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HOLOGRAPHIC DISPLAY APPARATUS FOR
PROVIDING EXPANDED VIEWING
WINDOW

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. applica-
tion Ser. No. 17/011,080, filed Sep. 3, 2020, which claims
priority from Korean Patent Application Nos. 10-2019-
0164803 and 10-2020-0039707, filed on Dec. 11, 2019 and
Apr. 1, 2020, 1n the Korean Intellectual Property Oflice, the
disclosures of which are incorporated herein in their entire-
ties by reference.

BACKGROUND

1. Field

[0002] Example embodiments of the present disclosure
relate to holographic display apparatuses, and more particu-
larly to, holographic display apparatuses capable of provid-
ing an expanded viewing window when reproducing a
holographic 1mage via an off-axis technique.

2. Description of the Related Art

[0003] Methods such as glasses-type methods and non-
glasses-type methods are widely used for realizing 3D
images. Examples of glasses-type methods include detlected
glasses-type methods and shutter glasses-type methods, and
examples of non-glasses-type methods include lenticular
methods and parallax barrier methods. When these methods
are used, there 1s a limitation with regard to the number of
viewpoints that may be implemented due to binocular par-
allax. Also, these methods make the viewers feel tired due to
the di: Terence between the depth perceived by the brain and
the focus of the eyes.

[0004] Holographic 3D 1mage display methods, which
provide full parallax and are capable of making the depth
perceived by the brain consistent with the focus of the eyes,
have been considered. According to such a holographic
display technique, when light 1s 1rradiated onto a hologram
pattern having recorded thereon an interference pattern
obtained by interference between object light reflected from
an orlgmal object and reference light, the light 1s diffracted
and an 1mage of the original object 1s reproduced. When a
currently considered holographic display technique 1s used,
a computer-generated hologram (CGH), rather than a holo-
gram pattern obtained by directly exposing an original
object to light, 1s provided as an electrical signal to a spatial
light modulator. Then, the spatial light modulator forms a
hologram pattern and diffracts light accordlng to an input
CGH signal, thereby generating a 3D image.

SUMMARY

[0005] One or more example embodiments provide holo-
graphic display apparatuses capable of providing an
expanded viewing window.

[0006] Additional aspects will be set forth 1n part in the
description which follows and, 1n part, will be apparent from
the description, or may be learned by practice of example
embodiments.

[0007] According to an aspect of an example embodiment,
there 1s provided a holographic display apparatus including,
a spatial light modulator including a plurality of pixels
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disposed two-dimensionally, and an aperture enlargement
film configured to enlarge a beam diameter of a light beam
transmitted from each of the plurality of pixels of the spatial
light modulator.

[0008] The spatial light modulator may include a plurality
of apertures and a black matrix surrounding each of the
plurality of apertures.

[0009] An intensity distribution of the enlarged light beam
may decrease from a center of the enlarged light beam to a
periphery of the enlarged light beam.

[0010] A beam diameter of the enlarged light beam may be
greater than a width of each of the plurality of apertures of
the spatial light modulator.

[0011] A beam diameter of the enlarged light beam may be
greater than a pixel period of the spatial light modulator.
[0012] The aperture enlargement film may include a light
guide layer disposed to face a light exiting surface of the
spatial light modulator and a grating layer disposed on an
upper surface of the light guide layer opposite to the spatial
light modulator.

[0013] A thickness of the light guide layer may range from
1 um to 5 um.
[0014] The grating layer may be configured to transmit a

portion of a light beam vertically incident on a lower surface
of the grating layer from the light guide layer 1n a direction
perpendicular to an upper surface of the grating layer, and
may be configured to reflect a remaiming portion of the light
beam to propagate obliquely in the light guide layer.
[0015] The light guide layer may be configured to
obliquely propagate the light beam reflected from the grating
layer along an inside of the light guide layer based on total
reflection.

[0016] The grating layer may be configured to transmit a
portion of the light beam obliquely incident on a lower
surface of the grating layer from the light guide layer to
propagate in a direction perpendicular to an upper surface of
the grating layer.

[0017] A first light beam perpendicularly incident on the
lower surface of the grating layer and transmitted in the
direction perpendicular to the upper surface of the grating
layer and a second light beam obliquely incident on the
lower surface of the grating layer and transmitted in the
direction perpendicular to the upper surface of the grating
layer may at least partially overlap.

[0018] The aperture enlargement film may include a sub-
strate configured to support the light guide layer and the
grating layer such that the light guide layer and the grating
layer do not bend, and a refractive index of the light guide
layer may be greater than a refractive index of the substrate.
[0019] The aperture enlargement film may include a first
grating layer disposed to face a light exiting surface of the
spatial light modulator, a light gmide layer disposed on the
first grating layer, and a second grating layer disposed on the
light guide layer opposite to the first grating layer.

[0020] The aperture enlargement film may include a grat-
ing layer disposed to face a light exiting surface of the
spatial light modulator and a light guide layer disposed on an
upper surface of the grating layer opposite to the spatial light
modulator.

[0021] The holographic display apparatus may further
include a backlight umt configured to provide a coherent
collimated 1llumination light to the spatial light modulator,
and a Fourier lens configured to focus a holographic image
reproduced by the spatial light modulator on a space.
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[0022] The holographic display apparatus may further
include a Gaussian apodization filter array disposed between
a light exiting surface of the spatial light modulator and the
aperture enlargement film or disposed to face a light entering
surface of the spatial light modulator.

[0023] The Gaussian apodization filter array may include
a plurality of Gaussian apodization filters configured to
convert an mtensity distribution of a light beam 1nto a curved
Gaussian distribution.

[0024] The holographic display apparatus may further
include a prism array disposed between the spatial light
modulator and the aperture enlargement film or disposed to
face a light exiting surface of the aperture enlargement film.
[0025] The prism array may be divided into a plurality of
unit regions that are two-dimensionally disposed, and each
of the plurality of unit regions may include a plurality of
prisms configured to propagate an incident light 1n different
directions.

[0026] The plurality of prisms included 1n the prism array
may correspond one-to-one to a plurality of pixels included
in the spatial light modulator.

[0027] A first pixel of the spatial light modulator corre-
sponding to a first prism of each of the plurality of unit
regions of the prism array may be configured to reproduce
a holographic image of a first viewpoint, and a second pixel
of the spatial light modulator corresponding to a second
prism of each of the plurality of unit regions of the prism
array may be configured to reproduce a holographic image
ol a second viewpoint different from the first viewpoint.
[0028] According to another aspect of an example
embodiment, there 1s provided a holographic display appa-
ratus including a spatial light modulator including a plurality
of pixels disposed two-dimensionally, the plurality of pixels
including a plurality of apertures, respectively, and an aper-
ture enlargement film configured to enlarge a beam diameter
of a light beam transmitted from each of the plurality of
pixels of the spatial light modulator, wherein a beam diam-
cter of the enlarged light beam 1s greater than a width of each
of the plurality of apertures.

[0029] The aperture enlargement film may include a light
guide layer disposed to face a light exiting surface of the
spatial light modulator and a grating layer disposed on an
upper surface of the light guide layer opposite to the spatial
light modulator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and/or other aspects, features, and
advantages of example embodiments will be more apparent
from the following description taken 1n conjunction with the
accompanying drawings, i which:

[0031] FIG. 1 1s a schematic diagram showing a configu-
ration of a holographic display apparatus according to an
example embodiment;

[0032] FIG. 2 1s a cross-sectional view schematically
showing the configuration and operation of an aperture
enlargement film according to the example embodiment of
the holographic display apparatus shown 1 FIG. 1;

[0033] FIG. 3A shows the mtensity distribution of 1llumi-
nation light transmitted through an aperture of a spatial light
modulator when only the spatial light modulator 1s used
without an aperture enlargement film, FIGS. 3B and 3C
show a light intensity distribution formed by the 1llumina-
tion light transmitted through the aperture of the spatial light
modulator on the focal plane of a Fourier lens 1n the case of
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FIG. 3A, and FIG. 3D shows the distribution of light formed
on the focal plane of the Fourier lens by a holographic

display apparatus according to a related example 1n the case
of FIG. 3A.

