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(54) STEREOSCOPIC DISPLAY DEVICE

(57) A stereoscopic display device using light-field is
provided. The stereoscopic display device includes a
light control panel (200) on a display panel (100), so that
light emitted from the display panel is emitted in a different

direction for subsequent frames. Thus, in the stereoscop-
ic display device, the visibility of the stereoscopic image
which is provided to a user may be increased without the
deterioration of the resolution.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of Ko-
rean Patent Application No. 10-2017-0184365, filed on
December 29, 2017.

BACKGROUND

Field

[0002] The present disclosure relates to a stereoscopic
display device realizing a stereoscopic image using light
field technology.

Discussion of the Related Art

[0003] Generally, a display device includes a display
panel which realizes an image. For example, the display
device may include a liquid crystal panel having a liquid
crystal, and/or an OLED panel having an organic light-
emitting element.
[0004] The display device may provide a stereoscopic
image to a user. The stereoscopic image may be realized
by a binocular disparity technology in which the display
panel provides different images to the left eye and the
right eye of the user. The stereoscopic image may include
a virtual image realized on an actual image. However, in
the stereoscopic display device using the binocular dis-
parity technology, the virtual image realized by the dis-
play panel may have focus-convergence mismatching
with the actual image. Thus, in the stereoscopic display
device, the visibility of the stereoscopic image may be
decreased.

SUMMARY

[0005] Accordingly, the present disclosure is directed
to a stereoscopic display device that substantially obvi-
ates one or more problems due to limitations and disad-
vantages of the related art.
[0006] An object of the present disclosure is to provide
a stereoscopic display device capable of increasing the
visibility of the stereoscopic image.
[0007] Another object of the present disclosure is to
provide a stereoscopic display device in which a virtual
image realized on an actual image may have focus-con-
vergence matching with the actual image.
[0008] Additional advantages, objects, and features of
the disclosure will be set forth in part in the description
which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the
following or may be learned from practice of the disclo-
sure. The objectives and other advantages of the disclo-
sure may be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0009] To achieve these objects and other advantages
and in accordance with the purpose of the disclosure, as
embodied and broadly described herein, there is provid-
ed a stereoscopic display device including a display pan-
el. The display panel is driven by a display driver. A light
control panel is disposed on the display panel. The light
control panel is controlled by a control panel driver. The
moving direction of light passing through the light control
panel is changed by the control panel driver for each
frame.
[0010] The display panel may display a specific image
in a time-division by the display driver.
[0011] The light control panel may include a water layer
and an oil layer which are stacked between a first control
substrate and a second control substrate.
[0012] An interface between the water layer and the
oil layer may be changed for each frame.
[0013] The light control panel may further include a first
control electrode and a second control electrode which
are disposed on the second control substrate. The sec-
ond control electrode may be spaced away from the first
control electrode. The oil layer may be disposed between
the first control electrode and the second control elec-
trode. The voltage difference between the first control
electrode and the second control electrode may be
changed by the control panel driver for each frame.
[0014] The display panel may include a light-emitting
element between a first display substrate and a second
display substrate.
[0015] A micro-lens array may be disposed between
the display panel and the light control panel.
[0016] A convex lens may be disposed on the light con-
trol panel. A combiner may be disposed on the convex
lens.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this ap-
plication, illustrate embodiment(s) of the disclosure and
together with the description serve to explain the principle
of the disclosure. In the drawings:

