1998 DISK/TREND REPORT

OPTICAL
DISK
DRIVES




1998 DISK/TREND" REPORT

OPTICAL DISK DRIVES

August, 1998

DISK/TREND, Inc.
1925 Landings Drive
Mountain View, California 94043

Telephone: 650-961-6209
Facsimile: 650-969-2560
E-mail: dtinfo@disktrend.com
Web: http://www.disktrend.com

© Copyright 1998 by DISK/TREND, Inc. All rights reserved. No portion of this report may be
reproduced in whole or in part without written permission, including translation into another
language or redistribution by any means or in any form. Allinformation included is believed to
be reliable but cannot be guaranteed to be complete or correct. DISK/TREND is a trademark
registered in the United States Patent and Trademark Office.



FOREWORD

The optical disk drive industry is entering a period of upheaval and increased
instability, but the effects should be beneficial in the long run. CD-ROM drive
shipments will be impacted by growing momentum for DVD-ROM drives. CD-R
has already been displaced by CD-RW, which in turn is targeted for displacement
by DVD-something-or-other after the turn of the century. Falling prices for 3.5"
MO drives continue to create increased demand for the moment, until DVD re-
writable drive shipments take off. The biggest change of all is the imminent
launch of very high capacity MO drives, which are expected to put some sparkle
back in the moribund 5.25" MO business and eventually to rescue the 3.5"
market as the technology is applied to smaller form factors. The new MO tech-
nologies should also help optical libraries compete more strongly against tape
libraries and appear to be moving into position to succeed rigid magnetic drives
in some applications.

The small CD-ROM autochanger, once thought to be on track for annual
shipments in the millions, continues to falter, hampered by higher prices and
slower performance than system OEMs will accept. Network attached CD towers
are rapidly displacing host attached towers. Coming over the horizon is the hard
drive cached tower, offering faster performance, lower cost, and certain to cap-
ture a large share of the network attached tower segment.

DISK/TREND ON DISK, statistical and specification tables on floppy disks, is
again available to subscribers to the DISK/TREND Report. Instructions for using
the disks are included in the last section of this report. We are always willing to
help you at any time by providing additional information on the industry which we
may have available. And, as always, we welcome and appreciate your sugges-
tions for improvements in the DISK/TREND Report.

James N. Porter

Robert H. Katzive
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INTRODUCTION

The DISK/TREND Report on optical disk drives and optical disk libraries is
now in its 13th year. Reflecting industry changes, the organization of this year’s
report has been modified to combine all optical libraries using 40 or more disk
cartridges into a single product group. Breakdowns in CD-ROM tables have
been modified to reflect the rapid evolution of disk transfer rates. DVD-ROM
drives now have their own product group. The boundary between high and low
capacity read/write optical drives has shifted from 2 gigabytes to 4 gigabytes.

Here are a few reminders to help in interpreting the information presented.

* This report concentrates on optical disk drives, optical libraries and CD
format disk towers used with general purpose and dedicated application
computers, including games, rather than upon media, controllers, or other
related topics. Not included are optical disk drives, libraries and towers
designed for consumer audio and video entertainment applications, opti-
cal tape drives, and optical card drives.

* Market share tables, usually included in DISK/TREND reports, are omitted
for some product groups of this report, because the 1997 market was too
small or too concentrated for market share figures to be meaningful.

* This year’s report divides optical disk drives into five groups and libraries
or towers into four groups:

* CD-ROM optical disk drives

* DVD-ROM optical disk drives

* CD/DVD format writable optical disk drives

* Read/write optical disk drives less than 4 gigabytes
* Read/write optical disk drives more than 4 gigabytes

* CD format optical libraries

* CD format disk towers

* Read/write optical disk libraries, 1 - 39 cartridges

* Read/write optical disk libraries, more than 40 cartridges

* The read/write groups include all equipment with the capability to both
read and write data on an optical disk, regardless of whether drives are
write-once or erasable (rewritable)/multifunction types. Forecasts for
drives and libraries using both types of technology are given in each
optical disk drive product group section, as appropriate.
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SUMMARY: OPTICAL DISK DRIVES AND LIBRARIES

Industry size

1997 total worldwide optical disk drive revenues rose 16.5%, exceeding
$6.83 billion, driven by growth in CD-ROM, DVD-ROM, and CD-RW drive ship-
ments. Sales of CD-ROM drives alone exceeded $5 billion, while writable CD
format sales approached the billion dollar level. Sales revenues for the under 4
gigabyte product group of read/write drives declined to $590 million, due to
lower shipments of 5.25" drives and lower prices for 3.5" MO drives. Sales of
drives over 4 gigabytes slipped almost 45% to $35.4 million. 2001 total optical
drive revenues are forecasted to exceed $9.9 billion. DVD-ROM drives and
drives over 4 gigabytes, aided by arrival of very high capacity 5.25" MO drives,
are expected to show the strongest revenue growth in the forecast period.

Shipments of 3.5" magneto-optic drives continued to grow in 1997, but OEM
interest remains weak, and the prospects for growth in OEM 3.5" sales, which
depend upon higher capacity and lower prices, appear to be weakening as the
time frame for large writable DVD drive shipments approaches. Shipments of
5.25" drives dropped in 1997, but are expected to increase late in the current
forecast period. Shipments of 12" drives continue to drop, as the result of market
exits by manufacturers and increasing customer doubts about the survival of the
rest.

Over 80.7 million optical drives were shipped in 1997. Of these, 74.6 million
were CD-ROM drives, accounting for 92.5% of shipments. Almost 1.2 million
DVD-ROM drives were shipped, and 1998 shipments are expected to more than
triple to over 4.3 million units. 3.4 million CD format writable drives were shipped,
including CD-R, CD-RW and PD drives, with CD-RW becoming dominant in 1998.
3.5" MO drive shipments drove read/write drives under 4 gigabytes up 11.2% to
over 1.5 million as shipment growth for 3.5" drives overrode the continuing de-
cline in 5.25" drive shipments. Unit shipments for drives over 4 gigabytes
plunged 73% to 2,400 units as the result of shrinking 12" and 14" drive markets.
In 2001, unit shipments are forecasted to exceed 144.2 million units, 55.4% of
which will be DVD-ROM drives. CD-ROM drives will capture 31.9%, and CD/DVD
format writable drives will hold 10.4% share. Read/write drives over 4 gigabytes
will have only .9% of shipments, but will acquire 23.6% of 2001 revenue.

1998 DISK/TREND REPORT



Shipments of optical libraries and towers declined 74.2% to 189,600 units as
a result of shortfalls in expected sales of CD minichangers to OEMs, and only the
CD tower category showed significant 1997 growth. Shipments and revenues
are expected to be disappointing in 1998 due to weakening international mar-
kets, but moderate growth in all categories is expected in 1999 and thereafter.
CD disk tower shipments exceeded 41,100 units in 1997, with network attached
unit shipments exceeding host attached units. Hard drive cached configurations
are a growing portion of the total. Tower revenues rose 20.3% to 175.6 million as
a result of the shift to the higher priced network attached products, and repre-
sent the largest revenue component among the libraries and towers. Tower
revenues were followed by optical libraries with 40 or more cartridges ($173 mil-
lion) and CD format libraries ($74.6 million). 1 to 39 cartridge optical libraries are
losing ground, impacted by competing technologies, down 26.5% to $48.9 mil-
lion. Total 2001 revenues of $498.8 million are projected to be shared by CD
towers (41.1%), optical libraries of 40 or more cartridges (31.9%), and CD format
disk libraries (15.2%), followed by libraries with 1 to 39 cartridges at 11.8%.

U.S. drive manufacturers don’t make CD or DVD drives and thus have
minimal current participation in the overall market. But U.S. companies contin-
ued to lead in library revenues, capturing over 70% of the worldwide total, a gain
from the previous year. The U.S. share is expected to increase as advanced MO
drives reach the market.

1997 sales of optical disk drives to U.S. destinations accounted for 38.7% of
worldwide revenue, a slight decrease from 1996. The U.S. market accounted for
66.4% of library revenues, also an increase from 1996. In 2001, the U.S. optical
drive market is expected to be 41.9% of a $9.93 billion drive market, while the
proportion of the library market in the U.S. will decline slightly to 64.4% of $498.8
million as the result of improving CD format library and tower shipments to non-
U.S. markets and anticipated improvements in non-U.S. economies.

Non-U.S. manufacturers are currently the major drive producers because of
their strengths in optical component and semiconductor laser technology. U.S.
firms have difficulty in overcoming non-U.S. firms’ leads in media, lasers, optical
components, heads and mechanisms.
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U.S. Manufacturers
Captive
Distributor

OEM/ Integrator

TOTAL U.S. REVENUES

Non-U.S. Manufacturers
Captive
Distributor

OEM/ Integrator

TOTAL NON-U.S. REVENUES

Worldwide Recap

TOTAL WORLDWIDE REVENUES

TABLE 1

CONSOL IDATED WORLDWIDE REVENUES

OPTICAL DISK DRIVES

REVENUE SUMMARY

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

1997
----Revenues---  ------
u.s. WW u.s.

