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HOLOGRAM REPRODUCING APPARATUS AND METHOD THEREQF

CROSS-REFERENCE TO RELATED APPLICATION(S)

(0661} This application claims the benefit under 35 U S.C.§ 119%a) of g Korean
patent application filed on May 23, 2017 in the Korean Intellectual Property Office
and assigned Serial number 10-2017-0063566, the entire disclosure of which is hereby
incorporated by reference.

(06062} The present disclosure relates to a hologram reproducing apparatus and
a control method thereof. More particularly, the present disclosure relates to a

hologram reproducing apparatus provided with a spatial light modulator (SEM) and a

control method thereof’

BACKGROUND

[06G03] In accordance with a recent development of three dimensional (3D)
display technology, 3D images are used in varicus industrial tields. Particularly,
research on holograms that reproduce objects in an actual manner is actively carried
out and at the same time, contents using holograms are being produced in various
fields such as broadcasting, exhibition, and performance.

16604} A hologram reproduces an object using a phenomenon of coherence of
light. If a computer-generated hologram (CGH) pattern generated using a computer is
provided to a spatial light modulator (SLM), the SLM generates a holographic image
by diffracting a reproduction beam.

[GGOS] A viewing angle, resclution, etc. for the holographic image are

determined by a pixel pitch of the SLM. Currently, commercialized SLM products
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with the pixel piich of 1 wm or less are few, and accordingly only a holographic image
of a limited viewing angle and a low resolution may be provided.

[0G0s) Thus, there has been developed an optically addressed SLM that is not
affected by the pixel pitch and records and reproduces the CGH pattern by light.
1006071 However, an optically addressed SLM of the related art has been
implemented only with a large bulky shape tncluding a plurality of lens arrays and the
like and may not effectively block a zero order diffraction beam, which causes a
problem in generating cross talk between a plurality of diffraction beams.

[LUULRY The above information 1s presented as background information only to
agsist with an understanding of the present disclosure. No determination has been
made, and no assertion 1s made, as to whether any of the above might be applicable as

prior art with regard to the present disclosure.

10602} Aspects of the present disclosure are to address at least the above-
mentioned problems and/or disadvantages and to provide at least the advantages
described below.  Accordingly, an aspect of the present disclosure is to provide a
hologram reproducing apparatus that may reduce a size of the hologram reproducing
apparatus and provide a high-quality holographic image and a control method thereof.
(6616} In accordance with an aspect of the present disclosure, a hologram
reproducing apparatus is provided. The hologram reproducing apparatus includes a
display configured to display a hologram pattern and emit a write beam corresponding
to the hologram pattern, a first lens unit disposed at a front surface of the display and
including at least one lens array including a plurality of first microlenses for firstly
focusing the write beam emitted from the display, a second lens unit including at least
one lens array including a plurality of second microlenses for secondarily focusing the
write beam ditffused after being firstly focused, a spatial light modulator (SLM)
disposed at a front surface of the secound lens unit, configured to write the bologram

pattern according 1o the secondly focused write beam, if a reproduction beam is
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incident, and modulate the reproduction beam into a plurality of diffraction beams
corresponding to the hologram pattern, a light guide plate configured to guide the
reproduction beam toward the SLM, a filter disposed at a front surface of the SLM
and configured to filter the plurality of diffraction beams and the write beam, and a
lens configured to focus the plurality of diffraction beams filtered through the filter.
(0611} The first iens unit may include a first lens array disposed at the front
surface of the display at a first interval from the display, and a second lens array
disposed at a front surface of the first lens array at a second interval from the first lens
array, the second lens unit may include a third lens array disposed at a front surface of
the second lens array, and a fourth lens array disposed at a front surface of the third
fens array at the second interval from the third lens array, the fourth lens array may be
arranged at the first interval from the SLM, and the first interval may be greater than
the second interval.

0612} Microlenses included in each of the first and fourth lens arrays may have
a first focal distance, microlenses included in each of the second and third lens arrays
may have a second focal distance, and the first focal distance may be greater than
twice the second focal distance.

(06613} The first interval may have an interval greater than twice the first focal
distance, and the second interval may have an interval less than twice the first focal
distance.

[00614] The SLM may include a photosensitive layer configured to write the
hologram pattern according to the write beam, and a liquid crystal display (LCI3)
panel disposed at a front surface of the photosensitive layer to modulate the incident

reproduction beam into a plurality of diffraction beams corresponding to the hologram

pattern.

[6015] The light guide plate may be disposed between the second lens unit and
the SLM.

[6016] The light guide plate may include an expander configured to collimate

the reproduction beam to make the reproduction beam uniformly incident on a rear

surface of the SLM, and an in-coupling element disposed at one side of the expander
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to allow an incidence angle of the reproduction beam incident on the expander to fall
within a predetermined angle range, and the in-coupling element may be implemented
as a Bragg grating element or a prism.

10617} The light guide plate may include an expander configured to collimate
the reproduction beam to make the reproduction beam uniformly incident on a rear
surtface of the SLM, and an out-coupling element disposed at a front surface of the
expander to refract the reproduction beam incident on the expander at a predetermined
angle and emit the reproduction beam outside of the expander, and the out-coupling
clement may be implemented as a Bragg grating clement.

(0018} The out-coupling element may refract and emit the reproduction beam

incident on the expander at the predetermined angle based on an equation,
n).=2dSin(9)

where n denotes a refractive index of the Bragg grating, A denotes a wavelength of a
reproduction beam, and d denotes a distance between the Bragg grating.

8019} The filter may include a Bragg grating filter, if the plurality of
diffraction beams are incident, the Bragg grating filter may allow a diffraction beam
incident within a predetermined angle range to pass through based on a zero order
diffraction beam among the plurality of diffraction beams, and the zero order
diffraction beam may be a beam in which the reproduction beam is not modulated to a
diffraction beam in the SLM.

