive product lines, down from 9 in the
preceding year. 6 U.S. and 3 Japanese companies have entered the market
with drives using 5.25" or small disks, and one U.S. firm has acquired an
older 14" disk cartridge drive product line.

Users of the DISK/TREND Report should bear in mind that revenues are
given in this report at the level of each drive's first public sale. In
other words the price used for each drive is the estimated value at the
first time it is sold to a non-affiliated buyer, at captive end user, PCM
or OEM levels. Prices are based on the disk drives alone, without
controllers or other accessories, and leased drives are valued at the
price they would command if actually sold.

An understanding of the relative price levels of captive, PCM 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.

During the last few years, sharp growth in small diameter disk drives
has pushed OEM drives' share of worldwide revenues up to 23.5% in 1984,
but it is believed that this growth is about to flatten, especially for
U.S. manufacturers. New captive drive programs by IBM and other leading

personal computer manufacturers will 1imit the future OEM opportunity.
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TABLE 2
CONSOLIDATED WORLDWIDE SHIPMENTS
MARKET CLASS REVIEW
REVENUE SUMMARY

------ 1983-=-ec  cecceccmcncccccciccccccccecaaFOrecaste-=-c-mmemccm e ccccc e
----Revenues---  ===--- 1984--vee caeee- 1985-aace  ccaeee 1986-~--=  —cee-- 1987-----
WORLDWIDE REVENUES ™ % $M % $M % M % ™ %
BY MANUFACTURER TYPE ———— eme- ———- eme- ———— eeee ———— eee- ———— eee-
U.S. Manufacturers
IBM Captive ‘ 3,579.1 39.2 4,618.6 35.8 5,676.2 36.4 6,746.5 35.4 8,018.6 35.6
Other U.S. Captive 1,829.8 20.1 2,490.5 19.3 3,064.6 19.7 3,816.2 19.9 4,347.1 19.2
PCM . 149.6 1.7 398.3 3.0 427.8 2.7 679.2 3.6 1,028.7 4.5
OEM 1,425.5 15.7 2,103.5 16.3 2,458.1 15.7 2,826.7 14.9 3,119.5 13.8
Total U.S. Mfgr's. 6,984.0 76.7 9,610.9 74.4 11,626.7 74.5 14,068.6 73.8 16,513.9 73.1
Non-U.S. Manufacturers
Captive 1,476.4 16.2 1,969.3 15.2 2,388.7 15.3 3,071.5 16.1 3,671.3 16.3
PCM 137.0 1.5 414.9 3.2 377.6 2.4 397.3 2.0 502.0 2.2
0EM 515.0 5.6 927.6 7.2 1,230.6 7.8 1,551.0 8.1 1,921.5 8.4
Total Non-U.S. Mfgr's. 2,128.4 23.3 3,311.8 25.6 3,996.9 25.5 5,019.8 26.2 6,094.8 26.9
Worldwide Total 9,112.4 100.0 12,922.7 100.0 15,623.6 100.0 19,088.4 100.0 22,608.7 100.0

- - - =
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Product mix

The resolute swing from removable to fixed disk drive configurations
continues, driven by IBM's influence, the higher densities made practical
by fixed media, and the mechanical complexity of removable disk drives.

The share of worldwide revenues held by the four DISK/TREND removable
disk drive groups was 22.1% in 1982, 15.8% in 1983, and forecasted to drop
to 8.3% in 1987. Only removable disk cartridge drives over 12 megabytes
is expected to increase slightly in share through 1987, as it continues to
find favor with minicomputers and specialized systems.

High growth in worldwide revenues is expected for all fixed disk
drive groups, but the two groups over 300 megabytes will not increase
their share of total revenues. The big growth in relative share of the

industry's revenues will go to fixed disk drives less than 30 megabytes

_and those with 100-300 megabyte capacity.

Fixed disk drives less than 30‘megabytes have been growing at é
startling rate in recent years, led by 5.25" drives. Shipments of 5.25"
dfives in this group will be well over 2 million units this year, and the
combined total of 5.25" and 3.5" drives forecasted for 1987 is over 6
mii]ion units. Worldwide revenues for all drives less than 30 megabytes
are expected to be four times larger in 1987, rising to $4,532,000,000
from the 1983 figure of $1,092,400,000.

The fixed disk drive 100-300 megabyte group starts with a relatively

Tow base in 1983. Numerous OEM 8" and 5.25" drives should find excellent

. emerging markets with multiple user microcomputers and Tocal area

networks, and IBM's expected programs are also expected to provide a major

boost in total revenues.
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OEM market

Worldwide unit shipments of OEM rigid disk drives have undergone
explosive growth in the last few years, reaching increases for all OEM
drives of 177.7% in 1983 and 103.3% in 1984. But the character of the OEM
market is changing, and the average annual increase in worldwide OEM unit
shipments for 1985-1987 is expected to average only 31%.

After several years of not being a participant in the low-end segment
of the disk drive industry, IBM is expected to launch major manufacturing
programs for new 3.5" and 5.25" drives in 1985, plus significant follow-on
products to existing 8" and 14" drives. These programs will greatly
reduce IBM's recent role as large customer for OEM drives, and IBM's
aggressive introduction of new systems will probably hold down the OEM
drive market with other system manufacturers, as their own market oppor-
tunity is reduced by IBM's competitive inroads.

U.S. manufacturers' share of worldwide OEM shipments is forecasted to
fall from 80.9% in 1983 to 62.0% in 1987. The next few years will see
several new Japanese manufacturers start production of small rigid disk
drives, and most of these firms, plus existing drive manufacturers, will
place emphasis on 3.5" and 5.25" drives, with installation of Targe scale
production capabilities. In certain mid-range OEM drive areas, Japanese
firms have already passed up U.S. manufacturers, by offering production
quantities of certain types of drives first. In the fixed disk drive 100-
300 megabyte group, U.S. manufacturers now hold a minority of the 14" and

8" worldwide OEM market, and they are not expected to catch up.
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TABLE 3

CONSOLIDATED WORLDWIDE SHIPMENTS
PRODUCT CATEGORY REVIEW

REVENUE SUMMARY

------ 1983--ven  ceccccccccccccamcnccccaccccccceaaafOrecCasSt s e s e s e e e eeeae
----Revenues--=  ~-=--- 1984-ccee cceee- 1985-nece aamea- 1986-ccme  cmmen- 1987-----

WORLDWIDE REVENUES $M % ™ % $M % $M % ™ %

ALL MANUFACTURERS -——-- ——e- -—-- ———- ———- —-—- ———- —— ——— -——

DISK CARTRIDGE DRIVES 266.5 2.9 219.0 1.7 123.1 .8 58.0 .3 24.0 .1
less than 12 MB

