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Optical Data Storage




Roadmap of ODS

Fig.1 Optical Recording Roadmap(Personal System)
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Optical Storage Roadmap
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Memory Technology Roadmap
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History of Optical Memory Technology

Blu-ray Disc

NA=0.60

H u?SﬁkQ

* 2005 Topical Meeting on Nano-Optical Probe
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Optical Storage

CD-R(WORM) and CD-E

Principle
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Optical Disk Data Storage (1)
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Optical Disk Data Storage (11)
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Magneto-optical Disc
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Thermomagnetic Recording
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Recording by Magnetic Field Modulation

(a) Laser Beam (c)
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Phase Change Disc
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Use of Diffractive Optics
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DVD (digital versatile disc) -2~

= 22 CDhe =Y
= AZH 120mm, & 1.2mmel &2
—
U=0=
= 2L SHAE 20| B
5102 S0 IS
DVD Construction
= x — = I = =7
= WEAX _ e gCiampfngArea@ ﬁ
= FEHZ AAMIO| EEH 2& 2 - e \
= | y — )
COAJIHHAUS : — e
» ‘2 =2|J]’E foll 0.6mm 3 &t I Lemm @SS Stacking Ring  l«— 22.6 mm
X} A"E 58 mm (max) —— »<4+—— 24 mm
20 o ¢ 60 mm ——»
|: SL: Lead-out SL: Lead-in
* DL: Middle Area Data Area DL: Lead-out

DVD Disc Layout and Dimension

* Z X : Deluxe global media services lItd
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DVD (digital versatile disc) -2~

= DVDVSCD
- QB2 HIZSHKIC LIS} y N
s co

CFGSS

DVD-9
Cross-
section

X8 200 &= Cross-section of CD and DVD-9 discs
* DVD= OIS AHIS = 20ILH, Paramet co | b |c t
(4 7GB 8.9GB, 9.4GB, 1/GB — S
) Sides 1 lor2  Seell
o
Layers 1 lor2
= DVD= 40| IH&O| Capacity (GB) 0.68 47-17 1GB = 10° bytes (not 1024%)
ZJH 0 | |:|. (_J_IC_ é‘! j—l al) Track pitch (p) 1.6 0.74 Radial distance between pits
Minimum pit length (p) 083 04 For I3 pit
. O I- I-l j\_l Wavelength (nm) 780 650 of laser diode pickup
» 2 JDEOZ CDe &AE Numerical aperture (NA) 045 06 defines angle of beam
LHE IO BESIt= Linear velocity (m/s) 1.3 3.49 at nominal 1x speed

DVD Disc Parameters

* =Xl : Deluxe global media services Itd
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DVD (digital versatile disc) physical disc format

Capacity (GBY) 47 2854 g4 1708 47 47  4ATor94
Layers/side 1 2 1 2 1 1 1
Sides 1 1 2 2 1 1 1or2

- -

DVD-5 Disc DVD-10 Disc
»
St e = — |
DVD-9 Disc DVD-18 Disc
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Recordable/RE-writable DVD Formats

Parameter

Capacity (GB)
Recording method
Laser wavelength

Min pit length (microns)
Track pitch (microns)
Pre-pit addressing
Serialisation for CPRM
Track format

Ver 1.0 Authoring use
3.95 4.7
Organic dye layer

635/650nm 635nm

0.44 0.40

0.80 0.74
increment increment

No

Waobble pre-groove

General use
47

650nm
0.40
0.74
decrement

Yes

DVD-R Parameters

Sides

Capacity (GB)
Recording method
Track format

Track pitch {microns)
Min pit length (microns)
MNumber of zones

User data rate (Mb/s)

Tor2
2.6 per side

1or2
4.7 per side

1
4.7 per side

Phase change marks

Wobble land & groove
0.74 0.615
0.41 0.28

24 35

11.08 2216

Wobble groove

0.74
0.40

Parameters for DVD-RAM and DVD-RW

* =X : Deluxe global media services Itd
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DVD Al &