[6026] The filter may further include a louver film disposed at a front surface of
the Bragg grating filter to secondarily filter the diffraction beam firstly filtered
through the Bragg grating filter.

(6621} The hologram reproducing apparatus may further include a first
polarizing filter disposed between the display and the first lens unit to filter a first
polarizing component of the write beam, and the filter may further include a second
polarizing filter configured to filter a second polarizing component of the write beam.
18622} The display may be implemented as a self-luminous element that emits

the write beam corresponding to the hologram pattern.
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(8023} In accordance with another aspect of the present disclosure, a control
method of a hologram reproducing apparatus is provided. The control method includes
a display configured to display a hologram pattern and emit a write beam
corresponding to the hologram pattern, a first lens unit disposed at a front surface of
the display and including at least one lens array including a plurality of first
microlenses for each firstly focusing the write beam emitted from the display, and a
second lens unit including at least one lens array including a plurality of second
microlenses for secondarily focusing the write beam diffused after being firstly
focused includes transmitting the write beam emitted from the display to a SLM
through the first lens unit and the second lens unit, writing a hologram pattern
corresponding to the write beam by the SLM, modulating a reproduction beam
incident on the SLM into a plurality of diffraction beams corresponding to the
hologram pattern, filtering the plurality of diffraction beams and the write beam by a
filter disposed at a front surface of the SLM, and focusing the diffraction beam filtered
by the lens disposed at a front surface of the filter.

(6624} The first lens unit may include a first lens array disposed at the front
surface of the display at a first interval from the display, and a second lens array
disposed at a front surface of the first lens array at a second interval from the first lens
array, the second lens unit may include a third lens array disposed at a front surface of
the second lens array, and a fourth lens array disposed at a front surface of the third
lens array at the second interval from the third lens array, the fourth lens array may be
arranged at the first interval from the SLM, and the first interval may be greater than
the second interval.

[0625] Microlenses included in each of the first and fourth lens arrays may have
a first focal distance, microlenses included in each of the second and third lens arrays
may have a second focal distance, and the first focal distance may be greater than
twice the second focal distance.

16026} The first interval may have an interval greater than twice the first focal
distance, and the second interval may have an interval less than twice the first focal

distance.
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(8027} The SLM may include a photosensitive layer configured to wrile a
hologram pattern according to the write beam, and a LCD panel disposed at a front
surtace of the photosensitive layer to modulate the incident reproduction beam into a
plurality of diffraction beams corresponding to the hologram pattern.

100281 The reproduction beam may be guided toward the SLM by the light
guide plate disposed between the second lens unit and the SLM.

(0629} The light guide plate may include an expander and an out-coupling
element, and the control method may further include collimating the reproduction
beam by the expander to make the reproduction beam uniformly ncident on a rear
surface of the SLM, and refracting the reproduction beam incident on the expander by
the out-coupling element disposed at the rear surface of the expander at a
predetermined angle and emitting the reproduction beam outside of the expander.
[6636] As described above, according to various embodiments of the present
disclosure, the hologram reproducing apparatus may be miniaturized and may provide
a high~-quality holographic image.

(6631} Other aspects, advantages, and salient features of the disclosure will
become apparent to those skilled in the art from the following detailed description,
which, taken 1in conjunction with the annexed drawings, discloses wvarious

embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DEAWINGS

[0632) The above and other aspects, features, and advantages of certain
embodiments of the present disclosure will be more apparent from the following
description taken in conjunction with the accompanying drawings, in which:

(0633} FIG. 1 is a diagram for explaining a hologram repreoducing apparatus
according to an embodiment of the present disclosure;

106341 FIGS. 2A and 2B are diagrams for explaining a display, a first lens unit,

and a second lens unit according to various embodiments of the present disclosure;
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[0035] FIG. 3 is a diagram for explaining a configuration of a spatial light
modulator (SLM) according to an embaodiment of the present disclosure;

[6G36] FIG. 4 15 a diagram for explaining a configuration of a light guide plate
according to an embodiment of the present disclosure;

10637} FIGS. 5 and 6 are diagrams for explaining a method in which an out-
coupling element emiis a reproduction beam and a write beam based on a wavelength
according to various embodiments of the present disclosure;

1006381 FIGS. 7A, 7B, 7C, and 7D are diagrams for explaining a configuration
of a light guide plate according to various erubodiments of the present disclosure;
[060639] FIG. 8 15 a diagram for explaining a configuration of a filter according to
an embodiment of the present disclosure; and

[060460] FIG. 9 1s a flowchart illustrating a control method according to an
embodiment of the present disclosure.

18041} Throughout the drawings, it should be noted that like reference numbers

are used to depict the same or similar elements, features, and struciures.

DETAILED DESCRIPTION

16642} The following description with reference to the accompanying drawings
is provided to assist in a comprehensive understanding of various embodiments of the
present disclosure as defined by the claims and their equivalents. It includes various
specific details to assist in that understanding but these are to be regarded as merely
exemplary. Accordingly, those of ordinary skill in the art will recognize that various
changes and modifications of the various embodiments described herein can be made
without departing from the scope and spirit of the present disclosure. In addition,
descriptions of well-known functions and constructions may be omitted for clarity and
CONCiSeness.

10643} The terms and words used in the following description and claims are
not limited to the bibliographical meanings, but, are merely used by the wnventor to

enable a clear and consistent understanding of the present disclosure. Accordingly, it
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should be apparent to those skilled in the art that the following description of various
embodiments of the present disclosure is provided for illustration purpose only and
not tor the purpose of limiting the present disclosure as defined by the appended
claims and their equivalents.

100644} It is to be understood that the singular forms “a,” “an,” and “the” include
plural referents unless the coniext clearly dictates otherwise. Thus, for example,
reference to “a component surface” includes reference to one or more of such surfaces.
100645} Also, to "include" an element means that it may include other elements,
rather than excluding other clements, unless specifically stated otherwise. Further,
various elements and regions 1n the drawings are schematically drawn. Accordingly,
the technical spirit of the present disclosure is not limited by the relative size or
spacing depicted in the accompanying drawings.