[0034] FIG. 4A shows an intensity distribution of 1llumi-
nation light transmitted through an aperture of a spatial light
modulator and an aperture enlargement film when the spatial
light modulator and the aperture enlargement film are used,
FIGS. 4B to 4D show light intensity distributions that the
illumination light transmitted through the aperture and the
aperture enlargement film of the spatial light modulator
forms on the focal plane of a Fourier lens 1n the case of FIG.
4A, and FIG. 4E shows the distribution of light formed on
the focal plane of the Fourier lens by a holographic display
apparatus according to an embodiment in the case of FIG.
4A;

[0035] FIG. 5 1s a cross-sectional view schematically
showing the configuration and operation of an aperture
enlargement film according to another example embodi-
ment,

[0036] FIG. 6 1s a cross-sectional view schematically
showing the configuration and operation of an aperture
enlargement film according to another example embodi-
ment,

[0037] FIG. 7 1s a cross-sectional view schematically
showing the configuration and operation of an aperture
enlargement film according to another example embodi-

ment;

[0038] FIG. 8 1s a cross-sectional view schematically
showing the configuration and operation of an aperture
enlargement film according to another example embodi-
ment,

[0039] FIGS. 9A and 9B are configuration diagrams sche-

matically showing a configuration of holographic display
apparatuses according to another example embodiment;

[0040] FIGS. 10A and 10B are configuration diagrams
schematically showing a configuration of holographic dis-
play apparatuses according to another example embodiment;

[0041] FIG. 11 shows an arrangement of a plurality of
prisms of a prism array of the holographic display appara-
tuses shown 1n FIGS. 10A and 10B:;

[0042] FIG. 12 shows an arrangement of a plurality of
pixels of a spatial light modulator of the holographic display
apparatuses shown in FIGS. 10A and 10B; and

[0043] FIG. 13 shows the distribution of light formed on
the focal plane of a Fourier lens by the holographic display
apparatuses shown in FIGS. 10A and 10B.

DETAILED DESCRIPTION

[0044] Reference will now be made 1n detail to example
embodiments of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like
clements throughout. In this regard, the example embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the example embodiments are merely described
below, by referring to the figures, to explain aspects. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed 1tems. Expressions
such as ““at least one of,” when preceding a list of elements,
modily the entire list of elements and do not modity the
individual elements of the list. For example, the expression,
“at least one of a, b, and c¢,” should be understood as
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including only a, only b, only ¢, both a and b, both a and c,
both b and ¢, or all of a, b, and c.

[0045] Hereinatter, with reference to the accompanying
drawings, a holographic display apparatus for providing an
expanded viewing window will be described 1n detail. Like
reference numerals refer to like elements throughout, and in
the drawings, sizes ol elements may be exaggerated for
clarity and convenience of explanation. The example
embodiments described below are merely exemplary, and
vartous modifications may be possible from the example
embodiments. In a layer structure described below, an
expression “above” or “on” may include not only “imme-
diately on 1n a contact manner’” but also “on 1n a non-contact
manner”.

[0046] FIG. 1 1s a schematic diagram showing a configu-
ration of a holographic display apparatus 100 according to
an example embodiment. Referring to FIG. 1, the holo-
graphic display apparatus 100 according to an example
embodiment may include a spatial light modulator 120
having a plurality of pixels arranged two-dimensionally and
an aperture enlargement film 130 disposed to enlarge the
beam diameter of light emitted from each pixel of the spatial
light modulator 120.

[0047] In addition, the holographic display apparatus 100
may further include a backlight unit 110 that provides
coherent collimated illumination light to the spatial light
modulator 120, a Fourier lens 140 that focuses a holographic
image on the space, and an i1mage processor 150 that
generates and provides a hologram data signal based on the
holographic 1mage to be reproduced to the spatial light
modulator 120. In FIG. 1, although the Fourier lens 140 1s
disposed on the light entering surface of the spatial light
modulator 120, that 1s, between the backlight unit 110 and
the spatial light modulator 120, the position of the Fourier
lens 140 1s necessarily not limited thereto. For example, the
Fourier lens 140 may be disposed between the spatial light
modulator 120 and the aperture enlargement film 130 or on
the light exiting surface of the aperture enlargement film

130.

[0048] The backlight unit 110 may include a laser diode to
provide illumination light having high coherence. In addi-
tion to the laser diode, the backlight unit 110 may include
any ol other light sources configured to emit light having
spatial coherence. In addition, the backlight unit 110 may
turther include an optical system that enlarges light emitted
from the laser diode to generate collimated parallel light
having a uniform intensity distribution. Accordingly, the
backlight unit 110 may provide parallel coherent 1llumina-
tion light having the uniform intensity distribution to the
entire region of the spatial light modulator 120.

[0049] The spatial light modulator 120 may be configured
to diffract and modulate the i1llumination light, according to
the hologram data signal, for example, a computer-generated
hologram (CGH) data signal, provided by the image pro-
cessor 150. For example, the spatial light modulator 120
may use any one of a phase modulator for performing phase
modulation, an amplitude modulator for performing ampli-
tude modulation, and a complex modulator performing both
phase modulation and amplitude modulation. Although the
spatial light modulator 120 of FIG. 1 1s a transmissive spatial
light modulator, a retlective spatial light modulator may also
be used. The spatial light modulator 120 may include a
plurality of display pixels arranged two-dimensionally to
display a hologram pattern for diffracting the 1llumination

Jan. 4, 2024

light. For example, the spatial light modulator 120 may use
a liquid crystal device (LCD), a semiconductor modulator, a

digital micromirror device (DMD), liqud crystal on silicon
(LCoS), efc.

[0050] The spatial light modulator 120 may include a
two-dimensional grating-shaped black matrix and a plurality
of apertures surrounded by the black matrix. A driving
circuit for controlling the operation of each aperture 1is
disposed below the black matrix, and each aperture 1s an
active region that changes the intensity or phase of trans-
missive light or reflective light. The intensity or phase of
light passing through each aperture or light reflected by the
aperture may be adjusted under the control of the driving
circuit. For example, when the spatial light modulator 120
displays the hologram pattern according to the CGH data
signal provided from the image processor 150, the intensity
or phase of the 1llumination light may be adjusted diflerently
in the plurality of apertures. When light beams of the
illumination light whose intensity or phase 1s modulated 1n
the plurality of apertures of the spatial light modulator 120
cause 1nterference and focus on the Fourier lens 140, the
holographic 1mage may be seen by an observer’s eye E.
Accordingly, the reproduced holographic image may be
determined by the CGH data signal provided from the image
processor 150 and the hologram pattern displayed by the

spatial light modulator 120 based on the CGH data signal.

[0051] The aperture enlargement film 130 1s configured to
enlarge the beam diameter of the light beam of the 1llumi-
nation light passing through or reflected from each aperture
of the spatial light modulator 120. For example, FIG. 2 1s a
cross-sectional view schematically showing the configura-
tion and operation of the aperture enlargement film 130
according to the example embodiment of the holographic
display apparatus 100 shown in FIG. 1. Referring to FIG. 2,
the aperture enlargement film 130 1s disposed to face the
light exiting surface of the spatial light modulator 120. The
spatial light modulator 120 includes a plurality of apertures
121 and a black matrix 122 surrounding the plurality of
apertures 121. Accordingly, a plurality of light beams trans-
mitted from the plurality of apertures 121 of the spatial light
modulator 120 respectively 1s incident on the aperture
enlargement film 130.

[0052] The aperture enlargement film 130 may include a
light gmde layer 132 disposed to face the light exiting

surface of the spatial light modulator 120 and a grating layer
133 disposed on an upper surface of the light guide layer
132. In addition, the aperture enlargement film 130 may
turther include a substrate 131 for supporting the light guide
layer 132 and the grating layer 133 such that the light guide
layer 132 and the grating layer 133 do not bend. However,
the substrate 131 may be omitted 1f the light guide layer 132
1s supported without bending 1itself. In FIG. 2, although the
thickness of the substrate 131 1s similar to the thickness of
the light guide layer 132, the light guide layer 132 may be
much thinner than the substrate 131. For example, the
thickness of the substrate 131 may be about 0.5 mm to about
1 mm, and the thickness of the light guide layer 132 may be
about 1 um to about 5 um. The substrate 131 may include
glass or a transparent polymer material of a solid matenal,
and the light guide layer 132 may include a transparent
material having a higher refractive index than the substrate
131 to transmuit light therein.

