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Three-dimensional multi-layered optical storage is one of the most promising methods that break the limita-
tion of recording density in optical storage. It storesthe bit information onto the multilayered recording planes
inside the thick recording medium and realizes the tremendous large recording capacity. This paper describes
the recording/reading principles, the systems, and the material's suitable for three-dimensional multi-layered
memory. We also present the experimental results that using photochromic organic materials and rhodamine-
B-doped and Au(lI1)-doped PMMA for recording medium.
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Fig. 1 Schematic diagram of three-dimensional multi-lay-
ered optical memory.
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Fig. 2 Optical transfer functions. (&) incoherent illumina-
tion microscopy and laser scanning microscopy,
(b)confocal fluorescent microscopy, and (c)two-pho-
ton fluorescent microscopy.
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Fig. 3 Schematic optical setup of confocal microscope.
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Fig. 4 Chemical structures of cis-1, 2-dicyano-1, 2-bis (2,
4,- trimethyl-3-thienyl) ethane (B1536) and photo-
chemical reaction.
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Fig. 5 Absorption spectra of B1536.
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Fig. 6 Readouts of bit patterns written into photochromic
memory using B1536. The bit and layer intervals
were 2 and 5 um, respectively. The recorded data
were read using areflection confocal microscope.
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Fig. 7 Two-photon photochromic three-dimensional
memory. (a) Schematic representation of “Write”
and “Read” processes, (b) Two-photon 3D memory
addressing with orthogonally propagating beams.
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Fig. 8 The recording mechanism of the fluorescent patterns
inside the Au (111)-doped and rhodamine-B doped
PMMA medium. The details are given in the text.
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Fig. 9 Optical recording system for three-dimensional
multi-layered memory.
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Fig. 10 Experimental results of three-dimensional record-
ing. (a), (b), (c), (d), and (e) are thefirst (nearest
to the medium’s surface), second, third, fourth, and
fifth layer, respectively. The bit data are recorded
every 5 x 5umin alatera plane, and the longitu-
dinal distance between data planesis 10 pm.
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