[6646] FIG 1 is a diagram for explaining a hologram reproducing apparatus
100 according to an embodiment of the present disclosure.

16047} Refernng to FIG. 1, the hologram reproducing apparatus 100 based on a
spatial light modulator (SLM) may include a display 10, a first lens unit 20, a second
fens unit 30, a SEM 40, a light guide plate 50, a filter 60, and a lens 70.

16048} The display 10 displays a hologram pattern. The hologram reproducing
apparatus 100 may be connected to a computer apparatus (not shown) by wired or
wirelessly to receive information on the bologram pattern, and may display the
hologram pattern through the display 10 according to an embodiment. For example, a
computer apparatus {(not shown} may generate a computer-generated hologram {CGH)
pattern through CGH processing on an input irnage and transmit the CGH pattern to
the hologram reproducing apparatus 100. A CGH pattern received from an external
server or the like may be stored in the hologram reproducing apparatus 100 according
to another embodiment According to another embodiment, when the hologram
reproducing apparatus 100 has a computing function, the hologram reproducing
apparatus 100 may directly generate a CGH pattern. However, it is needliess to say that

the hologram pattern is not limited to the CGH pattern generated through CGH



0503-0275 (OEC/11002/US_DMC)

processing, and may include stereoscopic information about an object generated by
using various apparatuses such as a coherence pattern generated using laser light.
[0G49) The display 10 may emit a wrile beam corresponding to the displaved
hologram pattern.

100361 The display 10 according to an embodiment of the present disclosure
may be implemented as a micro display. When the display 10 is implemented as a
display requiring a separate light source such as an LCD, a light source unit {e.g., a
backlight provided inside or outside the display 10 may irradiate a coherence light
source to the display 10, and the irradiated light source may be emitted as a write
beam corresponding to the hologram pattern.

10651} According to another embodiment, the display 10 may be implemented
as a self~-luminous element which is turned on/off 1n units of pixels in accordance with
a hologram pattern, and may emit the write beam by itself For example, the seif-
fuminous element may be implemented as an organic light-emitting diode (OLED),
active~-matrix organic light-emitiing Diode (AMOLED), etc., but is not limited thereto.
The display 10 may be implemented by various types of display devices that emit the
write beam corresponding to the hologram pattern.

(06652} The write beam emitted from the display 10, that is, the write beam
corresponding to the hologram pattern, may be incident on the SLM 40 through the
first and second lens units 20 and 30. Here, the first lens unit 20 may include at least
one lens array composed of a plurality of first microlenses for firstly focusing write
beams emitted from the display 10 respectively. The second lens unit 30 may include
at least one lens array composed of a plurality of second microlenses for secondarily
focusing the write beams diffused after being firstly focused.

[B653] According to an embodiment, the first lens unit 20 may inciude at least
two lens arrays. The write beams emitted and spread out (or diffused) from the display
10 may be firstly focused by the first lens unit 20. When the second lens array 22 is
disposed at a distance less than twice a focal distance (F-distance) of the plurality of
microlenses included in the first lens array 21 among the first lens array 21 and the

second lens array 22 included in the first lens unit 20, the write beam that has passed
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through the first lens array 21 may be focused by the second lens array 22. Since the
hologram pattern displaved on the display 10 is reversed, it is necessary to again
reverse the write beam firstly focused by the second lens array 22 through the second
fens unit 30.

100341 The write beam diffused after being firstly focused by the first fens unit
20 may pass through the second lens unit 30, may be reversed again, and may be
incident on the SLM 40,

[00635] The second lens unit 30 may include at least two lens arrays. The write
beam diffused after being firstly focused passes through a third lens array 31 and a
fourth lens array 32 included 1n the second lens unit 30 and then is secondly focused.
The secondly focused write beam has the same direction as the hologram pattern
displaved on the display 10. ¥f the secondarily focused write beam 1s incident on the
SEM 40, the SL.M 40 may write the hologram pattern.

[8056] The plurality of microlenses included in the first lens unit 20 and the
second lens unit 30 may correspond to each other on a one-to-one basis. The first lens
unit 20 and the second lens unit 30 may be spaced apart from each other at
predetermived intervals based on a predetermined reference. Also, at least one lens
array included in the first lens unit 20 and at least one lens array included in the
second lens unit 30 may be spaced apart at predetermined intervals based on a
predetermined reference.

(00657} Structures of the first lens unit 20 and the second lens unit 30 and an
arrangement method of the plurality of lens arrays will be described in detail with
reference to FIGS. 2A and 2B.

|00658] The SLM 40 spatial modulates an incident reproduction beam to
reproduce a holographic three~-dimensional image.

[0659] The SLM 40 may be implemented by incliding at least one of a liguid
crystal display (LCD} based SEM, a hiquid crystal on stlicon (LCo8) SLM, a dot-
matrix display (DMD) SLM, and an optically addressed SLM. However, since the
DMD SLM, the LCoS SLM, and the like have a pixel-based minimum unit, the

bologram pattern is written and reproduced in units of pixels. In this case, since a
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pixel size and a distance between pixels, that is, a pixel pitch, are limitedly reduced, a
pixel-based SLM may only provide a holographic image with a very narrow viewing
angle. Therefore, it is described on the assumption that the SLM according to various
embodiments of the present disclosure is implemented as an optically addressed SLM
that writes and reproduces a hologram pattern by light, not a pixel.

[BG6H] When the write beam emitted from the display 10 passes through the
first and second lens units 20 and 30 and then is incident on the SLM 40, the SLM 40
according to an embodiment of the present disclosure may write the hologram pattern
corresponding to the write beam. Specifically, the SLM 40 is optically addressed by
the write beam, and may generate a photocurrent at a portion irradiated with the write
beam. When the photocurrent 1s generated, a liquid crystal arrangement inside the
SLM 40 may he changed. Since the liquid crystal array 15 changed corresponding to
the write beam, the SLM 40 may implement the hologram pattern.

