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(57) Abstract: Provided is a holographic recording/reproducing apparatus including an aperture device having aperture of variable
size. The holographic recording/reproducing apparatus includes a light source, an optical system to divide light emitted from the
light source into a recording reference beam and a recording signal beam, and direct the recording reference beam and the recording
signal beam to a same location of a holographic recording medium, a spatial light modulator (SL.M) to modulate the recording signal
beam into a two-dimensional signal pattern, a two-dimensional photodetector to detect a reproducing signal beam that is refracted
) via the holographic recording medium, and the aperture to limit a size of a spot of the reproducing signal beam, wherein the size of

the aperture is variable.
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Description

HOLOGRAPHIC RECORDING/REPRODUCING APPARATUS

[1]

(2]

[3]

HAVING APERTURE OF VARIABLE SIZE
Technical Field

The present invention relates to a holographic recording'reproducing apparatus, and
nore particularly, to a holographic recordingreproducing apparatus having an aperture
of variable size.

Background Art

Hologram technology is being used to record/reproduce an optical signal in/from a
stereoscopic image by recording an interference pattern between a recording signal
beam, which carries a signal, and a recording reference beam, which makes a prede-
termined angle with the recording signal beam. Optical storage technology for
recording and reproducing digital data using holographic principles has recently been
highlighted, and will be referred to hereinafter as holographic information recording
and reproducing technology. The holographic information recording and reproducing
technology allows recording and reproducing of data or information in units of pages,
by which a plurality of digital data are simultaneously recorded/reproduced in a shape
of a two-dimensional image. Thus, an ultra-high speed recordingreproducing system
can be implemented thereby. In addition, the holographic information recording and
reproducing technology can even separate and read information which is spatially
overlapped and stored in a holographic recording medium by using a proper mul-
tiplexing technique. Thus, data or information of several pages can be recorded in an
overlapping manner and be reproduced from the same region of the holographic
recording medium.

FIG. 1A schematically illustrates a principle of recording information using
holographic information recording and reproducing technology in a typical
holographic information recordingreproducing apparatus. As illustrated in FIG. 1A, a
beam splitter 2 splits a laser beam 1 into a reference beam (or a recording reference
beam) 6 and a signal beam (or a recording signal beam) 5. The signal beam 5 passes
through a spatial light modulator (SLLM) 4, is modulated into a two-dimensional signal
pattern, and is then incident on a holographic recording medium M. An aperture (or an
aperture device) a may be disposed on the optical path of the signal beam 5 so that
only a desired signal beam can be incident on the holographic recording medium M.

Meanwhile, the reference beam 6 is reflected by a mirror 3 and is incident on the
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holographic recording medium M at a predetermined angle, causing the reference
beam 6 to interfere with the signal beam 5. An interference pattern formed in this way
is recorded in the holographic recording medium M.

FIG. 1B illustrates a principle of reproducing recorded information using a recorded
hologram in the typical holographic information recordingreproducing apparatus.
When information is to be reproduced, a light source 8 is used to emit a beam of light
6 to be irradiated on the holographic recording medium M. The light 6 is a re-
producing reference beam of the same wavelength as the reference beam 6 that is used
when information is recorded. The reference beam 6 should be incident on the
holographic recording medium M at the same angle of incidence as when the in-
formation is recorded. Then, a signal beam (a reproducing signal beam) 5’ having a
two-dimensional signal pattern containing original data information is generated from
the reference beam 6 by diffraction via the holographic recording medium M. The
signal beam 5’ is condensed by a lens 9, and is then detected by a two-dimensional
photodetector 10, such as a charge coupled device (CCD). The aperture o is disposed
on the optical path of the signal beam 5’ so that only a desired signal thereof can be
detected by the photodetector 10 and other signal beams can be cut off.

The holographic recordingreproducing apparatus records a two-dimensional signal
pattern in predetermined units in the holographic recording medium M. Generally, a
two-dimensional region, which is a unit of recodingreproducing information in/from
the holographic recording medium M, is referred to as a book. For example, in-
formation of various pages can be simultaneously recorded on the holographic
recording medium M in a multiplexing manner, such as angular multiplexing, in one
book.