3.0 3.0 --
14.0 19.3 10.6
9.2 13.5 7.1
26.2 35.8 17.7
53.4 757.7 61.0
983.3 2,575.3 984.3
1,580.3 3,462.1 1,460.1
2,617.0 6,795.1 2,505.4
2,643.2 6,830.9 2,523.1

1998-----  —eeee-
ww u.s
5.0  19.8
10.0 355
25.0 55.3
547.5  88.6

2,753.7 952.6
3,204.3 1,405.2
6,505.5 2,446.4

6,530.5 2,501.7
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28.9

48.6

520.0

2,772.1

3,465.4

6,757.5

6,835.0

53.3

201.0

254.3

107.3

1,028.8

1,564.0

2,700.1

2,954.4

84.8

302.7

387.5

535.2

3,021.1

3,783.9

7,340.2

7,727.7

174.2

924.6

1,098.8

131.4

1,195.1

1,735.5

3,062.0

4,160.8

270.4

1,695.7

1,966.1

551.3

3,078.7

4,342.2

7,972.2

9,938.3
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TABLE 2
CONSOL IDATED WORLDWIDE REVENUES
OPTICAL DISK LIBRARIES AND TOWERS
REVENUE SUMMARY

--------------------- LIBRARY REVENUES, BY SHIPMENT DESTINATION ($M)----------n-nmnnnn-

1997 e Forecast----------ccocmmcmmmnaaananann
----Revenues---  ------ 1998-----  ------ 1999----- ------ 2000-----  ------ 2001-----
u.s. ww u.s. WW u.s. ww u.s. WW 9:?:- __WW-_
U.S. Manufacturers
Captive 45.5 62.6 33.8 53.8 28.9 47.4 27.7 44.8 28.1 45.1
Distributor 122.0 159.8 112.2 147.0 118.3 155.2 115.8 157.2 128.5 180.7
OEM/ Integrator 87.6 112.3 78.3 94.6 72.2 89.1 76.4 94.2 80.9 100.4
TOTAL U.S. REVENUES 255 .1 334.7 224.3 295.4 219.4 291.7 219.9 296.2 237.5 326.2
Non-U.S. Manufacturers
Captive -- 11.9 -- 12.3 -- 12.1 -- 12.4 -- 14.5
Distributor ' 33.4 68.7 36.0 68.5 38.0 70.4 44.0 83.4 47.0 88.2
OEM/ Integrator 25.1 56.8 25.0 55.8 29.0 59.1 31.4 62.6 35.0 69.9
TOTAL NON-U.S. REVENUES 58.5 137.4 61.0 136.6 67.0 141.6 75.4 158.4 82.0 172.6
Wor ldwide Recap
%6%AL'W6A£6W16é REVENUES 313.6 472.1 285.3 432.0 286.4 433.3 295.3 454 .6 319.5 498.8
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Figure 1

CHANGING PRODUCT MIX

Worldwide Optical Disk Drive Revenue
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$10-
/
J/ Read/Write >4 Gigabytes
/
$8 - /
||| readnwrite <4 Gigabytes
$6 - CD/DVD Format Writable
$4 -
DVD-ROM Drives
$2-
CD-ROM Drives
$0-

1997 2001

1998 DISK/TREND REPORT



SUM-7

Figure 2

CHANGING PRODUCT MIX

Worldwide Optical Library Revenue
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Marketing channels

Marketing channels used by optical drive and library manufacturers are
defined in this report as Captive, Distributor, and OEM/Integrator. Captive drives,
libraries and towers are sold as part of systems that are manufactured by the
same company. The Distributor channel includes drives, libraries and towers
used in add-on subsystems for use with computer systems of all types and sizes,
plus aftermarket distribution through wholesalers, dealers and other resellers.
The Distributor channel also includes optical drive or library sales directly from
the manufacturer to government or large end user "house accounts". The
OEM/Integrator channel includes drives, libraries and towers sold to system
manufacturers and system integrators to be used as part of computer systems.

1997 OEM/Integrator optical disk drive revenues shrank 3.4% to $3.48 billion,
reflecting falling prices and declines in shipment growth rates, but still accounting
for 50.9% of worldwide sales revenues of $6.83 billion. Distributor revenues were
up over 66%, capturing 38% of total revenue, while revenues from the captive
channel grew 7.9% and contributed 11% of total revenue. The growth in the
captive contribution is at least partially due to slim profile CD-ROM drives sold on
a captive basis, but the captive channel contribution is expected to fluctuate
throughout the forecast period as a consequence of product mix changes. The
OEM/Integrator channel contribution is expected to increase toward the end of
the forecast period as the result of the relatively high prices of advanced MO
drives sold to OEMs

Optical disk library and tower revenues of $472.1 million in 1997 split 35.8%
from OEM/Integrators, 48.4% from the Distributor channel, and 15.8% from the
captive channel. Tower sales are heavily biased to the Distributor channel and
will help maintain share growth during the forecast period. 2001 revenues,
projected at $498.8 million, will be shared among Distributors (53.9%),
OEM/Integrator sales with 34.2% and captive sales with 11.9%. Because of the
complex system integration and support requirements of libraries, only the
simplest types are offered by many resellers, but towers, especially the net at-
tached type, are easily resold, requiring minimal technical support, and favor the
Distributor channel. Consequently, the Distributor share of revenues is forecast-
ed to increase at a faster rate than OEM/Integrator revenues.

Revenues in the DISK/TREND report are based on the price of the drive or
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library the first time it is sold to an unaffiliated buyer, at captive end user, Distribu-
tor or OEM/Integrator levels. Drive prices are based on disk drives alone, without
separate controllers or other accessories. Library prices are for the library only
and do not include the disk drives or external controllers unless the library is sold
only with drives bundled in.

Industry participation

Industry participants are classified as U.S., Asian or European, depending
upon the geographical composition of their majority ownership. Four U.S.
companies, 41 Asian firms and three European manufacturers currently compete
in the optical disk drive market. Over the years, Asian producers have steadily
increased their presence, mostly with CD-ROM drives. Most of the new CD-ROM
manufacturers are in Southeast Asia and Taiwan. Taiwan and Korean manufac-
turers have made major share gains in CDS-ROM production, as Japan shifted
focus to DVD technology. Many manufacturers are having drives made on a
contract basis by Asian producers, with an increasing number being made in
China, but it’s interesting to note that one Taiwan firm has located a plant in the
U.S. to provide improved customer support.

As of mid-1998, 34 companies produce CD-ROM drives, 33 are non-U.S.
firms and 14 are Japanese organizations. 11 manufacturers make read/write
drives less than 4 gigabytes. All of these make rewritable drives. Five compa-
nies make, or have announced, optical disk drives of more than 4 gigabytes
capacity. Three firms produce only 12" write-once drives. Eastman Kodak, the
only 14" drive producer, has announced it is leaving the field.

32 U.S. firms, 22 Asian manufacturers and 13 European suppliers offer opti-
cal libraries or towers. Of the 67 companies, 20 make CD format libraries. 41
manufacturers make CD format towers. Of these, 13 produce only net attached
towers, three produce only host attached towers and the remainder make both

types.

Of the 19 read/write library producers, 11 firms make only 5.25" libraries,
while seven make larger diameter libraries. Only one company makes a 3.5"
library. Three companies make read/write library models in two or more disk
drive diameters.

1998 DISK/TREND REPORT
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WORLDWIDE REVENUES
BY MANUFACTURER TYPE

U.S. Manufacturers
Captive

Distributor

OEM/ Integrator

Total U.S. Manufacturers

Non-U.S. Manufacturers
Captive

Distributor

OEM/ Integrator

Total Non-U.S. Manufacturers

Wor Idwide Recap
Captive
Distributor

OEM/ Integrator

Total All Manufacturers

3.0
-89.3%

19.8
-64.7%

13.5
-20.1%

35.8
-64.0%

757.7
+11.9%

2,575.3
+71.2%

3,462.1
-3.3%

6,795.1
+17.9%

760.7
+7.9%

2,594 .6
+66.4%

3,475.6
-3.4%

6,830.9
+16.5%

11

37

51

99

38

50

100

CONSOL IDATED WORLDWIDE REVENUES

2%

1%

.3%

.0%

7%

.0%

7%

.0%

.9%

.0%

TABLE 3

OPTICAL DISK DRIVES
MARKET CLASS REVIEW

REVENUE SUMMARY

------ 1998- - -- -
$M
15.0 2%
-22.3%
10.0 1%
-25.9%
25.0 .3%
-30.2%
547.5 8.3%
-27.7%
2,753.7 42.1%
+6.9%
3,204.3 49.3%
-7.4%
6,505.5 99.7%
-4.3%
547.5 8.4%
-28.0%
2,768.7 42.4%
+6.7%
3,214.3 49.2%
-7.5%
6,530.5 100.0%
-4 .4%

28.9
+92.7%

48.6
+386.0%

77.5
+210.0%

520.0
-5.0%

2,772.1
+.7%

3,465.4
+8.1%

6,757.5
+3.9%

520.0
-5.0%

2,801.0
+1.2%

3,514.0
+9.3%

6,835.0
+4.7%

40

50.

98.