0061} Further, when a reproduction beam is incident on the SLM 40, the SLM
40 may modulate the reproduction beam into a plurality of diffraction beams
corresponding to the hologram pattern. As described above, if the reproduction beam
ts incident in a state in which the liquid crystal array is changed, the reproduction
beam irradiated on the liquid crystal inside the SLM 40 may be modulated into the
plurality of diffraction beams. Here, the reproduction beam is a beam for reproducing
a holographic three-dimensional image corresponding to the hologram pattern
implemented in the SLM 40, and is also referred to as a reconstruction beam and a
read beam.

190621 The light guide plate SO is counfigured to guide a reproduction beam
emitted from a reproduction beam provider (not shown) provided on one side of the
light guide plate 50 and incident on the light guide plate 50 toward the SLM 40, and
may be disposed between the second lens unit 30 and the SLM 40 Meanwhile, a
structure of the light guide plate 50 will be described in detail with reference to FIGS.
4 5 and 7A to 7D

(6063} The filter 60 is configured to filter a plurality of diffraction beams and a

write beam and may be disposed at a front surface of the SLM 40. The filter 60 may

- 11 -
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include at least one of a Bragg grating filter, a polarizing filter, and a louver filter.
Here, the Bragg grating filter may allow a diffraction beam incident within a
predetermined angle range to pass through among on the plurality of diffraction beams
based on a Bragg diffraction condition {Bragg selectivity). Here, the predetermined
beam may be a zero order diffraction beam in which a reproduction beam is not
modulated into a diffraction beam in the SLM 40,

(0664} The polarizing filter is a filter that allows only a specific polarizing light
component to pass through among a plurality of polarizing light components included
in a light source, reflects remaining polarizing light components, and allows the light
source to selectively pass through and reflect. For example, a first polanzing filter
may be disposed between the display 10 and the first lens unit 20 to filter a first
polarizing light component of the write beam and pass through only a second
polarizing light component. In this case, a second polarizing filter may be disposed at
the front surface of the SLM 40 to filter the second polarizing light component of the
write beamn. When the write beam is provided to a viewing area of a user, since the
write beam may damage the user's eyes or obstruct generation of the holographic
three-dimensional image, the first and second polarizing components included in the
write beam are respectively filtered by the first polarizing filter and the second
polarizing filter, thereby preventing the write beam from being provided to the
viewing area of the user.

16065} Further, the louver tilter may be implemented as a sheet or a film having
a light absorbing or shielding horizontal louver image structure. For example, the filter
60 includes the Bragg grating filter and the louver filter, and may be implemented to
allow the louver filter to secondarily filter a diffraction beam firstly filtered through
the Bragg grating tilter but is not limited thereto. The filter 60 may include at least
one of the Bragg grating filter, the polarizing filter, and the louver filter described
above to filter the plurality of diffraction beams and the write beam.

[6066] The lens 70 may be disposed at a front surface of the filter 60 to focus
the diffraction beam that has passed through the filter 60 to the viewing area of the

user. The lens 70 may be implemented as a fresnel lens, a positive lens, a convex lens,
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and a field lens to focus the diffraction beam that has passed through the filter 60 to a
single spot. That is, if the diffraction beam is focused on the viewing area of the user,
the user may view a holographic image.

[0667] Hereinafter, each configuration of the hologram reproducing apparatus
100 will be described in detail.

[0G68] FIGS. 2A and 2B are diagrams for explaining the display 10, the first
tens unit 20, and the second lens unit 30 according to various embodiment of the
present disclosure.

(0665} The display 10 shown in FIG. 2ZA may display a hologram pattern as
described above and emit a write beam corresponding to the hologram pattern. The
write beam emitted from the display 10 may pass through the first lens unit 20 and
may be firstly focused. For example, the first lens unit 20 may include the first lens
array 21 and the second lens array 22 which are composed of a plurality of
microlenses. In this case, the write beam may be firstly focused after sequentially
passing through the first lens array 21 and the second lens array 22. However, the first
tens unit 20 is not limited to the above-described configuration. The first lens unit 20
may include only the first lens array 21 composed of the plurality of microlenses to
firstly focus the write beam, and may include two or more lens arrays to firstly focus
the write beam.

6676} The plurality of microlenses included in the first lens array 21 according
to an embodiment of the present disclosure may be implemented to respectively
correspond to the plurality of pixels included in the display 10 on a one-to-ong basis.
However, the plurality of microlenses included in the first lens array 21 are not Himited
thereto and may respectively focus write beams emitted from a plurality of pixels.
[06671] The write beam diffused after being firstly focused may pass through the
second lens unit 30 and may be secondarily focused. For example, the second lens unit
30 may include a third lens array 31 and a fourth lens array 32, which are composed of
a plurality of microlenses. In this case, the write beam diffused after being firstly
focused may sequentially pass through the third lens unit 31 and the fourth lens unit

32 and may be secondarily focused. The SEM 40 may be disposed at a spot where the

b
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write beam is secondly focused so that the write beam is incident on the SLM 40
However, the second lens unit 30 described above may include a single lens array or
two or more lens arrays to secondarily focus the write beam. For example, three lens
arrays composed of microlenses having different focal distances may be sequentially
arranged to secondarily focus the write beam diffused after being firstly focused.
Hereinafter, for convenience of description, it is described on the assumption that the
first lens unit 20 includes the first and second lens arrays 21 and 22 and the second
fens unit 30 includes the third and fourth lens arrays 31 and 32.