DISK CARTRIDGE DRIVES 300.3 3.3 389.1 3.0 571.5 3.7 731.9 3.8 895.2 4.0
more than 12 MB

DISK PACK DRIVES 293.0 3.2 297.4 2.3 243.7 1.6 191.0 1.0 173.9 .8
less than 100 MB

DISK PACK DRIVES 582.8 6.4 743.6 5.8 716.4 4.6 646.4 3.4 531.8 2.4
more than 100 MB /GQ%LS;

FIXED DISK DRIVES 1,092.4 12.0 1,730.0 13.4 2,402.3 15.4 3,541.1 18.6 4,532.0 20.0
less than 30 MB »

FIXED DISK DRIVES 1,204.1 13.2 1,450.7 11.2 1,657.5 10.6 1,999.8 10.5 2,304.8 10.2
30 - 100 M8

FIXED DISK DRIVES 706.8 7.8 1,385.7 10.7 2,118.0 13.6 2,608.1 13.7 3,171.4 14.0
100 - 300 MB

FIXED DISK DRIVES 858.1 9.4 1,196.2 9.3 1,269.8 8.1 1,533.8 8.0 1,895.6 8.4
300 - 500 MB

FIXED DISK DRIVES 3,808.4 41.8 5,511.0 42,6 6,521.3 41.6 7,778.3 40,7 9,080.0 40.1

more than 500 MB
Total Worldwide Revenue 9,112.4 100.0 12,922.7 100.0 15,623.6 100.0 19,088.4 100.0 22,608.7 100.0

% U.S. Mfg. 76.6 -- 74.3 -- 74.4 -- 13.7 -- 73.0 -~

Anpual Growth Rate -- --  +41.8% +20.9% +22.1% +18.4%
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TABLE 4

OEM WORLDWIDE SHIPMENTS
PRODUCT CATEGORY REVIEW

REVENUE SUMMARY

------ 1983-mcer ccmccmrcc e rcecn-FOrECASt s e e e
----Revenues-==  =--m-- 1984meae cemeee 1985~cmae  ccmaa- 1986-=-v=  cocaw- 1987-=---

WORLDWIDE REVENUES $M % $M % $M % $M % $M %

ALL MANUFACTURERS ———- ———- —-- —— ——- T ——— -— —

DISK CARTRIDGE DRIVES 100.8 5.2 105.2 3.5 '67.2 1.8 38.0 .9 24.0 .5
less than 12 MB :

DISK CARTRIDGE DRIVES 173.6 8.9 160.0 5.3 207.1 5.6 242.7 5.5 278.2 5.5
more than 12 MB » . )

DISK PACK DRIVES 117.2 6.0 120.4 4.0 125.8 3.4 108.5 2.5 109.2 2.2
less than 100 MB

DISK PACK DRIVES 264.0 13.6  287.5 9.5 255.7 6.9 192.8 4.4 136.2 2.7
more than 100 MB .

FIXED DISK DRIVES 613.7 31.6 914.4 30.2, 1,089.1 29.5 1,214.0 27.7 1,408.2 27.9
less than 30 MB

FIXED DISK DRIVES 306.3 15.8 624.0 20.6 721.0 19.5 778.3 17.8 813.0 16.1
30 - 100 MB

FIXED DISK DRIVES 144.2 7.4 323.9 10.7 489.8 13.3 727.0 16.6 946.7 18.8
100 - 300 MB

FIXED DISK DRIVES 120.8 6.2 298.0 9.8 - 445.8 12.1 578.0 13.2 679.3 13.5
300 - 500 MB

FIXED DISK DRIVES 100.0 5.3 197.8 6.4 287.1 7.9 498.4 11.4 646.2 12.8
more than 500 MB , »

Total Worldwide Revenue 1,940.6 100.0 3,031.2 100.0 3,688.6 100.0 4,377.7 100.0 5,041.0 . 100.0

% U.S. Mfg. 73.4 -- 69.3 -- 66.6 -- 64.5 -- 61.8 --

Annual Growth Rate - -~ 456.1% +21.6% +18.6% +15.1%
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WORLDWIDE UNIT SHIPMENTS
ALL MANUFACTURERS

DISK CARTRIDGE DRIVES
less than 12 MB

DISK CARTRIDGE DRIVES
more than 12 MB

DISK PACK DRIVES
less than 100 MB

DISK PACK DRIVES
more than 100 MB

FIXED DISK DRIVES
less than 30 MB

FIXED DISK DRIVES
30 - 100 MB

FIXED DISK DRIVES
100 - 300 MB

FIXED DISK DRIVES
300 - 500 MB

FIXED DISK DRIVES
more than 500 MB

Total Worldwide Shipments

% U.S. Mfg.

Annual Growth Rate

---Shipmen
Units

35.0
50.3
22.6
28.9
1,136.5
152.5
35.5

15.2

8.0

1,484.5

80.9

ts-nn
%

2.4

3.4

1.5

1.9

76.6

10.3

2.4

1.0

100.0

TABLE 5

OEM WORLDWIDE SHIPMENTS
PRODUCT CATEGORY REVIEW

UNIT SHIPMENT SUMMARY

Units

75.5

24.8

32.0

2,219.1

459.6

86.1

43.6

16.2

3,018.1

75.6

+103.3%

%

2.5

2.0

.8

1.1

73.5

15.2

2.9

1.4

.6

100.0

Units

48.4

150.0

27.3

29.0

3,126.0

572.1

140.0

75.0

24.1

4,191.9

71.4

+38.8%
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74.6

13.6

3.3

1.8

5

100.0

Units
38.5
206.5
25.5
22.0
3,964.8
669.0
236.5

109.2

40.3

5,312.3

67.5

+26.7%

74.6

12.6

4.5

2.1

100.0

26.6

15.6

5,134.5

750.8

356.8

146.6

52.5

6,776.3

62.0

+27.5%
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TABLE 6

1983 ESTIMATED MARKET SHARES
WORLDWIDE REVENUES OF ALL MOVING HEAD DISK DRIVES
{(value of non-U.S. currencies estimated at July, 1984, rates)