FIG. 1A is a view schematically showing a stereo-
scopic display device according to an embodiment
of the present disclosure;
FIG. 1B is a view showing a relative position of a
display panel and a light control panel of the stere-
oscopic display device according to the embodiment
of the present disclosure, and a moving path of light
passing through the light control panel;
FIG. 2A is an enlarged view of P region in FIG. 1B;
FIG. 2B is an enlarged view of R region in FIG. 1B;
FIGS. 3A to 3C are views showing the emitting di-
rection of light according to the state of the light con-
trol panel of the stereoscopic display device accord-
ing to the embodiment of the present disclosure;
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FIGS. 4, 5A and 5B are views showing the light con-
trol panel of the stereoscopic display device accord-
ing to another embodiment of the present disclosure,
and the emitting direction of light; and
FIG. 6 is a view showing a relative position of the
display panel and the light control panel of the ster-
eoscopic display device according to further another
embodiment of the present disclosure, and a moving
path of light passing through the light control panel.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0018] Hereinafter, details related to the above objects,
technical configurations, and operational effects of the
embodiments of the present disclosure will be clearly un-
derstood by the following detailed description with refer-
ence to the drawings, which illustrate some embodiments
of the present disclosure. Here, the embodiments of the
present disclosure are provided in order to allow the tech-
nical features of the present disclosure to be satisfactorily
transferred to those skilled in the art, and thus the present
disclosure may be embodied in other forms and is not
limited to the embodiments described below.
[0019] In addition, the same or extremely similar ele-
ments may be designated by the same reference numer-
als throughout the specification, and in the drawings, the
lengths and thickness of layers and regions may be ex-
aggerated for convenience. It will be understood that,
when a first element is referred to as being "on" a second
element, although the first element may be disposed on
the second element so as to come into contact with the
second element, a third element may be interposed be-
tween the first element and the second element.
[0020] Here, terms such as, for example, "first" and
"second" may be used to distinguish any one element
with another element. However, the first element and the
second element may be arbitrarily named according to
the convenience of those skilled in the art without depart-
ing the technical sprit of the present disclosure.
[0021] The terms used in the specification of the
present disclosure are merely used in order to describe
particular embodiments, and are not intended to limit the
scope of the present disclosure. For example, an element
described in the singular form is intended to include a
plurality of elements unless the context clearly indicates
otherwise. In addition, in the specification of the present
disclosure, it will be further understood that the terms
"comprises" and "includes" specify the presence of stat-
ed features, integers, steps, operations, elements, com-
ponents, and/or combinations thereof, but do not pre-
clude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, compo-
nents, and/or combinations.
[0022] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as that commonly understood by one of ordinary
skill in the art to which example embodiments belong. It
will be further understood that terms, such as those de-

fined in commonly used dictionaries, should be interpret-
ed as having a meaning that is consistent with their mean-
ing in the context of the relevant art and should not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

(Embodiment)