(66721 The first lens unmit 20 according to an embodiment of the present
disclosure may include the first and second lens arrays 21 and 22, A plurality of
microlenses included in each ot the first lens array 21 and the second lens array 22
may correspond to each other on a one-to-one basis. That is, the number of
microlenses included in the first lens array 21 and the number of microlenses included
in the second lens array 22 may be the same but is not himited thereto. When the first
lens array 21 and the second lens array 22 include different numbers of microlenses,
the write beam that has passed through the first lens array 21 may pass through the
second lens array 22 and may be firstly focused.

106673} The write heam emitted from each pixel of the display 10 may be
focused by the microlens included in the adjacent first lens array 21. On the other
hand, the second lens array 22 may be spaced apart from the first fens array 21 by a
distance less than twice a first focal distance of the microlenses included in the first
lens array 21. In this case, the write beam may be focused onte a spot atfter passing
through the first lens array 21 and the second lens array 22. For example, as shown in
Fi(z. 2A, the write beam may be focused on an imaginary plane A2 disposed between
the first lens unit 20 and the second lens unit 30. The write beam focused by the first
tens unit 20 18 in a state in which the hologram pattern displayed on the display 10 is
reversed.

[6674] Since the write beam focused while being reversed must be again

reversed in a forward direction, i.e, in the same direction as the hologram pattern
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displayed on the display 10, and incident on the SLM 40, the second lens unit 30 may
be additionally disposed at a front surface of the first lens unit 20,

[6675] The write beam that has passed through the second lens array 22
included in the first lens unit 20 may be diffused after being firstly focused, may
spread out after passing through the third lens array 31 included in the second lens
unit 30, may be focused on a spot after passing through the fourth lens array 32
disposed at the front surface of the third lens array 31, and may be incident on the
SLM 40. The microlenses included in each of the second lens array 22 and the third
lens array 31 according to an ecmbodiment of the present disclosure may be
implemented as a field lens. Here, the field lens may be a lens for preventing the write
beam from being spread out and damaged and focusing the write beam.

[060676] The first through fourth lens arrays 21, 22, 31, and 32 according to an
embodiment of the present disclosure may be arranged on a predetermined reference.
Specifically, the first lens array 21 disposed closest to the display 10 may be arranged
to have a first interval, and the first lens array 21 and the second lens array 22 may be
arranged to have a second interval. Also, the third lens array 31 and the fourth fens
array 32 may be arranged to have a second interval and the fourth lens array 32 may
be arranged to have the first interval with the SLM 40. Here, the first interval may be
equal to or greater than the second interval. On the other hand, a third interval
between the second lens array 22 and the third lens array 31 may be set such that the
write beam is firstly focused on a virtual plane A2 arranged at a center of the second
lens array 22 and the third lens array 31. That is, as shown in FIG. 2A, the first
through fourth lens arrays 21, 22, 31, and 32 may be arranged symmetrically with
respect to the imaginary plane AZ.

{6677} According to an embodiment of the present disclosure, the microlenses
inchuded in the first and fourth lens arrays 21 and 32 have the same first focal distance
(F-distance}, and the microlenses included in the second and third lens arrays 22 and
31 may have the same second focal distance. Here, the first focal distance may be at

feast twice the second focal distance.
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(8073} Since the write beam that has passed through the second lens array 22
and focused is in a reversed state, the second lens unit 30 may be arranged in a front
surtface of the first fens unit 20 to again reverse the write beam 1o be incident on the
SLM 40. The second lens unit 30 may include the third and fourth lens arrays 31 and
32 according to an embodiment of the present disclosure. If the third and fourth lens
arrays 31 and 32 are arranged symmetrically with respect to the imaginary plane A2
between the first lens unit 20 and the second lens unit 30, the microlenses included 1n
the third lens array 31 may have the same focal distance as the microlenses included
in the second lens array 22 and the microlenses included in the fourth lens array 32
may have the same focal distance as the microlenses included in the first lens array 21.
Accordingly, the write beam emitted from the display 10 may sequentially pass
through the first lens unit 20 and the second fens unit 30 and may be incident on the

SEM 40, and the SLM 40 may write the hologram pattern corresponding to the write

beam.
[06679] A F-number of the microlenses included in the first through fourth lens

arrays 21, 22, 31, and 32 according to an embodiment of the present disclosure may be
determined based on a predetermined reference. Here, the F-number of the microlens
is a numerical value indicating an amount by which the microlens allows the write
beam to pass through.
00806} A diameter d of the microlenses included in the first lens array 21 may
be determined based on a wavelength of the write beam and area {(a pixel pitch) of one
pixel included in the display 10. For example, the diameter d of the microlens may be
set such that a ratio {(d/f) of the focal distance { of the microlens and the diameter d of
the microlens is equal to or larger than (2*A)/p as shown the following Equation 1,

d - 2A

f p ... Bguation 1

wherein p denotes the pixel pitch, which is an area occupied by each of a plurality of

pixels included in the display 10, A denotes the wavelength of the write beam, fis the

focal distance of the microlens, and d i3 the diameter of the microlens.
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10081} At least one of an aperture stop and a field stop may be disposed
between the first to fourth lens arrays 2%, 22, 31, and 32 according to an embodiment
of the present disclosure. Here, the aperture stop and the field stop may each block a
part of the write bearn emitied and spread out from the display 10, For example, a first
aperture stop may be disposed between the first and second lens arrays 21 and 22, and
a second aperture stop may be disposed between the third and fourth lens arrays 31
and 32. Further, the field stop may be disposed between the second and third lens
arrays 22 and 31. In this case, a part of the write beam spread out after passing
through the first lens array 21 may be blocked by the first aperture stop. The
remaining write beam 18 incident on the second lens array after passing through the
first aperture stop. Subsequently, a part of the write beam that has passed through the
second lens array 22 is limited by the field stop disposed between the second and third
lens arrays 22 and 31, and the remaining write beam is incident on the third lens array
31. Subsequently, a past of the write beam that has passed through the third lens array
31 is himuted by the second aperture stop disposed between the third and fourth lens
arrays 31 and 32, and the remaining write beam may be incident on the SLM 40. On
the other hand, an arrangement relationship of the aperture stop and the field stop is
not limited to the above-described example. A part of the write beam variously
disposed and spread out between the first to fourth lens arrays 21, 22, 31, and 32 may
be blocked (or an amount of the write beam spread out may be limited). FIG. 2B is a
graph for explaining a correlation between a focal distance of a microlens and an
interval between lens arrays.

