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High-Capacity Optical Storage:
Wil blue laser or holographic
storage be the solution?

n",
Optical Storage Symposium 2007
9/19/2007 — 2:00pm - 3:15pm

Moderator: Michael Johnson ~ Director BusDev, CUC Broadcast

Panel: Graham Irving, Director, K-PAR Archiving Software
Andy Richards, VP of BusDev, Plasmon Data
Horst Schellong, President, DISC Storage, LLC.
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Information
Created, Captured, Replicated in 2006

B6-Fold Growth
in Four Years

2006 2010
151 Exabytes 928 Exabytes

OSS07-mpj

161 Exabytes (161 Billion
Gigabytes!) of digital data
was created, captured and
replicated in 2006
— Majority generated from
1Billion+ devices

= Digital cameras, camera
phones, medical scanners,
surveillance cameras

— Will increase 6x to 988
Exabytes by 2010

Major Contributors To This
Growth
— Film to digital image
capture
— Analog to digital voice
— Analog to digital TV (DTV)
— Internet
— Email, IM

Source: IDC
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Information Versus
Avallable Storage
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In 2007, 255
Exabytes will be
created,
surpassing the
available storage
capacity
available (264
Exabytes).

Between 2006 —
2010, storage
media growth
will = 35% per
annum, while
info will grow
57% per annum

Source: IDC



Internet Growth
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In 1996, the
world-wide web
(www) was only
four (4) years old
and there were
48million internet
users at the time.
— 1.1Billion internet
users in 2006

— Expected to be
over 1.6Billion
internet users by
2010

Broadband
adoption will drive
additional interest
for people to
communicate even
more.

— Easy and.
inexpensive

Source: IDC
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Email Growth

Trillions per Year

30 e 253 Million email
M Person-to-Person eMails boxes in 1998
25 — 1.6Billion
Sipam and Alerts email boxes in
20 2006
— 2Billion+
e email boxes
by 2010
# of Emails sent
10 grew 3x faster
than email users
during same
. I I period.
- n B I

1998 1893 2000 2000 2002 2003 2004 2005 2008  Z002 2010

Source: IDC
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Image Growth

Millions
Worldwide
600
500
W Digital Still Cameras e Camcorder
use expected
400 - Camera Phones to double by
2010
300 -
e Digital
surveillance
200 1 camera
storage
100 | I expecting 10x
growth by
2010
2002 2003 2004 2005 2006 2007 2008 2008 2010 Source: 1DC
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Personal Data

Capacity (GB)

4,500 "/_ @ Commercial Content Capacity

4,000 | mPersonal Content Capacity Almost 5 TB of
35004 . "

e combined personal
3=Uﬂ0~/_ reference data and
2,500 .

' - home commercial
2,0004” -
content
1,500+
- by 2010
1,000
500-
04

2004 2005 2006 2007 2008 2009 2010

© 2006 Coughlin Associates
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Information Compliance

(Spending on Infrastructure to Support Regulatory Compliance Initiatives) In 2006, only

$ Millions Worldwide _20% of IT
22 000 - mfrastrl_Jcture
: m Software generating
L Hardware data were
e Services subject to
16,000 | compliance or
14,000 standards
: rules.
12,000 -

10,000 - Expected to
8,000

double by
6,000 - 2010 to over
4,000 - $21.4Billion
can

2005 2008 2007 2008 2008 2010 Source: 1
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How Long To Keep

Data?
70 B Government
60 | _ _ _ .t ONon Government =~~~ 594
&0 51.8
0 ! _ _ _ _ _ _ _ o _____

% of total respondants

Specified longevity in years

Source: NIST
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Applications

Business: document management, email archive,...
Legal: records management, case files,...

Healthcare: PACS, medical imaging, patient records,...
Financial: bank records, files, transactions, checks,...
Broadcast: video, graphic, design, editing,...
Government: records, case files, compliance,...
Engineering: blue prints, drawings, CAD, CAM,...
Insurance: customer files, transactions, records,...
Document imaging: scan, PDF, Word, spreadsheets,...
Medical imaging: MRI, CT, Ultrasound, records,...
Email archive: messages, attachments, records,...
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Key Markets for Archival
Storage

Healthcare
— HIPAA
— PACS, Patient records, etc.
Financial |
— SEC, FSA

— Banks, institutions,
Investment, etc.

