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Holographic data pages were multiplexed in different thickness layers of a polyvinyl alcohol/acrylamide
photopolymer. This material is formed of acrylamide photopolymers, which are considered interesting
materials for recording holographic memories. A liquid crystal device was used to modify the object beam
and store the data pages. A peristrophicmultiplexingmethod is used to store a large number of data pages
in the same spot in the material. The bit error rate was calculated fitting the histograms of the images to
determine what parameters improve the quality of the images. © 2008 Optical Society of America
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1. Introduction

Due to the importance acquired by new technologies
(computers and Internet), the demand for more capa-
city, more density, and faster readout rates has
increased considerably. The conventional optical
memory technologies, like CD-ROMs and DVDs,
are two-dimensional surface-storage techniques,
and so have almost arrived at the limit of their capa-
city. For this reason, in recent years a lot of attention
has been centered on three-dimensional (3D) holo-
graphic disks and memories [1–4]. Recently, many
studies have been focused on the characterization
and optimization of thick holographic recording ma-
terials [5,6] in order to obtain the maximum data sto-
rage capacity. Some companies such as Aprilis [7] or
InPhase [8,9] have already created the first proto-
types of holographic optical storage systems capable
of storing from 200 Gbytes to 1.6 Tbytes.

Since photopolymers have excellent holographic
characteristics, such as high refractive index modu-
lation [10,11], large dynamic range [2,12–14], good
light sensitivity, real time image development, high
optical quality, and low cost, they have been used as
the base of new 3D holographic disks. In addition to
this, their properties such as energetic sensitivity or
spectral sensitivity can be easily changed by modify-
ing their composition [10,14–16].

In this study, we focus on the optimization of a
holographic memory setup multiplexing a large
number of data pages using a liquid crystal display
(LCD) and a polyvinyl alcohol (PVA)/acrylamide
photopolymer.

Twisted-nematic liquid crystal displays (TN-
LCDs) have been extensively studied in recent years
for application to spatial light modulators (SLMs)
used in many applications in optics to modify in real
time the amplitude or phase of a light beam [17–23].
This LCD can be used to design programmable opti-
cal elements, such as lenses and data pages or in ho-
lographic data storage. In particular in holographic
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data storage, LCDs allow data pages to be recorded
in real time in the holographic recording material.
The photopolymer used in this work was com-

posed of acrylamide (AA) as the polymerizable
monomer, triethanolamine (TEA) as radical genera-
tor, N;N0 methylene-bis-acrylamide (BMA) as cross-
linker, yellowish eosin (YE) as sensitizer, and a
binder of polyvinyl alcohol (PVA) [24]. Layers about
80� 10 μm [25], 250� 10 μm, and 500� 10 μm were
used [15,16].
Different objects with white and black pixels were

used to simulate data page bits (ones and zeros).
During the storage process, these data pages are
stored in the photopolymer. When the hologram has
been stored, it is illuminated in the reconstruction
stage by the same plane wave as in the recording pro-
cess in order to prevent the appearance of aberra-
tions in the reconstructed image. Using an optical
system, the stored information is imaged onto a Cohu
4710 Series Monochrome CCD camera connected to a
personal computer, where the images are analyzed
and processed.
These objects were multiplexed in the three differ-

ent thicknesses layers. To maximize full dynamic
range of the material [2,12,13] and to store a large
number of holograms, exposure was gradually in-
creasing while the holograms were being stored.
Once the images have been obtained, a criterion

has to be used to assess the quality of the different
images and to compare them with the original object.
In order to evaluate the image quality, its histogram
is used to calculate the bit error rate (BER) [26–29]
and to determine the contrast between white and
black pixels. BER values of each image are calculated
to decide what parameters provide the best image
quality (greater contrast and less noise).