Year | Steering Committee Members Added

1995 Hitachi, Matsushita, Mitsubishi, Philips, Pioneer, Sony, Thomson,
Time Warner, Toshiba and JVC.

1997 IBM, Industry Technology Research Institute (ITRI) of Taiwan, Intel,
LG Electronics, NEC, Samsung and Sharp.

2004  Microsoft, Sanyo and Walt Disney.
DVD Forum Steering Committee Members
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Blu-ray (a blue-violet laser to read and write data )

= What is blu-ray?

» Blu-ray, or Blu-ray Disc (BD) is the name of a next-generation

optical disc format jointly developed by the Blu-ray Disc Association
(BDA)

» The format was developed to enable recording, rewriting and

playback of high-definition video (HD), as well as storing large
amounts of data

= Asingle-layer Blu-ray Disc can hold 25GB, which can be used to record
over 2 hours of HDTV or more than 13 hours of standard-definition TV.
There are also dual-layer versions of the discs that can hold 50GB.

= Blu-ray is expected to replace VCRs and DVD recorders over the
coming years, with the transition to HDTV
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Blu-ray 2t DVD, HD-DVDZ2t2| XI0| &

Parameters

Storage capacity

Number of layers

Laser wavelength

Numerical
aperture (NA)

Protection layer

Data transfer rate

Video
compression

TR

BD

25GB

single-
layer

405nm
0.85

0.1mm
36Mbps

MPEG-2
MPEG-4
AVC
VC-1

BD

50GB

dual-
layer

405nm
0.85

0.1mm
36Mbps

MPEG-2
MPEG-4
AVC
VC-1

Blu-ray vs DVD

DVD

4.7GB

single-
layer

650nm
0.60

0.6mm

11.08M
bps

MPEG-
2

DVD

9.4GB

dual-
layer

650nm
0.60

0.6mm

11.08M
bps

MPEG-

Parameters BD

Storage capacity 25GB

Number of layers  single-
layer

Laser wavelength ~ 405nm

Numerical 0.85
aperture (NA)
Protection layer 0.1mm

Data transfer rate ~ 36Mbps

Video MPEG-2

compression MPEG-4
AVC
VC-1

BD

50GB

dual-
layer

405nm
0.85

0.1mm
36Mbps

MPEG-
2
MPEG-
4 AVC
VC-1

HD-
DVD

15GB

single-
layer

405nm
0.65

0.6mm
36Mbps

MPEG-2
MPEG-4
AVC
VC-1

HD-
DVD

30GB

dual-
layer

405nm
0.65

0.6mm
36Mbps

MPEG-
2
MPEG-
4 AVC
VC-1

HD-DVD is the name of a competing next-generation

optical disc format developed by Toshiba and NEC.
The format is quite different from Blu-ray, but also
relies heavily on blue-laser technology to achieve a

higher storage capacity
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Blu-ray M| & & Xl

= Blu-ray recorders = Blu-ray media
= Hitachi = Fujifilm
JVC JVC
LG Maxell
Mitsubishi Mitsubishi
Panasonic n\ Panasonic
Philips Samsung
Pioneer SAMSUNG Sony
Samsung TDK
Sharp
Sony
Zenith Sony
Fujifilm

Sony
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Paradigm Shift Provoked by Nano-photonics

Measurable and processable size (nm)
800 200

Conventional
optical technology
Quantum dot laser
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e T SR T

® Elimination o concepls such as cavily rescnator, et

5
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Progress of Optical Near-Field Generation Efficiency of Fiber Probe
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National Creative Research Center for Active Plasmonics Applications Systems m




Chronological Comparison of Nano-photonics,
DRAM Technology, and Optical Technology
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Near-field Optical Data Storage