41

51

100

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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Forecast
-------- 2000-----
$M
4% 84.8 1.0%
+193.4%
7% 302.7 3.9%
+522.8%
1% 387.5 4.9%
+400.0%
.6% 535.2 6.9%
+2.9%
.5% 3,021.1 39.0%
+9.0%
8% 3,783.9 49.2%
+9.2%
9% 7,340.2 95.1%
+8.6%
.6% 535.2 6.9%
+2.9%
.0% 3,105.9 40.2%
+10.9%
4% 4,086.6 52.9%
+16.3%
.0% 7,727.7 100.0%
+13.1%

------ 2001-----
M %
270.4 2.7%
+218.9%
1,695.7 17.0%
+460.2%
1,966.1 19.7%
+407 .4%
551.3 5.5%
+3.0%
3,078.7 30.9%
+1.9%
4,342.2 43.9%%
+14.8%
7,972.2 80.3%
+8.6%
551.3 5.5%
+3.0%
3,349.1 33.7%
+7.8%
6,037.9 60.8%
+47.7%
9,938.3 100.0%
+28.6%



WORLDWIDE REVENUES
BY MANUFACTURER TYPE

U.S. Manufacturers
Captive

Distributor

OEM/ Integrator

Total U.S. Manufacturers

Non-U.S. Manufacturers
Captive

Distributor

OEM/ Integrator

Total Non-U.S. Manufacturers

Wor Idwide Recap

Distributor

OEM/ Integrator

Total All Manufacturers

Note: Percentage figures with plus/minus signs refer

TABLE 4
CONSOL IDATED WORLDWIDE REVENUES
OPTICAL DISK LIBRARIES AND TOWERS
MARKET CLASS REVIEW

REVENUE SUMMARY

------ 1997-----  -------e-e----o-----..-----Forecast
----Revenues---  ------ 1998-----  ------ 1999-----  ------ 2000-----
M % $M % $M % $M
62.6 13.2% 53.8 12.4% 47.4 10.9% 44.8 9.8%
+15.9% -14.1% -11.9% -5.5%
159.8 33.8% 147.0 34.0% 155.2 35.8% 157.2 34.5%
+1.0% -8.0% +5.6% +1.3%
112.3 23.7% 94.6 21.8% 89.1 20.5% 94.2 20.7%
+48.5% -15.8% -5.8% +5.7%
334.7 70.7% 295.4 68.2% 291.7 67.2% 296.2 65.0%
+16.3% -11.7% -1.3% +1.5%
11.9 2.5% 12.3  2.8% 12.1 2.7% 12.4 2.7%
+56.6% +3.4% -1.6% +2.5%
68.7 14.5% 68.5 15.8% 70.4 16.2% 83.4 18.3%
-25.8% -.3% +2.8% +18.5%
56.8 12.3% 55.8 13.2% 5.1 13.9% 62.6 14.0%
-55.0% -1.8% +5.9% +5.9%
137.4 29.3% 136.6 31.8% 141.6 32.8% 158.4 35.0%
-39.3% -.6% +3.7% +11.9%
74.5 15.8% 66.1 15.3% 59.5 13.7% 57.2 12.6%
+20.9% -11.3% -10.0% -3.9%
228.5 48.4% 215.5 49.9% 225.6 52.1% 240.6 52.9%
-8.9% -5.7% +4.7% +6.6%
169.1 35.8% 150.4 34.8% 148.2 34.2% 156.8 34.5%
-16.2% -11.1% -1.5% +5.8%
472.1 100.0% 432.0 100.0% 433.3 100.0% 454.6 100.0%
-8.2% -8.5% +.3% +4.9%
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------ 2001-----
M %
45.1  9.0%
+.7%
180.7 36.2%
+14.9%
100.4 20.1%
+6.6%
326.2 65.3%
+10.1%
14.5 2.9%
+16.9%
88.2 17.6%
+5.8%
69.9 14.2%
+11.7%
172.6 34.7%
+9.0%
59.6 11.9%
+4.2%
268.9 53.9%
+11.8%
170.3 34.2%
+8.6%
498.8 100.0%
+9.7%
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Product mix

1997 optical disk drive shipments increased to over 80.7 million units. CD-
ROM drives once more contributed most of the unit growth, accounting for
almost 74.6 million units, 92.5% of the worldwide total. Nearly 1.2 million DVD-
ROM drives were shipped, contributing an additional 1.5% share. However, the
share for CD-ROM drives is forecasted to decrease to 31.9% in 2001, as ship-
ments of DVD-ROM drives and writable CD/DVD format drives climb. DVD-ROM
drives are projected to capture 55.4% of the overall 2001 unit shipment total for
all optical disk drives. CD/DVD writable drives are expected to hold a 10.4%
share in 2001. CD-ROM and DVD-ROM drive shipments include those associat-
ed with both computers and freestanding consumer equipment such as games,
but not audio or video players.

The share of read/write drives less than 4 gigabytes was 1.8% of worldwide
unit shipments in 1997, as increasing 3.5" MO disk drive shipments were over-
whelmed by growth in CD-ROM and DVD-ROM drives. The share of read/write
drives over 4 gigabytes was under .1%, but is expected to climb to at least .9%
as advanced technology drives enter the market starting in 1999. If 5.25" drives
with 10 gigabytes or more in on-line capacity are successful, this product
segment has the potential for explosive future growth.

Within the less than 4 gigabytes group, 5.25" drive shipments continued to
decline, but this weak showing was offset by shipment growth of aggressively
priced 3.5" drives. Shipments of MO drives in this group will be increasingly
impacted by competition from other technologies, including CD-RW drives, DVD-
RAM drives, and advanced technology drives in the future. CD/DVD format
writable (CD-R, CD-RW, DVD-RAM and PD) drive shipments jumped 140.7%, to
over 3.4 million units, as a result of lower prices for CD-R and CD-RW drives and
media. Rewritable drives captured virtually all of the less than 4 gigabytes
product group 1997 shipments. Write-once drives in this group have all but
vanished.

Only 12" to 14" unit shipments existed in the over 4 gigabyte group in 1997,
but 5.25" drives will rapidly outnumber them when introduced in future periods.
DVD-RAM rewritable drives are expected to compete with drives in this group in
1999 and after, in applications where drive performance is subordinate to drive
price and DVD format compatibility.
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1997 sales revenues were derived predominantly from shipments in the CD-
ROM drive product group, which provided 74.4% of worldwide optical drive sales
revenues. DVD-ROM drives contributed 2.6%. CD/DVD format writable drives
boosted their share to 13.9%, while read/write drives less than 4 gigabytes de-
clined to 8.6%. Read/write drives more than 4 gigabytes garnered only a .5%
share. The revenue share for CD-ROM drives is expected to decline to 17.8% at
the end of the forecast period, while DVD-ROM drives soar to 34.7%. Writable
CD/DVD format drive revenues will grow to 17.9%, as DVD writable drives ramp
up later in the forecast period, but drives under 4 gigabytes will decline in share
as the result of displacement by higher capacity drives. Conversely, the share
for read/write drives over 4 gigabytes is expected to show large annual gains
starting in 1999, sparked by increasing advanced technology 5.25" drive ship-
ments.

Despite notable shipment declines, CD format optical disk libraries, particu-
larly small autochangers with under 10 disk capacity, again led optical disk li-
brary and tower shipments in 1997, attaining a 70.9% share. The next largest
segment was the CD format tower, with a 21.7% unit share, followed by 1 to 39
disk cartridge libraries, with a 4.4% share. The share of libraries with 40 or more
cartridges was 3%. The largest year-to-year growth rate was exhibited by CD
towers, with a 9.8% increase.

Within the tower segment, there is a gradual shift to towers with more drives,
but it is constrained by the arrival of higher capacity DVD-ROM drives, which
reduces the number of drives needed in some applications. A more rapid shift
from host attached to network attached towers is occurring, driven by a desire
for simple installation and minimal support and the availability of increasingly
competent, yet inexpensive network server/controllers. Hard drive cached
towers are a very rapidly increasing segment of the network attached tower
business.

1997 optical library revenues of $472.1 million were shared by CD format
towers (37.2%), the 40 or more cartridge group (36.6%), followed distantly by the
CD libraries (15.8%) and the 1 to 39 cartridge group (10.4%). Towers are ex-
pected to continue to lead in revenue because of higher prices relative to the
average CD format library, which is minichanger dominated.
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WORLDWIDE REVENUES
ALL MANUFACTURERS

CD-ROM DRIVES

DVD-ROM DRIVES

CD/DVD FORMAT WRITABLE

READ/WRITE DRIVES

LESS THAN 4 GIGABYTES

READ/WRITE DRIVES
MORE THAN 4 GIGABYTES

Total Worldwide Revenue

TABLE 5

CONSOL IDATED WORLDWIDE REVENUES
OPTICAL DISK DRIVES
PRODUCT GROUP REVIEW

------ 1997-----
----Revenues- - -
M %
5,077.0 74 .4%
+8.9%
178.1 2.6%
950.7 13.9%
+89.4%
589.7 8.6%
-7.1%
35.4 .5%
-44 .8%
6,830.9 100.0%
+16.5%

REVENUE SUMMARY

4,368.0
-14.0%

474 1
+166.2%

1,036.2
+9.0%

619.5
+5.1%

32.7
-7.6%

6,530.5
-4.4%

15.9%

9.5%

.3%

100.0%

979.2
+106.5%

1,121.5
+8.2%

647.1
+4.5%

109.8
+235.8%

6,835.0
+4.7%

58.3%

14.3%

16.4%

9.5%

1.5%

100.0%

3,177 .1
-20.1%

1,854.9
+89.4%

1,540.2
+37.3%

636.8
-1.6%

518.7
+372.4%

7,727.7
+13.1%

24.0%

19.9%

8.2%

6.7%

100.0%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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------ 2001-----
M %
1,771.4  17.8%
-44.2%
3,444.7  34.7%
+85.7%
1,779.3  17.9%
+15.5%
594.6  6.0%
-6.6%
2,348.3  23.6%
+352.7%
9,938.3  100.0%
+28.6%