2. Experimental Setup

A. Preparation of the Material

The holograms are recorded in a photopolymer com-
posed of acrylamide (AA) as the polymerizable mono-
mer, triethanolamine (TEA) as radical generator,
N;N0 methylene-bis-acrylamide (BMA) as crosslin-
ker, yellowish eosin (YE) as sensitizer, and a binder
of polyvinyl alcohol (PVA). Introduction of BMA in
the composition improves the energetic sensitivity
and diffraction efficiency of the material and, in ad-
dition, gives a greater stability to the stored grating,
thereby preventing it from disappearing with time.
Table 1 shows the component concentrations of the

photopolymer compositions used to obtain layers
about 80 μm thick with the composition 1, layers
about 250 μm with the composition 2, and layers
about 500 μmwith the composition 3. In previous pa-
pers the material was optimized in order to obtain a
greater diffraction efficiency [15,16,25].
A solution of PVA in water forms the matrix, and

this is used to prepare themixture of AA, BMA, and a
photopolymerization initiator system composed of
TEA and YE. The mixture is made under red light,

deposited by gravity on a glass plate, and left in the
dark for one day to allow the water to evaporate in
conditions of temperature T ¼ 22 °C and relative hu-
midity RH ¼ 55%. These conditions of drying time,
temperature, and relative humidity are optimized
to obtain the maximum diffraction efficiency of the
gratings. Once dry, the glass is cut into squares
of 5 cm × 5 cm.

B. Holographic Setup

Holographic data pages were recorded using the set-
up shown in Fig. 1. The light source was a diode-
pumped frequency-doubled Nd : YVO4 laser (Coher-
ent Verdi V2) with awavelength of 532nm. The polar-
ized beam was split into two beams with a beam
splitter. Then the beams were spatially filtered using
a 40× objective lens and a 10 μm pinhole. The filtered
beams were collimated using the lenses L1 and L2
and the diaphragmsD1andD2.Thediameter of these
beams was 1:5 cm, obtained with D3 and D4, and the
sum of the intensities of the two beams was
3mW=cm2. The incident angles of the object beam
and the reference beamat the recordingmediumwere
17:4° (measured in air). In previous studies in which
diffraction gratings were stored, this angle was used
to obtain a spatial frequency of 1125 lines=mm
[12,13], and the material’s behavior was seen to be
good. For this reason, the same angle between the
beams was used in this study.

Table 1. Concentrations of the Photopolymer Compositions

Photopolymer
Composition

1
Composition

2
Composition

3

Polyvinyl alcohol 6:6%W=V 13:4%W=V 13:3%W=V
Acrylamide 0:33M 0:34M 0:35M
Triethanolamine 0:17M 0:15M 0:15M
Yellowish eosin 2:4 × 10−4 M 1:4 × 10−4 M 0:9 × 10−4 M
N;N0 methylene-bis-
acrylamide

0:027M 0:037M 0:04M

Fig. 1. (Color online) (Color online) Experimental setup: BS,
beam splitter; Mi, mirror; Li, lens; Di, diaphragm; SFi, microscope
objective lens and pinhole; SLM, spatial light modulator; Pi, polar-
izer; CCD, charge coupled device.
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One of the beams was the object beam, and the
other was the reference beam. The object beam
was directed onto the surface of a 800 × 600 TN-
LCD with a pixel pitch of 32 μm. The LCD was placed
between two polarizers, one to each side of the LCD.
The set of LCD and polarizers was used as a SLM.
The lens L3 (f 0 ¼ 200mm) was used to obtain a con-
vergent beam, and the lenses L4 and L5 (f 0 ¼
100mm) were placed to do the Fourier transform
(FT) and the inverse Fourier transform (IFT) of
the data pages. We used this scheme because we ob-
tained a flexibility configuration: the size of the FT
was under control by moving the LCD along the axis.
By increasing d, the size of the FT was made larger,
and decreasing d, the size of the FT was made smal-
ler. A diaphragm was placed just before the photopo-
lymer to block all the orders that leave the LCD
except the central order. If the other orders were
not blocked, they would also be stored in the materi-
al, and during reconstruction, interference patterns
would be observed on the image, thus worsening its
quality. The other beam, the reference beam, was a
plane wave that interfered with the object beam at
the surface of the material. These beam intensities
were measured at the position where the photopoly-
mer must be placed when the holograms are stored.
In the reconstruction stage, the stored hologram

that contained the information of the data page
was illuminated with the reference beam, but at a
very low intensity so as not to erase the hologram be-
cause the material was sensitive at this wavelength.
Another lens was placed behind the photopolymer to
do the inverse Fourier transform (IFT) of the dif-
fracted beam on the surface of the charge coupled de-
vice (CCD). A computer sends the data pages to the
LCD and captures images reconstructed by the CCD.
In order to ensure the stability of the experimental

setup for long exposure times, a holographic table
with an antivibration system was used.