0.8Nn
light from =
objective lens

I

0.5Nng,

SIL probe tip —

% recording %
layers

Collimating Optics

Objective Lens  SSIL
\ ‘

| ‘

* Waveguide is coupled to optical fiber/laser diode

* Multiple or single lens elements may be used
* Focusing of the beam occurs in the plane of the waveguide only]

* Dimensions of optical line are ~800nm x s
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Near field recording

=3

Mear field component |
ky (Localized)

Far field component

Mear field component
P (Propagate)

(Localized)

Two Kinds of Electric Lines of Force of Electromagnetic Field Generated by
Oscillating Electric Dipole

[OITDA Newsletter Mar 25,2002 No.17 ]
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A Method of Near-Field Optical Recording/Reading Using Silicon Protrusion

Light source @
Deflector E _]
e

} Recorded marks (Pits)

Recording
medium

M Array of profrusions

Frotruston far
opdical near-field gerération Stider for recording/reading

[OITDA Newsletter Mar 25,2002 No.17 ]
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Next Generation Optical Data Storage

= Solid Immersion Lens

= Holographic Memory

(hppct ks

i, Reereice boar
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Recording
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_:_uﬂf meacerls [0 fmme!

SR ; Revmrdeg ke (0. 2mim
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Trackong groowen and i izlegraphe:
address b8 region{ recording rgéon
[

= Super-RENS

= Scanning prove method

" 7

* Chem. Rev. 1999. 99. 2891-2927

= Multi-Layer Recording

Crhjective Lens

p— T LT

T.Hg.i Llii-.'h_w Actuntor [@iEess

Ubjective .;qﬁ;ﬁ" m-:r

Lens ' W . wieike

Temp. Distnbution e m

of 20 Laver T ar Laver —

™ Hucurﬁi_n_g _I:.aﬁr Lo i A
! [rsc g )

7 Recording|
Cpening at High Temp, Region Layer |
of Super Resolution Layer

Elfect of Musk Layer

SR Layer + Mear Ficldin)

* 2005 Topical Meeting on Nano-Optical Probe
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Near Field Optical Readout Using a Solid Immersion Lens (SIL)

reduce the size of the focused spot below the diffraction limit
image through a material ol high refractive index »

A= Am

image through a hemispherical lens

B Objective lens |

Hemispherical
SIL




Near Field Imaging

Readout Predicted Using an Optical Readout Model

| v . .
L No SIL
> 0.8 = = = = Hemispherical SIL
Z L8 .
=
D !
E 0.6 F L]
3 .
)
%’f‘ 0.4 }
= '
> 0.2
& n,=2
0 . . . e ee——
0 0.5 um 1




Near-field Scanning Optical Microscope (NSOM)

28U We.B8688 18

SEM view of FISOM probe Scanned image by DO
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Scanning Probe Methods

A/M-ROM

=T Dartg of Jon Mamin'Dan RUgar/Brucs Tedms
Bid Advenced Techhology

addr : www.almaden.ibm.com/storage/technolo
/grochows/grochol18.html
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Use of Scanning Probes

lip

Sihicon

Sensing ;

Bouom (Pt) -
Actuatuon :

PLT

1 op (P
Handling




Magneto-optical Disc
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Increase of Areal Density in Optical Disks

100 T . T |

o | Candidate Technology for Blue laser i
= Future High-Density Recording MAMMOS

< " in MO Memory DWDD ]

SIL

Z 10f

= 2

= -

Q

a

B0

=

T

g

4

'g 1

<

(5/25", 3.5" Data File)
B Hard disk 7
0.1 ' ‘ ' :

1980 1985 1990 1995 2000 2005

Year

T. Suzuki:113th Topical Meeting of Magn. Soc. Jpn.
(2000.1) p.11
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MO (magneto-optical) Recording

= Recording: Thermomagnetic (Curie point)recording
= Heat-assisted magnetic recording

= Playback: Magneto-optical effect
= Rotation of linear polarization is converted to the electrical signal