[0023] FIG. 1A is a view schematically showing a ster-
eoscopic display device according to an embodiment of
the present disclosure. FIG. 1B is a view showing a rel-
ative position of a display panel and a light control panel
of the stereoscopic display device according to the em-
bodiment of the present disclosure, and a moving path
of light passing through the light control panel. FIG. 2A
is an enlarged view of P region in FIG. 1B. FIG. 2B is an
enlarged view of R region in FIG. 1B.
[0024] Referring to FIGS. 1A, 1B, 2A and 2B, the ster-
eoscopic display device according to the embodiment of
the present disclosure may include a display panel 100.
The display panel 100 may realize a specific image. As
used herein, the display panel 100 realizing a specific
image may be referred to as the display panel displaying
a specific image. In other words, as used herein, ’to re-
alize’ may mean ’to display’. An image may be displayed
to a user on a display device. The image may comprise
comprises a plurality of frames. For example, the display
panel 100 may be an OLED panel in which a light-emitting
element 140 is disposed between a first display substrate
110 and a second display substrate 180.
[0025] The first display substrate 110 may support the
light-emitting element 140. The first display substrate 110
may include an insulating material. For example, the first
display substrate 110 may include glass or plastic.
[0026] The light-emitting element 140 may emit light
displaying a specific color. For example, the light-emitting
element 140 may include a first display electrode 141, a
light-emitting layer 142 and a second display electrode
143, which are sequentially stacked on the first display
substrate 110.
[0027] The first display electrode 141 may include a
conductive material. The first display electrode 141 may
include a material having high reflectance. For example,
the first display electrode 141 may include a metal, such
as aluminum (Al) and/or silver (Ag). The first display elec-
trode 141 may have a multi-layer structure. For example,
the first display electrode 141 may have a structure in
which a reflective electrode formed of a material having
high reflectance is disposed between transparent elec-
trodes formed of transparent conductive material, such
as ITO and IZO.
[0028] The light-emitting layer 142 may generate light
having luminance corresponding to a voltage difference
between the first display electrode 141 and the second
display electrode 143. For example, the light-emitting lay-
er 142 may include an emission material layer (EML)
including an emission material. The emission material
may include an inorganic material, an organic material
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or a hybrid material. The light-emitting layer 142 may
have a multi-layer structure. For example, the light-emit-
ting layer 142 may further include at least one of a hole
injection layer (HIL), a hole transport layer (HTL), an elec-
tron transport layer (ETL), and an electron injection layer
(EIL).
[0029] The second display electrode 143 may include
a conductive material. The second display electrode 143
may include a material different from the first display elec-
trode 141. For example, the second display electrode
143 may be a transparent electrode formed of a trans-
parent conductive material, such as ITO and IZO. Thus,
in the light-emitting element 140 of the stereoscopic dis-
play device according to the embodiment of the present
disclosure, the light generated by the light-emitting layer
142 may be emitted through the second display electrode
143.
[0030] A thin film transistor 120 may be disposed be-
tween the first display substrate 110 and the light-emitting
element 140. The thin film transistor 120 may be turned
on/off according to a gate signal supplied through a gate
line. The light-emitting element 140 may be controlled by
the thin film transistor 120. For example, the thin film
transistor 120 may apply a driving current corresponding
to a data signal supplied through a data line to the first
display electrode 141 of the light-emitting element 140.
The thin film transistor 120 may include a semiconductor
pattern, a gate insulating layer, a gate electrode, an in-
terlayer insulating layer, a source electrode and a drain
electrode.
[0031] An over-coat layer 130 may be disposed be-
tween the thin film transistor 120 and the light-emitting
element 140. The over-coat layer 130 may remove a
thickness difference due to the thin film transistor 120.
For example, an upper surface of the over-coat layer 130
opposite to the first display substrate 110 may be a flat
surface. The first display electrode 141 of the light-emit-
ting element 140 may be electrically coupled to the drain
electrode of the thin film transistor 120. For example, the
over-coat layer 130 may include an electrode contact
hole partially exposing the drain electrode of the thin film
transistor 120. The over-coat layer 130 may include an
insulating material. For example, the over-coat layer 130
may include an organic insulating material.
[0032] A bank insulating layer 150 may be disposed
on the over-coat layer 130. The light-emitting element
140 may be independently driven by the bank insulating
layer 150. For example, the bank insulating layer 150
may cover an edge of the first display electrode 141. The
light-emitting layer 142 and the second display electrode
143 may be stacked on a portion of the first display elec-
trode 141 which is not covered by the bank insulating
layer 150. The light-emitting layer 142 and/or the second
display electrode 143 may be extended onto the bank
insulating layer 150. The bank insulating layer 150 may
include an insulating material. For example, the bank in-
sulating layer 150 may include an organic insulating ma-
terial. The bank insulating layer 150 may include a ma-

terial different from the over-coat layer 130.
[0033] An upper passivation layer 160 may be dis-
posed on the light-emitting element 140. The upper pas-
sivation layer 160 may prevent damage to the light-emit-
ting element 140 due to external impact and moisture.
For example, the upper passivation layer 160 may en-
tirely cover a surface of the second display electrode 143
facing the second display substrate 180. The upper pas-
sivation layer 160 may include an insulating material. The
upper passivation layer 160 may have a multi-layer struc-
ture. For example, the upper passivation layer 160 may
have a structure in which an organic layer formed of an
organic material is disposed between inorganic layers
formed of an inorganic material.
[0034] The second display substrate 180 may be dis-
posed on the upper passivation layer 160. The second
display substrate 180 may include an insulating material.
The second display substrate 180 may include a trans-
parent material. For example, the second display sub-
strate 180 may include glass or plastic. Thus, the light
emitted from the light-emitting element 140 may be emit-
ted to the outside through the second display substrate
180.
[0035] An adhesive layer 170 may be disposed be-
tween the upper passivation layer 160 and the second
display substrate 180. For example, the second display
substrate 180 may be coupled to the first display sub-
strate 110 in which the light-emitting element 140 is
formed, by the adhesive layer 170. The adhesive layer
170 may have a multi-layer structure. For example, the
adhesive layer 170 may include a lower adhesive layer
171 and an upper adhesive layer 172 which are sequen-
tially stacked. The upper adhesive layer 172 may include
a moisture-absorbing material 170p. The lower adhesive
layer 171 may relieve the stress applied to the light-emit-
ting element 140 due to the expansion of the moisture-
absorbing material 170p.
[0036] A light control panel 200 may be disposed on
the display panel 100. The moving direction of light pass-
ing through the light control panel 200 may be changed
by the state of the light control panel 200. For example,
the light control panel 200 may include a water layer 260
and an oil layer 270 which are stacked between a first
control substrate 210 and a second control substrate 220.
The moving direction of the light passing through the light
control panel 200 may be affected by an interface 200S
between the water layer 260 and the oil layer 270. As
used herein, a ’moving direction’ of light may be referred
to as a ’direction’ of light or a ’propagation direction’ of
light. In some examples, the moving direction may not
be changed for each frame, but may only be changed for
specified frames.
[0037] FIGS. 3A to 3C are views showing the emitting
direction of light according to the state of the light control
panel of the stereoscopic display device according to the
embodiment of the present disclosure.
[0038] As shown in FIG. 3A, when the interface 200S
between the water layer 260 and the oil layer 270 is par-