3. Results and Discussion

In this paper, we want a large number of data pages
be stored in a PVA/acrylamide photopolymer. For this
reason, holograms have been multiplexed for differ-
ent thicknesses of the material, 80 μm, 250 μm, and
500 μm, using the compositions in Table 1. In each
layer, binary data pages with a random pixel form
were stored. These objects have a different number
of pixels: 300 × 300, 400 × 400, 500 × 500, and 800 ×
600 pixels. This allows us to study the behavior of the
photopolymer material when data pages with differ-
ent numbers of pixels are multiplexed.
These objects were stored in the same position in

thematerial using peristrophic multiplexing because
previous papers showed that when a not very large
number of holograms (fewer than 200 holograms)
are to be stored, a higher diffraction efficiency is ob-
tained with peristrophic multiplexing [13]. By chan-
ging the thickness of the material, the number of
holograms that can be stored will also change. With

a greater thickness, the material will have a greater
dynamic rangeandmorehologramsmaybe stored [2].

The holograms were stored with an angular se-
paration of 3°. The angular selectivity was measured
for the different thicknesses used in this study. For a
thickness of 500 μm, we obtained an angular selectiv-
ity of 1°, for 250 μm, 1:5°, and for 80 μm, 2°. Therefore
an angular separation of 3° is more than sufficient to
prevent the holograms from overlapping.

The holograms were stored with a reference to ob-
ject beam ratio of 100 and a reading beam intensity of
0:03mW=cm2. In a previous study on the influence of
these parameters on the quality of the stored images
[25], these values were found to give a greater image
quality and therefore a lower BER.

A. Optimization of the LCD

As described in the holographic setup section, anLCD
(LCD2002 Holoeye SONY LCX016AL-6 800 × 600
pixels) was placed in the object beam to modify the
wavefront and store this variation in the photopoly-
mer. The variation may be in phase or amplitude.
In this study, the wavefront amplitude is modified,
while its phase is maintained constant, and this mod-
ification is the object to be stored in the photopolymer.
The object has two states:white,withamaximumam-
plitude transmittance, and black, with a minimum
amplitude transmittance. The optimization process
of the LCD can be seen in [17–23].

LCDs change the polarization state of the incident
light. This may mean that not all the light incident
on the LCD is transmitted, since some of it is re-
flected or absorbed. Therefore it is advisable to place
two polarizers, one before and one after the LCD, in
order to transmit the maximum light possible. How-
ever, to achieve this, the LCD and polarizers must be
calibrated correctly, which means that the angles at
which the latter are to be placed in order to achieve
maximum efficiency and minimum loss must be cal-
culated. In our study, the objective was also to obtain
the maximum contrast between transparent and
opaque zones of the LCD with either no or minimal
phase variation. Therefore before sending the objects
to the LCD for storage in the photopolymer, the LCD
must be correctly calibrated.

This is done using the method described in [19,20],
which consists of two calibration steps. In the first
step, the LCD is turned off and no voltage is applied.
In this step, three parameters that are independent
of the voltage are calculated: the total twist angle (α),
the orientation of the molecular director at the input
face (ψD), and themaximum birefringence (βmax). The
parameters obtained with the LCD calibrated while
turned off are shown in Table 2.

In the second step, the parameters dependent on
voltage are measured. These are related to the varia-
tion in optical anisotropic properties throughout the
thickness of the cell as a function of the voltage ap-
plied. The model attempts to take into account that
the liquid crystal molecules near the glass are practi-
cally adhered to its surface and cannot reorientate
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themselves when the voltage is applied. Thus, the
total thickness d of the LCDmay be decomposed into
two lateral regions of width d1 and a central region of
width d2. In this way, the anisotropic properties of the
LCD may be modeled using two voltage-dependent
parameters, birefringence β and δ, which are ex-
pressed in Eq. (1):

βðVÞ ¼ πΔnd2=λ0; δðVÞ ¼ πΔnmaxd1=λ0; ð1Þ

where λ0 is the wavelength of the light and Δn is the
difference between the ordinary and extraordinary
indices, with Δnmax being the maximum value.
From the curves of βðVÞ and δðVÞ, we can find the

angles at which the polarizers must be placed in the
experimental setup to modulate the incident beam.
In our study, our aim is to obtain the maximum con-
trast between transparent and opaque zones of the
LCD with minimum variation in the phase. In this
case, the angles found are φ1 ¼ 296° for the polarizer
in front of the LCD and φ2 ¼ 111° for the polarizer
behind it.

