g5 ZXEFER
J. Infrared Millim, Waves

Vol. 20. Ne. 1
February. 2001

FooF1M
20014 2 A

FANNING NOISE SUPPRESSION IN DUAL-
WAVELENGTH HOLOGRAPHIC STORAGE*
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Abstract [t was shown how the {apning nose is reduced by the dual-wavelength method in the photorefractive
crystals. The non-destructive readour can be realized. The experiments were first done with lithium niobate doped
with wron to find the optimal reading out configuration. Afterwards lithium niobate doped with iron and magnesium
was used to record the high signal-to-noise-ratio holograms, In order to retrieve the heologram with filed losses a
cylindrical lens was added inte the reference path.
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Introduction

Since the last decade holographic methodst’
have become very popular in material research.
Many materials ranging from crystals to polymers
to liguids have been examined in order to use them
for optical data storage. waveguides'”’, phase con-
jugation™, image amplification, frequency dou-

bling, and so on. Especially data storage applica-
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tions seem to be very attractive. With a theoreti-
cally predicted storage density of 10" bit/m® and
with a tremendous reading speed, in future. such
materials will replace common devices like magnet-
ic hard discs, Lithium niobate. which is one of the
most widely used electro-optical materials. has
been treated in many ways. e, g. by doping with
various elements, thermal treatments. applying

electric voltages. and examining it at wavelengths
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from ultraviolet to infrared. But problems still ex-
ist, which have to be solved first.such as avoiding
the effect of the beam fanning and the nondestrue-
tive reading out of the stored information.

Beam fanning. the amplified light-induced
scattering from the defects on the surface of or in
the crystal. can deplete the energy of the pump
beam as well as the signal beam and make the re-
constructed itmage noisy. Many techniques have
been proposed to suppress the beam fanning., by
{In’",

Mg*~.Zn®" ), the properties of the photorefractive

doping with damage-resistant dopants

crystals could be optimized. So we used the dou-
ble-doped lithium niohate as our storage medium .
but the experiments were first done with the 1ron-
doped lithium niobate to choose the proper readout
configuration.

Several methods, including thermal fixingl-,
electrical fixing-"'and two-step recording.!! have
been developed to realize nonvolatile readout. An-
other effective method was the dual-wavelength
method, the shortage of this technique was the
partial retrieval of the stored information because
the signal beam wasn't plane wave. Petrov™ and
Psaltis' improved this method. but the recording
processes involved in these techniques are compli-
cated and time-consuming . therefore. it is difficult
to design a practical storage system based on these
methods. Our group proposed a ronvenient and ef-
fective way by adding one cylindrical lens in the
reference path, the problem of the image field loss-
es can be solved simply. Furthermore. the Bragg
mismatch in dual-wavelength method reduced the
retrieval of the fanning noise.

In this paper first the structures are investi-
gated with the fanning noise in lithium nichkate
doped with iron to search for the right readout con-
figuration. And then an effective way is reported in
lithium nicbate doped with iron and magnesium to

solve the problem of image field losses.

1 Resistance of the beam fanning

During the production of a grating. undesired

structures occur due to the faet that the incident

reference and signal waves are scattered by inho-
mogeneity in and on the surface of the crystal un-
der consideration. As this phenomenon can also be
examined by using only one beam hitting the lithi-
um micbate crystal the results in the following were
got only from hclographic scattering experiments
using the experimental set-up in Fig. 1. The laser
used is an argon-ion laser, which provides the
wavelengths 314. 3501, 496, 488, 476, and
458nm. The investigated sample is a LiINbO; crys-
tal doped with 0. 05Wt2; Fe.(; in the melt with
the dimensions a ~bxec=22 13 }12mm®.

The transmitted intensity is determinied by the
number of parasitic gratings. This number depends
on how many scattered waves interfere with the in-
cident beam. The total possible scattered intensity
remains constant for a given structure of parasitic
gratings inside the sample. The total scattered in-
tensity » which appears during the reading process
depends on the angle, the reading wavelength, the
rotation axis of the sample, and the polarization.
According to this model™ every material. where
light-induced structures appear. can be character-
ized in detail. Our experiments were perfomed on
different ratation axis and the reading wavelength.
For reading a light-induced structure with different

rotation axis two cases have to be distinguished.
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Fig. 1 Experimental setup for holographic scattering
experiments: L.—laser. W—expansion system,
bs—beam splitter. M—mirror. sh—shutter,
ph—photodiode . s—sample holder
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The rotation about an axis parallel ro the c-axis is
referred to as w-rotation, and the rotation perpen-
dicular to the c-axis as ¢-ratation. The different
wavelengths were provided by the argon-ion laser.

The light-induced structures were examined
which were produced with the wavelength 514nm
with an exposure of 120Ws/mm’ and read by the
wavelengths 514, 301, 496, 488. 476, and 458nm
with an intensity of 1. 5mW, /mm". The results for
the w-rotation can be seen from Fig. 2. where the
stated angels refer to that in the medium. The re-
sults for the g-rotation are given in Fig. 3. But due
ta the fact that the rotation table used in the exper-
iments had only one rotation axis., the light-in-
duced structures were produced again belore they
were used for the @-roration case.