Government & Legal
— 1S0O, FDA, Sarbanes-Oxley

— NASA, CIA, Health & Humar
Services, VA

Broadcast & Publishing
— Digital Asset Management

— Video production,
newspapers, magazines,
etc.
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US Storage By Market
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$23Billion in
2006

620 IiNncrease
from 2005

60%0 OTHER
VERTICALS
represents
Entertainment
/Film/VOD,
ASP/ISP

— 30%0 Gov't.

Source: IDC



Market Drivers — Video

2500 [[Viaeo Format Horiz| Vert | Mbps |MBisec| MB/Min | GB/Hr
HD - 1080 4:2:2 Raw 1920| 1080 712 ga| 5339| 320 2285 +36.5%/yr
HD - 720 4:2:2 Raw 1280 720 316 40| 2373| 142
Petabytes HD-SDI4:2:2 10b Raw | 1920| 1080| 1500 30| 1780| 107 <<_Post Production
HD-D5 1080p/24 1920 1080 270 30| 1780 107 1924 17 1%/vr
2000 SD - NTSC - Raw 720 480 237 30 1780 107 d
SD - NTSC - 4:2:2 720| 480 158 20| 1187 71
SD - NTSC - 4:2:0 720| 480 119 15 890 53 +91.1%/yr

1500 [

1000 [

+22.8%/yr

500 [

2007 2008 2009 2010 2011 2012

Source: Disc, IDC, Panasonic
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Disk Storage
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2006 2007 2008 2009 2010

Source: Coughlin
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Declining Tape Sales

e 2006 Tape Library Revenues = $18.1Billion
— Down 15%b6 from 2005
— Only LTO Up 4%0, smallest increase since 2000
— D2D backup cheaper, faster
— VTL on disk replacing need for tape backup

e [IBM tape market share = 29%0

e Quantum tape market share = 26.7%0

e Sun/STK tape market share = 26.2%0

e Overland tape market share = 6.8%0

e HP tape market share = 5.3%

e Optical storage took 6%0 of tape archive
market share in 2006 !

Source: Freeman
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Removable Data
Storage Revenues

Global Removable Data Storage Media ($ Million)

$12 000
$10.000 I 5B Flash
$8.000 — Cpti-:al Disc
$6,000 o s \Vagnetic Tape
$4 000 >  Diskettes
$2.000 ﬂ — — = Total
SD | ]

1995 2000 2005 2010

Source: Imation
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Optical Drive Shipments
Worldwide CD/DVD/Blue laser Drive Shipments

Units, Millions
400
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Source: IDC
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Drive Marketshare

Market Shares Distribution of Global Major Optical Driver Manufacturers in 200601

. PBDS
Lite-On /9%
18% L HLDS
26% e Hitachi still #1
optical drive
vendor

e BenQ/LiteOn

Other taking
o, _ marketshare
o away from #2
Toshiba /
Samsung
Plextor TSST e OTHER includes
0% ' Plasmon UDO
20%
Sony Pioneer NEC Panasonic
2%

-1-""'1;: 5% 8%

Source: DigiTimes
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\J/

59

consumer §

U.5. CONSUMER HOME ENTERTAINMENT SPENDING ir sitlicns)

TOTAL CONSUMER SPENDING ON HOME

vEAR  DvDsaes D - TOTALCORSUNER SPENDING VIDEO
(DVD & VHS - RENTAL & SELL THROUGH)
1999 50.7 50.1 50.8 5128
2000 519 506 525 5140
2001 554 514 565 5168
2002 58.7 52.9 5116 5203
2003 5116 545 5161 5225
2004 | 5155 557 5212 5245
2005 | 5163 56.5 5228 5243
2006 516.6 575 524.1 524.2

0SS07-mpj

Source:DEG
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DVD Hardware

U.S. DVD HARDWARE SALES (in millions)

QUARTER 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

1st Quarter 030 094 358 1.350 2220 3.565 4.858 6.855 7.741 7.852

2nd Quarter 079 1449 611 1.435 2.404 3.750 5.506 6.057 6.006 6.676

3rd Quarter 077 244 880 1.550 2537 4. 740 6.470 6.593 6.250 6.831

4th CQuarter 119 459 1.701 h.542 9.501 13.058 16.9 17.621 16.740 | 11.301
YEARLY 305 946 3.550 0.877 16.662 | 25113 | 33734 | 37125 | 36.737 32.66

TOTAL

TOTAL 194.362
{since launch)

*Includes set-top and pertable DVD players, Home Theater in Box systemns, TW/OWD and DWDACR combination players
DEG: Digital Entertainment Group

0SS07-mpj



Sales (5 billions)

Laser Diodes

Worldwide diode-laser market

1 All Other
o Bl Optical Storage
Ml Telecom
4
|
ar
B
o B .
1 Q ! !

97 898 99 00 01 02 03 04 05 08 OF
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Lasers used in devices such as CD players,
disc mastering, magneto-optical, optical
ROM, and holographic storage are included
in this category.