TOTAL
CAPTIVE PCM 0EM INDUSTRY
$M % $M % $M % $M %
U.S. MANUFACTURERS

Ampex -- - -- -- 40.8 2.1 40.8 0.4
Burroughs 206.3 3.0 -- -- - -- 206.3 2.3
Century Data Systems 11.0 .2 -- - 49.5 2.6 60.5 o7
Computer Memories -~ - -- -- 40.9 2.1 40.9 .4
Control Data 434.0 6.3 26.8 9.3 576.3 29.7 1037.1 11.4
Data General 88.3 1.3 - -- -- - 88.3 1.0
Digital Equipment - 442.5 6.4 -- -- -—- - 442.5 4.9
Hewlett-Packard 269.1 3.9 -- -- -- -- 269.1 2.9
18M 3,579.0 .52.0 - - - - 3,579.0 39.3
International Memories 24.3 .4 - - 40.8 2.1 65.1 0.7
1SS 184.1 2.7 - -- 16.8 .9 200.9 2.2
Memorex - - 48.9 17.1 12.0 .6 60.9 .7
Microdata 42.5 .6 - - -- -- 42.5 .5
Micropolis -- -- -- - 31.8 1.6 31.8 .3
Miniscribe -- -- - - 77.0 4.0 77.0 .8
Priam -- - - - 83.3 4.3 83.3 .9
Quantum . -- -- - - 60.6 3.1 60.6 .7
Seagate -- -- -- - 221.7 11.4 221.7 2.4
Shugart 41.8 .6 - -- 14.9 .8 56.7 .6
Storage Technology - - 73.9 25.8 7.9 .4 81.8 .9
Tandon - - - -- 48.1 2.5 48.1 .5
Texas Instruments 78. 1.1 -- -- - - 78.0 .9
Other U.S. 7.9 .1 - - 103.2 5.3 111.1 1.2

U.S. Total 5,408.8 78.6 149.6 52.2 1,425.6 73.5 6,984.0 76.6

NON-U.S. MANUFACTURERS

Bull 64.9 .9 -- -- 14.4 o7 79.3 .9
Fujitsu 380.9 5.5 75.0 26.2 237.7 12.3 693.6 7.6
Hitachi 209.9 3.0 34.8 12.1 30.5 1.6 275.2 3.0
1S0T _ 19.0 .3 -- -- 82.4 4.3 101.4 1.1
Mitsubishi 28.7 4 -- -- 6.7 .3 35.4 .4
NEC 385.3 5.6 -- -- 33.7 1.7 419.0 4.6
Nippon Peripherals -- -- 27.2 9.5 13.1 o7 40.3 .5
Nixdorf 80.0 1.2 -- -- -- -- 80.0 .9
Olivetti 57.9 .8 -- -- 4.5 .2 .62.4 .7
Rodime -- -- ' -- -- 35.3 1.8 35.3 .4
Siemens 38.0 .6 -- -- -- -- 38.0 .4
Toshiba 176.5 2.6 -- -- 8.5 .4 185.0 2.0
Other Non-U.S. 35.1 .5 — - 48.2 2.5 ~83.3 .9

Non-U.S. Total - 1,476.2 21.4 137.0 47.8 515.0 26.5 2,128.2 23.4

Worldwide Total 6,885.0 100.0 286.6 100.0 1,940.6 100.0 9,112.2 100.0

NOTE: Drives sold in the PCM market by other than the original manufacturer are valued
at PCM price levels above, to avoid distortion of total PCM market values.
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Codes: 3"-3.9" Captive

5.25" PCM TABLE 7

8"-9" OEM

10.5" CURRENT PRODUCT LINES

14" MANUFACTURERS OF MOVING HEAD MAGNETIC DISK DRIVES

SPOOONW
(=3 -Ne)
nowun

oo

b

DISK/TREND PRODUCT GROUP: 1 2 3 4 5 6 7 8 9

Disk Disk Disk Disk Fixed Fixed Fixed Fixed Fixed

Cartridge Cartridge Pack Pack Disk Disk Disk Disk Disk

Drives Drives Drives Drives Drives Drives Drives Drives Drives

<12 MB >12 M8 ' <100 MB >100 MB <30 MB  30-100 MB  100-300 MB 300-500 MB  >500 MB
5 5

14

U.S. Manufacturers
Advanced Storage Technology
Alpha Data
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Ampex
Applied Information Memories
Applied Peripheral Systems
Atasi
Burroughs
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Century Data Systems
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New World

Northern Telecom
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Quantum

Qume .
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Japanese Manufacturers
Fujitsu
Hitachi
Matsushita Com. Ind.
Mitsubishi
NEC®
Nippon Electric Industry
Nippon Peripherals
Nippon Systemhouse
Otari
Sord:
TEAC
Tokico
Toshiba
\\ Victor Company of Japan
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European Manufacturers
BASF
Bull"
1S0T -
Newbur
Nixdorf
Olivetti

ertec

Rodime

cw Siemens
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TECHNICAL REVIEW

Competing technologies

High growth levels in the disk drive industry have attracted would-be
competitive technologies from the beginning, but only a few remain as
likely contenders.

Two perennial candidates for serious penetration of the data storage
market are showing promise: Magnetic bubbles and optical disks. Bubbles
are now used in many harsh environment applications and are being designed
into selected data processing systems, such as portable computers. Some
types of optical disks have now achieved the status of actual commercial
products, with a few manufacturers making 1imited shipments. Both tech-
nologies will be discussed in more detail later in this section, and a |
section on optical disk drives new this year in the DISK/TREND Report
covers the current market situation.

Other would-be alternates to magnetic rigid disk recording have found
the competition tougher than expected. Magnetic disk technology is
frequently described as a "movingktargetd‘ And as the target moves it
becomes continually more cost effective.

The history of magnetic disk recording is one of continually
improving recording densities, and this advancement translates directly
into Tower cost for data storage. Higher density means fewer heads and
disks for a given capacity, thus reduced physical size, smaller motors,
less heat, lower power, etc. And as densities have been improved,
continual development in head positioning techniques has provided faster

access to data.
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Great competitive strength is now derived from the size of the
worldwide magnetic disk drive industry, with scores of well established
manufacturers, and amazing diversity of products. System manufacturers,
and the thousands of engineers making their data storage selection deci-
sions, are 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 manufacturers, based on extensive
actual experience. These factors provide a level of momentum for magnetic
disk drives which will not be undercut by any potential alternative
products soon, or without very 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:

* Non-reversible optical disks: The first optical disk recording
systems to enter the market are "non-reversible" or "write-once"
systems. Such systems are now starting to be introduced as

actual products, after many years of costly development programs
by several manufacturers in the United States, Japan and Europe.

Write-once systems are capable of higher areal densities than
magnetic recording techniques now in use, with some planned
systems providing several gigabytes on a single removable disk,
and the promise of mass storage systems which could access large
numbers of such disks under system control. 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.

In broad terms, two kinds of systems will be offered: Document
storage and data storage systems. Systems intended to store
images of documents are already on the market in Japan, offered
by Toshiba and Matsushita Electric. Document storage systems do
not require the extremely low error rates demanded for data
storage, and can live with the relatively poor error rates
common to all optical recording systems. At this time, it does
not appear that optical document storge systems will be able to
compete on a price per image basis with microfilm for bulk
storage of images.
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However, the fast and convenient access to stored images pro-
vided by optical disk systems will probably create a major place
for them in the emerging office automation market, for numerous
specialized applications. The early emphasis on optical docu-
ment storage systems in the Japanese market is explained by the
extremely complicated character of the Japanese alphabet. Since
most business communication and records are in handwritten
characters, the emphasis first on copying machines, then facsi-
mile transmission, and now optical document storage systems is
understandable.