[0053] The grating layer 133 disposed on the upper sur-
face of the light guide layer 132 may emait a portion of light
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incident on the grating layer 133 from the light guide layer
132 in a direction parallel a direction parallel to a direction
normal to the upper surface of the grating layer 133, which
1s a direction perpendicular to the upper surface of the
grating layer 133, and may retlect the remaining portion of
the light incident on the grating layer 133 to travel obliquely
toward the light guide layer 132. The grating layer 133 may
include various types of surface gratings or volume gratings.
The surface grating may include, for example, a diffractive
optical element (DOE) such as a binary phase grating, a
blazed grating, etc. In addition, the volume grating may
include, for example, a holographic optical element (HOE),
a geometric phase grating, a Bragg polarization grating, a
holographically formed polymer dispersed liquid crystal
(H-PDLC), etc. Such a volume grating may include periodic
fine patterns of materials with different refractive indices.

According to the size, height, period, duty ratio, shape, eftc.
of the periodic grating patterns constituting the grating layer
133, the grating layer 133 may diffract the incident light to
cause extinctive interference and constructive interference
and change the traveling direction of the incident light.

[0054] The light beam transmitted from the aperture 121
of the spatial light modulator 120 may be incident perpen-
dicularly to the lower surface of the substrate 131 and may
pass through the substrate 131 and the light guide layer 132,
and may be incident perpendicularly to the lower surface of
the grating layer 133. The grating layer 133 may emit a Oth
order diffracted light beam among incident light beams
incident perpendicularly or obliquely to the lower surface of
the grating layer 133 in the direction parallel to the direction
normal to the upper surface of the grating layer 133, and may
reflect a 1st order diffracted light beam to travel obliquely
toward the light guide layer 132. The light guide layer 132
1s configured to propagate the light beam obliquely reflected
from the grating layer 133 along the 1nside of the light guide
layer 132 through total reflection. Therefore, the 1st order
diffracted light beam may be totally reflected between the
upper surface and the lower surface of the light guide layer
132 and travel along the mside of the light guide layer 132.
For example, as indicated by the arrow 1n FIG. 2, a +1st
order diffracted light beam may travel along the right
direction of the light guide layer 132, and a -1st order
diffracted light beam may travel along the left direction of
the light guide layer 132. The arrow 1n FIG. 2 represents the
center of the light beam, and an actual light beam may have
a beam diameter equal to a width W1 of the aperture 121. In
addition, 1n the cross-sectional view of FIG. 2, although the
—1st order diffracted light beam traveling to the left and the
+1st order diffracted light beam traveling to the right are
representatively indicated, the first diffracted light beam
may travel 1n all radial directions with respect to the incident
position of the grating layer 133.

[0055] The 1st order diffracted light beam by the grating
layer 133 1s totally reflected from the lower surface of the
light guide layer 132, and again obliquely incident on the
upper surface of the light guide layer 132. Thereaiter, a
portion of the first diffracted light beam 1s totally reflected
again from the upper surface of the light guide layer 132,
while the remaining portion 1s diflracted by the grating layer
133, and emitted in the direction parallel to the direction
normal to the upper surface of the grating layer 133.

[0056] Accordingly, the light beam emaitted from the grat-
ing layer 133 includes a light beam L0 emitted by the Oth
order diffraction and a light beam L1 emaitted by the 1st order

Jan. 4, 2024

diffraction. In the cross-sectional view of FIG. 2, although
light beams -1 and +L.1 emitted by a 1 order difiraction
are respectively shown on the left and right sides of light
beam L0 emitted by the Oth order difiraction, the light beam
L1 emitted by the 1st order diffraction continuously sur-
rounds the circumierence of the light beam L0 emitted by
the Oth order diflraction in the shape of a ring. The grating
layer 133 may be configured as a two-dimensional grating
film capable of diflracting incident light in all directions.
The grating layer 133 may be configured by stacking two
one-dimensional grating films having orthogonal directions
to each other. In this case, for example, the light beam may
be enlarged and emitted in the horizontal direction by the
one-dimensional grating {ilm in the horizontal direction, and
the light beam may be enlarged in the vertical direction by
the one-dimensional grating film 1n the vertical direction,
and then the ring-shaped light beam L1 may be finally
emitted.

[0057] The light beam L1 emitted by the 1st order dii-
fraction may overlap at least partially with the light beam L0
emitted by the Oth order diffraction. The degree to which the
light beam L1 emitted by the 1st diffraction and the light
beam L0 emitted by the Oth diffraction overlap may vary
according to the thickness of the light guide layer 132. When
the thickness of the light guide layer 132 1s too large, the
light beam L1 emitted by the 1st order diffraction may not
overlap with the light beam L0 emitted by the Oth order
diffraction, and a gap may exist between the light beam L0
emitted by the Oth order diffraction and the light beam L1
emitted by the 1st order difiraction. When the thickness of
the light guide layer 132 1s gradually reduced, the boundary
of the light beam L1 emitted by the 1st order difiraction
coincides with the boundary of the light beam L0 emitted by
the Oth order diflraction. When the thickness of the light
guide layer 132 1s further reduced, the light beam L1 ematted
by the 1st order diffraction may overlap with the light beam
L0 emitted by the Oth order diffraction. Therefore, the
maximum thickness of the light guide layer 132 may be
selected such that the boundary of the light beam L1 emitted
by the 1st order diffraction coincides with the boundary of
the light beam L0 emitted by the Oth order diflraction.

[0058] As described above, the light beam incident on the
aperture enlargement film 130 from each aperture 121 of the
spatial light modulator 120 passes through the aperture
enlargement film 130 and 1s divided into the light beam L0
emitted by the Oth order diffraction and the light beam L1
emitted by the 1st order diffraction. These light beams may
be combined to be viewed as one enlarged light beam. As a
result, the aperture enlargement film 130 may enlarge the
beam diameter of the light beam incident from the aperture
121 of the spatial light modulator 120. The beam diameter
of the light beam incident on the aperture enlargement film
130 from the aperture 121 of the spatial light modulator 120
1s equal to the width W1 of the aperture 121. However, the
beam diameter of the light beam enlarged while passing
through the aperture enlargement film 130 may be the same
as a beam diameter W3 of a light beam combining the light
beam L0 emitted by the Oth order diffraction and the light
beam L1 emitted by the 1st order diffraction, and may be
greater than the width W1 of the aperture 121 of the spatial
light modulator 120.

[0059] The beam diameter W3 of the light beam enlarged
by the aperture enlargement film 130 may vary according to

the degree to which the light beam L0 emitted by the Oth
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order diffraction and the light beam L1 emitted by the 1st
order diffraction overlap. As the degree of overlap 1s based
on the thickness of the light guide layer 132, the beam
diameter W3 of the light beam enlarged by the aperture
enlargement film 130 may be determined by the thickness of
the light guide layer 132. For example, the thickness of the
light guide layer 132 may be selected such that the beam
diameter W3 of the light beam enlarged by the aperture
enlargement film 130 1s greater than a pitch W2 of a pixel
of the spatial light modulator 120. The pitch W2 of the pixel
of the spatial light modulator 120 1s equal to the sum of the
width W1 of the aperture 121 and the width of the black
matrix 122.

[0060] In the related example, due to the black matrix 122
existing between the apertures 121, there 1s a gap having no
image information between the plurality of light beams
transmitted from the plurality of apertures 121 of the spatial
light modulator 120. The gap between the light beams may
increase the intensity of a higher order diffraction pattern.
Meanwhile, according to the example embodiment, because
the aperture enlargement film 130 enlarges the beam diam-
eter of each light beam, the intensity of the high order
diffraction pattern may decrease and ultimately the high
order diffraction pattern may be removed.

[0061] Meanwhile, the intensity of the light beam L0
emitted by the Oth order diffraction 1s greater than the
intensity of the light beam L1 emitted by the 1st order
diffraction. Therefore, the light beam enlarged by the aper-
ture enlargement film 130 has a shape in which the intensity
decreases from the center of the light beam to the periphery,
and has a shape approximately similar to a Gaussian distri-
bution. According to the example embodiment, due to the
enlarged light beam having a distribution having a beam
diameter greater than the width W1 of the aperture 121 of the
spatial light modulator 120 and having the intensity decreas-
ing from the center to the periphery, the spatial light modu-
lator 120 may reduce high order noise generated 1n the focal
plane of the Fourier lens 140 such that a viewing window
through which a holographic 1mage i1s visible may be
enlarged.