Sales D0
Units (M) 531 644 691 722 748
$(M) 1,865 1,844 1,753 1,486 1,600

Although revenues for this
category contracted by 15% in
2006 to $1.49 billion, unit
shipments continued to grow.

Even though the market is shifting
to higher-value lasers, ASPs fell
in 2006 among all laser types,

Avg pricing thus causing revenue to shrink.

Revenues

Source: OptoElectronics




Optical Media

world optical disc production - $30.6Billion

ercentage i i
(p ge) worldwide optical
media revenues
Rest of the world bv 2010
229 Taiwan 4
Mainland

72%

Lhina

&5 e 4906 of
marketshare by
2010 to be
holographic/near

-field media

Source: GlobalSources
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Optical Storage
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Future Density Trends

2007-2009 2013-2015
Holegraphic recording - m - 11_Gbp:33.
2007 2010-2012 2013-2015
Multi-layer/2-beam 200-Gbyte, 500-Ghyte, 1-Thyte,
absorption technology 200Mbps = 500Mbps 1Gbps
33-Gbyte x 6 layers Layer selection technology: 2-beam absorption technelogy:
50-Ghyte x 10 layers, 22-Ghbyte x 45 layers
or 2-beam absorption technology:
2007-2008 2009-2011 £2:0kwiea 25 vers 2012-2015
: ; 200-Gbyte, 1-Thyte,
Near-field recording zﬂﬂMbﬁE ﬁﬁﬁ. 1Gops
NA2.4, wavelength 405nm, 1 layer, cr NA2 4, wavelength 266nm, 1 layer, or MNAZ 4, wavelength 266nm, 2-layers, or
MNA1.8, wavelength 405nm, 2 layers NA2 4, wavelength 405nm, 3 layers, or 1 layer with ultra-resolution technology
NA1.8, wavelength 405nm, 4 layers
2008-2009 2010-2011 2012-2013
Super-BENS i 200-Ghyte, 400-Gbyte, 1.5-Thyte,
technology o 200Mbps 500Mbps 1Gbps
2 layers, pit length 37.5nm, 2 layers, pit length

2 layers, pit length 20nm,
37.5nm, track pitch 80nm  track pitch 40nm

| | | | | | |
2007 2010 2013
Technology establishment date

track pitch 160nm

|

4th-Generation Optical Discs to Reach 1Tbyte in 2011-2015

Source: ISOM
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HD DVD Laser light 405 nm

Violet -~ 400 nanometers
Indigo = 445 namometers

Blue = 475 nanometers
Green = 510 nanometers
Yellow = 570 nanometers

Orange = 590 nanometers

Red = 650 nanometers

VD Laser light 650 nm

OSS07-mpj

Lasers
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Technology Review ~ BD/HD-DVD

DVD

HD DVD

1%t generation
Audio
0.7 GB
1X: 1.2 Mb/s
A=780 nm

Parameters
Storage capacity

Laser wavelength

Numerical aperture (NA)

Disc diameter
Disc thickness
Protection layer
Hard coating
Track pitch

Data transfer rate (data)
Data transfer rate (video/audio)
Video resolution (max)

Video bit rate (max)

0SS07-mpj

2 generation
SD video
4.7/8.5 GB
1411 Mb's
A=650 nm

Blu-ray

25GB (single-layer)
50GB (dual-layer)
405nm (blue laser)
0.85

120mm

1.2mm

0.1mm

Yas

0.32um

36.0Mbps (1x)
54.0Mbps (1.5x%)

1920x 1080 (1080p)

40.0Mbps

3" generation
HD video
15/20/30 GB
1% 36 Mb/s
A=405 nm

HD-DVD

15GB (single-layer)
30GB (dual-layer)
405nm (blue laser)
0.65

120mm

1.2mm

0.6mm

Mo

0.40um
36.55Mbps (1x)
36.55Mbps (1x%)

1920x 1080 (1080p)

28.0Mbps

3 generation
HD video
25/50 GB

1X: 36 Mb/s
A=405 nm

Sourcs: Philps
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UDO

I;I?L 18l .