Optical data storage systems from a variety of firms, including
Storage Technology, Control Data, Xerox, Alcatel Thomson,
Hitachi, Toshiba, NEC and Fujitsu are now starting to appear.
STC's 7600, with first shipments delayed until first quarter,
1985, is probably the most ambitious of these projects, invol-
ving a program intended to rapidly build a major market among
users of large IBM mainframes. The disk subsystem carries a
list purchase price of $130,000, uses the STC 8880 controller,
and has a transfer rate of 3 megabytes/second, the same as the
3380 magnetic disk drive. Each disk cartridge contains a single

14" disk, is priced from $140 to $225, depending on quantity,

and has a capacity of four gigabytes. STC has identified a
large number of target applications involving databases which
are infrequently or never updated, and for which a write once
system would not be at a disadvantage -- such as stock market
history, legal files, seismic data and banking transaction Tlogs.
Replacement of magnetic tape for archival storage is also high
on the target 1list.

The other write-once systems about to enter the market use comp-
arable, but different technologies, with capacities per disk in
the range of one to three gigabytes. These systems will be
marketed initially as OEM drives, and some will probably be used
also in captive systems. Obviously, the market for this genera-
tion of optical disk systems will be limited to the niches which
can tolerate nonreversability. It it believed that these niches
do exist and that the Tow cost per byte stored will start to
open selected markets to optical disk systems. But the markets
will be specialized, with system manufacturers slow to act.
Little displacement of magnetic disk drives will result in the
foreseeable future.

Erasable optical disks: The possibility for real inroads into

the market for magnetic disk drives exists with reversible
optical disk systems, when either of the principal proposed
technologies reaches the status of a reliable production pro-

- duct. Magneto-optical recording has seen development activity

for twenty years, and "phase change" optical recording has
attracted considerable attention during the past few years.

Most current magneto-optical development programs involve using
a low power laser to change the magnetic state of an amorphous
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gadolinium coating on a disk, by raising surface temperatures
into the range of the coating's Curie point, while a magnetic
field is present. These changes are detected during reading,
as the affected spot on the disk causes a small rotation in the
polarized Tight reflected from the surface or transmitted
through the disk.

Phase change optical recording involves a different type of
amorphous coating, in which individual spots on the disk are
changed by polarized light from a crystalline state, during
which 1ight is reflected, to a noncrystalline state, during
which light is absorbed.

Advocates of both technologies claim the ability to reverse the
state at individual disk locations more times than would ever be
necessary, and believe that their disks will be adequately
stable for archival storage. Individual firms are also working
on other proposed reversible optical recording technologies, but
none of these are known to have overcome all of the problems,
which have included: Slow completion of the reversal cycle,
limitations on the number of reversals before degradation, poor
shelf life, and low recording density.

Magneto-optical and phase change technologies have been devel-
oped to the point where they both appear to have some hope of
becoming reliable, producible products. However, it is believed
that the first volume shipments of major erasable optical disk
drive systems will take another three to five years. Most of
the technical problems may have been overcome by some of the
U.S., Japanese or European companies working in the area, but
none of these firms are yet known to have committed to the heavy
investment required to establish volume production capability.

* Magnetic bubbles: If regarded as a specialized data storage
product, magnetic bubbles now look 1ike 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 has developed was clearly not acceptable for
the drop-outs, which had plans for much 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.

So bubbles started to find suitable applications, once they were
actually in production and support chips became available. The
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largest 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-
facturing by Western Electric, is believed to be much further
behind in developing internal bubble applications, despite the
fact that the basic technology was invented at Bell Labs.

The successful bubble program of Intel Magnetics has been
instrumental in developing a wide variety of applications.

Intel led the market with 1 Mbit chips, the introduction of
support circuits and a guaranteed future price reduction policy.
The company has attracted a variety of customers in specialized
and harsh environment applications -- at least sufficient to
establish quantity production, and start down the learning
curve. The hottest new market area for bubbles is potentially
the largest one: Portable computers. Several of the new port-
able computer manufacturers have incorporated bubble memories as
basic auxiliary memory devices, because of bubbles' advantages
of physical size and durability while being transported.

The non-volatility of magnetic bubbles and their suitability for
capacities too small to be cost effective for magnetic disk
drives has also proven to be attractive to system manufacturers
for applications such as industrial control systems, robots,
point of sale terminals, medical instrumentation, avionic
systems and militarized systems.

There is little doubt that the future market available to magne-
tic 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.

High capacity flexible disk drives: Ironically, the most likely

type of product to displace certain rigid disk drives is the
high capacity flexible disk drive. Some new floppy drives, and
others to be announced, have the potential to do just that. The
market for personal computers is growing at a rapid rate, and
shipments of small Winchester disk drives are keeping pace.

The 3.3 MB 5.25" floppies now being shipped by Drivetec and
Eastman Kodak are developing markets with specialized systems
and in the personal computer add-on market, with a promise to
double capacities to 6.6 MB next year. But capacities in this
range are only the beginning of the potential expansion of
floppy drive capabilities. Two other more significant rival
technologies are waiting in the wings to boost floppy capacity.

Perpendicular recording for flexible disks has received consid-
erable attention in recent years, and has the potential to
increase capacity for a 5.25" drive to 5-10 MB without signifi-
cant increases in track density. By using a sputtered thin film
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on a Mylar substrate, disks for perpendicular recording could
achieve linear densities of at least 50,000 BPI.

It is likely that the largest limitation to the development of
markets for such a drive will be media availability. Success
would require that media be produced by the millions of units,
which would be difficult with today's batch sputtering proces-
ses. Vertimag, a Minneapolis firm, plans to solve this problem
by the installation of a continuous sputtering process of their
own design, with the projected capability to make five million
3.5" flexible disks per year -- enough to get the entire program
off to a good start if all goes well. Toshiba, Sony and Matsus-
hita Electric have also revealed programs to develop 3.5" drives
and media using perpendicular recording.

The other technology with real promise for improving floppy
capacities involves use of very small magnetic particles, very
little longer than they are wide. Use of such particles in
coatings with conventional binder systems could result in
“isotropic" magnetic recording, 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, with little to change in existing floppies but the magne-
tic particles. Presumably, existing coating lines operated by
the several major floppy media suppliers could be used.