TABLE 6

CONSOL I DATED WORLDWIDE REVENUES
OPTICAL DISK LIBRARIES AND TOWERS

WORLDWIDE REVENUES ------ 1997-----
ALL MANUFACTURERS ----Revenues- - -
M %

CD FORMAT OPTICAL LIBRARIES 74.6 15.8%
-47.3%

CD FORMAT DISK TOWERS 175.6 37.2%
+20.3%

OPTICAL LIBRARIES 48.9 10.4%
1-39 CARTRIDGES -26.5%

OPTICAL LIBRARIES 173.0 36.6%
MORE THAN 40 CARTRIDGES +7.9%

Total Worldwide Revenue 472 1 100.0%
-8.2%

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

PRODUCT GROUP REVIEW

REVENUE SUMMARY

68.8 15.9%  68.8
-7.8% --

165.3 38.3% 174.0
-5.9% +5.3%

45.2 10.5% 44 .4
-7.6% -1.8%

152.7 35.3% 146.1
-11.7% -4.3%

432.0 100.0% 433.3
-8.5% +.3%
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----Forecast
Qccene meman-
% $M
15.9% 71.5
+3.9%
40.2% 187.1
+7.5%
10.2% 50.1
+12.8%
33.7% 145.9
100.0% 454 .6
+4.9%

41.2%

11.0%

32.1%

100.0%

SUM-15

------ 2001-----
™M %
75.6 15.2%
+5.7%
204.8 41.1%
+9.5%
58.8 11.8%
+17.4%
159.6 31.9%
+9.4%
498.8 100.0%
+9.7%
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TABLE 7
CONSOL IDATED WORLDWIDE SHIPMENTS
OPTICAL DISK DRIVES
PRODUCT GROUP REVIEW

UNIT SHIPMENT SUMMARY

UNIT SHIPMENTS  eeee-- 1997 - - e e ieeeiiaea Forecast--------=-sccerocmmnomcnnanao-
IN THOUSANDS ---Shipments---  ------ 1998----- ------ 1999-----  -e---- 2000-----  ------ 2001-----
Units % Units % Units % Units % Units %

CD-ROM DRIVES 74,580.9 92.5% 83,237.5 88.5% 87,295.0 78.7% 76,573.0 59.8% 46,053.0 31.9%
+34.2% +11.6% +4.9% -12.3% -39.9%

DVD-ROM DRIVES 1,199.0 1.5% 4,365.0 4.6% 13,120.0 11.8% 37,320.0 29.1% 79,727.0 55.4%
-- +264.1% +200.6% +184.5% +113.6%

CD/DVD FORMAT WRITABLE 3,413.7 4.2% 4,789.9 5.1% 8,585.0 7.7% 12,037.0 9.4% 15,005.0 10.4%
+140.7% +40.3% +79.2% +40.2% +24.7%

READ/WRITE DRIVES 1,554.6 1.8% 1,809.5 1.8% 2,010.0 1.8% 2,070.0 1.6% 2,031.0 1.4%
LESS THAN 4 GIGABYTES +11.2% +16.4% +11.1% +3.0% -1.9%

READ/WRITE DRIVES 2.4 -- 2.5 -- 53.0 -- 312.0 -- 1,435.0 .9%
MORE THAN 4 GIGABYTES -73.0% +4.2% -- +488.7% +359.9%

Total Worldwide Shipments 80,750.6 100.0% 94,204.4 100.0% 111,063.0 100.0% 128,312.0 100.0% 144,251.0 100.0%
+38.3% +16.7% +17.9% +15.5% +12.4%

% U.S. Manufacturers -- -- -- 2% .8%

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

CD FORMAT OPTICAL LIBRARIES

CD FORMAT DISK TOWERS

OPTICAL LIBRARIES

1-39 CARTRIDGES

OPTICAL LIBRARIES
MORE THAN 40 CARTRIDGES

Total Worldwide Shipments

% U.S. Manufacturers

CONSOL | DATED WORLDWIDE SHIPMENTS
OPTICAL DISK LIBRARIES AND TOWERS

------ 1997-----
---Shipments---
Units %
134,208 70.9%
-80.3%
41,197 21.7%
+9.8%
8,355 4.4%
-20.3%
5,862 3.0%
+.6%
189,622 100.0%
-74.2%
31.8%

TABLE 8

PRODUCT GROUP REVIEW

UNIT SHIPMENT SUMMARY

130,685
-2.6%

43,748
+6.2%

7,614
-8.9%

5,970
+1.8%

188,017
-.8%

23.9%

23.3%

4.0%

3.2%

100.0%

------ 1999----- ------2000-----
Units % Units %
145,637 70.5% 159,625 70.6%

+11.4% +9.6%
47,062 22.8% 50,764 22.4%
+7.6% +7.9%
7,630 3.7% 8,910 3.9%
+.2% +16.8%
6,320 3.0% 6,875 3.0%
+5.9% +8.8%
206,649 100.0% 226,174 100.0%
+9.9% +9.4%
23.0% 22.4%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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173,337
+8.6%

54,832
+8.0%

10,675
+19.8%

8,225
+19.6%

247,069
+9.2%

22.4%

SUM-17

70.2%

22.2%

4.3%

3.3%

100.0%
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Figure 3

WORLDWIDE SHIPMENT SUMMARY
Total Optical Disk Drives
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Figure 4

WORLDWIDE SHIPMENT SUMMARY

Total Optical Libraries
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Noncaptive market

CD-ROM and DVD-ROM disk drives continued to be shipped in increasingly
large quantities to system makers in 1997, capturing 94% of the noncaptive
(OEM/Integrator and Distributor channels) total. Shipments of CD/DVD format
writable drives accounted for 4.1%, while the share of read/write drives less than
4 gigabytes shrank to 1.9% of noncaptive optical disk drive total unit shipments.
The share for read/write drives over 4 gigabytes was again less than .1%.

The combined share of CD-ROM and DVD-ROM drives will decline to 87.5%
at the end of the forecast period, as shipments of rewritable CD/DVD format
drives increase, and their falling prices make them increasingly attractive to
system manufacturers as built-in equipment.

CD-ROM and DVD-ROM drives together held 77.7% of 1997 noncaptive
revenues, while CD/DVD format writable drives collected 13.2% of the noncaptive
revenues. The revenue share for read/write drives less than 4 gigabytes shrank
to 8.7%, while read/write drives more than 2 gigabytes saw their share decline
again to .4%. 2001 noncaptive revenues of over $9.4 billion will again largely go
to CD-ROM and DVD-ROM drives, which together are expected to capture 51.9%
of the total. Drives more than 4 gigabytes will increase in noncaptive revenue
share rapidly after 1998, obtaining 24.9% in 2001, as the result of increasing
shipments of higher capacity 5.25" drives. The share of CD/DVD writable drives
will increase to 17.6% of 2001 revenues.

The leading 1997 OEM/Integrator drive revenue producers were Matsushita
Electric, Toshiba, Hitachi, Sony and LG Electronics, in that order. The top five
companies accounted for 56% of total OEM/Integrator sales of nearly $3.5 billion,
again down from the previous year and reflecting increased participation by CD-
ROM producers in Taiwan and Korea. Matsushita Electric led with 18.9% of the
OEM/Integrator total. LG Electronics has taken the lead in Distributor sales as a
result of its rapid growth in CD-ROM sales, followed closely by Fujitsu, which
benefits from increased 3.5" MO drive sales. Other major participants were Pan
International, Mitsumi, and Samsung Electronics. The top five together account
for only 37.9% of the $2.6 billion sales in this channel. All are major CD/DVD-
ROM producers, except for Fujitsu. U.S. producers captured only .4% of total
1997 OEM/Integrator revenues, a further decline from 1996, and U.S. firms’ share
of Distributor revenues declined to .7%.
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CD format library shipments claimed 71.9% of almost 187,000 noncaptive
optical libraries and towers shipped in 1997, followed by CD format towers
(21.7%, up sharply from 1996), and 1-39 cartridge libraries (3.9% share). The
more than 40 cartridge group held less than a 2.5% share. The CD format library
is expected to retain its dominance through 2001, holding 71.5% of the year’s
total. CD format towers are projected to hold about the same share at 21.8%,
and the remaining product groups are also expected to close out the forecast
period at share levels similar to their 1997 holdings.

1997 noncaptive library revenues shrank 12.2% to $397.6 million, but are
expected to restart growth in 1999 and increase to $439.2 million in 2001.
Because of higher prices, revenue shares for towers and larger libraries exceed-
ed their unit shipment shares. The CD tower product group repeated its 1997
leadership with 43.8%, followed by the more than 40 cartridge library segment
with 27.4%, the CD format libraries with 18.6%, and the 1-39 cartridge segment
with 10.2% share. |

The optical disk library groups are expected to gain ground towards the end
of the forecast period, as advanced MO drives make these products more attrac-
tive, but some of the effect will be masked because a significant percentage of
the libraries are expected to be sold on a captive basis. In 2001, CD format
towers are expected to capture over 45% of noncaptive revenues, followed by
the CD format libraries (17%) and the more than 40 cartridge group with 26.6%.
A moderate share increase to 11.83% is forecasted for 1 to 39 cartridge optical
disk libraries.