240GB
120681 2012
—— pocEy =°°°

NCE 2007

e Plasmon Ultra-Density Optical (UDO)

i :
% Plasmon
— 20+year history

UDO2 Technology Roadmap mz
— HP, IBM and Mitsubishi OEM partners

— Archival storage of choice by Medical community for over 15+ years
60GB/side today — 240GB by 2012

e Phase-change media

— Superior long-term archival storage properties compared to Blu-
ray/DVD.

e Blueviolet laser-based, 405nm (same as blu-ray/HD-DVD)

0SS07-mpj
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UDO

¢cb ————» DVD uDO
Blu-ray, HD-DVD

A= 780 nm A= 650 nm A =405 nm
NA = 0.45 NA = 0.6 N.": 0.7/0.85

1.2 0.6 mm substrate 0.1 mim coves

Source: Plasmon

0SS07-mpj
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e Photopolymer-based media
— Like photography only with laser light
source
— Media stability biggest challenge

e Several competing technologies

— Angle Multiplexing

e Overlapping holograms increase volumetric
capacity (InPhase)

— Collinear Multiplexing
e Red & green laser collimated into single beam
e Backwards compatible with Blu-ray/DVD
e Standards based (ECMA/ZI1SO)

— Atomic Photon 3D
e Multiple layers, 1TB+ per surface

0SS07-mpj



Technology Comparison

Page Data
(60,000 Bits)

!
.I
e e

r J TS ||I
'_ (STt alafaT el nE LS ]

TR ke
. Burface |
Recarding 1. 108 1
Data are recorded on to the Page data are recorded into the
surface as bit by bit volumetric recording layer

in System in

Conventional Optical Disc  Holographic Optical Disc

OSS07-mpj

Holographic

Current optical technology
stores 1 bit per pulse

— 60,000 bits per pulse for
Holographic
— Truncated cone shape 200-
500 micrometers wide
Single disc can store up to
3.9TB !
— 5,500 CD’s
— 830 DVD’s
— 160 Blu-ray (25GB)

Transfer rate = 125MB/sec

— Blu-ray = 54Mbs/sec
(6.75MB/sec)
— UDO = 12MB/sec

— Tapestry = 20MB/sec



__ Dichwoic Mimor Layer
Gap Layer

Substrate 1

Holographic

e Collinear holography

— Red laser used as
reference beam
and servo.

— Green laser for
reading/writing
holographic
recording layer.

— Supports 10x+
recording layers.

<HVD,

Helographic Versatile Dise

OSS07-mpj



J[ InPhase

SLM -1216 is used in InPhase
Technologies TM HDS Drive

e Spatial Light Modulator (SLM) from DisplayTech is at the core of the
holographic drive
— Integrated opto-mechanical holographic write head

— 1216 x 1216 pixel resolution
— Fast switching Ferroelectric Liquid Crystal (FLC) material

— GA release December 2006
— InPhase Technologies OEM partner .
Displayrecy

0SS07-mpj



OSS07-mpj

Laser
Source

This is a conceptual demonstration of
Holographic Data Storage technalogy, including
the data writer and reader and the Aprilis eptical
disk.

Use the buttons to activate the "write™

and "read” demanstratlons and to view the
individual components and description of their
function.

Please note: The object and reference beams are
mutually monochromatic and coherent.

They are shown here in different colors

anly to aid the conceptual understandimg

of their function.

OBJECT BEAM
REFERENCE BEAM

[Medial
Writing

Holographic

Reading

2

Detector
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HDV Standards

e Three (3) Holographic storage
standards approved in 2007

— ECMA 377: Information Interchange on
Holographic Versatile Disc (HVD)
Recordable Cartridges

e Specifies the mechanical, physical, and
optical characteristics of a holographic disc
cartridge (HDC) that employs holographic

recording to enable data interchange
between such discs.

e 120mm, 200 Gbytes per Write-Once
ecma Cartridge QIXI))

Heolographic Versatile Disc

0SS07-mpj



HDV Standards

— ECMA 378: Information Interchange on
Read-Only Memory Holographic
Versatile Disc (HVD-ROM)

e Specifies the mechanical, physical, and
optical characteristics of a holographic disc
cartridge (HDC) that employs ROM

holographic to enable multiple reading and
data interchange between such discs.