= Employed in MO, MD disks

= Compatibility

= High repeatability: 10,000,000 times

= Complicated optical head (Polarization detection)

= Novel inventions such as MSR, MAMMOS, DWDD are realized
as commercial products

National Creative Research Center for Active Plasmonics Applications Systems ﬁa
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History of MO recording

= 1962 Conger,Tomlinson Proposal for MO memory

= 1967 Mee Fan Proposal of beam-addressable MO recording

= 1971 Argard (Honeywel) MO disk using MnBi films

= 1972 Suits(IBM) MO disk using EuO films

= 1973 Chaudhari(IBM) Compensation point recording to a-GdCo film

= 1976 Sakurai(Osaka U) Curie point recording on a-TbhFe films1980
Imamura(KDD) Code-file MO memory using a-TbFe films

= 1981 Togami(NHK) TV picture recording using a-GdCo MO disk

= 1988 Commercial appearance of 5" MO disk (650MB)

= 1889 Commercial appearance of 3.5”MO disk(128MB)

= 1991 Aratani(Sony) MSR

= 1992 Sony MD

= 1997 Sanyo ASMO(5” 6GB:L/G, MFM/MSR) standard

= 1998 Fujitsu GIGAMO(3.5” 1.3GB)

= 2000 Sanyo, Maxell  iD-Photo(5¢cm ¢ 730MB)

= 2004 Sony Hi-MD
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Structure of MO disk media

MO disk structure
Polycarbonate
substrate

SINX layer for
protection and
MO-enhancement

\ Al reflection

layer MO-recording layer

&V (amorphous ThFeCo)

Resin

($h} National Creative Research Center for Active Plasmonics Applications Systems b




MO recording How to record

= Temperature increase by focused laser beam
= Magnetization is reduced when T exceeds Tc 14 /1:\ i
= Record bits by external field when cooling Tc
I Temp
TcC
, Laser
Coil”  External field MO media spot
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Two recording modes

= Lightintensity modulation * Magnetic field modulation

(LIM): present MO (MFM):MD, ASMO
= Field modulation by electrical

= Laser light is modulated by signal
electrical signal = Constant laser intensity
= Constant magnetic field = Crescent-shaped marks

= Elliptical marks

Modulated Constant
laser bean™—L_____| laser beam™

Constant field Modulated field Magnetic head

(@) LIM (b) MFM
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Shape of Recorded Marks

(b) MFM (magnetic field modulation)
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2OAD IR AER[HAE]

=X
Substrate (Polyearbonate) 1
Substrate (Polycarbonate) .
= 120mm , [ DVD-ROM Dual Layer £+04 J15]
CD(E%: 650MB) DVD(& &: 4.7GB) BD(E%: 23GB)
Track Pitch -- 1.6um Track Pitch --- 0.74pm Track Pitch --- 0.32um
Z| 4 Pit 20| -- 0.83um #| 4= Pit 20| -- 0.4pm | 4= Pit 20| -- 0.18um
a0, v
..'I:':
o! _ .
1 gee e
" .t . s !
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BOAT IR REDISE]

THM & & Disc *&E JI=E Disc +£

)

“ “ Track
L AL e
. Land

120mm

- -

1 & 50}

AL 5 F 5 10~30m)
™~ HEALE)E( 0.05~.011 )
R T LS 1.2mm)

i Pick Up

Wobbled Groove
{ Q71§ A, Tracking Servo)

CD-ROM Disc & &%

National Creative Research Center for Active Plasmonics Applications Systems




Re-writable J| £ gt Al

22135} (Phase Change) 24 ZXJ| (Magneto Optic) 2H4!

modulated bias field

HnI- T‘H

-
; Ik
. Incident linear polarization

Reflected alliptical
polarization

- b




& ClA3 THA &cl

Interference and Diffraction Optical Pick-Up Head

On Mirror On Pit

Input beam %

BN Reflected or diffracted beam

)