Currently, the Spin Physics subsidiary of Eastman Kodak is the
principal advocate for this technology, and has provided media
samples to manufacturers for evaluation. The principal diffi-
culty with isotropic media to date has been oversensitivity to
thermal change, with the potential under some circumstances to
lose recorded data. However, several firms are working in this
area, and there is a high probability that magnetic particles
for coated flexible disks will be produced with the ability to
extend linear densities into ranges approaching 50,000 BPI.

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: Winchester heads patterned after IBM's

3340/3350 designs still dominate in new fixed media disk drives,
except for PCM drives designed to compete against IBM's 3370,
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3375 and 3380. The conventional ferrite heads are available
from multiple sources, are routinely produced with good manufac-
turing yields, and are competitively priced. And they will
continue to be used for the majority of other captive and OEM
drives until thin film heads are widely available and are price
competitive with Winchester heads. 1984 saw the beginning of
thin film head shipments for small diameter OEM disk drives, and
production is expected to gradually increase as more vendors
start to master the process and gain control of process yields.

The U.S. manufacturers of PCM 3380 equivalent drives are using
thin film heads, however, despite limited current availability.
Drive manufacturers have established either joint ventures or
internal development programs for thin film heads, and are
continuing to maintain close liaison with outside head manufac-
turers until availability becomes more routine.

Recording disks: As IBM progressed through succeeding

generations 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 Winchester drives today are derived
from IBM's process improvements.

However, recent years have seen considerable activity in plated
disks for the first time, with emphasis on 5.25" drives. 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 1983. However several other companies
have installed production capacity for high shipment levels, and
many more are known to be preparing for plated disk producton,
also. Some of this activity has been generated because of the
higher density potential of plated disks (few of the above
drives need more density than oxide disks offer), but most of
the early choices were made because of plated disks' better
physical durability.

There is now a stampede by numerous established and new firms to
establish production capability for plated disks. Most are
aiming 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 producing large quantities of
disks, with adequate process controls, at prices competitive
with oxide disks of comparable quality. A second wave of
companies planning to use sputtering methods to deposit thin ,
metal films is also underway. And some plan to use both plating
and sputtering technologies in multiple layer disks.

Head positioning methods: The industry is not moving forward

rapidly with TPI improvements. Several of the highest perfor-
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mance drives operate at about 960 TPI, but such precision is too
costly for most drives. The industry still has plenty of room
for innovation in this area -- the majority of disk drives still
operate below 500 TPI. It is likely that IBM will introduce a
double density version of the 3380 in the first half of 1985,
using higher track density. This drive probably will use at
least 1,400 TPI, and will be influential in moving the rest of
the industry to higher track densities.

* Perpendicular recording: Today's disk drives all use longitud-
inal recording, making use of long, thin magnetic particles
oriented parallel to the surface of the recording medium. Many
more flux changes per inch could theoretically be resolved by
recording heads if magneticization were oriented in a plane
perpendicular to the recording surface. The potential appears
to be at Teast 100,000 BPI.

A very large amount of development activity in perpendicular
recording is currently underway in Japan, with application
objectives in video and audio recording, as well as for data
storage. In the United States, IBM and other established manu-
facturers have development programs, but it appears that the
earliest products may come from small firms. Lanx is now sup-
plying sputtered small diameter disks to manufacturers of exist-
ing high performance small drives, with the objective of making
significant increases in capacity possible for existing drive
mechanisms at modest cost increases. The firm has sold a lic-
ense to Control Data for this technology, and both companies are
cooperating in development of hardware. Although the CDC pro-
gram will probably take a few years to result in actual pro-
ducts, it is expected that some other firms may find the potent-
ial competitive advantages they are looking for in perpendicular
recording. Drives using this technology may actually be shipped
soon, with a fairly rapid development of the market if prod-
uction bugs can be kept to a minimum.
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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 class: 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 involved, not the manufacturer.
Examples:

* Drives sold by DEC, Hewlett-Packard or Burroughs are considered
captive, if internally manufactured.

* In the case of a joint venture disk drive manufacturer such as
Magnetic Peripherals, Inc., a joint venture of Control Data,
Sperry, and Honeywell, MPI drives sold by Honeywell are included
in captive, and MPI drives sold by CDC are included in captive,
PCM or OEM groups, as appropriate. Sperry became a co-owner of
MPI in 1983, and starting in 1983 Sperry shipments have been
combined with those of Control Data, MPI's managing partner.

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

* Shipments by Shugart are non-captive, except for drives sold
with systems by its parent company or other subsidiaries.

* CDC disk drive sales to NCR are non-captive, in that NCR does
not share in ownership of MPI, and are 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-
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ably equipped to be connected without additional hardware to systems of
all types, including minicomputers and small business systems.
Examples:

* Disk pack drives sold by CDC to users of IBM Series/l systems.

* On an arbitrary basis, drives manufactured by Fujitsu, Hitachi,
or Nippon Peripherals and resold in the PCM market by other
companies are included in PCM totals, in order to avoid distor-
tion of total industry PCM activity.

OEM: Disk drives sold through any non-captive distribution channel
except PCM. Drives are normally sold to OEMs to be included in complete
systems or subsystems; such drives are included in OEM totals whether or
not the OEM actually manufactures the remainder of the system or subsys-
tem, 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.

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 Tocation of the firm's headquarters, regard-
less of the location of individual manufacturing plants.

Examples:

* [IBM, Seagate and Hewlett-Packard are considered U.S.
manufacturers, even though each firm manufacturers some of
its disk drives in non-U.S. locations.

* Pertec and Northern Telecom are considered non-U.S. manufac-
turers, since they are subsidiaries of non-U.S. firms.

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. A1l DISK/TREND unit totals are counted in spindles, even
though some drive configurations include more than one spindle. In order
to avoid distortion of shipment information for certain large fixed disk
drives used with mainframe systems, certain models have been arbitrarily
counted on the basis that two spindles are equivalent to one IBM 3380
spindle.
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Revenue: Based on sales of disk drives alone, as normally sold by indi-
vidual manufacturers. Controllers sold as separate units are not in-
cluded, 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 each unit

is used. Sale prices are estimated public sale transaction prices,
whether at captive end user, PCM or OEM levels. Prices used for leased

drives are on an "if sold" basis, at captive or PCM levels, as appro-
priate. All proposed prices are in 1984 constant dollars.

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
configurations and revised encoding schemes are anticipated
in DISK/TREND forecasts.

* Innovations such as disks in non-standard sizes or new physical
configurations may require establishment of new DISK/TREND prod-
uct groups.

Distribution channels: Shipments of non-captive drives are analyzed

by each of the following distribution channels:

Mainframe computer manufacturers: The major computer manufac-
turers, sometimes popularly known as "mainframers". In the U.S.
this group consists of IBM, Sperry, Honeywell, Burroughs, Control
Data, and NCR.