(06321 Referring to FIG. 2B, a vanation of the interval between the lens arrays
according to the focal distance of the microlens included in a lens array is illusirated.
[GG83) An X-axis i5 a value obtained by dividing an interval between the
display 10 and the first lens array 21, that is, a first interval X1, by the first focal
distance F (X1/F).

[6084] A'Y axis is a value obtained by dividing a distance (I = X1 + X2 + X3
+ X4) between the display 10 and the SLM 40 by the first focal distance F (L/F}).

- 17 -
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[0085] When the value of the X-axis is in the range of 1.8 and 2.2, the value of
the Y-axis may be in the range of 5 and 10. For example, when X1 = 2F, the value of
L/F is about 8. According to the graph shown in FIG. 2B, when the first interval is
twice the first focal distance, the interval between the dispiay 10 and the SLM 40 may
be the shortest. Therefore, the display 10 and the first fens array 21 may be arranged at
an interval twice the first focal distance of the microlenses included in the first lens
array 21, and the fourth lens array 32 and the SLM 40 may also be disposed at the
same interval (the first interval). Further, as described above, the first lens array 21
and the second lens array 22 may be arranged at an interval less than twice the first
focal distance, and the second lens array 22 and the third lens array 31 may also be
arranged at an interval less than twice the first focal distance. In this case, since the
display 10 and the SL.M 40 are disposed apart from each other by an interval less than
8 times (8F} the first focal distance, a size of the hologram reproducing apparatus 100
may become compact.

16686} FIG. 3 is a diagram for explaiming a configuration of the SLM 40
according to an embodiment of the present disclosure.

|8087] Referring to FIG. 3, the SLM 40 may include a photosensitive layer 41
and a LCD panel 42.

{6688} First, the photosensitive layer 41 may be implemented in the form of a
fayer including a photosensitive component sensitive to a UV beam or an IR beam.
Also, the photosensitive layer 41 may be optically addressed by a write beam focused
by the second lens unii 30 o generate a photocurrent at a portion irradiated with the
write beam, and accordingly, the photocurrent may be generated in a region
corresponding to a hologram pattern.

(0089 The LCD panel 42 is configured to modulate an incident reproduction
beam into a plurality of diffraction beams corresponding to the hologram pattern and
may be disposed at a front surface of the photosensitive layer 41.

(6096} If the photosensitive layer 41 generates the photocurrent at the portion
irradiated with the write beam, an effective voltage of the LCD panel 42

corresponding to the photocurrent may be changed. If a reproduction beam is incident
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on the LCD panel 42 in a state where the effective voltage of the LCD panel 42 is
changed, a phase, amplitude, and the like of the reproduction beam may be modulated.
(6691} For example, if the write beam is incident on the photosensitive layer 41
and resistance of the photosensitive layer 41 is reduced, a voltage drop may occur in
the LCD panel 42 and a change may occur in a liquid crystal arrangement in the LCD
panel 42, Since the change of the liquid crystal arrangement in the LCD panel 42
corresponds to the hologram pattern corresponding to the write beam, the LCD panel
42 may modulate the reproduction beam into a plurality of diffraction beams
corresponding to the hologram pattern.

(06092} FIG. 4 15 a diagram for explaining a configuration of the hght guide
plate 50 according to an embodiment of the present disclosure.

10653} Referring to FIG. 4, the light guide plate 50 may include an expander 51,
an in-coupling element 52, and an out-coupling element 53

18094} First, the light guide plate 50 s configured to guide a reproduction beam
toward the SLM and may be disposed between the second lens unit 30 and the SLM
40.

[8095] If the reproduction beam is incident through the in-coupling element 52,
the light guide plate 50 may collimate the reproduction beam into a plurality of
parailel beams using the expander 51 and may allow the plurality of parallel beams to
be incident uniformly on a rear surface of the SL.M 40.

(00696} According to an embodiment of the present disclosure, the in-coupling
element 52 may control the reproduction beam io be incident on the expander 51 at an
incident angle within a predetermined range. On the other hand, the in-coupling
element 52 may be implemented as a Bragg grating element or a prism but is not
hmited thereto. It should be understood that the in-coupling element 52 may be
implemented as a holographic grating having a predetermined dittraction pattern or a
photopolymer having a periodic refractive index distribution. Various embodiments of
the in~coupling element 52 and the expander 51 are described in detail in FIG. 7A.
(6697} If the reproduction beam is incident on the expander 51 within a

predetermined angle range, the reproduction beam may be totally reflected inside the
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expander 51. In this case, the reproduction beam may be totally reflected inside the
expander 51 without loss repeatedly. On the gther hand, the cut-coupling element 53
disposed at a front surface of the expander 51 may discharge a part of the reproduction
beam outside of the expander 51, In this case, the remaining part of the reproduction
beam may be totally reflected in the expander 51. A process of emitting a part of the
reproduction beam by the cut-coupling element S3 to the cutside of the expander 51
and totally reflecting the remaining part of the reproduction beam by the expander 51
is repeatedly performed, and thus the reproduction beam may be uniformly emitted to
an entire region of the SLM 40,

(0698} When the reproduction beam is emitted to the outside, the out-coupling
element 53 may refract and emit the reproduction beam at a predetermined angle to
the outside of the expander 51 For example, the out-coupling element 53 may be
implemented as a Bragg grating element, and may refract and emit the reproduction

beam at a predetermined refractive index based on the following Equation 2,
1n),=2dSin(0)

where n denotes a refractive index of a Bragg grating, A denotes a wavelength of a

. Equation 2

reproduction beam, and d denotes a distance between Bragg gratings.