When the rotation angle was equal to zero and
the readoutr wavelength was equal to that of the
recording light , the transmitred light intensity was
the smallest in both rotation case, because the
Bragg condition was fulfilled for any parasitic grat-
ings and all of the noise gratings could be re-
trieved. While the crysral was rorared deviating
the original angle. because each parasitic grating

requires a distinct Bragg-matching condition, the
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Fig. 2  Transmission as & {unction of the rotation
angle; reading with different wavelengths at a-rota-
tion with an mtensity of 1. 5 mW / mm® ; recording
with the wavelength A = 5 1 4 nm with an exposure of
120Ws/mm-”
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readout wave at different angle could read out only
some of the gratings, the transmitted light intensi-
ty became higher than that of the zero-angle case.
The main difference between both rotations is that
their FWHM differs by a factor of seven. There-
fore, the g-rotation, which can provide a large
storage capacity, is chosen instead of the w-rota-
tion in the angular-multi-storage system.

When we changed the readout wavelength,
the circumstance was similar. only part of the par-
asitic gratings could match the Bragg condition.
Therefore, the transmirted light intensity was
stronger than that readout with the 314nm. As a
result, the bigger the readout wavelength devia-
tion. the smaller the fanning noise which could be
read out. Furthermore, if the wavelength of the
readout beam is longer than that of the recording
beams,for example 670nm. we could realize non-
destrructive readout, this method is called the dual-

wavelength technique.

2 Reduction of the Field losses

Assuming the signal and the reference beams
are plane waves, a hologram consisting of a single
grating can be recorded. The hologram can be re-

constructed by a plane readout wave with Bragg
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Fig. 3 Transmission versus rotation angle for different
reading wavelengths ; @ - rotation | recording withthe
wavelength A = 514nm with an exposure of 100
Ws / mm?® ; reading with an intensity of 1. 5 mW / mm?
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Fig . 4 Experimental setup [or holographic starage
DPSL — diode pumped salid laser .
ductor laser. M's—mirrors. SLF—spatial light filter.
[.1.L2 and L.3— spheriwcal lenses,l.4—cylindrical lens.
BS—heam splitter
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matched at any wavelength A'<Z2ZA. where A is the

SCL —semicon-

grating fringe spacing. and X’ represents a readout
wavelength. When the hologram is reconstructed
at different wavelength. the incident angle of the
readout beam & should be adapted to the corre-
sponding Bragg angle.

However, it should be poined out that in the
traditional storage setup. as shown in Fig. 4. the
output irom cne point on the spatial light modula-
tor (SLM) is not collimated owing to diffraction.
After the spherical lenses (L2 and L3} they will be
focused on a point on the image pl:%me. These wave
vectors include one ground spatial {requency com-
ponent and many high spatial frequency compo-
nents. The ground spatial {requency components
from all points on SLLM play the key role in the tm-
age fteld losses of dual-wavelength method. There-

fore . the signal beam can be considered as a spheri-

cal beam only composed of the ground spatial fre-
quency components. As a result, the recorded
holograms will consist of multiple gratings with
different grating vectors. Because each grating re-
quires a distinct Bragg-matching condition, the
plane readour wave with & wavelength differnet
from that of the writing beam could only read out
part of the gratings. the stored information ecould
be partly retrieved.

Here we find that the image retrieval with
plane readout wave without image field losses
could also be realized by using a cylindrical record-
ing reference beam according to the storage geome-
try and the wavelengths of the writng beam and
the readout beam. By shaping the reference wave
front. we can get the grating vectors which could
be reconstructed by the red plane readout wave.

The experimental setup is shown in Fig. 4.
two extracrdinarily polarized beams from a dicde
pumped sclid laser (wavelength: 532nm) record
holograms. The crossing angle between the two
recording beams is 45° in air. The signal beam,
which 1s expanded and collimated, passes through
a computer-addressed SLM. Further a cylindrical
lens (L4} 1s put mnto the reference beam to change
the reference wave front. A LiINDO, crystalt'®l, ax
bxc=17x 14 x 4. 5mm*, co-doped with iron
(0. N15W1t %) and magnesium (0. 8mol % ). is used
in the experiment as the storage medium. The c-
axis lies in the incident plane. For retrieval, a
plane wave at 570nm from a semiconductor laser
reads out the recorded holograms. An imaging lens

(L3) and a CCD camera are arranged to detect the

0]

Fig. 5 The reconstructed image by plane readout beam {a) the reference wave is a cylindrical wave,

(b} the reference wave 1s a plane wave
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retrieved image. In the experiment the distance e-
gual to the focal length, = 300nm. of the lens
(L2) lies between the SLM and L2, which brings
the signal beam to a focal point of 15mm behind
the sample. In order to adapt the reference wave
front. the cylindrical lens with f=200mm is added
to the reference light path to focus the reference
beam to a point of 106. 5mm behind the sample.
The stored image is read out by using a plane wave
at §70nm. This is shown in Fig. 3 {a}. For a com-
parison, we also record holograms without the ad-
ditional lens L4 in the reference arm. The recon-
structed image . again with a plane wave at 670nm,
is shown in Fig. 5{b}. Now only one fifth of the
stored image is retrieved. From this it can be seen
that retrieval of holograms without image field
losses with dual-wavelength nonvolatile helograph-
ic method could be effectively realized by adding a

cylindrical lens into the reference arm.

3 Conclusion

In conclusion it is shown how the light-in-

duced structures in LiNbQ, doped with different el-
ements can be characterized and by doping with the
right elements undesired retrieval of the noise grat-
ing can be reduced. Furthertmore . a new method for
a free image field loss reconstruction of holograms
is provided. Therefore the dual-wavelength tech-
nique is effective to resist the fanning noise and 1o

realize the non-destructive readout.
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