Mini/micro computer manufacturers: Computer manufacturers pri-
marily oriented to the minicomputer class, such as DEC, Hewlett-
Packard, and Data General, and the manufacturers of microprocessor-
based systems, such as Intel and National Semiconductor.

System OEMs/systems houses: (1) OEMs which manufacture a system
requiring disk drives, such as Foxboro, Basic Four or Cromemco.
(2) System houses, of any size, which combine finished components
and software to offer users complete systems.

Independent peripherals suppliers: Specialized manufacturers which
add controllers, interfaces and other equipment or software, and
offer plug compatible subsystems to end users, system OEMs and
systems houses. Examples are Davong, Tecmar, Xylogics and Emulex.

Distributors, dealers, end users: (1) Sales of plug compatible
disk drives with any other necessary hardware directly to end
users by disk drive manufacturers, whether or not title to the
equipment is to be held by end users themselves or by lessors.
AZ) Distribution through wholesalers, such as Hamilton Avnet or

rrow.
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DISK CARTRIDGE DRIVES, LESS THAN 12 MEGABYTES

Coverage

Examples of disk drives in this group include:

14" disk diameter

Control Data
Digital Equipment
ISOT

Newbury Data
Pertec

PerSci

Western Dynex

10.5" disk diameter

Bull

8" disk diameter

Disctron
Vermont Research

5.25" disk diameter

DMA Systems
Memorex

New World
Newbury Data
Western Dynex

3.9" disk diameter

SyQuest Technology

94274

RLO1, RLO2

CM 5400, CM 5410
D9427H

D3421, D3442
VF-2221, VT-2222
DD-6221

D120

DP-100
8010

Micro-magnum 5
410

Micro-Disc 5/5
505

WD-505

SQ-306RD

This product group includes all removable-only or fixed/removable

disk drives with a total capacity per spindle of less than 12 MB. Each

fixed/removable combination drive is counted as one spindle.
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Market status

DISK/TREND estimate of total market size:

Worldwide sales ($M) 1983 1984 1985 1986 1987

U.S. manufacturers 197.3 157.6 78.7 38.3 16.3
A11 manufacturers 266.5 219.0 123.1 58.0 24.0

14" disk cartridge drives are now in their fourth year of declining
shipments. 1983 worldwide shipments of drives using smaller diameter
disks were below expectations, but certain drives in this group have

increased sharply in shipments for 1984. Overall worldwide unit shipments

‘for the group were 72,500 units in 1983, up 6.2% over the previous year.

14" disk drives in this group have been displaced in small business
systems, their largest market, by the flood of 8" and 5.25" fixed disk
drives which have become available in the last few years. Shipments of
drives using removable disks in these diameters were very small before
1983, due to limited availability. Seagate Technology dropped its
announced 5.25" disk cartridge drive before shipment, but DMA Systems has
established quantity production and has licensed its drives to Memorex and
Newbﬁry Data.

One change in the method of classifying small diameter dfsk cartridge
drives being initiated in this year's DISK/TREND Report will result in

fewer drives in the current shipment estimates and forecasts for future

~ years. Combination fixed/removable disk drives with a total capacity over

12 megabytes per spindle, such as some DMA Systems models, are no longer
included in this group. -The 5.25" and less than 5.25" drives remaining in
the group are typically remdvable-on]y drives with unformatted capacity

in the 6 megabyte range.

- Captive drive shipments are mostly Digital Equipmént Corporation's
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RLO1/RLO2 14" drives. Shipments of these drives remained high during
1983, primarily because of DEC's delays in introducing the planned
replacement product, the 8" "Aztec" drive, with 52 megabytes per spindle.
The Aztec, however, has now been introduced as the RC25, and shipments
started in Tate 1983 -- with the expected result that shipments of DEC's
14" disk cartridge drives will now fall off rapidly.

The character of OEM drive shipments has been transformed in thé last
few years, as the once-large shipments of 14" drives by U.S. manufacturers
have dropped to negligible levels. ISOT, the Bulgarian organization which
manufactures disk cartridge drives for minicomputers produced in Eastern
Bloc countries, maintained its production at the 11,500 drive-per-year
level, representing 32.9% of worldwide unit shipments for 1983; Control

Data trailed with 19.1%.

Marketing trends

DISK/TREND forecasts assume that all production of 14" and 8" drives
in this group will stop by 1987. 14" drives have been largely replaced
by sma]].diameter fixed disk drives in most new system designs, causing a
slowdown for shipments of small diameter disk cartridge drives. OEM and
captive shipments of 14" drives by non-U.S. manufacturers are expected to
continue at least through 1985, principally for Eastern B]bc consumption.

The outlook for 8" and 10.5" drives in this group also is poor, for
both captive and OEM drivés. Only a few manufacturers produce such
drives, and their marketing efforts have been frustrated by lack of
industry standards -- plus prices which are high when compared to 5.25"

‘drives, using either fixed or removable disks.
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This year's projections for 5.25" disk cartridge drive shipments have
been sharply reduced from those in last year's report, due to the emphasis
that drive manufacturers are now placing on drives with over 12 megabytes,
which will be covered in another product group. The number of drive
manufacturers with 5.25" models in this group remains small, composed
mainly of DMA Systems and its licensees. There are currently no announced
captive 5.25" drives in the group.

The 1987 forecast for 5.25" worldwide OEM unit shipments is only
24,900 drives. These will be mostly 6 megabyte drives, with much smaller
market potential than higher capacity models. Most system OEMs have already
switched from 6 to 12 megabyte drives for their fixed disk drive
requirements, and the majority of those OEMs which need removability are
expected to prefer more capacity than the 6 megabytes offered by drives in
this group. Some OEMs are also expected to make use of the 5.25 inch
flexible disk drives with 6 megabyte capacity which are expected to be
available starting in 1985, for applications which do not require the
faster access times offered by rigid disk drives.

It is expected that much of the market available to 6 megabyte 5.25"
disk cartridge drivés will be through subsystem builders active in the
personal computer add-on market. The rapid growth of 1984vsh1pments for
SyQuest 3.9" removable disk drives was driven in large part by excellent
responsé from PC users who were not offered any removab]e'media recording
device with capaéity above 500 kilobytes by IBM orbmost other PC system
manufacturers.

In the éecond half of 1984 IBM announced availability of 1.6 megabyte
floppy drives on the PC AT, but the many PC users with files larger than

that capacity are believed to represent a continuing market for various
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removable recording devices with capacity in the 5 to 10 megabyte range,
including removable rigid disk drives. However, the limited sourcing of
drives in this group, combined with the availability of higher capacity

disk cartridge drives, will keep most system OEMs away.