[0062] As described above, because the spatial light
modulator 120 1s configured with an array of the plurality of
apertures 121 and the black matrix 122, a physical structure
of the spatial light modulator 120 may function as a regular
diffraction grating. Thus, the illumination light may be
diffracted and interfered with by the hologram pattern
formed by the spatial light modulator 120 and also by a
regular structure constituting the spatial light modulator 120.
Also, some of the illumination light may not be difiracted by
the hologram pattern, but may pass through the spatial light
modulator 120 as 1s. As a result, a plurality of lattice spots
may appear on the focal plane or the pupil plane of the
Fourier lens 140 on which the holographic image 1s con-
verged to a point. The plurality of lattice spots may function
as 1mage noise that degrades quality of the reproduced
holographic 1image and makes 1t uncomiortable to observe
the holographic image. For example, a Oth order noise
formed by the illumination light which 1s not diffracted may
appear on an axis of the Fourier lens 140.

[0063] Also, multiple high order noise of a regular lattice
pattern may appear around a Oth order noise by interference
between light diflracted by the regular pixel structure of the
spatial light modulator 120. However, as shown 1n FIG. 2,
when the aperture enlargement film 130 1s used together
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with the spatial light modulator 120, the multiple high order
noise having the regular lattice structure may be reduced to
enlarge a viewing window.

[0064] For example, FIG. 3A shows the intensity distri-
bution of illumination light transmitted through the aperture
121 of the spatial light modulator 120 without the aperture
enlargement film 130, and FIGS. 3B and 3C show a light
intensity distribution formed by the illumination light of
FIG. 3A on the focal plane of the Fourier lens 140. In
particular, FIG. 3B shows the light intensity distribution
formed by one pixel, and FIG. 3C shows the light intensity
distribution formed when a plurality of adjacent pixels are
simultaneously turned on.

[0065] In FIG. 3A, graph B indicates the intensity distri-
bution of the illumination light of a uniform distribution
transmitted through the aperture 121 of the spatial light
modulator 120, and has a uniform distribution across the
width W1 of the aperture 121. In FIG. 3A, graph A indicates
the intensity distribution when the i1llumination light of the
uniform distribution indicated by graph B passes through a
Gaussian apodization filter, and shows a Gaussian distribu-
tion. In the absence of the aperture enlargement film 130, the
beam diameter of the 1llumination light transmaitted through
the aperture 121 of the spatial light modulator 120 1s
substantially the same as the width W1 of the aperture 121
of the spatial light modulator 120. Because the width W1 of
the aperture 121 of the spatial light modulator 120 1s smaller
than the pixel period of the spatial light modulator 120, the
beam diameter of the 1llumination light transmaitted through
the aperture 121 of the spatial light modulator 120 1s also
smaller than the pixel period of the spatial light modulator

120.

[0066] The graph A in FIG. 3B showing the light intensity
distribution formed by one pixel shows an intensity distri-
bution after the illumination light having the Gaussian
distribution indicated by graph A 1n FIG. 3A expands on the
focal plane of the Fourier lens 140 due to the difiraction
phenomenon by the aperture 121 of the spatial light modu-
lator 120. In addition, a graph B in FIG. 3B shows a light
intensity distribution formed on the focal plane of the
Fourier lens 140 due to the difiraction when the 1llumination
light having the uniform intensity distribution indicated by
graph B 1n FIG. 3A passes through the aperture 121 of one
pixel of the spatial light modulator 120.

[0067] The graph B 1n FIG. 3C showing the light intensity
distribution formed on the focal plane of the Fourier lens 140
by a plurality of adjacent pixels shows a light intensity
distribution formed on the focal plane of the Fourier lens 140
due to the diffraction when the 1llumination light having the
uniform intensity distribution indicated by graph B in FIG.
3A passes through the apertures 121 of the plurality of
adjacent pixels of the spatial light modulator 120. The
central peak of the graph B 1n FIG. 3C 1s generated by the
Oth order difiraction, and surrounding peaks are generated
by high order diffraction of +1st order or higher. Accord-
ingly, an interference pattern formed by the i1llumination
light having the Gaussian distribution indicated by graph A
in FIG. 3A may be the same as the product of the graph A
in FIG. 3B and the graph B 1n FIG. 3C, and 1s indicated by
a graph D 1n FIG. 3C. As shown by the graph D 1n FIG. 3C,
because the distribution of the graph A expanded on the focal
plane includes the peaks by high order diffraction of the
graph B, even 1 the illumination light having the Gaussian
distribution indicated by graph A in FIG. 3A 1s used, the




US 2024/0004346 Al

interference pattern due to Oth order diffraction and high
order diflraction 1s generated.

[0068] FIG. 3D shows the distribution of light formed 1n
the focal plane of the Fourier lens 140 by a holographic
display apparatus according to the related example shown 1n
FIG. 3A. The holographic display apparatus according to the
related example may have a structure without the aperture
enlargement film 130 1n the configuration shown i FIG. 1.
Referring to FIG. 3D, Oth order noise NO due to Oth order
diffraction 1s formed on the center of the focal plane, that 1s,
on the optical axis. In addition, 1n the periphery of the Oth
order noise NO, high order noises N1 generated by high
order diffraction of £1st order or higher are regularly formed
in the form of a lattice. In FIG. 3D, a rectangle indicated by
a thick solid line surrounded by the high order noises N1
becomes a viewing window of the holographic display
apparatus determined by the resolution of the spatial light
modulator 120.

[0069] In order to prevent or reduce such the multiple
noises NO and N1 from being visible by an observer, a
holographic 1mage may be reproduced via an ofl-axis tech-
nique such that the spot of the holographic image 1s repro-
duced by avoiding the multiple noises NO and N1. Because
the multiple noises NO and N1 are generated by the physical
internal structure of the spatial light modulator 120 and are
independent of the hologram pattern displayed by the spatial
light modulator 120, the positions of the noises NO and N1
are always fixed. Because the spot position of the holo-
graphic 1mage 1s determined by the hologram pattern dis-
played by the spatial light modulator 120, a holographic
pattern may be formed such that the holographic 1image 1s
reproduced on a position that does not include the multiple
noises NO and N1. For example, the image processor 1350
may add a prism phase to CGH data including holographic
image mformation. Then, the holographic 1mage may be
reproduced away from the optical axis by a prism pattern
displayed together with the hologram pattern by the spatial
light modulator 120. Theretore, the reproduced holographic
image may be away from the Oth order noise NO.

[0070] For example, as illustrated in FIG. 3D, a holo-
graphic 1mage signal S may be positioned slightly away
from the Oth order noise NO 1n a diagonal direction by using
an oil-axis techmique. In the case of the off-axis technique,
a complex conjugate 1image signal S* may be generated 1n
the opposite direction of the holographic image signal S with
respect to the Oth order noise NO. However, even when
using the ofl-axis technique, because the expression limit of
the prism phase 1s smaller than the pixel period of the spatial
light modulator 120, the holographic image signal S may not
be positioned farther away than the high order noise N1 as
shown 1n FIG. 3D. Theretore, the high order noise N1 makes
it difficult to enlarge the viewing window and interferes with
the viewing of the holographic 1image. In addition, holo-
graphic 1image signals S1 by a high order difiraction in the
diagonal direction with respect to the high order noises N1
and their complex conjugate image signals S1* may be
generated together. The holographic image signal S1 by the
high order diffraction and 1ts complex conjugate 1mage
signal S1* may also interfere with the viewing of the
holographic 1image.

[0071] FIG. 4A shows an intensity distribution of 1llumi-
nation light transmitted through the aperture 121 of the
spatial light modulator 120 and the aperture enlargement

film 130. In addition, FIGS. 4B to 4D show light intensity
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distributions that the illumination light of FIG. 4A forms on
the focal plane of the Fourier lens 140. In particular, FIG. 4B
shows the light intensity distribution formed by one pixel,
FIG. 4C shows the light intensity distribution formed when
a plurality of adjacent pixels are simultaneously turned on,
and FIG. 4D shows a light intensity distribution formed on
the focal plane of the Fourier lens 140 due to the diffraction
of the 1llumination light transmitted through the aperture 121
of the spatial light modulator 120 and the aperture enlarge-

ment film 130.

[0072] In FIG. 4A, graph B indicates the mtensity distri-
bution of the illumination light transmitted through the
aperture 121 of the spatial light modulator 120, and a graph
C indicates the itensity distribution of the illumination light
transmitted through the aperture 121 of the spatial light
modulator 120 and the aperture enlargement film 130. As
shown 1 FIG. 4A, 1t 1s assumed that the intensity of the
illumination light transmitted through the aperture 121 of the
spatial light modulator 120 and the aperture enlargement
film 130 has the Gaussian distribution. When using the
aperture enlargement film 130, the beam diameter of the
illumination light may be greater than the width W1 of the
aperture 121 of the spatial light modulator 120 and may be
greater than the pixel period of the spatial light modulator
120. This may have the same ellect that optically the
aperture 121 of the light modulator 120 through which the
illumination light passes i1s greater than the pixel period of
the spatial light modulator 120. For example, the aperture
enlargement {ilm 130 may provide an eflect such as enlarg-
ing the aperture 121 of the spatial light modulator 120.