[6099] The Bragg grating element is configured to have a wavelength
sefectivity based on Bragg's law (nh = 2dSin®), and may refract and emit a
reproduction beam having a A wavelength satisfving nh = 2dSin® based on a
predetermined angle.

[00100] On the other hand, a wavelength A1 of the write beam and a wavelength
A2 of the reproduction beam may be different values. In this case, the Bragg grating
may refract and emit only the reproduction beam having the wavelength of A2, and
may pass through the write beam having the wavelength of A1 without refraction.
(006161} The reproduction beam guided by the light guide plate 50 in a backward
direction of the SLM 40 and emitted may be modulated by the SLM 40 into a plurality

of diffraction beams corresponding to the hologram pattern.
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166102} FIGS. 5 and 6 are diagrams {or explaining a method in which the out-
coupling element 53 emits a reproduction beam and a write beam based on a
wavelength according to various embodiments of the present disclosure.

100163} Referring to FIG. §, the out~coupling element 53 may be implemented as
a Bragg grating and disposed at one region of a front surface of the expander 51. The
Bragg grating is a configuration having selectivity for wavelength as described above.
When the write beam has a wavelength of A1 and A1 belongs to a wavelength passed
through without reflection or refraction. Referring to FIG. 6, the write beam may pass
through the Bragg grating without reflection or refraction. The write beam that has
passed through the Bragg graung may be incident on the SLM 40 to implement a
hologram pattern.

[06104] When the reproduction beam has a wavelength of A2 and 3.2 belongs to a
wavelength reflected or refracted by the Bragg grating, as shown in FIG. 6, the
reproduction beam may be reflected or refracted by the Bragg grating and emitted.
(66165} When the reproduction beam is refracted and emitted based on a
predetermined angle by the Bragg grating as described above, the reproduction beam
may be irradiated to the SLM 40 and modulated into a plurality of diffraction bears.
For example, as shown in FIG. S, the reproduction beam may be emitted
perpendicular to the light guide plate 30 and irradiated to the SLM 40, and the SLM
40 may modulate the reproduction beam into the plurality of diffraction beams.
(06166} FIGS. 7A to 7D are diagrams for explaining a configuration of the light
guide plate 50 according to various embodiments of the present disclosure.

186167} Referring to FIGS. 7A to 7D, if a reproduction beam provider 80
provides the reproduction beam to the in-coupling element 52, the in-coupling element
52 disposed at one side of the expander 51 may control an incident angle of the
reproduction beam to fall within a predetermined angle range. Here, the reproduction
beam provider 80 may sequentially provide R, &, and B reproduction beams, and
accordingly a hologram reproducing apparatus according to an embodiment of the

present disclosure may reproduce a color holographic three-dimensional image.
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100108} Ag shown in FIG. 7A, the in-coupling element 52 may be implemented
as a Bragg grating element. In this case, as described above, the Bragg grating element
may refract the reproduction beam at a predetermined angle to allow the reproduction
beam incident on the expander 51, and the reproduction beam incident on the
expander 51 may be totally reflected in the expander 51 repeatedly.

(06189} Further, according to another embodiment of the present disclosure, the
in-coupling element 52 may be implemented as a holographic grating having a
predetermined ditfraction pattern or a photopolymer having a periodic refractive index
distribution. In this case, as shown in FIG. 7B, the in-coupling clement S2 may be
disposed at one surface 1nside the expander 51.

1006116} Further, as shown in FIG. 7C, the in-coupling element 52 may be
implemented as a prism. The reproduction beam scanned with the prism may be
refracted through the prism and incident on the expander 51.

06111} On the other hand, as described above, the light guide plate 50 is not
necessarily limited to the configuration including the in-coupling element 52. For
example, as shown in FIG. 7D, the light guide plate 50 may not include the in-
coupling element 52. In this case, the reproduction beam directly trradiated to one side
of the expander 51 may be totally reflected inside the expander 51 repeatedly.

[66112} Meanwhile, the light guide plate 50 according to an embodiment of the
present disclosure may dispose the out-coupling element 53 inside the expander 51
For example, if the out-coupling element 53 is implemented as a Bragg grating
element, the expander 51 may be implemented as an optical fiber including a Bragg
grating to perform both functions of the expander 51 and the out-coupling element 53,

106113} FIG. 8 is a diagram for explaining a configuration of the filter 60
according to an embodiment of the present disclosure,

(006114} Referring to FIG. 8, the filter 60 may perform filtering on a plurality of
diffraction beams and a write beam modulated in the SLM 40.

[60115] The filter 60 according to an embodiment of the present disclosure may
include at least one of a polarizing filter 61, a Bragg grating filter 62, and a louver

film 63.
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100116} For example, if the filter 60 includes the Bragg grating filter 62, the
filter 60 may pass through a + 1 order diffraction beam among the plurality of
diffraction beams. In this case, the remaining diffraction beams such as a zero order, a
-1 order, and the like may be blocked by the filter 60.

106117} Here, the zero order diffraction beam may be a reproduction beam that is
not modulated into the diffraction beam in the SLM 40, The Bragg grating filter 62
may pass through the diffraction beam included within a predetermined angle range in
relation to the zero order diffraction beam and filter the remaining diffraction beams.
[06118] For example, in relation to the zero order diffraction beam, the
diffraction beam incident on the Bragg grating filter 62 at an incidence angle of S to
10 degrees may pass through, and the remaining diffraction beams may be filtered to
prevent crosstalk between the plurality of diffraction beams, deterioration of tmage
quality, etc. It should be noted that an angle range filtered by the Bragg grating filter
62 may be changed according to a viewing area change of a user, a distance between
Bragg gratings, a refractive index of a Bragg grating, a wavelength of the reproduction
beam, and the like.