B. Calculation of the Bit Error Rate

After one of the objects has been stored in the photo-
polymer, the hologram formed is reconstructed by il-
luminating itwith the reference beam.Thediffractive
beam obtained is imaged onto the CCD. If the holo-
graphic reconstruction were perfect, the images ob-
tained would have uniform white and black pixels.
However, many reasons exist thatmay distort the im-
age (such as small imperfections in the material, par-
ticles thatmaybe found inanyelement of the setup, or
poor contrast of the image obtained due to insufficient
exposure). Since the images obtained are not perfect
and exhibit noise, it is necessary to measure a para-
meter that quantifies the image quality. This para-
meter is the bit error rate (BER).
The BER is defined as the probability of having er-

roneous bits in the image. To calculate the BER
[25,26], first, in Fig. 2, we represent in logarithmic
scale the probability of obtaining a certain gray level
in the black or the white regions. In Fig. 2, the prob-
ability in the black regions is represented by solid cir-
cles, and the probability in the white regions is
represented by empty circles. As can be seen, the
two probability distributions are clearly distinguish-
able, although there is a point atwhich they intersect.
This point of intersection of the two distributions is
called xc.
Once the probability distributions have been ob-

tained from the graph (Fig. 2), both distributions
are fitted to a probability function. In this study, they
are fitted to a Gaussian equation (Eq. (2)):

Wðx0; σ; xÞ ¼
1ffiffiffiffiffiffiffiffi
2πσ

p exp
�
−

ðx − x0Þ2
2σ2

�
; ð2Þ

where x represents each gray level in the image, x0 is
the point at which the Gaussian distribution is cen-
tered, and σ is the width of the Gaussian distribution.
The reasonwhy they are fitted to aGaussian equation
is that it has been verified that most probability dis-
tributions obtained from an image captured by aCCD
may be expected to follow this type of distribution.

Once the adjustments for the probability distribu-
tion of both white and black pixels have been made,
the BER is calculated from Eq. (3):

BER ¼ 1
2

�Z
xc

0
WWðxÞdxþ

Z
∞

xc

WBðxÞdx
�
; ð3Þ

where WW are WB are the adjustments of the prob-
ability distribution of white and black pixels, respec-
tively, and xc is the point of intersection of the two
probability distributions.

Using this algorithm, the BERs of all the images
are calculated and are discussed in the following sub-
sections.

C. Thickness of 80 μm
Asmentioned above, data pageswere storedwith four
different pixel sizes. In this subsection, these four
data pages are multiplexed in the 80 μm thick mate-
rial. Each of the four objects is stored at the same po-
sition in the material with an angular separation of
3°. In addition, they are stored with a beam ratio of
100 and reconstructed on the CCD with a reading
beam intensity of 0:03mW=cm2. In previous studies
it was found that when all the holograms were stored
using the same exposure time, the last holograms
were stored with lower diffraction efficiency or not
even formed. In order to increase the diffraction effi-
ciency of the last holograms, it was found necessary to
increase the exposure of the holograms as they were
being stored [12,13,30]. Therefore, since in this study
the objective is to store as many data pages as

Table 2. LCD Calibration Parameters Independent of the Voltage
Applied

α ψD

βmax
ðλ0 ¼ 633nmÞ

βmax
ðλ0 ¼ 532nmÞ

βmax
ðλ0 ¼ 442nmÞ

94°� 1° 45°� 1° 118°� 1° 168°� 1° 199°� 1°

Fig. 2. Distribution of the probability of black and white pixels.
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possible, the exposure is gradually increased as the
data pages are stored so that the last data pages have
the same BER as the first ones.
In Fig. 3, the exposure time that the data pages

have been stored is represented by empty triangles.
Thus, when the 300 × 300 pixel object was stored, 15
hologramsweremultiplexed in thematerial. Figure 3
shows the BER of the four multiplexed data pages as
a function of the number of holograms. The BERs ob-
tained from each of the 15 holograms are represented
by solid black circles. As can be seen, the first 9 ho-
lograms have a BER less than 0.1, and the holograms
up to number 12, less than 0.2. However, the BER of
the last holograms increases and reaches 0.4 for ho-
logram 15. For the last holograms, no matter how
much the exposure was increased, images were ob-
tained with little contrast between pixels, thus indi-
cating that this is the limit for storing images with
this thickness and this number of pixels.
Figure 4(a) shows the image of the first hologram,