« 120mm, 100 Gbytes per Read-Only Cartridge

i . Lt/ 11 T
FOI0ErapniC versce
ecma Terabyte class storage. Tt -"ﬁium._hs arrived.

< HVD,

Heolographic Versatile Disc

0SS07-mpj



HDV Standards

— ECMA 375: Case for 120 mm HVD-ROM disc

e Specifies the characteristics of a case for use with
a Read-only Holographic Versatile Disc (HVYD-ROM)
to enable mechanical cartridge interchange
between HVD-ROM drives.

« 120mm, 100 Gbytes per Read-Only Cartridge

< HVD,

secma

Heolographic Versatile Disc

OSS07-mpj
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HDV Alliance

FUJ =FI I—NI 'MFFH:::‘-H““H”}” @K___I_wl
@ cMC IEwewsess]  LITES))
ﬁ; TOAGOSEl €O.LTD, JWU o3 NIPPON KAYAKLI
A SURUGA SEIKI PULSTEC S\ SHI3AURA
e TEUIN CHEMICALS LTD., cerlikon ALPS
PR balzers coating
I S il B ST BT
Industrial Technology

Research Instifut=

CATAR L AR Ve L L
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e 1TB on 120mm disc

0SS07-mpj

2photon 3D
holographic technology

Roadmap to 5TB, 10TB,
15TB+

100mb/sec transfer
rate

Drive to be in $500.
range

Compatibility to read
Blu-ray, CD, and DVD
media —

-

1

Other Holographic

TR R

1%

g3

D . :-m;"-":. ._ .__'J'. :I-.:.“-.
esign wavelength: 532 nm i T o e
MA: 1.0 i / ‘I_'}‘ —
Focal length: 2. 144mm el | siis | auns g: :_!
Winrking distance:  1.288mmiPMMA} I T

1. 404 mm(PC) .A}J 4 T
beam diameter: 4.3mm Rt —— i

Volumetric capacity:> TB(120mm diamefter, 1.2mm thick disk)



Technology Review —
Other Holographic

smaller bits:

e.g. - Blue recordig, Higher NA (SIL) Diefection Path
Scanning probe, etc, Patent #'s .
5,325,324 Recording Path Optical Disk
High NA 5 268 852 Patent #'s Two-Photon Media
mult-ayer . §432610 *2,580, 524 Patent #'s
multiplevalues: g ¢ 57 5,208 652 —tr 5,325324
multiple values &g, :photan =5 500 352 432610 R o5 J6BAG2
per mark: )- =, 00,0 i ofi $IFEI0
recording oK “10V858,742 Readout *ath ' Application #
50-500% A0/E74 06 - . {5 401 556
G057 4 966 Patent #'s - : A,
333}%2 532532 e [ {08 547 395
. . . : 5,264 362 ' jecti
High NA Multi-layer Volumetric it $|  Otiective Lens
« Traditionally separate technology paths 3 gg}l g;!l ’ 6 590,852
« Exploit the hybrid path of high NA and mult-layer ) oyl

volumetric optical data sforage

Write Farm Read Farm
oyeprocursor 0F) | cidGeneraor40) | IR lorssceniove |
Falymear Host Polymer Host
AG + hv H*+ products
gl i s e —aE T~
WORM material composed of: _,/A

1. ACID GEMERATOR - light sensitive component
2. DYE PRECURS0R - produce dye when react with acid

M

CALL/RECALL

3. ADDITIVES - inecrease solubility and modify properties

OSS07-mpj



Schematics Atomic Switch*

*simplified schematics showing the funchon of one molecule

Raotating
Transparent \
Substrale =3 .

write
) read

Status
write=0

Gopyrght 15938 - 2006 by Colossal Sorage Samp.