[0073] The graph B 1n FIG. 4B showing the light intensity
distribution formed by one pixel 1s the same as the graph B
in FIG. 3B. For example, the graph B in FIG. 4B 1s the light
intensity distribution formed on the focal plane of the
Fourier lens 140 due to the diffraction of the 1llumination
light having a uniform intensity distribution that passes
through the aperture 121 of the spatial light modulator 120
but does not pass through the aperture enlargement film 130.
The graph C 1n FIG. 4B shows the light intensity distribution
formed by the illumination light having the intensity distri-
bution mdicated by graph C 1n FIG. 4A on the focal plane
of the Fourier lens 140 without considering interference. The
illumination light having the intensity distribution indicated
by graph C 1 FIG. 4A 1s rarely enlarged on the focal plane
of the Fourier lens 140, as shown in FIG. 4B, due to an
optical eflect such that the aperture 121 of the spatial light
modulator 120 1s enlarged.

[0074] The graph B 1n FIG. 4C showing the light intensity
distribution formed on the focal plane of the Fourier lens 140
by a plurality of adjacent pixels 1s the light intensity distri-
bution formed on the focal plane of the Fourier lens 140 due
to the diffraction when the illumination light having a
unmiform intensity distribution indicated by graph B 1n FIG.
4A passes through the apertures 121 of the plurality of
adjacent pixels of the spatial light modulator 120. The
central peak of the graph B 1n FIG. 3C is generated by the
Oth order diffraction, and surrounding peaks are generated
by high order diflraction of x1st order or higher.

[0075] An mterference pattern formed by the 1llumination
light having the Gaussian distribution indicated by graph C

in FIG. 4A may be the same as the product of the graph C
in FIG. 4B and the graph B 1n FIG. 4C, and 1s indicated by
a graph D 1n FIG. 4D. The distribution of the graph C in FIG.

4B may include only peak due to a Oth order diffraction of
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the graph B 1 FIG. 4C, as shown in FIG. 4C. Therelore,
when using the 1llumination light of a wide beam diameter
having the Gaussian distribution indicated by graph C in
FIG. 4A, as shown 1n FIG. 4D, only the interference pattern
due to the Oth order diffraction occurs, and an interference
pattern due to a high order diflraction does not appear.

[0076] FIG. 4E shows the distribution of light formed on
the focal plane of the Fourier lens 140 by the holographic
display apparatus according 100 of FIG. 4A. Referring to
FIG. 4E, on the focal plane of the Fourier lens 140, only the
Oth order noise NO, the holographic 1mage signal S, and the
complex conjugate image signal S* appear, and the high
order noises N1, the holographic 1mage signals S1 by the
high order diffraction and their complex conjugate image
signals S1* 1llustrated in FIG. 3D hardly appear. Therefore,
by using the aperture enlargement film 130, the observer
may view the holographic image without being disturbed by
the high order noise N1 and 1n a wider region.

[0077] The aperture enlargement film 130 may be manu-
factured 1n various other structures 1n addition to the struc-
ture shown in FIG. 2. For example, FIG. 5 1s a cross-
sectional view schematically showing the configuration and
operation of an aperture enlargement film 130a according to
another example embodiment. Referring to FIG. 5, the
aperture enlargement film 130a may include a first grating
layer 133a disposed to face the light exiting surface of the
spatial light modulator 120, the light guide layer 132 dis-
posed on the first grating layer 133a, and a second grating
layer 1335 disposed on the light guide layer 132. The light
guide layer 132 1s disposed between the first grating layer
133a and the second grating layer 1335. The first grating
layer 133a and the second grating layer 13356 may include
various types of surface gratings or volume gratings. For
example, the first grating layer 133a and the second grating
layer 13356 may have different periodic grating patterns 1n
the size, height, period, duty ratio, and shape from the
grating layer 133 illustrated 1n FIG. 2.

[0078] The aperture enlargement film 130a may be dis-
posed such that the first grating layer 133a faces the light
exiting surface of the spatial light modulator 120. A light
beam transmitted from the aperture 121 of the spatial light
modulator 120 1s first incident perpendicularly on the lower
surface of the first grating layer 133a. The first grating layer
133a may be configured to diffract an incident light that 1s
incident perpendicularly on the lower surface. For example,
the first grating layer 133a may be configured to Oth diffract
a portion of the incident light that 1s incident perpendicularly
on the lower surface and travel 1n a direction parallel to the
direction normal to the upper surface. Therefore, the trav-
cling direction of a light beam that 1s Oth difiracted by the
first grating layer 133a does not change. Also, the first
grating layer 133a may be configured to 1st difiract a portion
of the incident light that 1s incident perpendicularly on the
lower surface and travel 1n an inclined direction with respect
to the upper surface.

[0079] The light beam that 1s Oth diffracted by the first
grating layer 133a may be incident perpendicularly on the
upper surface of the light guide layer 132, and the light beam
that 1s 1st diffracted may be obliquely 1ncident on the upper
surface of the light guide layer 132. The second grating layer
1335 1s disposed on the upper surface of the light guide layer
132. The second grating layer 1335 may be configured to
propagate a portion of the incident light that 1s incident on
the lower surface 1n the direction parallel to the direction
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normal to the upper surface. Therefore, the light beam
perpendicularly incident on the upper surface of the light
guide layer 132 from the first grating layer 133a 1s emitted
through the second grating layer 1335 without changing the
traveling direction. A portion of the light beam obliquely
incident on the upper surface of the light guide layer 132
from the first grating layer 133q 1s emitted 1in the direction
parallel to the direction normal to the upper surface of the
second grating layer 13356 through the second grating layer
1336. The remaining portion of the light beam obliquely
incident on the upper surface of the light guide layer 132
from the first grating layer 133a 1s totally reflected from the
upper surface of the light gmide layer 132 and travels in a
lateral direction along the 1nside of the light guide layer 132.
In this process, a portion of the light beam 1s emitted through
the second grating layer 1335 whenever the light beam 1s
incident on the upper surface of the light guide layer 132.

[0080] Therefore, the light beam incident on the aperture
enlargement film 130aq 1s divided into a plurality of light
beams -1.2, -1, L0, +L.1, and +1.2 and 1s emitted from the
aperture enlargement film 130aq. The thickness of the light
guide layer 132 may be selected such that the plurality of
light beams -L2, -LL1, L0, +L.1, and +L.2 overlap at least
partially. Then, the plurality of light beams -1L.2, -1, L0,
+[.1, and +L.2 emitted from the aperture enlargement film
130a may be viewed as one enlarged light beam. As a result,
the aperture enlargement film 130q may enlarge the beam
diameter of the light beam 1ncident from the aperture 121 of
the spatial light modulator 120. Further, because the inten-
sity of the light beam L0 1s greater than the intensity of the
surrounding light beams -1 and +L.1, and the intensity of
the light beams -1 and +L.1 1s greater than the intensity of
the surrounding light beams -1L.2 and +L2, the light beam
enlarged by the aperture enlargement film 130a may have a
shape similar to the Gaussian distribution in which the
intensity decreases from the center to the periphery.

[0081] FIG. 6 1s a cross-sectional view schematically
showing the configuration and operation of an aperture
enlargement film 1306 according to another example
embodiment. Referring to FIG. 6, the aperture enlargement
film 1305 may include a third grating layer 133c¢, the light
guide layer 132, and a fourth grating layer 1334. The light
guide layer 132 1s disposed between the third grating layer
133¢ and the fourth grating layer 1334. The third grating
layer 133¢ and the fourth grating layer 1334 may have
different periodic grating patterns 1n the size, height, period,
duty ratio, and shape from the first and second grating layers
133a and 13356 shown in FIG. 5.