Meanwhile, to increase a recording density of the holographic recording medium M,
it is important to narrow an interval between books in the holographic recording
medium M. Additionally, an optical spot of the two-dimensional signal pattern, which
is formed on the holographic recording medium M, should have an optimum size. To
increase the recording capacity of the holographic recording medium, InPhase Tech-
nologies of Longmont, (blorado has sugeested a method in which a polytopic aperture
(or a polytopic aperture device) is used. The polytopic aperture has a size 1.1 times
that of a Nyquist aperture (or a Nyquist aperture device), which has a minimum
aperture size, so that an image frequency component of the spatial light modulator
(SLM) may be transmitted without loss. The Nyquist aperture has a size equal to half

of a size of the optical spot. The Nyquist aperture transmits all image frequency
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components, but deteriorates the quality of a signal. Accordingly, an appropriate
aperture, a size of which is slightly greater (e.g., 1.1 times) than that of the Nyquist
aperture, can be used such that the required signal quality may be obtained. Such an
aperture is referred to as a polytopic aperture.

Disclosure of Invention

Technical Problem

The present invention provides a holographic recording/reproducing apparatus
including a polytopic aperture so that the recording capacity of a holographic recording
medium can be increased.

Additional aspects and/or advantages of the invention will be set forth in part in the
description which follows and, in part, will be obvious from the description, or may be
learned by practice of the invention.

Technical Solution

According to an example embodiment of the present invention, a holographic
recordingreproducing apparatus includes: a light source; an optical system to divide
light emitted from the light source into a recording reference beam and a recording
signal beam, and directs the recording reference beam and the recording signal beam to
a same location of a holographic recording medium; a spatial light modulator (SLM) to
modulate the recording signal beam into a two-dimensional signal pattern; a two-
dimensional photodetector to detect a reproducing signal beam refracted via the
holographic recording medium; and an aperture device having an aperture to limit a
size of a spot of the reproducing signal beam, wherein the size of the aperture is
variable.

According to an example embodiment of the present invention, the aperture device
may include a liquid crystal. The aperture may include a shutter.

According to an example embodiment of the present invention, the size of the
aperture may vary according to a size of a spot of the reproducing signal beam that is
Fourier-transformed by the optical system.

According to an example embodiment of the present invention, the optical system
may include an objective lens to provide the recording signal beam to the holographic
recording medium, and the aperture device may be disposed between the objective lens
and the holographic recording medium. The aperture device may be disposed on a
location of a focal point of the objective lens. The optical system may include a
plurality of relay lenses and an objective lens, which provides the recording signal

beam to the holographic recording medium, and the aperture device may be disposed
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between the relay lenses.

According to an example embodiment of the present invention, a holographic
recording/reproducing apparatus includes: a light source to emit a light beam with a
predetermined wavelength; an optical device to split the light beam into a recording
signal beam and a recording reference beam, and to form an interference pattern on a
holographic recording medium by converging the recording signal beam and the
recording reference beam at a spot for holographic recording; and an aperture device
positioned between the optical device and the holographic recording medium, and
comprising an aperture having a size that is variable according to a size of the spot so
that the interference pattern is recorded on or reproduced from the holographic
recording medium in intervals corresponding to the size of the aperture.

In addition to the example embodiments and aspects as described above, further
aspects and embodiments will be apparent by reference to the drawings and by study
of the following descriptions.

