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Technical evolution of optical storage

BD/HD-DVD will be the dominating disk format beyond CD and DVD

— future IT applications will require further increased storage
capacities and data rates for archival applications

Several approaches exist to increase the storage capacity :

— Superresolution: marks below the diffraction limit due to
subwavelength aperture

— Near-field recording: subwavelength light spot

— Multiple layers per disc
Fluorescent materials
2 photon process

— UV Recording
— Holographic Data Storage (HDS)

Only volumetric storage approaches will lead to capacities in the
TeraByte domain




Principle of HDS

A laser beam is split into two beams
— The signal beam, holding the encoded data (data page)
— The reference beam, crossing the signal beam

* The Interference pattern appearing at the intersection of both
beams is recorded in a photo-sensitive medium

e Data are retrieved from the medium by exposing it to light from the
reference beam

Recording of data pages Archival Readout of data pages
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Multiplexing methods in HDS

« Efficient use of volume by multiplexing

enables high capacity \
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Multiplexing methods in HDS

« Efficient use of volume by multiplexing
enables high capacity
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Why HDS now?

* Recent breakthroughs in media-technology and advanced
optical enabling technologies are expected to open the door
for applications in a 3....5 years time frame

— New write-once polymers are developed by several companies
— SLMs, CMOS detector arrays and laser technology is available today
from other industrial applications and must be adapted to HDS

e Limitations:

— Conventional ,plane-wave*“ concepts require extremely stable
mechanics

— Complexity of optics

— Laser diodes currently do not fulfil performance requirements

— Complex servo and channel data processing




The ATHOS Project

The ATHOS project aims at developing key technology for HDS
— >200 GB capacity per 12 cm disc shall be demonstrated
— Duration: 3 years (July 2004 — June 2007)

Project partners
— Budapest University of Technology and Economics (Hu)
— CEA-LETI (F)

— Darmstadt University of Technology (Ger)
— Moulage Plastique de I'Ouest (F)
— Optimal Optik (Hu)
— RWTH Aachen (Ger)
— Thomson (Ger)
— TOPTICA Photonics AG (Ger)

Funded by the EC




Colinear approach

« With colinear optics in combination with reflective disks and
conventional DVD servo systems compact and reliable drives can
be realized

— OPTWARE is leading in the development of such drive concepts

— The European consortium ATHOS will develop an alternative drive system
incl. dedicated key components
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Proposed disc structures (1)

e Guiding grooves for focusing and tracking by red laser

e Dichroic mirror to avoid crosstalk between pre-recorded
grooves and recorded holograms

e 300 um thick photo-sensitive recording material

500 um thick cover layer for layer stack protection

Cover layer

Spacer layer

Dichroic mirror

Substrate




Proposed disc structures (2)

« A rewritable layer instead of a ROM substrate could serve to
record additional information like addresses

Cover layer

Spacer layer

Dichroic mirror




Proposed disc structures (3)

e According to simulation, a few DVD tracks do not disturb the
guality of the holographic image

® No dichroic mirror required
® Easier disc fabrication

Cover layer

Spacer layer

Substrate




Capacity Estimation

e Objective NA = 0,5; Active layer thickness 300 um; M# = 6
* Preliminary simulations by Angular Spectrum Propagation show
shift selectivities of around 10 um in crossing direction, around

90 um perpendicular
e 150 kPixel user data per page
* Disc Capacity 200 GByte data beam

reference beamlets
e Technical steps to achieve >1TB per disk:

1.) Data page size,

2.) Beam geometry for improved multiplexing
3.) Material improvements

4.) Thicker storage layers




Laser source

« HDS requires single mode, coherent light beams

 For consumer applications, a diode pumped solid state
aser Is not the first choice.

* A diode laser would be favorable
— Problem: a free running |
diode laser is operating
at a spectrum of
wavelengths
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External Cavity Diode Laser
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Phase modulation

« Another option for multiplexing is phase coding
— Spatial modulation of the reference beam wavefront

* During readout with a certain phase code, only the
hologram recorded with this phase code will be
reconstructed

 Two types of phase modulators are considered in the
project:
— Liquid crystal (LC) type
— Piston like mirror type




Liquid Crystal type phase modulator

< 26 mm R
ZTE;n:m
Optical active area: 2,55 mmx 0,1 mm
Overall size: 26 mm x 20 mm e
Transmission: 82 %
Switching Time: 5ms, will be improved




Mirror type phase modulator

Voltage

Cavity

Air gap: 100 nm = 2
U-mirror width: 30 pm
Mirrors number: 64
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| aserdiode Polarising beam splitter

First achievement: blue media tester
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First results with media tester

o EXxperiments with commercially available polymer
samples

e Thickness 300 um
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Development Roadmap

Focusing reflective

electronic development

Simple transmissive dynamic digital tester
digital tester for ﬂ

Focusing reflective
digital tester

Focusing transmissive
digital tester

Tests on slow dynamic
Plane wave transmissive behavior

media tester

&
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Conclusion

Holography is the most promising optical technology
to reach >1 TB capacity per medium

The proposed HDS system concept is designed for
data capacities of >200 GB (1t demonstrator)

Blue sensitive material is successfully tested

New disc structures are proposed and will allow
easier fabrication of discs

Single frequency blue diode laser is developed
First prototypes of phase modulators are developed
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