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High-thickness PVA/acrylamide photopolymers
for data storage applications
Holographic techniques are particularly attrac-
tive for data storage systems and the fabrica-
tion of optical elements.1 Particularly for the
former application, the thick recording materi-
als used in holography offer an advantage over
currently the surface-recording techniques used
for CDs and DVDs. Thanks to this volume re-
cording, the theoretical information storage
capacity of holographic memories greatly ex-
ceeds that of current devices such as the CD-
ROM (by 1000 times) and random access time
is significantly lower (just 10%). Photopoly-
mers make good holographic recording mate-
rials2 because they have: acceptable energetic
sensitivity, a variable spectral sensitivity de-
pending on the sensitizer dye used, good reso-
lution, high diffraction efficiency, and good
signal/noise ratio. Their low cost, easy prepa-
ration, and lack of complicated developing pro-
cesses make them even more attractive for use
in large-scale WORM- (write once read many
times) type memories.

For holographic memories to be competitive,
the recording layer must be 500µm or thicker.1

More holograms may be recorded with thicker
layers, because the angular Bragg selectivity
increases due to the fact that the width of the
angular response curve is very small.3 It is not
easy to make such thick layers with currently-
available recording. Photopolymers based on
acrylamide are of interest due to their mean
energetic sensitivity as compared to other avail-
able materials; the possibility of easily adapt-
ing their spectral sensitivity to the type of re-
cording laser through changing the sensitizer
dye, high diffraction efficiency, and both an
acceptable resolution and signal/noise ratio.4

In recording materials based on polyvinyl al-
cohol (PVA)/acrylamide (AA), a solution of

PVA in water forms the matrix and this is used
to prepare the mixture of monomer (AA) and
photopolymerization initiator system: trietha-
nolamine (TEA) and yellowish eosin (YE). The
solution is mixed using a conventional mag-
netic stirrer, under red light and in standard
laboratory conditions (temperature, pressure,
relative humidity). The solutions are deposited,
in polystyrene or polymethylmethacrylate
molds, and left in the dark to allow the water
to evaporate, while recording the laboratory
conditions (temperature and relative humidity)
during the process. When part of the water has
evaporated, the ‘dry’ material is removed from
the mold, cut into squares, and attached—with-
out the use of adhesive—to the surface of glass
plates measuring 6.5×6.5cm2. The plates are
then ready for exposure, which takes place im-
mediately. The thickness of the material is mea-
sured using a conventional micrometer. A de-
tailed study of this method of preparation and
the factors governing the process enable a thick-
ness of around 1000µm to be reached.3 Addi-
tionally, optimization of the composition allows
good results to be obtained for the main holo-
graphic parameters, measured to characterize
the material, such as diffraction efficiency
(DE), energetic sensitivity (S), or the minimum
energy required to reach maximum diffraction
efficiency (DE

max
).

To evaluate the material capacity for the re-
cording of many diffraction gratings, we re-
corded seven in the same zone of a 700µm-
thick recording material by using the light from
an Argon laser emitting at 514nm. We used
angular multiplexing, changing the angle of the
reference beam in steps of 0.5°. In this way, a
4.5° variation in the angle suffices to include
the seven gratings. Figure 1 shows the diffrac-

Figure 1. Diffraction efficiency as a function of the reconstruction angle for
multiplexed gratings recorded in a PVA/acrylamide photopolymer.

Tell us about your news,
ideas, and events!
If you're interested in sending in an ar-
ticle for the newsletter, have ideas
for future issues, or would like to publi-
cize an event that is coming up,
we'd like to hear from you. Contact our
technical editor, Sunny Bains
(sunny@spie.org) to let her know what
you have in mind and she'll work with you
to get something ready for publication.

Deadline for the next edition,
15.2, are:
15 March 2004: Suggestions for special
issues and guest editors.

2 April 2004: Ideas for articles you'd like
to write (or read).

4 June 2004: Calendar items for the
twelve months starting July 2004.

tion efficiency (DE) as a function of the recon-
struction angle for the multiplexed gratings
stored in the PVA/acrylamide photopolymer.
We obtained high values for each individual
maximum DE, sufficient separation between
the gratings to enable their independent recon-
struction, and good dynamic range
(M#=25.91).1
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