5 6 



EP 3 505 993 A1

5

5

10

15

20

25

30

35

40

45

50

55

allel with an upper surface of the first control substrate
210 facing the second control substrate 220, light passing
through the water layer 260 may transmit through the oil
layer 270 without the change of the moving direction.
[0039] As shown in FIGS. 3B and 3C, when the inter-
face 200S between the water layer 260 and the oil layer
270 is inclined in a direction, light incident on the water
layer 260 may be refracted. For example, as shown in
FIG. 3B, when the interface 200S between the water layer
260 and the oil layer 270 is inclined in a rightward direction
(the interface 200S is inclined at an angle Θ1 with respect
to a horizontal direction, as shown in FIG. 3B), the moving
direction of the light passing through the oil layer 270
may be inclined in the rightward direction with respect to
the moving direction of the light incident on the water
layer 260. The moving direction of the light may be in-
clined in the rightward direction, i.e. relative to a vertical
direction, by the angle Θ1. For example, as shown in FIG.
3C, when the interface 200S between the water layer
260 and the oil layer 270 is inclined in a leftward direction
(the interface 200S is inclined at an angle Θ2 with respect
to a horizontal direction, as shown in FIG. 3C), the moving
direction of the light passing through the oil layer 270
may be inclined in the left direction with respect to the
moving direction of the light incident on the water layer
260. The moving direction of the light may be inclined in
the leftward direction, i.e. relative to a vertical direction,
by the angle θ2. In other words, the inclination θ1 and θ2
of the light passing through the oil layer 270 may be the
same as the inclination θ1 and θ2 of the interface 200S
between the water layer 260 and the oil layer 270.
[0040] The light control panel 200 may include control
electrodes 230, 241 and 242 to control the interface 200S
between the water layer 260 and the oil layer 270. For
example, the light control panel 200 may include lower
control electrodes 230 which are disposed on the upper
surface of the first control substrate 210, and a first upper
control electrode 241 and a second upper control elec-
trode 242 which are disposed on a lower surface of the
second control substrate 220 facing the first control sub-
strate 210. The second upper control electrode 242 may
be spaced away from the first upper control electrode
241. An intermediate insulating layer 250 is disposed be-
tween the lower control electrodes 230 and the first upper
control electrode 241, and between the lower control
electrode 230 and the second upper control electrode
242. For example, the first upper control electrode 241
and the second upper control electrode 242 may be in-
sulated from the lower control electrodes 230 by the in-
termediate insulating layer 250. The water layer 260 and
the oil layer 270 may be disposed inside a space defined
by the control electrodes 230, 241 and 242, and the in-
termediate insulating layer 250 (and optionally the first
control substrate 210 and the second control substrate
220).
[0041] The water layer 260 may be disposed between
the lower control electrodes 230. The voltage applied to
each of the lower control electrodes 230 may be the