Durly

RF signal amplitude

Readout RF signal

Mirror w8 ;Ll,r.g Depth {nd)
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BD-ROM capacity

U OIE 882 0sE ot € BEUA SAMS0 Ots

B HD feature (135 min) B HD feature (3hr)
B Audio (3 Lang.) B Audio (DTS:3 Lang.)
B SD bonus (2hr)

B SD bonus (9hr)

—==

B HD feature (150 min)
B Audio (3 Lang.)
B SD bonus (45min)

B HD feature (3hr)
B Audio (DTS:8 Lang.)
B SD bonus (4hr)

A
B HD feature (135 min) B HD feature (3hr)
B Audio (3 Lang.+DTS) B Audio (DTS5:3 Lang.)
B SD bonus (70min) B HD bonus (2hr)
 ~—" o
Single layer BD-ROM Dual layer BD-ROM
(25GB) (50GB)
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O B Bluray &% HDDVD &Y 25 J|2 22 S2 7S S22 HEIMAH,
Audio/Video Application 12 % Contents Protection 73 g2 &8 S0 2Us.

i e

2% = ROM 25450 GB, R 25/50 GB, RE 25/50 GB « ROM 15730 GB, R 15/(30) GB, RW 20 GB
« M E BT : HD-DVD df=| 10G 0| & F-A, « COIDVD S8k F 2 F2
HD 4% S8 =g - 243} Title M A 2ol 7| E DVD HH| = 0|8 7
=y =7 ofH : i AV 2% 2 ci4 ODD 2| +PC 23 :NEC, Toshiba
«PC Y& : Dell, HP, Apple & F8 Y| X[X|
7% +Disc 7|5 5 5H :0.1mm »Disc 7|2 2 55 ;0.6 mm (DVDE} E2)
S « Video 2% Format : MPEGZ, H.264, VC-1 « Video £/% Format : MPEG2, H.264, VC-1
= Interactivity: BD-Java » Interactivity: iIHD
2 = BoD 16C* (7| 14CH Disney / Apple join ) « Tashiba, NEC, Time Warner, Sanyo 54/
o - BDA :'04.10 28 A| 757 Aol M 14678 ALZ E7F | - DVD Forum W WG oA 72 =2 =¥
A * Contents 2/ : Sony Pic., MGM, Fox, Disney « Contents 2| : Time Warmer 3=
Universal, Paramount
&HA| « BD-RE Drive: "05. Q4~'06.01 &A| of & « HD DVD ROM Drive: "05.04 &A| o4&
AlE + BD Recorder/Player: "06.01 ~Q2 &A| o4 + HD DVD Player: '05. 3 (& £) 1 '06.Q1 (7]=)
» Game 7| (PS3) : '06.38 &4 o4 « Game 7| : '06. & 77

e o

* BoD 16C : Sony, Philips, Matsushita, LG, Samsung, Fioneer, Hitachi, Sharp, Thomseon (8C)
HF, Dell, Mitsubishi, TDF, Fox, Disney, Apple (92 —+16C)
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XtAICH storage 1=

d XHAICH Storage 1= R % AIEZ &Y

NFR JIE

ODD Needs Helegraphy Storage JI5E
I !
B (30CE3) H-.-:"i’fli-;. .:i ”IEE e -18 5 | 200GB 16T =H)
- ROM ®=to| S0 L I:i I: i;i I; ; ; B
- Consumer Product H=310) BO r 7 !ia; 82 ; .1. ; wt
0l®E 183 CE H &2 target ! Y

B2 EE Ha® (20 MBS ¥ 120MBiE)
8 2 -2 2 2|7 {50d 04
& ’I h T - Professional Market = g
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Holography: ‘whole recording’

The intersection of two beams creates A photosensitive medium records the The hologram is the image of the Light from one beam shining on the
an interference pattern of bright and interference pattern. interference pattern stored within hologram reconstructs the data
dark regions. the medium. pattern.
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HDS scheme

