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Elemental Technologies of Optical Memory

Takeshi MAEDA

Current optical memory has followed the trend of a combination of a short wavelength and a high
NA for a long time. Recently, however, the trend has begun breaking down. Then many technol-
ogies for the future have been researched and the elemental technologies that support these future
technologies have been developed. The ISOM committee made a technical roadmap toward the
future for the industry and academic in 2007. When setting milestones on the roadmap, we should
consider an interface specification between a future technology and an elementary technology. In
this report, the elemental technologies on recent optical memory have been described based on the

achievement of making the ISOM roadmap.

Key words: optical memory, optical disk, multi-layer, two-photon absorption, hologram, solid

immersion lens, super resolution
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We decided the interface specifications between
future technologies and elemental technologies.
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200GB 200Mbps

Phase-1 33GB X 6 layers

500GB 500Mbps

Phase-2 50GB X 10 layers

Space layer thickness variation || 200Mbps
-> +/- 1 um in whole layers || -> soon

-> implemented

Tilt correction
-> conventional

Signal processing for
low SNR such as LDPC

Capacity enhancement from 33GB to 50GB
-> adaptive PRML + Land & Groove
-> Two Dimensional modulation (Two DOS)

-> soon

Contact-less Power Supply for each layer

-> soon

or new PRML
-> soon
High power LD
over 200mW Layer crosstalk reduction
-> 2007 -> polarization plate

-> implemented

500Mbps->Multi-beam
-> 3 beams emission LD
-=> 2010-2012

Multi-track mastering
-> soon

Aberration correction over 80 High
um (15um X35 intermediate
layers)

-> implemented

hardness
substrate
-> soon

High transmittance &
low absorbance material
> 2008-2012

No need to consider the space

layer thickness variation

High throughput Multi-layer
fabrication process
-> 2007

6 ZERBEINTOREL 7 70—,
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Low amp. noise detector

-> soon
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Multi-photon process in focus

One photon Two photon
Absorption Absorption

Confinement of two
photon process

UV laser
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pulsed IR laser

Data transfer rate

A

1Gbps |-t e

Femto-second pulsed LD
Ultra-compact fiber laser
High repetition pulsed laser
High sensitive material

Fabrication process of
multilayered medium
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: Layerinterval 3um

: Laser power. 100mW

: Pulse width: 100fsec

i Pulse repetition. 2GHz

* Material sensitivity: 125GM*

i Multi-beam pickup: .
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ilensNA/0B5

~ Higl | ) * Working distance: 400um

high stiffness disc media ! Reflectance < 01.001%
& Focus detection: BD level

500GE Lzaie %’{:{:mr o + Tracking detection: BD level
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Dynamic spherical aberration
correction system

High speed rotation and
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Fabrication proce: 1
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medium y ﬁ(}GM* . Tilt margin: < 2mrad
Compact fiberlaser Multi-beam pickup:

Layer thickness uniformity:
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(BD: Blu-ray disc)

Confocal pickup
Multi-beany pickup

EEmmmEaszsannn
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Lens NA: O f .

for tracking and Working distance: 400un,
readiwrite Refiectance: < 0.2-0.02%

High sensitive Detector noise level, shot noise
detector '

Focus detection: BD level
Tracking detection: BD level
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Mark position recording
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(CCD)

=Combination with
Other Technologies
( Hole-Burning / Nonlinear Writing )

= Multi-level Recording

High—Speed Multi-level
SLM/PD

High SNR for multi-level

*New Type of Multiplexing

~Noise Reduction
(Speckle, Crosstalk)
=Large NA Optics
=Reduction of Ineffective
Exposure Area
= Higher An, Lower Shrinkagg
Less Scatter, Less Absorp

*‘Wavelength Multiplexing|
*Tunable Laser

1TB

gh-Resqution
PD/SLM

* High-Contrast SLM | Rawritable
* Aberration-Free Leng . Non-destructive
= High Coding Readout
Efficiency
=2-D Data Processing

E——)
10 F077 ARLFRCBT S EEHMOREE 7 70 —F,

500GE

HERHENSC2-OOFEET Fu—F 2 Ll ft
ROKT 4+ A7 L FFISREEFIEN R 5012, BHRE
MOEHHRICHIRBF 2 LB E T2 00ONEL b D, Itk
W, TROTZEMZHRR, ZRILT v A KRR, su s 7
LEUSIRATH B, FIC, FUSKBMAIX ZXOODEEE DY
— VRIS ERERL, »OT — TRk s h
ZEHEMEEZME T 20BN D 2, BEATIE, 74 MRY
~—tE e fvic b O HK THLICBEFE S L Tw 520,
£ 1121, REZFETD 2 508N D W TR0
SESRI N B HRRER F L D7,

5.4 EHEISREERIRINT

YV XOFROEIE 1 BRATH 20, InziEz T

ot F



Transfer Rate

= Super Parallel
Data Processing

«Ultra High-Speed SLMs
(MO,EO)

10 Gbp4

~@-Switched LD Array

= High-Speed Access
(nonMechanical)

= High-Speed Angular
Scanning
= Higher Sensitivity

*Hybrid PD
*Asking Servo
*Pixel Matching
*Short Pulse,
High-Power Laser
=High-Speed Response
Multiplying Organic Material
*Parallel Processing

1Gbps

500Mbps

= High-Sensitivity PD
~ Higher SNR
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- Multi-layered recordin - Multi-layered recording

NA: 1.8, 1: 405nm NA: 1.8, L: 405nm

2-layered media 4-layered media
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Breakthroughs

Required technologies
GB/side

1000 A\

*Novel recor

solidify 20-nm

*Higher NA (>1) op

*Low cross-erase media
*Ultra-fine tracking & focusing

*Combination with the other NFR technologies

400 GB/side (= 286 Gbit/in2)& 500Mbps

1.5 TB/side (= 1.07 Thit/in2)& 1Gbps
20 nm pit on 1/8 BD track size

Iti-beam read&write technologies for high data
sfer rate

write strategy for high-density recording

ered super-RENS

k pitch by optical lithography

mark recording

500
*New coding & ECC system for N
37.5 nm pit on 1/4 BD track size

*New.coding & ECC. system for NF &1

combination pits . ,

*Nev’f‘? . d¢t6m§n' §ys£em ' *Double layered super-RENS

* e . A r

Nevy ?Q}s? . gdq?plqn 'Sﬁwm *Specitic pickup design for NF-FF detection

200 _*New"trgt:k control & servg ’
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