[0082] The aperture enlargement film 13056 may be dis-
posed such that the third grating layer 133¢ faces the light
exiting surface of the spatial light modulator 120. Then, a
light beam transmitted from each aperture 121 of the spatial
light modulator 120 1s first incident perpendicularly on the
lower surface of the third grating layer 133c¢. The third
grating layer 133¢ may be configured to transmit an incident
light that 1s incident perpendicularly on the lower surface as
1s. Accordingly, the light beam incident on the lower surface
of the third grating layer 133¢ may be incident perpendicu-
larly on the lower surface of the fourth grating layer 1334
through the light guide layer 132. In addition, the third
grating layer 133¢ may be configured to retlect a portion of
an 1ncident light obliquely incident on the upper surface 1n
a direction perpendicular to the upper surface.
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[0083] The fourth grating layer 1334 may Oth and 1st
diffract the incident light perpendicularly incident on the
lower surface to travel 1n different directions. For example,
the light beam that 1s Oth diflracted by the fourth grating
layer 1334 may be emitted in a direction parallel to the
direction normal to the upper surface of the fourth grating
layer 1334, and the light beam that 1s 1st diffracted may
obliquely travel toward the light guide layer 132. Then, the
light beam that 1s 1st difiracted by the fourth grating layer

1334 travels 1n a lateral direction inside the light guide layer
132 through total reflection.

[0084] In a process of traveling inside the light guide layer
132 in the lateral direction, a portion of the light beam may
be diffracted by the upper surface of the third grating layer
133¢ and again be incident perpendicularly on the lower
surface of the fourth grating layer 1334. The light beam
incident on the aperture enlargement film 1305 from the
spatial light modulator 120 1s divided into the plurality of
light beams -1.2, -1, L0, +L.1, and +L.2 in this manner, and

1s output from the aperture enlargement film 1305.

[0085] In addition, FIG. 7 1s a cross-sectional view sche-
matically showing the configuration and operation of an
aperture enlargement film 130c¢ according to another
example embodiment. Referring to FIG. 7, the aperture
enlargement film 130c¢ may include a fifth grating layer
133¢, a fourth grating layer 1334, and the light guide layer
132 disposed between the fifth grating layer 133e and the
fourth grating layer 133d.

[0086] A light beam transmuitted from each aperture 121 of
the spatial light modulator 120 1s first incident perpendicu-
larly on the lower surface of the fifth grating layer 133e. The
fifth grating layer 133¢ may be configured to Oth diffract a
portion of the incident light that 1s incident perpendicularly
on the lower surface and travel 1n a direction parallel to the
direction normal to the upper surface of the fifth grating
layer 133e. Also, the fifth grating layer 133e¢ may be con-
figured to 1st diffract a portion of the incident light that 1s
incident perpendicularly on the lower surface and travel 1n
an inclined direction with respect to the upper surface of the
fifth grating layer 133e. Then, the light beam that 1s Oth
diffracted by the fifth grating layer 133¢ may be incident
perpendicularly on the lower surface of the fourth grating
layer 133d, and the light beam that 1s 1st diffracted may be
obliquely incident on the upper surface of the light guide

layer 132.

[0087] In addition, the fifth grating layer 133¢ may be
configured to diflract a portion of the incident light that 1s
obliquely incident on the upper surface and travel in the
direction parallel to the direction normal to the upper
surface. There 1s a common point between the fifth grating
layer 133e illustrated 1n FIG. 7 and the first grating layer
133a illustrated 1n FI1G. 5 1n that the Oth order diflracted light
in the incident light incident perpendicularly on the lower
surface travels i the direction perpendicular to the upper
surface, and the 1st order diffracted light travels in the
inclined direction with respect to the upper surface. How-
ever, the first grating layer 133q 1s diflerent from the fifth
grating layer 133e in that the first grating layer 133a does not
diffract the incident light obliquely incident on the upper
surface in the direction normal to the upper surface. In
addition, the third grating layer 133c¢ illustrated 1n FIG. 6 1s
different from the fifth grating layer 133¢ in that the incident
light incident perpendicularly on the lower surface does not
travel 1n the inclined direction with respect to the upper
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surface. To this end, the fifth grating layer 133e may have a
periodic grating pattern different from the first grating layer
133a and the third grating layer 133¢ in the size, height,
period, duty ratio, shape, etc.

[0088] The fourth grating layer 1334 illustrated 1n FIG. 7
1s the same as the fourth grating layer 1334 illustrated 1n
FIG. 6. Accordingly, a portion of the incident light incident
perpendicularly on the lower surface of the fourth grating
layer 1334 1s emitted 1n the direction parallel to the direction
normal to the upper surface, and the remaining portion
obliquely travels in the lateral direction along the light guide
layer 132. In a process of traveling inside the light guide
layer 132 1n the lateral direction through total reflection, a
portion of the light beam may be difiracted by the upper
surface of the fifth grating layer 133¢ and again incident
perpendicularly on the lower surface of the fourth grating
layer 133d. The light beam 1ncident on the aperture enlarge-
ment film 130c from the spatial light modulator 120 1s
divided into a plurality of light beams -L3, -L.2, -1, L0,
+L.1, +L.2, and +L.3 in this manner, and 1s output from the
aperture enlargement film 130c.

[0089] In addition, FIG. 8 1s a cross-sectional view sche-
matically showing the configuration and operation of an
aperture enlargement film 1304 according to another
example embodiment. Referring to FIG. 8, the aperture
enlargement film 1304 may include the fifth grating layer
133¢ and the light guide layer 132 disposed on the upper
surface of the fifth grating layer 133e. The aperture enlarge-
ment film 1304 may be disposed such that the fifth grating
layer 133¢ faces the light exiting surface of the spatial light
modulator 120. In addition, the aperture enlargement film
1304 may further include the substrate 131 for supporting
the fifth grating layer 133¢ and the light guide layer 132 such

that the light guide layer 132 and the fifth grating layer 133e
do not bend. For example, the substrate 131 may be disposed

on the lower surface of the fifth grating layer 133e.

[0090] The fifth grating layer 133e illustrated in FIG. 8 1s
the same as the fifth grating layer 133¢ illustrated 1n FIG. 5.
Therefore, a portion of a light beam transmitted from each
aperture 121 of the spatial light modulator 120 1s Oth order
diffracted on the lower surface of the fifth grating layer 133e
and 1s perpendicularly incident on the lower surface of the
light guide layer 132. The light beam perpendicularly inci-
dent on the lower surface of the light gulde layer 132 passes
through the light guide layer 132 as 1s, and 1s emitted 1n a
direction normal to the upper surface of the light guide layer
132. Then, the remaining portion of the light beam trans-
mitted from each aperture 121 of the spatial light modulator
120 1s 1st diffracted on the lower surface of the fifth grating
layer 133e and obliquely travels 1n the lateral direction along
the light guide layer 132.

[0091] In a process of traveling inside of the light guide
layer 132 1n the lateral direction through total reflection, a
portion of the light beam may be diffracted by the upper
surface of the fifth grating layer 133¢ and again be incident
perpendicularly on the lower surface of the light guide layer
132. The light beam incident on the aperture enlargement
film 1304 from the spatial light modulator 120 1s divided
into the plurality of light beams -1.2, -L.1, L0, +L.1, and +L.2
in this way, and 1s output from the aperture enlargement film

1304.

[0092] FIG. 9A i1s a configuration diagram schematically
showing a configuration of a holographic display apparatus
200 according to another example embodiment. Referring to




US 2024/0004346 Al

FIG. 9A, the holographic display apparatus 200 includes all
of the components of the holographic display apparatus 100
shown 1 FIG. 1, and may further include a Gaussian
apodization filter array 210 which 1s disposed to face the
light exiting surface of the spatial light modulator 120. For
example, the Gaussian apodization filter array 210 may be
disposed between the spatial light modulator 120 and the
aperture enlargement film 130.

[0093] As described above, the backlight unit 110 pro-
vides a collimated uniform coherent 1llumination light to the
spatial light modulator 120. For example, the illumination
light incident on the spatial light modulator 120 has a
uniform intensity distribution. In addition, a light beam
passing through the aperture 121 of the spatial light modu-
lator 120 also has a uniform intensity distribution. Accord-
ingly, i the case of the example embodiment shown 1n FIG.
1, the intensity distribution of the light beam enlarged by the
aperture enlargement film 130 may be a stepwise distribu-
tion, not a curved Gaussian distribution.

[0094] The Gaussian apodization filter array 210 may be
configured to convert the uniform intensity distribution of
the light beam emitted from the aperture 121 of the spatial
light modulator 120 into the curved Gaussian distribution.
The Gaussian apodization filter array 210 may include a
plurality of Gaussian apodization filters arranged two-di-
mensionally. The Gaussian apodization filters may corre-
spond one-to-one with the apertures 121 of the spatial light
modulator 120, respectively. Then, the intensity of each light
beam that passes through the Gaussian apodization filter
array 210 and 1s incident on the aperture enlargement film
130 may have the curved Gaussian distribution. Therefore,
the intensity distribution of each light beam enlarged by the
aperture enlargement film 130 may also have the curved
(Gaussian distribution.