Source Reference

\ 4

A 4

Medium Receiver » Output

Input

A\ 4

2
«Q
-

D
\

Digital processing
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Multiplexing

laser spatial
light \ light
\ : modulator

=y
e
et e
e o . a;:;i . recording
A0 Ll e g et o
E‘w_\. > !!ﬂ,f ._;_:ffj._ medium

reference

. beam(s)
record one page at a time,

L= each with a different
reference beam

Recording

* Parallel access to data
« Multiple data in one location

-~ retrieve one page from many
reference by using corresponding reference beam

beam detector

array

Reading

e Fast data transfer rate
 High storage density
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Typical 1024x1024 bit digital data
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Mass Storage Technology

~—~

00 1000

Q - co

> 100 Holographic || MagneticRAID {1 5\ 0% o

= Mass Mag/Opt
8 10 Memory? Tape
C

O 1

o CD

% 01 Magnetic Disk ROM

B FLASH |MO Disk

'}
N

1 10 100 1000

Effective Data Transfer Time(ms)
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Evolution of the Optical Storage

Capacity(GB)
A Computer + AV Storage
1600 } + Broadcasting + Archiving
pamnEERy,
800 T 3D Movie ,° HDS ‘e,
/ Archiving %, >2100_(|_3§ o
%% ...(:..f-l)l“‘ “---...
*UONFR %
100+ Computer + AV Storage *+7,100GB,+*
+ Broadcasting
57T BD-R BD- BD-RW
25/50GB ROM 25/50GB
(25/50GB)
1 Computer Storage HD Movie HD DVD-RW
20 + AV Storage <G8
HD DVD HD DVD
15 ¢+ -ROM -R
15GB  15GB
10 + ; :
; <ASMO™
gg:géter SD Mov'e “.6.1GB. Small Form Factor
51 DVD-ROM™«"DVD-R ™ DVD-RAM -RW ' +RW Optical
,4-7G_BDVD ks 47GB ~ “47GB  4.7GB 4.7GB Micro Drive
Music - >4GB
- dilCE. Combo ~Optical*
CD-ROM CD-R CD-RW  0.65/4.7GB N M'C{%gﬂve
0.65GB 0.65GB 0.65GB Dataplay =
" 0.5GB
; ; t ; ; . t T } t ; . . =
85 ~’95 ’96 97 ’98 99 00 01 02 03 04 05 06 07 08~
Infra-red Laser (780nm) Red Laser (650nm) Blue Laser (405nm)

* HDS : Holographic Data Storage
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US NSIC Projects (1)

NSIC Research Projects

HDD
|:| Optical Bisk

Magnetic Tape

Alternative
Technologies

MORE
(ATP)

3 companies, 2 universities

EHDR
(NSF)

NASD

ucob

Network Storage

(ATP) 2 companies,

1 university |1 TB Optical Disk

HDSS
(DARPA)

PRISM
(DARPA)

Holographic Systems

Holographic Materials

10 Gb/in* HDD Technology
UHDR
(DARPA) 1 TBfin® Mag Tape
2 companies, 4 universities 10 Ghiin® Optical Disk
HEADS . a2
(ATP) GMR Heads for 10 Gb/in
SWAT N e 3 wniversii B e
(ATP) companies, 2 universities Compact Blue Laser
] 1 1 1 1 ] I 1 1 1 !
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

bar pires frecnesye. doc
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US NSIC Projects (I1)

NSIC JOINT RESEARCH PROJECTS

Short Wavelength Sources for Optical Recording — 3 Companies, 2 Universities — 6/91 to 6/96 —
Total $14.3M — Government Sponsor: NIST/ATP

Ultra High Density Magnetic Recording Heads — 10 Companies, 7 Universities — 8/92 to 7/97 —
Total $11.8M — Government Sponsor: NIST/ATP

Ultra-high Density Recording - 19 Companies, 16 Universities — 3/93 to 9/95 — Total $22.3M -
Government Sponsor: DARPA