U.S. library and tower manufacturers did far better than U.S. optical disk
drive makers in 1997, capturing 66.4% of OEM/Integrator channel revenues and
69.9% of Distributor channel revenues. Hewlett-Packard, Procom and Plasmon
Data were the leading OEM/Integrator suppliers, accounting for 28% of the
$169.1 million channel revenues. The 35.2% share of "Other U.S." OEM/Integra-
tors is noteworthy, as it reflects the very fragmented nature of the optical storage
subsystems market in the U.S. In the Distributor channel, Hewlett-Packard,
Meridian Data, Procom, and Plasmon Data were the leaders, together capturing
48.7% of over $228.5 million in sales in the channel.
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WORLDWIDE REVENUES
ALL MANUFACTURERS

CD-ROM DRIVES

DVD-ROM DRIVES

CD/DVD FORMAT WRITABLE

READ/WRITE DRIVES

LESS THAN 4 GIGABYTES

READ/WRITE DRIVES
MORE THAN 4 GIGABYTES

Total Worldwide Revenues

TABLE 9
NONCAPT|VE WORLDWIDE REVENUES
OPTICAL DISK DRIVES
PRODUCT GROUP REVIEW

REVENUE SUMMARY

------ 1997 - - mm me e
----Revenues---  ------ 1998-----  ------ 1999-----
$M % M % $M %
4,546.6 75.0% 3,996.6 66.9% 3,639.9 57.7%

+11.8% -12.1% -8.9%
161.8 2.7% 441.2 7.4% 928.5 14.7%
-- +172.7% +110.4%
801.3 13.2% 957.8 16.0% 1,059.0 16.8%
+70.9% +19.5% +10.6%
528.1 8.7% 554.7 9.3% 577.8 9.2%
-6.8% +5.0% +4.2%
32.4 4% 32.7 .4% 109.8 1.6%
-41.4% +.9% +235.8%
6,070.2 100.0% 5,983.0 100.0% 6,315.0 100.0%

+17.7% -1.4% +5.5%

2,987.7
-17.9%

1,712.8
+84.5%

1,405.3
+32.7%

568.0
-1.7%

518.7
+372.4%

7,192.5
+13.9%

23.9%

19.5%

7.9%

7.1%

100.0%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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3,225.9
+88.3%

1,644.3
+17.0%

527.5
-7.1%

2,348.3
+352.7%

9,387.0
+30.5%

34.4%

17.6%

5.6%

24.9%

100.0%



WORLDWIDE REVENUES
ALL MANUFACTURERS

CD FORMAT OPTICAL LIBRARIES

CD FORMAT DISK TOWERS

OPTICAL LIBRARIES

1-39 CARTRIDGES

OPTICAL LIBRARIES
MORE THAN 40 CARTRIDGES

Total Worldwide Revenues

------ 1997 - o e e r e
----Revenues---  ------ 1998-----  ------ 1999-----
$M % $M % M %
74.0 18.6% 67.9 18.6% 67.9 18.2%

-47.7% -8.2% --
173.6 43.8% 160.4 43.9% 169.2 45.3%
+18.9% -7.6% +5.5%
40.6 10.2% 38.4 10.5% 37.4 10.0%
-26.3% -5.4% -2.6%
109.4 27 .4% 99.2 27.0% 99.3 26.5%
-.6% -9.3% --
397.6 100.0% 365.9 100.0% 373.8 100.0%
-12.2% -8.0% +2.2%

TABLE 10
NONCAPTIVE WORLDWIDE REVENUES
OPTICAL DISK LIBRARIES AND TOWERS
PRODUCT GROUP REVIEW

REVENUE SUMMARY

70.7
+4.1%

181.8
+7.4%

41.9
+12.0%

103.0
+3.7%

397.4
+6.3%

SUM-23

45.8%

10.6%

25.8%

100.0%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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------ 2001-----
M %
74.8 17.0%

+5.8%

197.7 45.1%

+8.7%

49.3 11.3%
+17.7%

117.4 26.6%
+14.0%

439.2 100.0%

+10.5%
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UNIT SHIPMENTS
IN THOUSANDS

CD-ROM DRIVES

DVD-ROM DRIVES

CD/DVD FORMAT WRITABLE

READ/WRITE DRIVES

LESS THAN 4 GIGABYTES

READ/WRITE DRIVES
MORE THAN 4 GIGABYTES

Total Worldwide Shipments

% U.S. Manufacturers

NONCAPTIVE WORLDWIDE SHIPMENTS

------ 1997 -----
---Shipments---
Units %
68,968.1 92.5%
+35.6%
1,096.0 1.5%
3,101.7 4.1%
+127.5%
1,484.0 1.9%
+10.7%
2.3 --
-72.9%
74,652.1 100.0%
+39.3%

TABLE 11

OPTICAL DISK DRIVES
PRODUCT GROUP REVIEW

UNIT SHIPMENT SUMMARY

----------------------------------- Forecast---------
------ 1998----- ------1999-----  ------2000-----
Units % Units % Units %
78,910.2 88.5% 82,973.0 78.5% 74,029.0 60.1%
+14.4% +5.1% -10.8%
4,055.4 4.5% 12,604.0 11.9% 35,742.0 28.9%
+270.0% +210.8% +183.6%
4,607.2 5.2% 8,365.0 7.9% 11,423.0 9.3%
+48.5% +81.6% +36.6%
1,721.1 1.8% 1,902.0 1.7% 1,953.0 1.5%
+16.0% +10.5% +2.7%
2.5 -- 53.0 -- 312.0 .2%
+8.7% -- +488.7%
89,296.4 100.0% 105,897.0 100.0% 123,459.0 100.0%
+19.6% +18.6% +16.6%
-- -- .2%

Note: Percentage figures with plus/minus signs refer to year-to-year growth rates.
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44,190.0
-40.3%

32.0%

76,992.0 55.5%

+115.4%

14,135.0
+23.7%

10.2%

1,910.0
-2.2%

1.4%

1,435.0
+359.9%

.9%

138,662.0
+12.3%

100.0%

.8%



SHIPMENTS [N
SINGLE UNITS

CD FORMAT OPTICAL LIBRARIES

CD FORMAT DISK TOWERS

OPTICAL LIBRARIES

1-39 CARTRIDGES

OPTICAL LIBRARIES
MORE THAN 40 CARTRIDGES

Total Worldwide Shipments

% U.S. Manufacturers

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

TABLE 12
NONCAPTIVE WORLDWIDE SHIPMENTS
OPTICAL DISK LIBRARIES AND TOWERS
PRODUCT GROUP REVIEW

UNIT SHIPMENT SUMMARY

------ 1987 - - - o s eer e e
---Shipments---  ------ 1998-----  ------ 1999-----
Units % Units % Units %
134,128 71.9% 130,565 70.8% 145,527 71.7%
-80.3% -2.7% +11.5%
40,657 21.7% 42,328 23.0% 45,617 22.5%
+8.4% +4.1% +7.8%
7,174 3.9% 6,654 3.6% 6,685 3.2%
-21.5% -7.2% +.5%
4,889 2.5% 5,021 2.6% 5,400  2.6%
-3.5% +2.7% +7.5%
186,848 100.0% 184,568 100.0% 203,229 100.0%
-74.5% -1.2% +10.1%
30.9% 22.6% 21.9%
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159,519
+9.6%

49,174
+7.8%

7,800
+16.7%

5,895
+9.2%

222,388
+9.4%

21.3%

22.1%

3.5%

2.6%

100.0%

SUM-25

173,237  71.5%
+8.6%

53,052 21.8%
+7.9%

9,385 3.9%
+20.3%

7,090 2.8%
+20.3%

242,764 100.0%
+9.2%

21.2%
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Figure 6

WORLDWIDE SHIPMENT SUMMARY
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TABLE 13
1997 ESTIMATED MARKET SHARES

WORLDWIDE REVENUES OF ALL OPTICAL DISK DRIVES
(Value of non-U.S. currencies estimated at average 1997 rates)

TOTAL
CAPTIVE DISTRIBUTOR OEM/ INTEGRATOR INDUSTRY
R s W s s W %
U.S. MANUFACTURERS T T R
--6iﬁé;-0jét ------ 3.0 4 19.3 7 13.5 .4 35.8 .5
us Total 30 4 193 7 135 4 38 5
NON-U.S. MANUFACTURERS
CRgjitss 23.9 3.1 217.6 8.4 20.0 6 2615 3.8
Hitachi 14.4 1.9 116.1 4.5 362.3 10.4 492.8 7.2
LG Electronics 9.9 1.3 223.2 8.6 241.4 6.9 474.5 6.9
Matsushita Electric Industrial 121.4 16.0 121.1 4.7 657.6 18.9 900. 1 13.2
Mitsumi Electric -- -- 179.3 6.9 207.5 6.0 386.8 5.7
NEC 76.8 10.1 99.2 3.8 182.8 5.3 358.8 5.3
Pan International (Cyberdrive) -- -- 188.6 7.3 -- -- 188.6 2.8
Philips -- -- 41.0 1.6 162.2 4.4 193.2 2.8
Pioneer Electronic -- -- 101.0 3.9 113.9 3.3 214.9 3.1
Samsung Electronics 32.5 4.3 167.7 6.5 124.6 3.6 324.8 4.8
Sony 55.2 7.3 156.0 6.0 293.7 8.5 504.9 7.4
TEAC -- -- 76.0 2.9 179.2 5.2 255.2 3.7
Toshiba 423.7 55.6 165.1 6.4 391.2 11.83 980.0 14.3
Other Non-U.S. -- -- 723.4 27.8 535.7 15.2 1,259.0 18.5
Non-U.S. Total 7577 es.6  2.5/53  99.3 34621 996 67951 9.5
WORLDWIDE TOTAL 760.7 100.0 2,594.6 100.0 3,475.6 100.0 6,830.9 100.0

Note: 1. Drives sold in the Distributor market by other than the original manufacturer
are valued at Distributor prices above, to avoid distortion of total market value.