186119} When the filter 60 includes the louver film 63 according to another
embodiment of the present disclosure, the louver film 63 may perform filtering on the
plurality of diffraction beams. Here, the louver film 63 is a film in which a plurality of
blind patterns are arranged at regular intervals. Thus, filtering may be performed such
that only some of the plurality of diffraction beams passes between the blind patterns.
It is needless to say that an interval between the blind patterns may be changed based
on the viewing area of the user, a viewing purpose, etc.

[06120] Further, according to an embodiment of the present disclosure, the
hologram reproducing apparatus may include a first polanizing filter. The first
polarizing filter may be disposed between the display 10 and the first lens unit 20 to
pass through only a second polarizing light component among a plurality of polarizing
light components included in the write beam and reflect the remaining polarizing light

components. In this case, the filter 60 disposed between the SLM 40 and the lens 70
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may include a second polarizing filter 61 to filter the write beam including only the
second polarizing light component.

[066121} When the write beam is provided to the viewing area of the user, the
reproduction beam may cause damage to user's eves and may degrade quality of a
holographic three-dimensional image. Therefore, the first polarizing filter may
perform firstly filtering and the second polarizing filter 61 may perform secondary
filtering to prevent the write beam from being provided to the viewing area of the user.
[06122] The filter 60 according to an embodiment of the present disclosure
includes the polarizing filter 61, the Bragg grating filter 62 and the touver filim 63 and
performing filtering on the write beam and the plurality of diffraction beams. The
write beam may be filtered by the polarization filter 61 and a plurality of filters may
he arranged to perform second filtering on the diffraction beam firstly filtered by the
Bragg grating filter 62 using the louver film 63. For example, if the zero order and -1
order diffraction beams are refracted by the Bragg grating filter 62, the louver filim 63
may filter the refracted diffraction beam to prevent the diffraction beam f{rom being
provided to the viewing area of the user.

186123} The diffraction beam that has passed through the filter 60 may be
focused onto the viewing area of the user through the lens 70 disposed at the front
surface of the filter 60 and reproduced as a three-dimensional holographic image. The
tens 70 may be implemented as a fresnel lens, a positive lens, a convex lens, and a
field lens as described above and focus the diffraction beam that has passed through
the filter 60 onto a spot. If the diffraction beam is focused on the viewing area of the
user, the user may view the holographic three-dimensional image.

106124} FIG. 9 is a flowchart illustrating a control method according to an
embodiment of the present disclosure.

[66125] Referring to FIG. 9, a control method of a hologram reproducing
apparatus including a display configured to display a hologram pattern and emit a
write beam corresponding to the hologram pattern, a first lens unit disposed at a front
surface of the display and including at least one lens array including a plurality of first

microlenses for firstly focusing the write beam emitted from the display and a second
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fens unit including at least one lens array including a plurality of second microlenses
for secondarily focusing the write beam diffused after being firstly focused transmits
the write beam emitted from the display to a SLM through the first lens unit and the
second lens unit at operation S910.

106126] Thereafier, a hologram pattern corresponding to the write beam is
written by the SLM at operation S920.

(066127} Subsequently, a reproduction beam incident on the SEM is modulated
into a plurality of diffraction beams corresponding to the hologram pattern at
operation $S930.

[0606128] Subsequently, the plurality of diffraction beams and the write beam are
filtered by a filter disposed at a front surface of the SLM at operation S940.

166129} The diffraction beam filtered by the lens disposed at a front surface of
the filter is focused at operation 8950

106136} Here, the first lens unit may include the first lens array 21 disposed at a
front surface of the display and arranged at a first interval from the display, and the
second lens array 22 disposed at a front surface of the first lens array 21 and arranged
at a second interval from the first lens array 21, the second lens unit may include the
third lens array 31 disposed at a front surface of the second lens array 22 and the
fourth lens array 32 disposed at a front surface of the third lens array 31 and arranged
at the second interval from the third lens array 31, wherein the fourth lens array 32 is
arranged at the first interval from the SLM, and wherein the first interval is greater
than the second interval.

(08131} Further, microlenses included in each of the first and fourth lens arrays
21 and 32 may have a first focal distance (F-distance), and microlenses included in
each of the second and third lens arrays 22 and 31 may have a second focal distance,
wherein the first focal distance may be greater than twice the second focal distance.
106132} Further, the first interval may have an interval greater than twice the first
focal distance, and the second interval may have an interval less than twice the first

focal distance.
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186133} On the other hand, the SLM may include a photosensitive layer
configured to write a hologram pattern according to the write beam, and a LCD panel
disposed at a front surface of the photosensitive layer to modulate an incident
reproduction beam into a plurality of diffraction beams corresponding to the hologram
pattern.

(06134} Here, the reproduction beam may be guided toward the SLM by a light
guide plate disposed between the second lens unit and the SLM.

[06135] Here, the light guide plate may include an expander and an out-coupling
element, and the control method may further include collimating the reproduction
beam by the expander to make the reproduction beam uniformly incident on a rear
surface of the SLM, and refracting the reproduction beam incident on the expander by
the ont-coupling element disposed at the rear surface of the expander at a
predetermined angle and emitting the reproduction beam ocutside of the expander.
106136} As described above, according to various embodiments of the present
disclosure, the hologram reproducing apparatus may be minjaturized and may provide
a high-quality holographic image.

186137} Hereinabove, although various embodiments of the present disclosure
are separately described, each of the various embodiments does not necessarily need
to be solely implemented, but a configuration and an operation of each of the various
embodiments may also be implernented to be combined with one or more other
varicus embodiments.

(06138 While the present disclosure has been shown and described with
reference to various embodiments thereof, it will be understood by those skilled in the
art that various changes in form and details may be made therein without departing
from the spirit and cope of the present disclosure as defined by the appended claims

and their equivalents.
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