Photorefractive Information Storage Materials - 6 Companies, 1 University, 1 Research Institute
—4/94 to 3/99 — Total $19.5M — Government Sponsor: DARPA

Holographic Data Storage Systems - 7 Companies, 4 Universities — 4/95 to 3/99 — Total $32.2M
— Government Sponsor: DARPA

Ultrahigh Capacity Optical Disk - 2 Companies, 1 University — 10/95 to 12/97 — Total $13.0M —
Government Sponsor: NIST/ATP

Extremely High Density Devices - 13 Companies, 14 Universities — began 11/96 — Sponsored by
Companies and NSF

Network Attached Storage Devices - 4 Companies, 1 University — began 1/97 — Sponsored by
Participants

Multiple Optical Recording Enhancements - 3 Companies, 2 Universities — 11/97 to 10/01 -
Total $21.1M — Government Sponsor: NIST/ATP
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System groups (1999)

System group Stanford/HDSS Stanford/HDSS Rockwell Lucent NEC Research
I'RD or WORM or Erasable erasable WORM RO WORM erasable
IMEd'iH LN CROP Photopolymer LM Free radical PP CdF (DA-center)
IFﬂ-ITI'IEIt 90 degree cryslal 165 mm disg mult crystals disk bulk crystals
lCapacit'_.r 100 MB 128 GB 100 MBAO GB 50 GBM50GB 4GB
Density B bil/se. micron 55 ilfsg. micnon ? 48 bilfse. micron 100 bit'sq. micron
lAccess 1 msec 50 msec 50 micro sec 50 msec
Drata rate wrnle 1 MBisec 1 Ghbit'sec off-line 10-20 MBisec G8 MBisec
Iﬁa rate read 1 Ghit'sec 1 Gbit'sec 100 KBisec 10-20 MB{sec 55 MBfzec
Iﬂmass methods spatial rolaticn AD rotation rotation
favelength 532 nm 532 nm 532 nm 532 nm 529 nm
I‘fhn:ux angular phase correlation angular phase correfation angular
[SLM 1 Mpix LC 1 Mpix LC Kopin G40x480 TI DMD fixed mask (11 & 44 Mpix)
maging pixel match pixel malch 3x3 oversample pixel match phase conjugale
currenlly a materiais lester

Expecled oulcome

demo high speed electronics

system platform
complete elecironics
miadia, E',IS.[EI‘I‘I lester

avionics rapid access

nexar an-line high

density storage

ystem group StorageTek 1BMm 1 IEFE l-ﬁ-lﬁ 3
RO or WORM or Erasable erazable WORM/Erasable WORM erasable
[Media LN any LN, 90 degrees LN
|Furmat crysials on disk COUpOns COUPGNS coupons
[Capacity 518
|Density =100 bitsg. micron 2 Gbitfsq. inch 2 Ghitfsq. inch 100 Ghitfsg, inch
JAccess 100 msec 10 msec <1 msec <1 msec
|Data rate write 10 MBisec Mbit/sec MB/sec 10 MBisec
|Cata rate read 20MBisec Mbilsec MBlsec 10 MBisec
Access methods redation, angular angular angular angular
velength 532 nm variahbe 514 nm 532 nm
Mux angular angular angular angular
LM 1 Mpix LG 1 Mpix B40x480 LG 1 Mpix
lmaging pixel match pixal match pixel malch pixel match
|Expec1&d outcomea new funclionalily teststand mod code, ECC testing | high density dema

Table 5-1b: System Characteristics (continued)

International
Workshop on HDS

NSIC
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Photopolymer Rotating Disk WORM System

Translation Stage Polymer
Disk .
e Gomo L) t Stanford Univ.
r Shaft / Siros
< Shaft Encoder Spindle - | ]
1,] Spindle Ctrl
5| 7 PicoMotors PBS
I ' ' .
SLM; HighSpeed
—{Slave Computer| ; P { Lens| | Lens ||CCD | ; Dat
DifTuserx2 : K] Electroniecs >0ut
ot Frame Grabber | s - T
= ¥
b4
Main -
omputer > Syne.
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System adopted random patterns - Lucent