same. The oil layer 270 may be disposed between the
first upper control electrode 241 and the second upper
control electrode 242. A voltage applied to the second
upper control electrode 242 may be different from a volt-
age applied to the first upper control electrode 241. For
example, when the voltage applied to the first upper con-
trol electrode 241 is higher than the voltage applied to
the second upper control electrode 242, the interface
200S between the water layer 260 and the oil layer 270
may be inclined in the rightward direction, as shown in
FIG. 3B. When the voltage applied to the first upper con-
trol electrode 241 is lower than the voltage applied to the
second upper control electrode 242, the interface 200S
between the water layer 260 and the oil layer 270 may
be inclined in the leftward direction, as shown in FIG. 3C.
The voltage applied to the first upper control electrode
241 and the voltage applied to the second upper control
electrode 242 may be higher than the voltage applied to
the lower control electrodes 230. Thus, in the stereoscop-
ic display device according to the embodiment of the
present invention, the moving direction of the light pass-
ing through the light control panel 200 may be adjusted
by the voltage applied to the control electrodes 230, 241
and 242 of the light control panel 200.
[0042] The display panel 100 may be controlled by a
display driver 300, as shown in FIGS. 1A and 1B. The
display driver 300 may provide signals for realizing the
image to the display panel 100. For example, the display
driver 300 may include a data driver 310 and a scan driver
320. The data driver 310 may provide the data signal to
the display panel 100. The scan driver 320 may sequen-
tially apply the scan signal to the display panel 100. The
data signal applied by the data driver 310 may be syn-
chronized with the scan signal applied by the scan driver
320.
[0043] The display driver 300 may control the display
panel 100 such that the specific image realized by the
display panel 100 may be displayed in a time division
manner. For example, the display driver 300 may divide
each frame into a plurality of sub-frames, and may pro-
vide a signal for each sub-frame for realizing the specific
image. The data driver 310 and the scan driver 320 may
receive the signal from the display driver 300 for each
sub-frame.
[0044] The display driver 300 may receive a signal nec-
essary for the operation from the timing controller 400.
For example, the timing controller 400 may provide digital
video data and a source timing control signal to the data
driver 310. The scan driver 320 may receive clock sig-
nals, reset clock signals and a start signal from the timing
controller 400.
[0045] The light control panel 200 may be controlled
by a control panel driver 500. For example, the control
panel driver 500 may adjust the interface 200S between
the water layer 260 and the oil layer 270 using the voltage
applied to the control electrodes 230, 241 and 242 of the
light control panel 200. The control panel driver 500 may
be electrically connected to the timing controller 400.
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Thus, the stereoscopic display device according to the
embodiment of the present disclosure may control the
light control panel 200 in conjunction with the display pan-
el 100.
[0046] The control panel driver 500 may change the
voltage applied to the first upper control electrode 241
and the second upper control electrode 242 for each
frame. For example, the interface 200S between the wa-
ter layer 260 and the oil layer 270 may be changed for
each frame. Thus, in the stereoscopic display device ac-
cording the embodiment of the present disclosure, the
moving direction of the light passing through the light
control panel 200 may be changed for each frame. For
example, in the stereoscopic display device according
the embodiment of the present disclosure, the light emit-
ted in the different direction(s) by the light control panel
200 may be overlapped at a specific location to generate
a virtual image ’I’. That is, the stereoscopic display device
according the embodiment of the present disclosure may
realize the virtual image ’I’ using light field technology by
the display panel 100 and the light control panel 200.
Therefore, in the stereoscopic display device according
to the embodiment of the present disclosure, the visibility
of the virtual image ’I’ may be increased.
[0047] A micro-lens array 600 may be disposed be-
tween the display panel 100 and the light control panel
200. Thus, in the stereoscopic display device according
to the embodiment of the present disclosure, the efficien-
cy of the light emitted from the display panel 100 may be
increased. A convex lens 700 may be disposed on the
light control panel 200. A combiner 800 may be disposed
on the convex lens 700. The combiner 800 may reflect
light incident in the first direction, and may transmit light
incident in the second direction. For example, the com-
biner 800 may include a beam splitter. The virtual image
’I’ realized by the display panel 100 and the light control
panel 200 may be reflected toward the user by the com-
biner 800. The combiner 800 may provide the actual im-
age to the user by transmitting the light. Thus, in the ster-
eoscopic display device according to the embodiment of
the present disclosure, the virtual image ’I’ generated by
the display panel 100 and the light control panel 200 may
be realized on the actual image.
[0048] Accordingly, the stereoscopic display device
according to the embodiment of the present disclosure
may generate the stereoscopic image including the vir-
tual image ’I’ realized by the light control panel 200 using
light field technology. Thus, in the stereoscopic display
device according to the embodiment of the present dis-
closure, the virtual image ’I’ may have focus-conver-
gence matching with the actual image. Therefore, in the
stereoscopic display device according to the embodi-
ment of the present disclosure, the visibility of the stere-
oscopic image including the virtual image ’I’ realized on
the actual image and the actual image may be increased.
[0049] The stereoscopic display device according to
the embodiment of the present disclosure is described
such that the light control panel 200 is an electro-wetting