Description of Drawings

FIGS. 1A and 1B are views illustrating a principle of operation of a typical
holographic information recording reproducing apparatus using holographic
technology to record and reproduce information;

FIG. 2 is a view illustrating a spatial light modulator (SLM) where one pixel is used
as an information unit for recording information;

FIG. 3 is a view illustrating an SLM where four pixels are used as an information
unit for recording information;

FIGS. 4A and 4B are views illustrating an aperture having a variable size, in which a
liquid crystal device is used, according to an example embodiment of the present
invention;

FIGS. 5A and 5B are views illustrating an aperture having a variable size, in which a
mechanical shutter is used, according to an example embodiment of the present
invention;

FIG. 6 is a view illustrating sizes of an aperture and an optical spot of the
holographic recording/reproducing apparatus during recording of general data to a
holographic recording medium, according to an example embodiment of the present
invention;

FIG. 7 is a view illustrating sizes of an aperture and an optical spot of the
holographic recordingreproducing apparatus during recording of additional in-

formation to a holographic recording medium, according to an example embodiment of
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the present invention; and

FIGS. 8 and 9 are views illustrating changed locations of an aperture, according to
example embodiments of the present invention.
Mode for Invention

Reference will now be made in detail to embodiments of the present invention,
examples of which are illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout. The example embodiments
are described below in order to explain the present invention by referring to the
figures.

As described in connection with FIGS. 1A, 1B, a polytopic aperture is used in order
to increase the recording capacity of a holographic recording medium. In this case, an
image (i.e. a signal beam) of a spatial light modulator (SLM), which is Fourier-
transformed by a lens, is formed as an optical spot of the signal beam. A size of the
spot is given by Equation 1.

Spot Size =2fA/d ..... (1)

where “f” is a focal length of a lens, “A” is a wavelength of a light source, and “d” is
a size of one pixel of the SLM.

Meanwhile, like a typical optical recording medium, a holographic recording
medium requires a region (or an area) for recording user information (or user data) and
a region (or an area) for recording additional information (or additional data) related to
the holographic recording medium. For example, the additional information may be in-
formation regarding a method of scheduling for use of the holographic recording
medium, information regarding a method of multiplexing, information regarding a
physical address, information regarding a degree of multiplexing information
regarding shrinkage, information regarding sensitivity, information regarding an
initially set parameter, or the like. Accordingly, recording of the user information and
the additional information will be discussed with reference to FIGS. 2 and 3.

FIG. 2 is a view illustrating a spatial light modulator (SLM) where one pixel is used
as an information unit for recording information. FIG. 3 is a view illustrating an SLM
where four pixels are used as an information unit for recording information. When the
additional information is recorded in the holographic recording medium, more than
one pixel of an SLM, not a single pixel of the SLM, can be used as an information unit
in order to improve a reproducing reliability. That is, when user information (or
general user data) is recorded in the holographic recording medium, one pixel of the

SLM is used as an information unit, as illustrated in FIG. 2. In FIG. 2, hatched areas
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may denote "(", and non-hatched areas may denote "1". In FIG. 2, an information unit
in terms of a single pixel 20 is shown.

On the other hand, when additional information (or important information) regarding
the holographic recording medium is recorded in the holographic recording medium,
four pixels 30 can be used as an information unit, as illustrated in FIG. 3. Thus, the re-
producing reliability of the holographic recording medium can be improved. Although
four pixels are illustrated as the information unit in FIG. 3, nine pixels may be used as
the information unit for recording the additional information, for example. In other
example embodiments, varying the number of the pixels used to record the information
units are within the scope of the invention.

In example embodiments, when four or nine pixels are used as the information unit
for recording information (i.e., when an oversampling ratio is large for recording data),
the required minimum spot size for the recording is smaller than where one pixel is
used as the information unit, as seen from Equation 1. For example, when four pixels
are used as the information unit, the size of the spot is smaller by half than that of the
information unit using one pixel. This is because “d” in Equation 1 is doubled when
four pixels are used as the information unit so as to halve the spot size.

However, in a typical case, although the size of the spot is smaller, an interval
between books for recording the additional information is the same as an interval
between books for recording the user information (or general user data). This is
because, since the size of an aperture is fixed to the spot size of the user information
(the general user data), information of the books is mixed and crosstalk occurs when
the interval between the books is decreased. Accordingly, in the typical case, although
the spot size used is smaller during recording of the additional information, the interval
of the books is maintained. As a result, in the typical case, a recording space in the
holographic recording medium can be wasted.