0SS07-mpj

e
S

Other Holographic

Flylng Read / Write Head

(Par of a UV LEC, Photo Cicde,
Oplical Resonating Ring or
FET Deteclor)

Central Atom

Uv Laser Photons

Electrostatic Fields

Electric Figlds

Electron Space
Charge Fields

Electromagnetic Field

Flourescence

design by scnja thomas

Atomic 3D
Holographic
Spintronic data
storage nano-
technology

— Ability to control
direction of
electrons/bits

— Nanometer =
1/billionth of a
meter




e 3D Collinear
Holographic
Prototype
— Developed in

(30) days using
LabView FPGA,

CompactRI10 and
Xilinx for under

$3K

0SS07-mpj

Other Holographic

DA=\WOO

ELECTRONICS

OC
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Other Holographic

e 2-photon technology
— 500GB, 1TB, 5TB roadmap on a
single-sided volumetric disc
— Easily and inexpensively produced
— Data longevity =50 years

— Natural successor to blue laser technologles for
archival storage

— Drive is based on existing drive technology

— Functions in normal home/Zoffice environment
— Able to reach consumer form factor over time
— Lowest cost/TB predicted for 2010 for archival

storage
@ Withiowt Lirils

0SS07-mpj




Slu-Ray

e Drives readily availlable, now under

$400.

S — Natively supported in Microsoft Vista

& 8 — 25GB media plentiful, 50GB media mfg.
@ encountering yield problems

™ _ 100GB quad-layer media = 9 hours of
HD video, by late 2008.

@ =) obew | rmom B @G uowsenr B

}‘ MITSLBSH Panasonic SPuramount PHILIPS Pronear @’ s SHARP SONY

sorxgano W OSun otk mame T D 0
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Blu-Ray

e Sony HES-V1000 Home Center

— Available October 2007

— $3,500.00 List Price

— Includes 200disc blu-ray changer

— 500 GB hard drive that can store up
to 137 hours of video, 40,000 songs,
or 20,000 digital photos that can then
be burned to blu-ray media.

@ SONY EUn':,r"Ety"IIE

Hfu—rayﬂfi;r

0SS07-mpj



Blu-Ray

e DISC blu-ray archival
storage libraries

Hours of DV/HDV video content on a

— From 2-72T1TB DISC Blu-ray library
configurations
— Direct Attach, NAS or 12222
SAN archive 8.000 + - - oDV -8Mbps | _________ L
'@ e
' o HDV — 25Mbps
6ooo -1 . I
5000 +----------—-----—-| |------ -
4000 +--——-- - -~-~ - - - —~—~— -~ /N __. SRR
3000 +---------| f-—--| [|------ -
20004 -----—-———- }--—--—-] |------ L
1000+ |}----- S L. L
0 1

DISC1000 DISC3000 DISC4000 DISC7000

0SS07-mpj



100.00%

90.00%

80.00%

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00% -

0.00%

Blu-Ray

DISC LLC Sales by Technology - US market

OBlu-ray

=DVD

% of total sales

Q1/2006

Q2/2006

Q3/2006

Q4/2006

Q1/2007

Q2/2007

archive
[

—

Bfu-;ayﬂfsz
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Blu-Ray

e 50 disc, single Blu-ray
drive desktop media
duplicator

— $2,495. / Windows only

e 100 disc, 2-drive Blu-

ray network-attach
media duplicator EHME%
— $7,495. /Windows only &)

Efu-;ayﬂf;':
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Tapestry

e 300GB write-once
holographic drive

— 7 hours HD, 64 DVD’s

— Maxell media partner

— Shipping by 12/07 ?

— $18K drive, $120./media

— BDT, DISC and DSM are
partners for | -

library
automation.

ﬁ InPhaseTechnologies

af Infhase

/

0
i}

OSS07-mpj



Tapestry

Backwards read compatibility

«
Write Once  tapestry HDS-300R Tapestry HDS-800R Tapestry HDS-1600R
300 GB @ 20 MB/s 800 GB @ 80 MB/s 1.6 TB @ 120 MB/s
2007 2009 2011 3
Tapestry 800 RW Tapestry 1600 RW
800 GB @ 80 MB/s 1.6 TB @ 120 MB/s

Rewritable

Backwards read compatibility

Helermnos Baam

ﬁ InPhaseTechnologies

0SS07-mpj



_ Optical Storage

Technology Association

Tapestry Library

Key parameters:

o 300GB media capacity
(WORM media), roadmap to
800 and 1.600GB

) o 20MB/s Read/Write transfer
archive

Eﬁ}” rates, roadmap to 80- and
@ 120MB/s

o 7[70TB to 660TB library
capacity

o 1-2 3/GB library hardware
cost

o Media cost 60cent/GB

o Media life =50 years

o Available in Q4/2007 ﬁ InPhaseTechnologles

TERAsTanE

0SS07-mpj
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SVOD

e Stacked Volumetric Optical
Discs (SVOD) Changer

— 100 disc cartridge

e Double-sided 9.4GB DVD
thin media= 946GB

H'T‘&FH' e Single dual-layer 50GB blu-
maxell =578
—

— $325./DVD cartridge

— $1,295./Blu-ray cartridge

— Rack mountable

— Available sometime in
2008, under $3K ?