Technical trends

Technology used in the new small disk cartridge drives is adapted
from older designs. Heads use variations from 3330 and 3350 designs, in
some cases combined with smaller sliders. Disks used in current drives
include conventional Winchester oxide coated and plated types.

3M's stretched surface recording technology may be a potential
contender in this product group, depending on actual availability and the
results of the extensive testing expected before drive manufacturers use
it in production drivés. SSR disks have the potential to cut media costs
sharply and probably would be much more durable than conventional disks in
difficult shock and vibration environments or when exposed to

contamination, as removable disk cartridges frequently are.

Forecasting assumptions

1. 14" disk cartridge drives will continue to decline, due to
competitive pressure from higher capacity disk cartridge drives
and small diameter disk drives, both fixed and disk cartridge
types.

2. Shipments of 8" disk cartridge drives in this group will start
to top out in 1984, due to competition from smaller drives.

3. Both 5.25" and less than 5.25" drives in this group will be
available in quantities adequate to meet demand, starting in
1984.

4. OEM price levels will decline, as shipments of smaller drives
become predominant and quantities increase.
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TABLE 8
DISK CARTRIDGE DRIVES, LESS THAN 12 MEGABYTES
REVENUE SUMMARY

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

1983 cememmccmccmcmcccccem e Forecaste=ewecacmmmcccc e
----Revenues---  ----=- 1984-caae cmeeee 1985-cca mmeeao 1986-~~--
u.S. WW u.S. WW u.s. WW u.sS. WW
U.S. Manufacturers
" IBM Captive - - -- - -- - - -- -- -
Other U.S. Captive 93.5 154.5 63.8 105.8 30.8 51.3 12.0 20.0 - -
TOTAL U.S. CAPTIVE 93.5 154.5 63.8 105.8 30.8 51.3 12.0 20.0 -- --
PCM -~ - - - - - - - - -
OEM 27.5 ' 42.8 37.8 51.8 21.2 27.5 13.9 18.3 12.2 16.3
TOTAL U.S. NON-CAPTIVE 27.5 42.8 37.8 51.8 21.2 27.5 13.9 18.3 12.2 16.3
TOTAL U.S. REVENUES 121.0 197.3 101.6 157.6 52.0 78.7 25.9 38.3 12.2 16.3
Non-U.S. Manufacturers
Captive - 11.2 - 8.0 - 4.7 -- -- -- -
PCM -- -- - -- - - - -- -- --
OEM 2.4 58.0 .4 53.4 -- 39.7 -- 19.7 - 7.7
TOTAL NON-U.S. REVENUES 2.4 69.2 .4 61.4 - 44.4 - 19.7 - 7.7
Worldwide Recap
;6;RE-G5§EBQEBE REVENUES 123.4 266.5 102.0 219.0 52.0 123.1 25.9 58.0 12.2 24.0

0EM Average Price ($000) 2.1 2.8 .9 1.3 .9 1.3 .7 .9 .7 i
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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

Worldwide Recap

TOTAL WORLDWIDE SHIPMENTS

Cumulative Shipments

IBM Captive
Non-1BM
WORLDWIDE TOTAL

TABLE 9

DISK CARTRIDGE DRIVES, LESS THAN 12 MB

1983
---Shipments---
u.S. WW
21.4 35.5
21.4 35.5
13.2 20.5
13.2 20.5
34.6 56.0

-- 2.0
.9 14.5

.9 16.5
35.5 72.5
53.3 79.0
523.1 955.5

576.4 1,034.5

UNIT SHIPMENT SUMMARY

15.1
15.1

41.0
41.0

56.1

56.2

53.3
579.3
632.6

25.1
25.1

56.6
56.6

81.7

1.4

18.9

20.3

102.0

79.0
1,057.5
1,136.5

SHIPMENT DESTINATION (000)

DT1-8

- - o - -

--Forecast ; .

------ 1985-~--c  ~==ee-1986-----
u.s. WW u.s. WW
1.5 12.5 3.0 5.0
7.5 12.5 3.0 5.0
22.5 29.7 18.2 24.5
22.5 29.7 18.2 24.5
30.0 42.2 21.2 29.5
- .8 - -
-- 18.7 - 14.0
- 19.5 -- 14.0
30.0 61.7 21.2 43.5
53.3 79.0 53.3 79.0

609.3 1,119.2
662.6 1,198.2
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630.5 1,162.7
683.8 1,241.7

------ 1987 ~=wm-
u.s. Wi
16.6 22.4
16.6 22.4
16.6 22.4

-- 9.5

- 9.5
16.6 31.9
53.3 79.0
647.1 1,194.6
700.4 1,273.6 .
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TABLE 10
DISK CARTRIDGE DRIVES, LESS THAN 12 MEGABYTES
WORLOWIDE SHIPMENTS (000)
BREAKDOWN BY DISK DIAMETER

1983 Forecast-=-- -
Shipments 1984 1985 1986 1987

14* 8" 5.25* <5.25" _ 14" 8" 5.25"  <5.25" 14" 8" 5.25" <5.25" 14" 8" 5.25" <5,25" 5.25"  <5.25*
U.S. MANUFACTURERS
IBM Captive - - - - - - - - - - - - -- - - - - -
Other U.S. Captive 35.5 - - - 25.1 - .- - 12.5 - -- - 5.0 - -- - - -
0EM 10.5 2.3 4.2 3.5 5.0 6.3 5.3 40.0 1.5 5.3 8.4 14.5 -- 1.8 12.7 10.0 18.4 4.0
TOTAL U.S. SHIPMENTS 46.0 2.3 4.2 3.5 30.1 6.3 5.3 40.0 14.0 5.3 8.4 14.5 5.0 1.8 12.7 10.0 18.4 4.0
NON-U.S. MANUFACTURERS -
Captive 5 1.5 .- -- 5 .9 - - .3 .5 - - - - - - - -
OEM 13.5 1.0 - - 12.0 R 1.5 5.0 8.0 .2 3.5 7.0 3.0 - 5.0 6.0 6.5 3.0
TOTAL NON-U.S. SHIPMENTS 14.0 2.5 -~ - 12.5 1.3 1.5 5.0 8.3 .7 3.5 7.0 3.0 - 5.0 6.0 6.5 3.0
WORLDWIDE RECAP
Total Shipments 60.0 4.8 4.2 3.5 42.6 7.6 6.8 45.0 22.3 6.0 11.9 21.5 8.0 1.8 17.7 16.0 24.9 7.0
ANNUAL SHARE, BY DIAMETER 82.8% 6.6% 5.8% 4.8% 41.8% 7.5% 6.7% 44.0% 36.12 9.7% 19.3%7  34.9% 18.4% 4.1%  40.7% 36.8% 78.1% 21.9%