To address the above problems, example embodiments of the present invention can
reduce a physical region for recording additional information in a holographic
recording medium (i.e. reduce an interval between books for recording the additional
information in the holographic recording medium), and can increase the size of a
region for recording the data (or information). In other words, an interval or intervals
between books for recording the additional information in the holographic recording
medium can be reduced without increasing crosstalk. In various example em-
bodiments, crosstalk may be reduced or eliminated.

An aperture of a variable size can be embodied in various shapes and implemented in
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various ways. For example, an electrical method can be used to vary the size of the
aperture using a liquid crystal device; and a mechanical method can be used to vary the
size of the aperture using a shutter structure found typically in a camera.

FIGS. 4A and 4B are views illustrating an aperture having a variable size, in which a
liquid crystal device is used, according to an example embodiment of the present
invention. When the liquid crystal device is used, the size of a light transmissive region
of the liquid crystal device is increased during recording of the user information (or the
general data) of the holographic recording medium, as illustrated in FIG. 4A. During
recording of the additional information (or the additional data) of the holographic
recording medium, the size of the light transmissive region of the liquid crystal device
is reduced, as illustrated in FIG. 4B. A square dotted line is illustrated in FIG. 4B to
indicate the size of the light transmissive region of the liquid crystal device during
recording of the general data for comparison purposes.

FIGS. 5A and 5B are views illustrating an aperture having a variable size, in which a
mechanical shutter structure is used, according to an example embodiment of the
present invention. FIG. 5A illustrates the shutter state where data regarding additional
information of a holographic recording medium is recorded, and FIG. 5B illustrates the
shutter state where data regarding user information (or the general information) of the
holographic recording medium is recorded.

The operation of a holographic recording/reproducing apparatus having the variable
size aperture will be described referring to FIGS. 6 and 7. FIG. 6 is a view illustrating
sizes of an aperture A and an optical spot of the holographic recordingreproducing
apparatus during recording of user information (or the general data) to a holographic
recording medium M, according to an example embodiment of the present invention.
In addition, FIG. 7 is a view illustrating sizes of the aperture A and an optical spot of
the holographic recordingreproducing apparatus during recording of additional in-
formation to a holographic recording medium M, according to an example em-
bodiment of the present invention. Also, FIG. 6 shows single pixels of the SLM, while
FIG. 7 shows a group of pixels of the SLM. Accordingly, the difference is represented
in FIG. 6 as a dense grouping of pixels, and in FIG. 7 as a thin grouping of pixels.
First, during recording of the user information (or the general user data), since one
pixel of an SLM is an information unit, the size of a spot formed on the holographic
recording medium M via the lenses is relatively large. Accordingly, as illustrated in
FIG. 6, the size of the aperture A is increased. At this time, the size of the aperture A

may be 1.1 times the size of the spot according to a polytopic manner. For example,
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when wavelength of light is 0.405 um, pitches of the pixels of the SLM in FIG. 6 is
13.2 ym, and a focal distance of the lenses is 18180 um, a size of a Nyquist aperture is
about 560 um, according to Equation 1. Accordingly, the size of the aperture A can be
about 616 um, which is 1.1 times the size of the Nyquist aperture. Therefore, the user
information (or the general user data) can be recorded in the holographic recording
medium M at intervals of about 616 um (i.e. the interval of the books is about 616 ym).

Second, during recording of the additional information, since four pixels of the SLM
are an information unit, the size of a spot formed on the holographic recording medium
M via the lenses is less than where the user information (or general user data) is
recorded. In various example embodiments, the size of the spot is about half. Ac-
cordingly, during recording of the additional information on the holographic recording
medium M, the size of the aperture A is reduced, as illustrated in FIG. 7. For example,
when wavelength of light is 0.405 um, pitches of pixels of the SLM is 13.2 ym, and a
focal distance of lenses is 18180 um, a size of the aperture A may be about 308 um.
Accordingly, the additional information regarding the holographic recording medium
M can be recorded in the holographic recording medium M at intervals of about 308
um (i.e. the interval of the books is about 308 um).