device including the interface 200S between the water
layer 260 and the oil layer 270. However, the stereoscop-
ic display device according to another embodiment of the
present disclosure may include various types of the light
control panel 200. For example, in the stereoscopic dis-
play device according to another embodiment of the
present disclosure, the light control panel 200 may in-
clude a liquid crystal layer 280 between the first control
substrate 210 and the second control substrate 220, as
shown in FIG. 4. That is, in the stereoscopic display de-
vice according to another embodiment of the present dis-
closure, the light control panel 200 may be a liquid crystal
panel. The light control panel 200 may include control
electrodes 291 and 292, and insulating layers 293 and
294 to form an inclined virtual boundary in the liquid crys-
tal layer 280. For example, the liquid crystal layer 280
may be disposed between the control electrodes 291 and
292. Lower control electrodes 291 on a surface of the
first control substrate 210 facing the second control sub-
strate 220 may be separated from each other. Upper con-
trol electrodes 292 on a surface of the second control
substrate 220 facing the first control substrate 210 may
be in a plate shape. Thus, in the stereoscopic display
device according to another embodiment of the present
disclosure, the inclined virtual boundary may be formed
inside the liquid crystal layer 280 by adjusting the voltage
applied to the lower control electrodes 291, as shown in
FIGS. 5A and 5B. Therefore, in the stereoscopic display
device according to another embodiment of the present
disclosure, the degree of freedom for a forming process
may be improved.
[0050] The stereoscopic display device according to
the embodiment of the present disclosure is described
such that light beams of the light emitted from the display
panel 100 are parallel with each other, and the moving
direction of the light emitted from the display panel 100
is changed by the light control panel 200 for each frame,
so that the specific image may be generated between
the light control panel 200 and the combiner 800. How-
ever, the stereoscopic display device according to an-
other embodiment of the present disclosure may gener-
ate the specific image between the display panel 100 and
the light control panel 200. For example, in the stereo-
scopic display device according to another embodiment
of the present disclosure, the moving direction of the light
emitted from the display panel 100 may be changed in
order to use light field technology, and light beams of the
light passing through the light control panel 200 may be
parallel with each other, so that the virtual image ’I’ may
be provided to the user, as shown FIG. 6. That is, in the
stereoscopic display device according to another embod-
iment of the present disclosure, the light emitted from the
display panel 100 may be provided to the user by or after
crossing between the display panel 100 and the light con-
trol panel 200. Thus, in the stereoscopic display device
according to another embodiment of the present disclo-
sure, a distance between the image realized by the dis-
play panel 100 and the combiner 800 may be increased.
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The display location of the virtual image ’I’ recognized by
(i.e. apparent to) the user may be the same as the focus-
ing distance (i.e. the position of the focus) of the convex
lens 700. For example, the user may recognize that the
virtual image ’I’ is realized at a location which is spaced
away from the user by a value of a sum of a distance
between the image realized by the display panel 100 and
the combiner 800 and a distance between the combiner
800 and the user. That is, the display distance of the
virtual image ’I’ provided to the user may be proportional
to a distance between the image realized by the display
panel 100 and the combiner 800, and a distance between
the combiner 800 and the user. Thereby, in the stereo-
scopic display device according to the embodiment of
the present disclosure, the variable range of the location
of the virtual image ’I’ recognized by the user may be
increased.
[0051] In the result, the stereoscopic display device
according to the embodiments of the present disclosure
may realize the stereoscopic image using light field tech-
nology by the light control panel. Thus, the stereoscopic
display device according to the embodiments of the
present disclosure may make the virtual image have fo-
cus-convergence matching with the actual image. There-
by, in the stereoscopic display device according to the
embodiments of the present disclosure, the visibility of
the stereoscopic image provided to the user may be in-
creased.
[0052] The following clauses are also disclosed:

1. A stereoscopic display device comprising:

a display driver driving a display panel;
a light control panel on the display panel; and
a control panel driver controlling the light control
panel,
wherein the control panel driver changes a mov-
ing direction of light passing through the light
control panel for each frame.

2. The stereoscopic display device according to
clause 1, wherein the display driver displays a spe-
cific image in a time-division by the display panel.

3. The stereoscopic display device according to any
preceding clause, wherein the light control panel in-
cludes a water layer and an oil layer which are
stacked between a first control substrate and a sec-
ond control substrate.

4. The stereoscopic display device according to
clause 3, wherein an interface between the water
layer and the oil layer is changed for each frame.

5. The stereoscopic display device according to
clause 3 or clause 4, wherein the light control panel
further includes a first control electrode and a second
control electrode which are disposed on the second

control substrate,
wherein the second control electrode is spaced away
from the first control electrode,
wherein the oil layer is disposed between the first
control electrode and the second control electrode,
and
wherein the voltage difference between the first con-
trol electrode and the second control electrode is
changed by the control panel driver for each frame.

6. The stereoscopic display device according to any
preceding clause, wherein the display panel includes
a light-emitting element between a first display sub-
strate and a second display substrate.

7. The stereoscopic display device according to any
preceding clause, further comprising a micro-lens ar-
ray between the display panel and the light control
panel.

8. The stereoscopic display device according to any
preceding clause, further comprising a convex lens
on the light control panel, and a combiner on the
convex lens.

Claims

1. A stereoscopic display device comprising:

a display panel;
a display driver configured to drive the display
panel;
a light control panel on the display panel; and
a control panel driver configured to control the
light control panel,
wherein, for each frame of a plurality of frames
for display by the display panel, the control panel
driver is configured to change a direction of light
passing through the light control panel.

2. The stereoscopic display device according to claim
1, wherein the display driver is configured to drive
the display panel in a time-division manner.

3. The stereoscopic display device according to any
preceding claim, wherein the light control panel in-
cludes a water layer and an oil layer which are
stacked between a first control substrate and a sec-
ond control substrate.

4. The stereoscopic display device according to claim
3, wherein, for each frame of the plurality of frames,
an interface between the water layer and the oil layer
is configured to be changed.

5. The stereoscopic display device according to claim
3 or claim 4, wherein the light control panel further
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includes a first control electrode and a second control
electrode which are disposed on the second control
substrate,
wherein the second control electrode is spaced away
from the first control electrode,
wherein the oil layer is disposed between the first
control electrode and the second control electrode,
and
wherein, for each frame of the plurality of frames,
the voltage difference between the first control elec-
trode and the second control electrode is configured
to be changed by the control panel driver.

6. The stereoscopic display device according to any
preceding claim, wherein the display panel includes
a light-emitting element between a first display sub-
strate and a second display substrate.

7. The stereoscopic display device according to any
preceding claim, further comprising a micro-lens ar-
ray between the display panel and the light control
panel.

8. The stereoscopic display device according to any
preceding claim, further comprising a convex lens
on the light control panel, and a combiner on the
convex lens.

9. The stereoscopic display device according to claim
1, wherein the light control panel includes a liquid
crystal layer between a first control substrate and a
second control substrate.

10. The stereoscopic display device according to claim
9, wherein, for each frame of the plurality of frames,
a virtual boundary formed inside the liquid crystal
layer is configured to be changed.

11. The stereoscopic display device according to claim
9 or claim 10, wherein the light control panel further
includes a first control electrode which is disposed
on the second control substrate,
wherein, for each frame of the plurality of frames,
the voltage applied to the first control electrode is
configured to be changed by the control panel driver.

12. The stereoscopic display device according to claim
5, comprising a plurality of first control electrodes
and a plurality of second control electrodes.
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