2. The DISK/TREND estimates of revenue for each disk drive manufacturer include net sales of
disk drives only and do not represent total revenues for individual companies.
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Worldwide Revenue Percentages of all
Optical Disk Libraries and Towers

1997 Revenues: $472,100,000
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TABLE 14
1997 ESTIMATED MARKET SHARES

WORLDWIDE REVENUES OF ALL OPTICAL DISK LIBRARIES AND TOWERS
(Value of non-U.S. currencies estimated at average 1997 rates)

CAPTIVE DISTRIBUTOR OEM/ INTEGRATOR

T s s W %

U.S. MANUFACTURERS B T o
pisc - - 4 2 8.2 4.8
Eastman Kodak 7.5 10.1 -- -- 10.5 6.2
Filenet 30.5 40.9 -- -- 1.7 1.0
Hewlett-Packard 22.9 30.7 58.3 25.5 16.5 9.8

Meridian Data -- -- 18.2 8.0 -- --
Procom -- -- 17.7 7.7 15.9 9.4

SMS -- -- 1.7 5.1 .- --
Other U.S. 1.7 2.3 53.5 23.4 59.5 35.2
U.s. Total 626 840 1598 699 1123  66.4

NON-U.S. MANUFACTURERS

" Nekamichi - - 108 4.7 3.2 1.9
NSM -- -- 6.6 2.9 7.9 4.7
Pioneer -- -- 7.4 3.2 4.9 2.9
Plasmon Data -- -- 17.1 7.5 14.9 8.8
Other Non-U.S. 11.9 16.0 26.8 11.8 37.6 15.3
Non-U.S. Total 119 160 87 301 5.8 336
WORLDWIDE TOTAL 74.5 100.0 228.5 100.0 169.1 100.0

SUM-31

TOTAL
INDUSTRY
T %
8.6 1.8
180 3.8
322 6.8
7.7 207
182 3.9
336 7.1
17 25
114.7  24.3
a7 7009
140 3.0
145 3.1
123 2.6
2.0 6.8
64.6  13.6
a2

472 .1 100.0

Note: 1. Libraries and towers sold in the Distributor market by other than the original manufacturer
are valued at Distributor prices above, to avoid distortion of total market value.

2. The DISK/TREND estimates of revenue for each manufacturer include net sales of
libraries and towers only and do not represent total revenues for individual companies.
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Codes: TABLE 15
C = Captive
0 = OEM/Integrator CURRENT PRODUCT LINES
D = Distributor MANUFACTURERS OF OPTICAL DISK DRIVES
E = Erasable
DISK/TREND PRODUCT GROUP: 20 21 22 23 24
Read/Write Read/Write
CD Format DVD Format CD/DVD Format Optical Optical
Read-Only  Read-Only Writable Drives Drives
U.S. Manufacturers (4) Type Drives Drives Drives <4 GB >4 GB
Eastman_Kodak c.0.D 14
Hewlett-Packard c.0.D 12 cm 5.25E
Mountain Optech 0 12 cm 3.5E, 5.25E
Pinnacle Micro 0.D 12 cm 5.25E
Asian Manufacturers (41)
Acer Peripherals 0.D 12_cm 12 cm
Actima 0.D 12 cm
AOpen c.0.D 12_cm 12 _cm 12 cm
Asustek Computer 0.D 12 cm
Behavior Tech Computer 0.D 12 cm 12 cm
Calix Technology 0.D 12_cm
Delta Electronics 0,D 12 _cm 12 cm
Elite Peripheral, Inc. 0.,D 12 cm
Fujitsu 0.D 3.5E
Hitachi c.0.D 12 _cm 12_cm 12 _cm 5.25E
Hopax Industries 0.D 12 _cm
Jve 0,D 12 cm
Kenwood 0.D 12 cm
Konica 0.D 3.5E
Leoptics 0.D 12 cm 12 cm
LG Electronics c.0.D 12 cm 12 cm 12 cm
Lite-On Technology 0.D 12_cm 12 cm
Matsushita Electric Ind. c.0.D 12_cm 12 cm 12 _cm
Maxoptix 0.D 5.25E
Mitsumi_ Electric 0.D 12 cm 12 cm 12 _cm
NEC c.0.D 12 cm 5.25E 12
NEC Home Electronics c.0.D 12_cm
Nikon 0.D 5.25E
Norm Pacific Automation 0.D 12 cm
Olympus 0.D 3.5E. 5.25E
Optics Storage 0.D 12 cm
Pan-International (Cyberdrive) 0.D 12 _cm 12 cm 12 _cm
Pioneer 0.D 12 _cm 12 cm 12_cm 5.25E
Plextor (Shinano Kenshi) 0.D 12 _cm 12 _cm
Ricoh 0.D 12 cm
Samsung Electronics 0.D 12 cm 12 cm 12 _cm
Sanyo Electric 0.D 12 cm 12 cm
Sony C.0.D 8 cm.,12 cm 12 cm 12 cm 5.25E
TEAC 0.D 12 cm 12 cm 12 cm
Toshiba c.0.D 12 cm 12 cm 12 cm
Ultima Electronics (Artec) 0.D 12 cm 12 cm
Unitron 0.D 12 cm
USDrives 0.D 12 _cm 12 cm
Wearnes Peripherals 0.D 12 cm 12 cm
Yamaha 0.D 12 _cm
Yung Fu (Lxycon) 0.D 12_cm
European Manufacturers (3)
ATG 0 12
Philips 0.D 12 _cm 12 _cm 12 _cm
Philips LMS 0.D 12

Numbers in table are diameters in inches except for CD format drives.
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TABLE 16

CURRENT PRODUCT LINES

MANUFACTURERS OF OPTICAL LIBRARIES AND CD-ROM TOWERS

= Captive H =
= OEM/ Integrator N =
= Distributor

Host attached
Net attached

SUM-33

DISK/TREND PRODUCT GROUP: 50 51 52 53
Read/Write Read/Write
CD Format Optical Optical
Optical CD Format Libraries Libraries
U.S. Manufacturers (32) Type Libraries Towers 1-39 Disks 40+ Disks
Advanced Media Services 0.D H.N
Atronics D N
Axonix D N
Boffin D H.N
CD International D H.N
CMS_Enhancements D N
Compag Computer C.D H
Cutting Edge D ' H.N
DisC 0.D 12 cm 5.25
Eastman_Kodak Cc.0.D 12 cm 14
EMASS 0.D 5.25
Exce! Computer D H.N
FileNet c.0 12
Hewl|ett-Packard c.0.D H.N 5.25 5.25
| BM c.D 5.25 5.25
JES D H
Kintronics D H.N
Kubik Enterprises o] 12 cm
Legacy Storage Systems 0.D H.N
Meridian Data D H.N
Micro Design International D H.N
Microtest 0.D N
Open Storage Solutions 0.D N
Optical Access International 0.D H.N
Plextec D H.N
Procom Technology 0.D H.N
Smart and Friendly D H.N
SMS Data Products 0.D H.N
TAC Systems 0.D H.N
Ten X Technology 0.D N
Todd Enterprises 0.D H
Vision Computers D H.N
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TABLE 16 (Continued)

DISK/TREND PRODUCT GROUP: 50 51 52 53
Read/Write Read/Write
CD Format Optical Optical
Optical CD Format Libraries Libraries
Asian Manufacturers (22) Type Libraries Towers 1-39 Disks 40+ Disks
Allion Computer 0.0 N
Asaca 0.D 12 cm 5.25
Chia Shin Technology D N
Fujitsu co 3.5, 5.25 5.25
Hitachi c.0.D 12 cm 5.25 5.25
JVC 0.D 12_cm H
Kubota 0 5.25 5.25
Matsushita Electric Ind. 0.D 12 cm
Maxoptix 0.D 5.25 5.25
Nakamichi 0.D 12 cm
NEC c.0 5.25 5.25
Newtech D N
Nippon Columbia (Denon) 0.D 12 cm
Nistec D 12 cm
Optics Storage D N
Pioneer 0.D 12 _cm
Plextor (Shinano Kenshi) D 12_cm H.N
Rexas D H.N
Sony c.0.D0 12 cm 5.25 5.25
Svec Computer D N
TEAC 0.D 12 _cm N
Tekram 0.D N
European Manufacturers (13)
ASM 0.D 12 cm 5.25 5.25.12
ATG 0 12
Axis Communications 0.D N
CYCMA D H,N
Cygnet Storage Solutions 0.D 12 cm 12 12
DSM 0.D 12 cm 5.25, 12
DTS Computer D N
Grundig 0.D 12 cm
NSM 0.D 12 cm
Ornetix 0.D N
Philips LMS 0.D 12 12
Plasmon Data Systems 0.D 12 cm 5.25 5.25
SciNet D N

Numbers in table are diameters in inches except for CD-ROM libraries.
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TECHNICAL REVIEW

Changes in the optical disk drive industry continue at a rapid pace. Because
the rate of change in CD-ROM drives is starting to slow as CD-ROM drives near
their shipment peak, rapidly falling prices have made it difficult for CD-ROM drive
makers to achieve adequate profitability. Among writable drives, CD-RW finally
seems to have caught on, but soon must face competition from writable DVD
drives which are starting to ship. From a performance point of view, the rate of
change still lags that of the magnetic drive industry, but promising new technolo-
gies point to accelerated capacity improvements and areal density in excess of
rigid drive technology. Signs of convergence of the technologies used to devel-
op rigid magnetic drives and optical drives are increasingly evident.

Some of the key areas where improvements continue are:

* Flying optical heads, operating close to media surfaces and eliminating
the need for bulky focus mechanisms, with improving areal density.

* Fiber optic transmission of laser signals between sliders and light emit-
ter/detector assemblies.

* Higher power, higher frequency lasers, for higher areal density.

* Improved ASICs to do specialized coding, compression, or other signal
processing functions. Higher degree of functional integration on chips to
reduce costs.

* Tighter control of mechanical tolerances for improved performance at
higher areal density.

* Reduced susceptibility to hostile environments, especially dust.

* Higher data transfer rates, to support large files and full motion video.
* Direct overwrite for some magneto-optic drives and media.

* Thinner and lower power drives, for use with portable equipment.