According to example embodiments of the present invention, by adjusting the size of
an aperture, a region (an area, or an interval), or sizes thereof for recording additional
information can be reduced on a holographic recording medium M, and a data region
(an area, or an interval), or sizes thereof for recording user information can be further
increased on the holographic recording medium M. Currently, about 10 % of the data
region is used for recording the additional information. When four pixels of an SLM is
an information unit, the region for recording the additional information can be reduced
by 5 %. Accordingly, the quantity of user information (or the general data) recorded on
the holographic recording medium can be further increased by about 5 %. In example
embodiments, the reduction in the data region for the additional information and the
increase in the region for the user information correspond, and have an inverse rela-
tionship.

According to example embodiments of the present invention, the aperture having
variable size is used to block holograms from neighboring books of the holographic
recording medium from propagating through a lens (or an optical system). By blocking
propagation of holograms from neighboring books, the aperture having variable size
allows propagation of holograms from desired books while taking account of the size

or interval of the desired books recorded on the holographic recording medium. The
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aperture having variable size allows a decrease or elimination of crosstalk from the
neighboring books.

The holographic recordingreproducing apparatus of the present invention includes
an optical system that divides light emitted from a light source into a reference beam
and a signal beam to provide the reference beam and the signal beam to a same
location of a holographic recording medium, similar to the typical apparatus illustrated
in FIGS. 1A and 1B.

In other example embodiment of the present invention, an aperture having a variable
size may be disposed on different locations depending on structures of an optical
system used in the holographic recordingreproducing apparatus. FIGS. 8 and 9 are
views illustrating changed locations of an aperture, according to example embodiments
of the present invention.

Specifically, FIG. 8 is a view illustrating a signal beam S that is directly provided to
a holographic recording medium M through an objective lens 10 without additional
relay lenses. Referring to FIG. 8, a reference beam R is provided on the holographic
recording medium M by an additional optical system (not shown). When the optical
system for providing the signal beam S includes only an objective lens 10, an aperture
A may be disposed between the holographic recording medium M and the objective
lens 10. In particular, the aperture A is disposed on a location of a focal point of the
objective lens 10.

FIG. 9 is a view illustrating a signal beam S that is provided to a holographic
recording medium M through a plurality of relay lenses 11 and 12 and an objective
lens 10. Referring to FIG. 9, a reference beam R is provided on the holographic
recording medium M by an additional optical system (not shown). As illustrated in
FIG. 9, when the optical system for providing the signal beam S includes the plurality
of relay lenses 11 and 12 and an objective lens 10, the aperture A may be disposed
between the relay lenses 11 and 12. In particular, the aperture A may be disposed on a
location of a focal point between the relay lenses 11 and 12, at which location the
width of the signal beams is at a minimum.

As described above, when additional information (or the main information) such as
addressing information or specific information is recorded in a holographic recording
medium, an oversampling ratio can be increased to record the main information in
order to improve reproducing reliability thereof. At this time, the size of a spot is
reduced in proportion to the oversampling ratio. According to example embodiments

of the present invention, by using a polytopic aperture having a size that is variable
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according to the size of a spot, a physical recording region for recording the additional
information on a holographic recording medium can be reduced. Accordingly, by
using the holographic recordingreproducing apparatus according to example em-
bodiments of the present invention, regions for recording information (or data) can be
further increased.

While there have been illustrated and described what are considered to be example
embodiments of the present invention, it will be understood by those skilled in the art
and as technology develops that various changes and modifications, may be made, and
equivalents may be substituted for elements thereof without departing from the true
scope of the present invention. Many modifications, permutations, additions and sub-
combinations may be made to adapt the teachings of the present invention to a
particular situation without departing from the scope thereof. For example, the number
of the pixels of the SLM used to record the information units may vary, and may be
other than four or nine pixels. Accordingly, it is intended, therefore, that the present
invention not be limited to the various example embodiments disclosed, but that the
present invention includes all embodiments falling within the scope of the appended

claims.
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Claims

1. A holographic recordingreproducing apparatus comprising:

a light source;

an optical system to divide light emitted from the light source into a recording
reference beam and a recording signal beam, and direct the recording reference
beam and the recording signal beam to a same location of a holographic
recording medium;

a spatial light modulator (SLM) to modulate the recording signal beam into a
two-dimensional signal pattern;

a two-dimensional photodetector to detect a reproducing signal beam that is
refracted via the holographic recording medium; and

an aperture device having an aperture to limit a size of a spot of the reproducing
signal beam,

wherein the size of the aperture is variable.