NOTE: 8 inch totals include 10.5 inch drives

6-110



140434 ANIHL/XSIA ¥86l

TABLE 11
DISK CARTRIDGE DRIVES, LESS THAN 12 MEGABYTES
WORLOWIDE REVENUES
BREAKDOWN BY DISK DIAMETER

1983 Forecast
Revenue - 1984 1985 1986 1987

14" 8" 5.25" <¢5.25" 14" 8" 5.25% <5.25" 14" 8" 5.25"  <5.25% 14* 8" 5.25% <5.25" 5.25" <5.25"
U.S. MANUFACTURERS
IBM Captive - - -- - -- -- -- - - - - - - - - - -- --
Other U.S. Captive 154.5 - -- - 105.8 - - - 51.2 - - - 20.0 - - - - -
OEM 33.2 3.1 4.6 1.7 16.5 8.3 6.9 20.0 4.9 6.8 8.4 7.2 -- 2.3 11.4 4.5 14.7 1.6
TOTAL U.S. REVENUES 187.7 3.1 4.6 1.7 122.3 8.3 6.9 20.0 56.2 6.8 8.4 7.2 20.0 2.3 11.4 4.5 14.7 1.6
NON-U.S. MANUFACTURERS
Captive 4.0 1.2 .- -- 4.0 4.0 .- - 2.4 2.2 - - - - - - - -
OEM 56.4 1.6 - - 48.5 .6 1.6 2.5 32.0 3 3.8 3.5 12.0 - 5.0 2.7 6.5 1.2
TOTAL NON-U.S. REVENUES 60.4 8.8 - - 52.5 4.6 1.6 2.5 34.4 2.5 3.8 3.5 12.0 - 5.0 2.7 6.5 1.2
WORLDWIDE RECAP
Total Revenues 248.1 11.9 4.6 1.7 174.9 13.0 8.5 22.5 90.6 9.4 12.2 10.7 32.0 2.3 16.4 1.2 21.2 2.8
ANNUAL SHARE, BY DIAMETER 93.1% 4.5% 1.7% J% 79.9% 6.01 3.92 10.2% 73.6% 7.7%  10.0% 8.7% 55.2% 4,0 28.3%  12.5% 88.3% 11.7%

'NOTE: 8 inch totals include 10.5 inch drives
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TABLE 12
DISK CARTRIDGE DRIVES, LESS THAN 12 MEGABYTES

DISTRIBUTION CHANNEL SUMMARY
U.S. Non-Captive Disk Drives

1983 U.S.
Net Shipments FORECAST
Units 1984 1985 1986 1987
Distribution channel (000) % % % % %
Mainframe computer manufacturers 1.6 11.4 3.2 2.7 2.2 1.6

Mini/micro computer manufacturers 3.5 24.8 20.1 18.0 15.3 12.6
System OEMs/systems houses 5.6 39.7 30.1 46.4 60.1 69.5
Independent peripherals suppliers 3.2 22.7 45.5 32.0 21.7 15.7

Distributors, dealers, end users .2 1.4 1.1 .9 .7 .6
TOTAL 14.1
TABLE 13

DISK CARTRIDGE DRIVES; LESS THAN 12 MEGABYTES

MARKET SHARE SUMMARY
Worldwide Shipments of Non-Captive Disk Drives

1983 Net Shipments

To United States

Destinations Worldwide
Units (000) % Units (000) %
Drive Manufacturers 14" 8" 5.25" <5.25" Total _14" 8" 5.25" <5.25" Total

Isot -- -- -- - - S --  11.5 -- -- -- 11.5 32.9
Control Data 4.4 -- -- -- 4.4 31.2 6.7 -- -- - 6.7 19.1
DMA Systems -- - 2.1 - 2.1 14.9 - - 4.2 - 4,2 12.0
Syquest -- -- -- 2.5 2.5 17.7 -— - -- 3.5 3.5 10.0
Other U.S. 2.3 1.9 - -- 4,2 29.8 3.8 2.3 -- - 6.1 17.4
Other Non-U.S.* 4 5 == = .9 6.4 2010 == = 3.0 8.6

TOTAL 7.1 2.4 2.1 2.5 14.1 100.0 24.0 3.3 4.2 3.5 35.0 100.0

*8 inch totals include 10.5 inch drives
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DISK CARTRIDGE DRIVES, MORE THAN 12 MEGABYTES

Coverage

Examples of disk drives in this group include:

14" disk diameter

«Ampex
~"Control Data
D~ Digital Equipment
“Fujitsu
“"Hewlett-Packard
D— Newbury Data
PerSci
D <Ppertec
vToshiba
“Aermont Research

10.5" disk diameter
v'Bull

8" disk diameter

“"Amcodyne

«Century Data Systems

Control Data

—Vermont Research
D  PRC2y

5.25" disk diameter

“"Bull
b-Cardiff Technology
D—DMA Systems
»—Mewgrex
Clrf Sroeafe

MS 20
Ricolf .
3.9" disk diameter

e3¢

D —Nippon Systemhouse
v~ SyQuest Technology

DFR-932, DFR-964, DFR-996
9448-32, 9448-64, 9448-96
RKO6, RKO7

M22815F451 F L7/

7906

D9448-32, D9448-64, D9448-96
VT-2422

D3461, D3482
MK-900R-32/64/96

5017-4

D140, D145

Arapahoe 7110
C2075, <20
94549455, 9457
8520

D520

D-240

360, 11/11, 1IR
450

MICTgpe [0S -117; RS &L Meteidhi

S

SQ312RD
SQ312RD

e

DT2-2

RDS~4

This is a diverse group of drives, all of which use a removable disk

cartridge, which is usually, but not always combined with one or more

fixed disks in a single drive.

Several unique configurations are also

included, such as Fujitsu's M-2201 (50 MB removable), DEC's RK06 and
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DT2-3

RKO7 (up to 27.5 MB in a special two-disk 14" removable cartridge), and
Vermont Research's pioneer embedded servo drive, the 5017-4 (14" 26 MB

fixed/26 MB removable).

Market status

DISK/TREND estimate of total market size:

Worldwide sales ($M) 1983 1984 1985 1986 1987
U.S. manufacturers 237.4 317.2 500.8 666.6 823.1
A11 manufacturers 300.3 389.1 571.5 731.9 895.2

Although dropping fo rapidly in shipment volume, the Control Data
“Phoenix" cartridge module drive continued to dominate this product group
in 1983. But the trend is clear: Control Data CMD shipments to non-
captive customers were 28,500 drives in 1982, dropping to 23,900 in 1983,
with a further substantial decline estimated for 1984.

Nevertheless, worldwide unit shipments of drives in this group to all
market classes is expected to grow 39% in 1984 over the previous year, due
to continuing shipment increases for 8", 5.25" and less than 5.25" drives.
Most of the current growth is from U.S. drive manufacturers