OSS07-mpj

20+ Years
manufacturing
optical drives, media
and library
automation products

— 60GB double-sided
media/uDQO2

— Complete family of
storage solutions
including CAS, NAS
appliances

— Phase-change
media offers superb
archival storage life

— Complimentary to
existing storage
mgt. products




Optical Storage

Technology Association

UDO TCO

Archival Storage TCO
12TB -3 Years

600,000 -

M Power

M Floor Space

W SW Maintenance
11 HW Maintenance
1 Media Acquisition
200,000 - $16 M SW Acquisition

M HW Acquisition
100,000 =
|:| -

LTOZ SATA Eenter:a Centera
J':".|II|:I|IEF'|{'.E.' Parity Mirrored

500,000 4

E
=

Cost per GB (USE)

400,000 4 332

300,000 < 324

Total Cost (US$)

ol
[ =]

Archive Technologies

Source: ESG, Plasmon

0SS07-mpj



_ Optical Storage

Technology Association

Overall Optical TCO

e Permanence — long lasting media...50+ years
e Authenticity — true “hardware” WORM...data cannot be altered
e Fast Retrieval — direct file level access

e Removable Media — multiple copies...online, near-line, offsite
vault DR

e Low Cost - long term viability of the technology (ROI)
| Acess | Longevity | Permanence | Security | Authentidty | Portability |  Cost

Automated
Tape

Blu-ray /
ubDO

0SS07-mpj



Optical Storage

Technology Association

Overall TCO

Access | Archive Power Special Cost
Technology |Capacity GB|  Time Lfe |[Consumption| Req's. Reliability | Maintenamce | TCO Ginte
|E|Iu-r*a~f ol W (3000 Al Loy M Hitgh Lt Lawy | Medium
HD TED TED TED TBD TBD TED TED THD TED
||Tapeﬁr'f 300 W (3000 all b edium M TBD TBD High | Higheg
(oo Bl (zo0d S0+ Loy Mo High Lty Lty High
(D 9.4 Average | 50 Loy Mo High Lty Lty Lty
(T ape =800 YPoor |30 M edium Ho Loy Wedium | Medum | Low
[ A =1TH Excellert 3 High ReqsBackup|  Medium High W High Lty

e Blu-ray and UDO offer the best overall TCO for long-term archiving.

e Tapestry to be soon released.
— ldeal for video storage market.
— InPhase claims not for IT market, yet will offer LTO emulation.
— Will need OEM technology partners to succeed.

e HVD is not on the market, but may rival Blu-ray and UDO technologies.
— Cost targeted to be in Blu-ray range
— Standards already in place
— 1TB disc = 212 DVD movies, 250,000 MP3 files, 1M Word docs

0SS07-mpj



Optical Storage
Technology Association

targeting consumer market to-date .
Selected by entertainment, surveillance, VOD industries b)
Is cost-effective for archive, but slow adoption rate

Little to no marketing in non-video markets, ie. IT market ?
e Technology partnering ?

Efu-;ayﬂféc

Is mature technology and has market penetration

Most reliable long-term archival storage medium
e More marketing, additional OEM partners ?
e Better pricing to keep abreast of Blu-ray in IT archive markets ?

holographic is still in ‘beta’

Will need 12-18 months in market ¢P I[]Phase
< Will media meet long-term archival storage requirements? TECHNOLOGIES

Additional OEM and technology partners ?

Wizggars very promising o HVD

How much?

Helographic Versatile Dise

0SS07-mpj



_ Optical Storage

Technology Association

e Graham Irving /7 K-PAR Archiving K-..I:—ARJ

— Archiving Sofrware

e Michael Johnson/CUC Broadcast '
C%C

= Andy Richards /7 Plasmon Data

e Horst Schellong / Disc LLC [53*“'“;@
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