2. The apparatus of claim 1, wherein the aperture device comprises a liquid
crystal.

3. The apparatus of claim 1, wherein the aperture device comprises a shutter.

4. The apparatus of claim 1, wherein the size of the aperture varies according to a
size of a spot of the reproducing signal beam that is Fourier-transformed by the
optical system.

5. The apparatus of claim 2, wherein the size of the aperture varies according to a
size of a spot of the reproducing signal beam that is Fourier-transformed by the
optical system.

6. The apparatus of claim 3, wherein the size of the aperture varies according to a
size of a spot of the reproducing signal beam that is Fourier-transformed by the
optical system.

7. The apparatus of claim 1, wherein the optical system comprises an objective
lens to provide the recording signal beam to the holographic recording medium,
and the aperture device is disposed between the objective lens and the
holographic recording medium.

8. The apparatus of claim 2, wherein the optical system comprises an objective
lens to provide the recording signal beam to the holographic recording medium,
and the aperture device is disposed between the objective lens and the

holographic recording medium.
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9. The apparatus of claim 3, wherein the optical system comprises an objective
lens to provide the recording signal beam to the holographic recording medium,
and the aperture device is disposed between the objective lens and the
holographic recording medium.

10. The apparatus of claim 7, wherein the aperture device is disposed on a
location of a focal point of the objective lens.

11. The apparatus of claim 1, wherein the optical system comprises a plurality of
relay lenses and an objective lens, which provides the recording signal beam to
the holographic recording medium, and the aperture device is disposed between
the relay lenses.

12. The apparatus of claim 2, wherein the optical system comprises a plurality of
relay lenses and an objective lens, which provides the recording signal beam to
the holographic recording medium, and the aperture device is disposed between
the relay lenses.

13. The apparatus of claim 3, wherein the optical system comprises a plurality of
relay lenses and an objective lens, which provides the recording signal beam to
the holographic recording medium, and the aperture device is disposed between
the relay lenses.

14. The apparatus of claim 11, wherein the aperture device is disposed on a
location of a focal point between the relay lenses.

15. A holographic recordingreproducing apparatus comprising:

a light source to emit a light beam with a predetermined wavelength;

an optical device to split the light beam into a recording signal beam and a
recording reference beam, and to form an interference pattern on a holographic
recording medium by converging the recording signal beam and the recording
reference beam at a spot for holographic recording; and

an aperture device positioned between the optical device and the holographic
recording medium, and comprising an aperture having a size that is variable
according to a size of the spot so that the interference pattern is recorded on or
reproduced from the holographic recording medium in intervals corresponding to
the size of the aperture.

16. The apparatus of claim 15, wherein the aperture device is a polytopic
aperture.

17. The apparatus of claim 15, further comprising a spatial light modulator

(SLM) that includes a plurality of pixels that are selectable to modulate the
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recording signal beam into a two-dimensional signal pattern.

18. The apparatus of claim 15, wherein each one of the pixels is a recording unit
for recording user information.

19. The apparatus of claim 15, wherein nore than one of the pixels are col-
lectively a recording unit for recording other information.

20. The apparatus of claim 15, wherein a size of the aperture used to record user
information is larger than a size of the aperture used to record other information.
21. The apparatus of claim 20, wherein the size of the aperture used to record
other information increase an interval between books recorded on the
holographic recording medium and decrease crosstalk of the books.

22. The apparatus of claim 15, wherein the optical device comprises one or nore
lenses, and the aperture device positioned at a focal point of the one or more

lenses.
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