and Fig. 4(b) shows the image of the last hologram
with a lower BER (hologram 12), reconstructed with
the reference beam. In Fig. 4(a) there is a greater con-
trast between the white and black pixels, and the
edges are well defined. Figure 4(b) has lower contrast
than Fig. 4(a), but the pixels are clearly distinguish-
ing ones to others. The last hologram is not repre-
sented because it was not well formed.
In the following step, hologramswith 400 × 400pix-

els were multiplexed and 16 holograms were stored.
In Fig. 3 the BERs of these 16 holograms are repre-
sented by empty circles. As can be seen again, the first
holograms have a BER close to 0, whereas from holo-
gram 13 on, the BERs begin to increase. Figures 4(c)
and 4(d) show the first and last hologramwith a lower
BER (hologram16) of the 400 × 400pixel object. It can
be seen that the quality of the stored image changes
when the value of BER varies. And finally, holograms
corresponding to the 500 × 500 pixel (solid squares)
and800 × 600pixel (empty squares) objectsweremul-
tiplexed. In these two cases, 19 and 20 holograms

were stored, respectively. As can be seen, the first
15 holograms have a BER of less than 0.2, and the
BER of the last holograms increases but never ex-
ceeds 0.4. Figure 4(e) to 4(h) shows the first and last
hologramwith a lower BER (holograms 15 and 16, re-
spectively) of these two objects. Since the BER of the
last data pages stored is higher than that of the
others, in future studies a more complete exposure
scheduling should be followed to obtain a uniform
BER in the reconstructed images.

Fig. 3. (Color online) (Color online) BER of the objects with 300 ×
300 pixels (solid circles), 400 × 400 pixels (empty circles), 500 × 500
pixels (solid squares), 800 × 800 pixels (empty squares), and expo-
sure time (empty triangles) in a 80 μm thick material.

Fig. 4. First and last holograms with a lower BER corresponding
toobjectswith300 × 300pixels (a), (b),400 × 400pixels (c), (d),500 ×
500 pixels (e), (f), and 800 × 600 pixels (g), (h) in a 80 μm thick layer.
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D. Thickness of 250 μm
In this subsection, the same objects as those in the
previous subsection are multiplexed, but now in a
250 μm thick material. In Fig. 5 the BER for these
four objects stored with this thickness is represented
as a function of the number of holograms. The expo-
sure time that the data pages have been stored is re-
presented by empty triangles. The most important
change between Fig. 3 and 5 is that in Fig. 5 more
holograms have been stored (up to 30 holograms)
due to the increase in thickness of the photopolymer
layer used.
With this thickness it can be seen that the first ho-

lograms (up to hologram 6, depending on the object)
have a higher BER than those in the central region
(holograms up to number 28 for the 800 × 600 pixel
object). It has been reported that holograms have a
high BER due to the lack of exposure used when stor-
ing them. This means that the holograms are not
properly formed, and the images obtained are not
of good quality. Therefore in these first holograms
in which the storage limit has not been reached, hav-
ing a BER of over 0.1means that the exposure used to
store them was not sufficient. Since the material is
thicker, its energetic sensitivity is different, which
makes it necessary to use a greater exposure for these
first holograms to be formed properly. However, the
exposure with which the first two or three holograms
should be stored is very critical when greater thick-
nesses are used [12,13]. If the exposure is not suffi-
cient, the hologram is not formed, whereas if the
exposure is increased toomuch, a large part of the dy-
namic range is consumed and fewer holograms may
be stored. For this reason, it is necessary to reach a
compromise to obtain the best results. In this study,
we opted for sacrificing the first holograms, which
meant that they had a slightly higher BER than
the central holograms (where the material behaves
in a more linear way), in order to be able to store a
larger number of holograms. The last holograms
again have a high BER since the storage limit for this

thickness has been reached.With the exception of the
first and last holograms, it can be seen that theBERof
the central holograms is constant and less than 0.1 for
the first three objects. However, for the 800 × 600 pix-
el object, the mean BER of the first 25 holograms is
greater than that of the other objects.

In Fig. 6 the first and last holograms with a lower
BER (holograms 22, 25, 23, and 28 for the objects

Fig. 5. (Color online) (Color online) BER of the objects with 300 ×
300 pixels (solid circles), 400 × 400 pixels (empty circles), 500 × 500
pixels (solid squares), 800 × 600 pixels (empty squares) and expo-
sure time (empty triangles) in a 250 μm thick material.