[0095] For example, the Gaussian apodization filter may
be a reverse apodizing filter with light reflection coating or
light absorption coating. In the Gaussian apodization filter,
the light reflection coating or the light absorption coating
may be formed to have the highest transmittance 1n the
center and a transmittance that gradually reduces in the
radial direction such that the intensity distribution of a
transmitted light may have a Gaussian profile. For example,
the Gaussian apodization filter may be formed by coating a
reflective metal such that the coating thickness gradually
increases from the center toward the periphery in the radial
direction. The size of the Gaussian apodization filter may be
the same as the pixel size of the spatial light modulator 120.

[0096] The Gaussian apodization filter array 210 may be
provided 1n the form of a separate layer or a separate film,
but may be integrally formed with a color filter array of the
spatial light modulator 120. For example, 1n a process of
manufacturing the color filter array of the spatial light
modulator 120, the Gaussian apodization filter array 210
may be integrally formed on the surface of the color filter
array by coating the reflective metal on the surface of each
color filter corresponding to each pixel of the spatial light
modulator 120 in the manner as described above.

[0097] FIG. 9B 1s a configuration diagram schematically
showing a configuration of a holographic display apparatus
200a according to another example embodiment. Referring
to FIG. 9B, the holographic display apparatus 200q includes
all of the components of the holographic display apparatus
100 shown 1n FIG. 1, and may further include the Gaussian
apodization filter array 210 which 1s disposed to face the
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light entering surface of the spatial light modulator 120. For
example, the Gaussian apodization filter array 210 may be
disposed between the backlight unit 110 and the spatial light
modulator 120.

[0098] Compared to the holographic display apparatus
200 shown in FIG. 9A, the holographic display apparatus
200a shown i FIG. 9B differs only in the position of the
Gaussian apodization filter array 210. In the example
embodiment shown 1 FIG. 9B, the Gaussian apodization
filter array 210 generates an illumination light of a uniform
intensity emitted from the backlight unit 110 into a plurality
of light beams having an intensity distribution in the form of
a Gaussian distribution. A plurality of light beams having the
intensity distribution 1n the form of the Gaussian distribution
may be respectively incident on the corresponding apertures
121 of the spatial light modulator 120. Then, each light beam
passing through the aperture 121 of the spatial light modu-
lator 120 and incident on the aperture enlargement film 130
may have an intensity of a curved Gaussian distribution.
Therefore, the intensity distribution of each light beam
enlarged by the aperture enlargement film 130 may also have
a curved Gaussian distribution.

[0099] FIG. 10A 1s a configuration diagram schematically
showing a configuration of a holographic display apparatus
300 according to another example embodiment. Referring to
FIG. 10A, the holographic display apparatus 300 includes all
of the components of the holographic display apparatus 200
shown 1n FIG. 9A, and may further include a prism array
310. For example, the prism array 310 may be disposed
between the Gaussian apodization filter array 210 and the
aperture enlargement film 130. The Gaussian apodization
filter array 210 may be disposed to face the light entering
surface of the spatial light modulator 120 as shown 1n FIG.
9B or may be omitted as shown in FIG. 1. In this case, the
prism array 310 may be disposed between the spatial light
modulator 120 and the aperture enlargement film 130.

[0100] FIG. 10B 1s a configuration diagram schematically
showing a configuration of a holographic display apparatus
300a according to another example embodiment. Compared
to the holographic display apparatus 300 shown in FIG.
10A, the holographic display apparatus 300a shown 1n FIG.
10B differs only in the position of the prism array 310. For
example, referring to FIG. 10B, the prism array 310 may be
disposed to face the light exiting surface of the aperture
enlargement film 130.

[0101] The prism array 310 may include a plurality of
prisms that allow incident light to travel 1n different direc-
tions. For example, FIG. 11 shows an arrangement of a
plurality of prisms P1, P2, and P3 of the prism array 310 of
the holographic display apparatuses 300 and 300a shown 1n
FIGS. 10A and 10B. Referring to FIG. 11, the prism array
310 may be divided into a plurality of unit regions 310q
arranged two-dimensionally. Each unit region 310a may
include the plurality of prisms P1, P2, and P3 that allow
incident light to travel in different directions. Accordingly,
the prism array 310 may include the plurality of prisms P1,
P2, and P3 arranged repeatedly. For example, among the
plurality of prisms P1, P2, and P3, the first prism P1 may be
configured to change the traveling direction of the incident
light to a first direction, the second prism P2 may be
configured to change the traveling direction of the incident
light to a second direction different from the first direction,
and the third prism P3 may be configured to change the
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traveling direction of the incident light 1n a third direction
different from the first and second directions.

[0102] In FIG. 11, each unit region 310a includes prisms
of a 1x3 arrangement, but 1s not necessarily limited thereto.
As described later, the prism arrangement 1n each unit region
310a may be differently selected according to the number of
holographic 1mages of diflerent viewpoints simultaneously
provided by the holographic display apparatuses 300 and
300a. For example, when the holographic display appara-
tuses 300 and 300a provide four holographic images of
different viewpoints 1n the horizontal direction, each unit
region 310a may include prisms of a 1x4 arrangement.
Further, when the holographic dlsplay apparatuses 300 and
300aq prowde four holographic 1mages of different view-
points 1n the transverse direction and the longitudinal direc-
tion, each unit region 310a may include prisms of a 2x2
arrangement.

[0103] FEach of the prisms P1, P2, and P3 of the prism
array 310 may correspond one-to-one with each pixel of the
spatial light modulator 120. For example, FIG. 12 shows an
arrangement of a plurality of pixels of the spatial light
modulator 120 of the holographic display apparatuses 300
and 300a shown 1n FIGS. 10A and 10B. Referring to FIG.
12, the spatial light modulator 120 includes the plurality of
pixels that are two-dimensionally arranged. In addition, the
spatial light modulator 120 may include a plurality of unit
regions 120a arranged two-dimensionally. The unit regions
120a of the spatial light modulator 120 may have the same
arrangement form as the unit regions 310q of the prism array
310. For example, when the unit region 310a of the prism
array 310 includes the prisms P1, P2, and P3 of a 1x3
arrangement, the unit region 120a of the spatial light modu-
lator 120 may include pixels X1, X2, and X3 of the 1x3

arrangement.

[0104] The plurality of pixels X1, X2, and X3 may operate
to reproduce holographic 1mages having diflerent view-
points. For example, among the plurality of pixels X1, X2,
and X3, the first pixel X1 may operate to reproduce a
holographic 1image of a first viewpoint, the second pixel X2
may operate to reproduce a holographic 1image of a second
viewpoint different from the first viewpoint, and the third
pixel X3 may operate to reproduce a holographic image of
a third viewpoint different from the first and second view-
points. To this end, the 1mage processor 150 may be con-
figured to provide a first hologram data signal for the
holographic 1mage of the first viewpoint to the first pixel X1,
a second hologram data signal for the holographic image of
the second viewpoint to the second pixel X2, and a third
hologram data signal for the holographic image of the third
viewpoint to the third pixel X3.

[0105] In FIG. 12, each unit region 120a only includes the
pixels of the 1x3 arrangement, but 1s not necessarily limited
thereto. The pixel arrangement 1n each unit region 120a may
be differently selected according to the number of holo-
graphic images of different viewpoints to be simultaneously
provided by the holographic display apparatuses 300 and
300a. For example, when the holographic display appara-
tuses 300 and 300aq provide four holographic images of
different viewpoints 1n the horizontal direction, each unit
region 120aq only includes pixels of a 1x4 arrangement. In
addition, when the holographic dlsplay apparatuses 300 and
300aq prowde four holographic 1mages of different view-
points 1n the horizontal and vertical directions, each umit
region 120aq may include pixels of a 2x2 arrangement.
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[0106] In the configuration of the prism array 310 and the
spatial light modulator 120 illustrated 1n FIGS. 11 and 12,

the first pixel X1 may be disposed to face the first prism P1,
the second pixel X2 may be disposed to face the second
prism P2, and the third pixel X3 may be disposed to face the
third prism P3. Then, the holographic image of the first
viewpoint reproduced through the first pixel X1 travels in
the first direction by the first prism P1, the holographic
image ol the second wviewpoint reproduced through the
second pixel X2 travels 1n the second direction by the second
prism P2, and the holographic image of the third viewpoint
reproduced through the third pixel X3 travels in the third
direction by the third prism P3. As a result, three holographic
images having diflerent viewpoints are focused on the focal
plane of the Fourier lens 140 at diflerent positions.

