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Long-term data preservation
» Nature’s choice: DNA (1M years @ -18 °C)
» Current archiving technology: Magnetic tape (20 years)

» Optical based technologies: CD or DVD (10 years)
M-Disc (1000 years)
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Femtosecond laser direct writing: The principle

@ Tight focusing of laser beam
(e.g. A =1030 nm, At =300 fs)
into transparent material

@ High intensity leading to
multi-photon absorption

@ Structural changes in matter
confined to focal volume due
to short pulse duration — 3D

Intensity ~ 5x10"3 W/cm?
Electron temperature ~ 10° K /10 eV
Pressure ~ 10° bar



3D optical storage by femtosecond laser writing

Picosecond (10 x10-12s) laser Femtosecond (100 x 10-° s) laser
induces voids with external stress induced small voids in quartz glass
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Glezer et al.,Optics Letters (1996)



Ultrafast-laser nanostructured (ULN) quartz glass
and self-assembled form birefringence

Birefringence

optical
axis Femtosecond laser
nanostructured glass:
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P.G. Kazansky et al., Phys. Rev. Lett., 82, 2199 (1999)
Y. Shimotsuma et al., Phys. Rev. Lett. 91, 247405 (2003)



5D data storage
by ultrafast laser nanostructuring in glass




How it works?

v' Position: 3 spatial dimensions
v Retardance = f(Intensity, Number of pulses)
v Slow axis = f(Polarization)

v Ultimate resolutions of slow axis angle ~5° and
retardance ~5 nm.

1 Byte (8 bits) per spot:

32 states (5 bits) of slow axis orientation
8 states (3 bits) of retardance



Comparison

| _Cp | DVD__|Blueray| 5D

Capacity 0.7 GB 4.7 GB 23.5GB 360TB per disc
Last Long 5 years 7 years 7 years 10720 years
Speed 150 kB/s 1.3 MB/s 4.5 MB/s 100 MB/s

(1x) (1x) (1x)
Current writing speed: 3 KB/s
Current capacity: 6 GB per layer
50 layers
280 GB/disc

Advantages of 5D: High capacity
Long lifetime
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Using the Arrhenius law,
the lifetime can be extrapolated
to the room temperature

T = 30° -> 7= 300x10'8 years







Bringing colours to life:
Chameleon bird in glass




Geometrical phase hologram in glass
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Eternal copy of Nova Vulgata
presented to Vatican library

Southampton
HOLY BIBLE

PRESERVED FOR ETERNITY

-

~

' \
\
\

|

=4

5D OPTICAL MEMORY
fasxd quart tensity ma




UNIVERSITY C G
Southampton & Q-

ULTRAFAST LASER NANOSTRUCTURED GLASS

5D optical data




Eternal Documents

UNIVERSITY OF

Southampton Ul

THE CONSTITUTION OF THE UNITED STATES
STEPHEN TO COMMEMORATE

PRESERVED FOR ETERNITY
HAWKING THE FIRST EDITION OF NEWTON’S

2 ST
OF TIME

O

Y,

Ml

5D OPTICAL MEMORY
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Conclusions

@ Digital preservation with practically unlimited lifetime
IS possible by ultrafast laser nanostructuring in glass.

@ Research towards increase of write and read speed
IS In progress.
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CERTIFICATE

The most durable digital storage medium
Is stable at room temperature for
300 quintillion years,

a material created by researchers from
the University of Southampton's
Optoelectronics Research Centre,
as published on

23 January 2014
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