Improvements in optical drive technology have not yet countered competition
from rigid drives, as multigigabyte rigid disk drives continue to decimate the low
end of the 5.25" optical drive and library markets, and the newest generation of
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removable magnetic drives with capacities of two gigabytes per cartridge is
contributing to heated competition in applications where removability is required.

With rigid disk drive technology expected to improve areal density at an
average 60% annual rate for the next several years, optical disk drive technology
is under strong pressure to improve, as it has only shown at best an average
40% annual improvement rate in areal density. Beginning in 1999, new families of
magneto-optic drives are expected to begin offering stronger competition, with
the prospect of invading markets currently held by tape drives and low perform-
ance, multigigabyte magnetic disk drives. Quinta’s nonremovable media design
may compete uniquely with rigid magnetic drives where high capacity, low cost
per gigabyte and moderate performance are the requirements.

Optical disk technology and applications

Three types of optical disk drives used as computer peripheral devices are
discussed in the following sections: CD format (usually 120 mm) read-only disk
drives (including CD-ROM and DVD-ROM), write-once disk drives (including CD-
R, and DVD-R), and rewritable disk drives (including MO drives, phase change
drives, CD-RW and DVD-RAM).

* CD format read-only disk drives: In optical read-only recording, the disk is
normally mass produced using a mold which impresses the data upon

one or more surfaces of the disk, followed by the deposition of a metal
layer and a protective layer to establish the proper reflectivity. When
scanned by a laser beam, the reflected beam is modulated by the data
pattern on the disk, and the signal pattern is processed within the drive.
Processing includes error correction and may include decompression if
audio or video data is present.

Mass production of read-only optical disks is done by a mastering and
mass replication process, rather than by recording directly on the disk, so
cost per disk is low, usually under a dollar per disk. However, mastering
costs and replication turnaround time can make production of single disks
or very short runs economically unattractive, and have stimulated sales of
CD-R drives. DVD disks require a few additional process steps and more
complex equipment to accommodate dual layer media, but single layer
replication costs are not likely to be increased unduly by the new format.

Except for CD format disk drives, (and laser videodisks, not covered in
this report) optical read-only (OROM) solutions have not met with success.
Read-only memory formats were proposed for 3.5" and 5.25" and 12"
media, but were rejected by the industry due to high media costs inap-
propriate for a distribution medium.
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The read-only optical disk group is dominated by 12 centimeter diameter
CD format drives (CD-ROM and DVD-ROM), which have typical on-line
capacities of 550 megabytes to 8.5 gigabytes depending upon the format
and media used. An 8 centimeter proprietary format CD-ROM made its
appearance in 1990 in the Sony "Data Discman", a portable data retrieval
system. The few manufacturers attempting to launch an 8 centimeter CD-
ROM drive capable of storing 180 to 200 megabytes of data have met
limited success to date, although most 12 centimeter drives read 8 centi-
meter disks. Most CD format drives are equipped with IDE/ATAPI inter-
faces and sold to computer manufacturers, although drives are also made
with SCSI interfaces for use with servers, optical libraries, CD format disk
towers or computers supporting SCSI interfaces.

An increasing number of CD-ROM titles now require more than one disk to
hold all of the content, and motion picture storage requires 4 to 5 giga-
bytes to store a typical movie. Movie video requires a data transfer rate in
excess of 3 megabytes per second. This need is addressed by the DVD-
ROM, which offers 4.7 gigabytes per surface and has become widely
available. Multi-surface DVD-ROM offers 8.5 gigabytes per side of on-line
capacity, taking advantage of the drive’s capability to adjust the focal
plane of the reading head optics.

Two contending groups of manufacturers proposed feasible, but incom-
patible, specifications for drives in the multiple gigabyte range and
reached general agreement in late 1995 for a combined standard. The
Multi Media CD (MMCD) format, proposed by Sony and Philips, and the
Super Density (SD) format, sponsored by Toshiba and Matsushita were
blended to reach a joint specification, avoiding a format war, although
issues of backward compatibility with CD-R and forward compatibility with
writable DVD format drives continue to plague DVD-ROM models.

DVD drives use shorter wavelength lasers (630 to 650 nanometer), rather
than the 780 nanometer lasers used for CD-ROMSs, providing smaller spot
size and higher areal density and data transfer rates. First generation
DVD drives provided approximately 9 times (9X) the data rate of the first
CD-ROM drives, but not low average access times. The 1X DVD data
transfer rate, about 1.35 megabytes/second, is inferior to CD-ROM rates
for 12X drives and faster. 2X DVD-ROM are shipping, and a transition to a
4X-5X generation is well under way. DVD 8X may be possible, but is
considered technically difficult at present.

Disagreement between major suppliers and between suppliers and con-
tent providers on specifications, standards and copy protection delayed
availability of DVD-ROM, DVD-R and DVD-RAM, although it appeared that
general agreement on copy protection and related restrictions desired by
the entertainment and software industries had been reached as of mid-
1997. Unfortunately, the format war that broke out in 1997 between
supporters of various writable DVD formats shows no sign of being settled
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soon. As has been the custom in the optical segment of the storage
industry, writable CD format optical drive purchasers will soon have a wide
variety of format standards from which to choose.

The high production volumes achieved by CD-ROM drive manufacturers
have made possible steep cost reductions, while the demands of comput-
er manufacturers for faster drives have stimulated performance improve-
ments. During the last year, CD-ROM drives from the majority of drive
manufacturers went to 32X in data transfer rate in order to improve output,
and it appears that there has been at least limited OEM acceptance of 40X
drives, despite the probability that their use may actually degrade per-
formance with marginally replicated media.

The industry speed race is well past the point of diminishing utility to the
user. At 8X sustained data rates, data will saturate a typical local area
network, while 12X rates can saturate many processors. Most applica-
tions don’t require even 6X or 8X performance, but computer manufactur-
ers eager to improve system specifications have created early demand for
higher performance CD-ROM drives. Average seek times have dipped
below 100 milliseconds for some models.

CD-ROM is now a preferred medium for distributing system documenta-
tion and software as well as sizable application packages. CD-ROM
acceptance benefits from industry agreement on the CD and CD-ROM
standards developed jointly by Sony and Philips and also from the record-
ing format standard for computer data formalized as ISO standard 9660.
Variable packet writing now permits CD-R and CD-RW drives to appear to
computing systems as a standard disk drive.

* Write-once disks: The first optical disk recording systems to enter the

market were "nonreversible" or "write-once" systems. A few systems with
optical drives were sold in Japan in 1984, but it wasn’t until 1986, after
many years of costly development programs undertaken by manufactur-
ers, that such devices began to move into production status.

Write-once recording usually involves changing the reflectivity of an area
of the disk, either by making a small hole or causing a surface reflectance
change. Recording systems are available which alter the writing layer
from an amorphous to a crystalline state, while others deform the surface
of the media to cause a reflectance change at the point where a bit is
written. More recently developed write-once technology (known as Con-
tinuous Composite WORM, or CCW, or MO-WORM) uses magneto-optic
media, which is normally rewritable, prestamped with information indicat-
ing that it is to be used only in a write-once mode. With the recent suc-
cess of CD-R format write-once recording, media incorporating dye that
absorbs the laser beam energy, changing its state and creating a mark,
has become the dominant form of pure write-once media.
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Writing power required at the surface of the disk is in the range of 10 milli-
watts for writing at useful rotation rates of the media. Losses in the optical
subsystem of the head require a laser with emitted power in the 20 to 30
milliwatt range. Higher rotation rates require higher power lasers. Read
power is typically in the 1.5 to 2 milliwatt range, but must be carefully
controlled to avoid an inadvertent write, due to the cumulative effects of
successive read operations. To achieve media interchange, disk drives
must be able to sense the media formulation in use and adjust power
levels.

Write-once drives require more complex logic to operate with computer
operating systems which expect a disk drive to be rewritable, adding to
system complexity and cost. Write-once storage also requires more user
management than rewritable storage as the disks become completely
written. Long latency, slow head positioning, read verification cycles and
slow data transfer rates also make write-once storage a poor performer
compared to magnetic disk drives. However, fast rewritable optical disk
drives using CCW media can provide some improvement in write-once
performance, and the low cost of CD-R media make it a popular choice for
archiving and backup, provided that the marginal performance of such
drives is acceptable.

Extensive accelerated testing indicates that write-once disks should pro-
vide archival lives which equal or exceed those of magnetic tape, with 10
years being the minimum specification for archival life of the media. Some
media suppliers specify a 30 year lifetime and claims of lifetimes exceed-
ing 50 years have been made. Ablative write-once media is typically
based on tellurium films. Media based on dye or dye-polymer designs
have no metallic films and are less expensive and more corrosion resistant
than the original generation of metallic films. Other optical media using
platinum or tin alloys as recording layers offer corrosion resistance, but
trade off write sensitivity for the improved longevity obtained, requiring
more powerful lasers.

Applications for write-once recording technology, including CD-R, include
distribution of data, backup and the archival storage of documents and
data. A document is often stored as a document image, rather than as
character data, most often using 12" or 5.25" disks. CD-R is also used for
preparing CD format master disks for subsequent replication. Increasing
integration of CD-R electronics into fewer chips has reduced the price of
CD-R drives to well below the $200 level and the low cost of CD-R media
makes them popular devices for data distribution, archiving and backup.
However, pure CD-R drives are being phased out in favor of CD-RW
drives that can read and write inexpensive CD-R media as well as the
more expensive rewritable media.

While the market for write-once optical storage is limited to niche markets
that can tolerate nonreversibility, the ability of write-once storage to main-
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tain an audit trail or indicate whether or not stored data has been modified
is a benefit in applications requiring a high integrity audit trail.