[0107] For example, FIG. 13 shows the distribution of
light formed on the focal plane of the Fourier lens 140 by the
holographic display apparatuses 300 and 300a shown in
FIGS. 10A and 10B. Referning to FIG. 13, the Oth order
noise NO appears 1n the center of the focal plane of the
Fourier lens 140. In FIG. 13, a square indicated by a solid
line 1s a boundary of a viewing window determined by a
pixel period of the spatial light modulator 120. As described
above, using the aperture enlargement {ilm 130 may prevent
the high order noise N1 from appearing along the boundary
of the viewing window. Then, the first holographic 1image
signal S1 by the first pixel X1 and the first prism P1, the
second holographic image signal S2 by the second pixel X2
and the second prism P2, and the third holographic image
signal S3 by the third pixel X3 and the third prism P3 appear.
Also, first complex conjugate 1image signal S1*, the second
complex conjugate 1mage signal S2%*, and the third complex
conjugate 1mage signal S3* appear at symmetrical positions
with respect to the first holographic image signal S1, the
second holographic 1mage signal S2, and the third holo-
graphic image signal S3 around on the Oth order noise NO.

[0108] As illustrated in FIG. 13, the first holographic
image signal S1 whose travel direction changes by the {first
prism P1 and the third holographic image signal S3 whose
travel direction changes by the third prism P3 may be
located outside the boundary of the viewing window deter-
mined by the pixel period of the spatial light modulator 120.
Accordingly, using the prism array 310 may further enlarge
the viewing window determined by the pixel period of the
spatial light modulator 120 beyond the limit range of the
viewing window, and an observer may view the holographic
image 1n a wider region Further, because the high order
noise N1 does not appear between the first holographic
image signal S1 and the second holographic image signal S2
and between the second holographic image signal S2 and the
third holographic image signal S3, when the observer’s eye
E moves from the first holographic image signal S1 to the
second holographic image signal S2 or from the second
holographic 1image signal S2 to the third holographic image
signal S3, the observer may view a holographic image of a
naturally changed viewpoint without being disturbed by
high order noise N1.

[0109] It should be understood that example embodiments
described herein should be considered 1n a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each example embodiment should
typically be considered as available for other similar features
or aspects 1n other embodiments.
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[0110] While example embodiments have been described
with reference to the figures, 1t will be understood by those
of ordinary skill in the art that various changes 1n form and
details may be made therein without departing from the
spirit and scope as defined by the following claims.

What 1s claimed 1s:

1. An aperture enlargement film comprising:

a light guide layer, and

a grating layer disposed on an upper surface of the light
guide layer,

wherein the light guide layer and the grating layer are
configured to transmit a Oth order difiracted light beam
and a 1st order diffracted light beam among incident
light beams,

wherein the grating layer 1s configured to transmait the Oth
order diffracted light beam of a light beam vertically
incident on the lower surface of the grating layer from
the light guide layer 1n a direction perpendicular to an
upper surface of the one grating layer, and 1s configured
to reflect the 1st order diffracted light beam of the light
beam incident on the lower surface of the grating layer
from the light guide layer at an angle to propagate
obliquely 1n the light guide layer,

wherein the grating layer transmits a portion of the 1st
order diffracted light beam that 1s reflected by a lower
surface of the light guide layer and obliquely incident
on the one grating layer in the direction perpendicular
to the upper surface of the one grating layer,

wherein a boundary of the transmitted 1st order difiracted
light beam coincides with a boundary of the transmitted
Oth order diffracted light beam or the transmitted 1st
order diffracted light beam overlaps with the transmut-
ted Oth order difiracted light beam based on a thickness
of the light guide layer, and

wherein an mtensity of the transmitted Oth order difiracted
light beam 1s greater than the intensity of the transmut-
ted 1st order diffracted light beam.

2. The aperture enlargement film of claim 1, wherein an

intensity distribution of the enlarged light beam decreases
from a center of the enlarged light beam to a periphery of the

enlarged light beam.

3. The aperture enlargement film of claim 1, wherein a
beam diameter of the enlarged light beam 1s greater than a
beam diameter of each of the incident light beams.

4. The aperture enlargement film of claim 1, wherein a
thickness of the light guide layer ranges from 1 um to 5 um.

5. The aperture enlargement film of claim 1, wherein the
light guide layer 1s configured to obliquely propagate the
second light beam from the one grating layer along an inside
of the light guide layer based on total reflection.

6. The aperture enlargement film of claim 1, further
comprising a substrate configured to support the light guide
layer and the one grating layer such that the light guide layer
and the one grating layer do not bend, and

wherein a refractive index of the light guide layer 1s

greater than a refractive index of the substrate.

7. The aperture enlargement film of claim 1, further
comprising a Gaussian apodization filter array disposed to
tace the lower surface of the light guide layer.

8. The aperture enlargement film of claim 7, wherein the
Gaussian apodization filter array comprises a plurality of
Gaussian apodization filters configured to convert an inten-
sity distribution of a light beam into a curved Gaussian
distribution.
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9. The aperture enlargement film of claim 1, further
comprising a prism array disposed to face the lower surface
of the light gmide layer or disposed to face a light exiting
surface of the aperture enlargement film.

10. The aperture enlargement film of claim 9, wherein the
prism array 1s divided into a plurality of unit regions that are
two-dimensionally disposed, and

wherein each of the plurality of unit regions comprises a

plurality of prisms configured to propagate an incident
light 1n different directions.

11. An aperture enlargement film comprising:

a light guide layer;

a first grating layer disposed on an upper surface of the

light guide layer; and

a second grating layer disposed on an lower surface of the

light guide layer,

wherein the second grating layer 1s configured to transmut

a light beam incident on a lower surface of the second
grating layer,

wherein the first grating layer 1s configured to transmit a

Oth order diffracted light beam 1n a direction perpen-
dicular to an upper surface of the first grating layer and
obliquely reflect a 1st order diffracted light beam
toward the light guide layer,

wherein the second grating layer 1s further configured to

reflect a portion of the 1st order diffracted light beam
incident on an upper surface of the second grating layer
in a direction perpendicular to the upper surface of the
second grating layer,

wherein the first grating layer 1s further configured to

transmit the portion of the 1st order difiracted light
beam from the second grating layer,

wherein a boundary of the transmitted 1st order diffracted

light beam coincides with a boundary of the transmitted
Oth order diffracted light beam or the transmitted 1st
order diffracted light beam overlaps with the transmut-
ted Oth order diflracted light beam based on a thickness
of the light guide layer, and

wherein an 1intensity of the transmitted Oth order difiracted

light beam 1s greater than the intensity of the transmut-
ted 1st order diffracted light beam.

12. The aperture enlargement film of claim 11, wherein
the second grating layer 1s further configured to diflract the
light beam incident on the lower surface of the second
grating layer such that the diffracted light beam by the
second grating layer obliquely travels with respect to the
upper surface of the second grating layer.

13. The aperture enlargement film of claim 11, wherein an
intensity distribution of the enlarged light beam decreases
from a center of the enlarged light beam to a periphery of the
enlarged light beam.

14. The aperture enlargement film of claim 11 wherein a
beam diameter of the enlarged light beam 1s greater than a
beam diameter of each of the incident light beams.

15. The aperture enlargement film of claim 11, wherein a
thickness of the light guide layer ranges from 1 um to 5 um.

16. The aperture enlargement film of claim 11, wherein
the light guide layer 1s configured to obliquely propagate the
1st order diffracted light beam from the first grating layer
along an inside of the light guide layer based on total
reflection.

17. The aperture enlargement film of claim 11, further
comprising a Gaussian apodization filter array disposed to
face the lower surface of the light guide layer.
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18. The aperture enlargement film of claim 17, wherein
the Gaussian apodization {ilter array comprises a plurality of
(Gaussian apodization filters configured to convert an inten-
sity distribution of a light beam into a curved Gaussian
distribution.

19. The aperture enlargement film of claim 11, further
comprising a prism array disposed to face the lower surface
of the light gmide layer or disposed to face a light exiting
surface of the aperture enlargement film.

20. The aperture enlargement film of claim 19, wherein
the prism array 1s divided into a plurality of unit regions that
are two-dimensionally disposed, and

wherein each of the plurality of unit regions comprises a

plurality of prisms configured to propagate an incident
light 1n different directions.

G x e Gx o



	Front Page
	Drawings
	Specification
	Claims