Fig. 6. First and last holograms with a lower BER corresponding
to objects with 300 × 300 pixels (a), (b), 400 × 400 pixels (c), (d),
500 × 500 pixels (e), (f), and 800 × 600 pixels (g), (h) in a 250 μm
thick layer.
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with 300 × 300 pixels, 400 × 400 pixels, 500 × 500
pixels, and 800 × 600 pixels, respectively) of the four
objects stored in the 250 μm thick material are
shown. Also, we have included some of the samples
with a defect in order to emphasize that, when work-
ing with this type of material, and since it is made by
us in our laboratory, it is necessary to be very careful
because any imperfection or particle deposited may
subsequently affect the storage of information. An-
other reason why we did not reject the plates with
a defect is that we believe it is more rigorous to com-
pare the results with plates produced in the same
conditions, since sometimes the ambient conditions
may vary between one production batch and another,
which could affect the experimental results.
In Fig. 6(g) it can be seen that, together with the

black and white pixels, a series of diffraction rings
have been stored in the center of the image. The ma-
terial in this region has a small impurity, and this
makes rings appear in the reconstruction. This noise
due to the impurity is the cause of the increase in the
BER. Therefore in order to prevent this type of noise,
it is necessary to be very careful whenmanufacturing
the material to ensure there are no small impurities
that may cause this undesirable noise in the image.

E. Thickness of 500 μm
Finally, the same four objects are multiplexed in the
500 μm thick material. Figure 7 shows the BER for
these four objects and for the thickness as a function
of the number of holograms stored and the exposure
time represented by empty triangles. In this case,
since the thickness is increased, the dynamic range
of the material also increases, thereby enabling a
greater number of holograms to be stored. The num-
ber of holograms stored ranges from 34 with the
400 × 400 pixel object to 70 with the 800 × 600 pixel
object. As in the case of a thickness of 250 μm, the
first and last holograms were stored with a higher
BER than the central holograms. These central holo-
grams have a BER of less than 0.1. In Fig. 8 the first

and last hologram with a lower BER of the four ob-
jects (holograms 35, 33, 40, and 52, respectively)
stored in the 500 μm thick material are shown.

4. Conclusion

The capacity of a PVA/acrylamide photopolymer to
multiplex data pages has been demonstrated. For
the first time, the images multiplexed in this

Fig. 7. (Color online) (Color online) BER of the objects with 300 ×
300 pixels (solid circles), 400 × 400 pixels (empty circles), 500 × 500
pixels (solid squares), 800 × 600 pixels (empty squares), and expo-
sure time (empty triangles), in a 500 μm thick material.

Fig. 8. First and last holograms with a lower BER corresponding
to objects with 300 × 300 pixels (a), (b), 400 × 400 pixels (c), (d),
500 × 500 pixels (e), (f), and 800 × 600 pixels (g), (h) in a 500 μm
thick layer.
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material have been shown. In this study, four differ-
ent data pages with a different pixel size were
multiplexed in a PVA/acrylamide photopolymer.
TN-LCDs were used as a spatial light modulator
to modify the object beam and store the data pages
in the material. The data pages were stored in three
layers with different thicknesses. The BER of the
multiplexed images was calculated to quantify the
quality of the images and represented versus the
number of multiplexed holograms.
From the experiments, we conclude that the thick-

ness of the material determines the number of holo-
grams that may be stored, since, when the thickness
of the material increases, so does the number of ho-
lograms stored. With a thickness of 80 μm, although
the number of holograms stored is less than that for
other thicknesses, the first 12 holograms all have the
same BER, irrespective of the number of pixels of the
object. With thicknesses of 250 μm and 500 μm, the
first and last holograms stored have a greater
BER. This means that the most appropriate expo-
sure as a function of the type of thickness used
should be chosen, or the first images stored rejected.
As occurs in the case of multiplexing diffraction grat-
ings, when an exposure scheduling must be chosen in
order to obtain uniform diffraction efficiency [30],
when multiplexing data pages, an exposure schedul-
ing that gives a uniform BER in the stored images
could be used. Nevertheless, it should be noted that
there are some 15 central holograms (thickness of
250 μm) and 25 central holograms (thickness of
500 μm) whose BER is less than 0.1, which indicates
that the image obtained is of very good quality. This
study shows the possibilities of this photopolymer as
a holographic memory.
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