AX

: sl 110l0gTOM
30um v Dize,~3mn

SIC 3/5/99 NSIC - HDS Workshop Nice, France March 8-11-1999

hle
1 National Creative Research Center for Active Plasmonics Applications Systems E@

g

L



InPhase status

Tapestry HDS 200-R

Drive

» 200 GB Capacity

» 20 MB/s or 160Mb/s Transfer Rate
* 405 nm laser

» Page-to-page seek 1ms

MEDIA
* 130 mm disc
» 50 year archive life
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InPhase technology

Core patents

1. Media:
Stable recording medium for holographic data storage

Novel "two-chemistry" approach for holographic media

2. Multiplexing:

Method for writing holograms in a stack

3. System:

Application of SLM to a holographic recording process

($h} National Creative Research Center for Active Plasmonics Applications Systems 59




Polymer media

100 A

= Tapestry™ material
= ZeroWave™ manufacturing flat media process

* Optical quality: dimensional stability, optical flatness, low scatter

* Sensitivity: photosensitivity

* Dynamic range (M/#): millimeter thickness

» Absorption

« VVolatility: heat/solvent free, non-volatile readout, long shelf-life, long archival life
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Multiplexing method

Storage Medium Detector Array

AL
—‘ i
Halagram
7 Interference
Pattern
Sp atlal Light
Modulator (SLIG
4 SIJ al Beam

4 4

Recovered Holograms

= Correlation Multiplexing (CM)

» Multiplexing: overlapping holograms with translations
 Reference beam: phase, amplitude, & angel difference inducing
» Single scattering phenomena: correlation
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SLM recording

ribbon
- data flow

Eeciranics

rail for
slider

Example drive

= SLM: Dynamic data page modulation

Tapestry HDS 200-R

* Essential & critical for RW system
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Cooperative partnership

Partnerships in all areas

Optics Alps Electronics

|
1 1 1
1 | | |
' Imation, ! I
Hitachi Maxell, !
Source Reference NTA : !
: : » Medium » Receiver » Output
I
. : ,
1 1 1 >
Input : : ' Signal !
I
: : Displaytech l
| 1 |
I
|
1

Digital processing Pegasus
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OPTWARE

Two Laser Collinear Holography Optics

OMD (Spabal Light Madulator)

Sony's Biue Laser Diode witk

y - ey
NI LAdla SEOEaU]s=
— e

Aluminum
Keflective

Layer

Fhoto
Detactor
for Servo Hologram Recording

f'-‘1E-”_Z A

http //www.optware.co_jp/english/what_040727.htm
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OPTWARE

Wl Wy,
§\ - FRsen /////k% § /f%

W N N\

MmN My

(a) (b)
Fig. 2. One kind of 2-D digital page-data pattern used in the
collinear holographic system: (a) write process pattern and (b) read
process pattern are displayed on the SLM.

Fig. 8. Three reconstructed 2-D page-data images from the recording order of the first, tenth, and twentieth with 20 multiplex recording

holograms overlapped at 3 pm.
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OPTWARE

Expected price [MODULE : 200,000(JPY)]
[CARD : 100(JPY)]
CARD CAPACITY : 30GB
<JUN 08, 2005, NikkeiBP, http://techon.nikkeibp.co.jp/english/NEWS_EN/20050608/105586/>
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Domestic

= SNU (NRL HoloTech)
= Random pattern (RP) multiplexing
= System development
= Channel coding

= QOthers
» |G Electronics
= SAIT
= Chungbuk Univ.
= Daewoo Electronics
= Hanyang Univ.
= Korea Research Institute of Chemical Technology (Yonsei Univ.)
= Kyounghee Univ.
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