* Rewritable optical disks: Magneto-optic (MO) recording, whose roots go

back over 35 years, is the most commonly used rewritable technology, but
rewritable phase change is also in use for CD-RW, PD drives and DVD-
RAM. Dye based materials can also exhibit rewritability, but no such
material has yet been developed to the point where it can compete with
MO or phase change recording.

Current magneto-optic drive designs use a low power laser to change the
magnetic state of the active layer on a disk. The laser raises the tempera-
ture 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 magnetic field. Changes in magnetic
orientation are detected during reading, as the affected spot on the disk
causes a small rotation in the polarized light reflected from the surface or
transmitted through the disk. Because the polarization shift is small, it is
harder to get adequate signal to noise ratios with MO media than it is with
other types of media.

Magneto-optic media require less laser power for writing than write-once
media because there is no need to physically deform the writing layer or
cause it to melt, permitting the disk to rotate faster for a given available
laser power. The faster rotation improves latency and data transfer rate.
Recently produced magneto-optical disks employ light intensity modula-
tion (LIM-DOW) to provide direct overwrite in place, avoiding the require-
ment that a complete 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 laser irradia-
tion from a crystalline state, during which light is reflected, to a noncrystal-
line state, during which light is absorbed. Alternatively, different crystalline
states are used to vary reflectivity. Media stability over long periods of
time, excessive phase reversal time, and the limited number of possible
write/erase cycles still represent problem areas for rewritable phase
change technology. However, if the price is competitive with tape tech-
nology, phase change media having a write/erase cycle limit of at least
1,000 cycles can compete for backup and other applications where infinite
rewritability is not required. Matsushita Electric is shipping phase change
drives and media with over 100,000 cycles capability, so this segment of
the market seems within the grasp of the technology. Phase change
media also has the advantage of offering direct overwrite, a current limita-
tion for most MO drives and media, and thus can be faster than magneto-
optic drives in write mode. The drive does not require the bias magnet
typically used in MO drives. Phase change recording is used for DVD-RW
and writable DVD drives, although MO has also been suggested as an
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alternative to DVD-RAM with performance characteristics more suited to
computer requirements.

Other proposed reversible optical recording technologies are known, but
none of these have overcome all of the problems, which have included:
Slow reversal cycle, limitations on the number of reversals before degra-
dation, poor shelf life, and low recording density.

The first 12" rewritable drive, with 2 gigabytes per side, was announced by
Nikon in late 1991, but most manufacturers, including Sony, Fujitsu, IBM,
NEC, Hitachi, Maxoptix, Hewlett-Packard and others, concentrated on
5.25" and 3.5" drives. 5.25" drives and media with 1.3 gigabytes per side
became available in late 1995 and early 1996, with MOST being the first
company to formally announce such a drive. 2.6 gigabyte per side drives
were announced in late 1997 and early 1998, with 1998 availability. 1999
is also expected to see the first availability of new families of magneto-
optic drives offering projected capacities of 6 to 20 gigabytes per side on
4.72" or 5.25" media. These are expected to offer limited only compatibili-
ty with earlier drives, and some will not use removable media.

A consortium of drive and media manufacturers is investigating the possi-
bility of producing MO disk drives in a 12 centimeter form factor, with the
drive able to make use of CD format drive components to reduce cost.
Capacity on a single surface is expected to be 6 gigabytes, achieved by
using PRML encoding and super-resolution optical recording technology,
which involves writing with a flying magnetic head while the laser illumi-
nates the recording layer. The drive would also be able to read CD-ROM
and DVD disks. The project is considered difficult, with no product avail-
able before 1999. Drive and media specifications were produced in mid-
1997 by companies supporting the development effort, including Fuijitsu,
Sanyo, Olympus, Hitachi, Sharp, Sony and several media manufacturers.

* Qptical libraries: Random-access libraries, commonly called "jukeboxes",
are devices that automatically pick, load, unload and refile media units for
an optical disk drive. While not part of the drive, they are frequently asso-
ciated with the drive in high-end archival systems where large amounts of
data must be accessed and maintained on-line. Current library units can
store from 3 to over 1,000 disk units in 12", 5.25", 4.72" or 3.5" formats.
Typical retrieval and load times are a few seconds. Some libraries have
multiple picking assemblies so that disk cartridge access/load operations
can be overlapped, reducing the cartridge exchange time. The ratio of
media units to drives in a library is crucial to providing appropriate access
time, but the ratio is strongly influenced by drive performance, library disk
exchange time, the nature of the application and the type and format of
data to be handled. Optical libraries typically attach to a host processor,
but some are appearing with direct network attach capability. Others
employ hard disk drives as a buffer to cache disk images and improve
response time to a data request.
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Early libraries used 12" drives and were too expensive to be attractive for
use with lower capacity optical drives. However, libraries appropriate for
use with small optical drives have been produced and are available for
attachment on platforms ranging from personal computers to mainframes.
Libraries with direct network attachment capability are attracting increas-
ing interest because of their ease of integration. Random access disk
libraries available for CD players have migrated to the computer world as
an accessory for the CD-ROM. CD-ROM libraries with capacities ranging
from 4 to 20,000 disks are available, and CD-ROM autochangers fitting
into a standard half height slot typically holding 5 or 6 disks are shipping
in significant volume.

Disk drives designed for use in optical disk libraries must be able to with-
stand many thousands of cartridge insertions by robot pickers and must
accommodate electrical control of cartridge loading and unloading. They
should also minimize spin-up time, load time and unload time. However,
in a library environment, drive average access time tends to be hidden by
the much longer load/unload cycle time. Drives may also be subject to an
unusual amount of shock and vibration associated with the operation of
the library mechanism, which can potentially cause reliability problems
with mechanical and electronic components. Drive and library design
should also minimize the formation of dust during cartridge insertion and
withdrawal and avoid dust ingestion from external sources.

CD format towers: CD towers incorporate CD format drives, an enclosure
and interface hardware connecting the tower as a unit to a SCSI port or a
network, being considered host attached or network attached, respective-
ly. Early towers were simply a collection of CD-ROM drives in a rack with
a common SCSI port, but more recent host attached designs have incor-
porated SCSI concentrators, permitting groups of drives to appear as
one SCSI address to the host system.

Network attached controllers appeared several years ago from firms such
as Microtest, Compact Devices and Axis Communications, permitting easy
attachment of a tower to a network without the expense of an entire
computer system as a server. More recent and capable versions of these
controllers incorporate more of the components and functionality of a
complete computer and can be employed as a Web server capable of
attaching a variety of peripheral devices and storage subsystems to the
network. Recent designs incorporate a rigid disk drive and a single
changer or CD format drive, allowing data to be loaded from CD/DVD
ROM disks to the hard drive, which can then be accessed by multiple
users at a much faster rate than data on several CD-ROM drives. Signifi-
cant improvements in cost and footprint are also achieved.

End users of towers have incorporated them into their day-to-day activities
to the extent that they are increasingly perceived as mission critical, and
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tower manufacturers are increasingly asked to provide data availability
features such as hot swap drives, redundant power supplies, and network
oriented remote management, security and performance monitoring
tools.

Technical issues

Most of the technical issues apply to all three of the optical drive storage
technologies described above. A few, such as the overwrite issue, apply to a
specific technology. Some, such as the incorporation of aspects of rigid magnet-
ic disk drive technology into optical drive designs, impact multiple areas. As a
result, the merging of rigid and optical drive technologies is likely to be the most
influential technical trend in the next few years. Key enhancements to optical
storage performance are likely in the following areas.

* Areal Density: With track densities typically in the range of 16,000 to
20,000 tracks per inch and bit densities in the range of 25,000 to 35,000
bits per inch, the first writable optical drives were capable of higher areal
densities than magnetic recording drives then in use. However, because
of the relatively slow rate of increase in optical drive areal density com-
pared to the rate of improvement in rigid magnetic drives, typical magnetic
drive areal density has for the moment surpassed typical optical drive
areal density for both rewritable and write-once optical drives. DVD-ROM,
at 3.2 gigabits per square inch, retains a momentary advantage over most
rigid magnetic drives, but some magnetic rigid drives already exceed 4.1
gigabits per square inch.

The rate of improvement of optical drive areal density has lagged the
average 60% per year rate shown in recent years by magnetic disk drives.
Some projected advances in optical disk drives, including denser coding
methods such as pulse width recording, shorter wavelength lasers, elimi-
nation of grooved media in favor of sector servo recording, lower flying
heights and nonconventional optics that reduce spot size, can improve
areal density. Another method of improving areal density is to employ
multiple bit recording per spot location. This approach is being pursued
most visibly by Callimetrics, but it will prove difficult to convince disk
producers and drive makers to adopt a non-standard design in the
absence of a totally compelling need.

Several companies have combined elements of magnetic drive and opitical
drive technologies and are developing drives using heads that fly within a
few microinches of the media surface, reducing the need for focus
mechanisms and simplifying both mechanical and electrical elements.
One of these firms, TeraStor, has suggested that its drive design will
achieve an areal density of 10-20 gigabits per square inch in 1999, 5 to 10
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times the areal density of 1998 magnetic drives, by use of a solid immer-
sion lens embedded in the slider and the use of near field recording.
Using more conventional optical technology, Sony has reported reaching
9.5 gigabits per square inch in the laboratory using a 515 nanometer laser,
thin media and improved optics, permitting 12 gigabytes to be stored on a
12 centimeter disk. Sanyo and Hitachi Maxell are targeting 1999 for a
jointly developed drive and media providing 14 gigabytes on a 12 centime-
ter disk. However, seek time and average latency are expected to be
inferior to most magnetic drives for these approaches.

