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FIG.4B
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ELECTRONIC DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2007-0085578 filed in the
Korean Intellectual Property Office on Aug. 24, 2007, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to electronic display
devices, and, more particularly, to an autostereoscopic elec-
tronic display device using a barrier.

[0004] 2. Description of the Related Art

[0005] In electronic displays, a stereoscopic device can
provide different images to left and right eyes of a user so that
the user can perceive distance and have a stereoscopic sense
of the image. An autostereoscopic electronic display is con-
figured to provide a stereoscopic image to a user even when
the user does not use an instrument such as polarizing spec-
tacles.

[0006] The conventional autostereoscopic electronic dis-
play employs a method for space-dividing an image displayed
on an image display unit by providing a parallax barrier, a
lenticular lens, or a micro-lens array, for example, on the front
surface of the image display unit.

[0007] The parallax barrier may be formed in a liquid crys-
tal shutter using technologies such as a transmissive type of
liquid crystal display. In this case, a mode conversion between
atwo-dimensional (2D) image mode and a three-dimensional
(3D) mode (stereoscopic image mode) becomes possible. As
such, the parallax barrier can be effectively applied to a laptop
computer or a mobile phone.

[0008] Generally, the parallax barrier includes light block-
ing portions arranged in a stripe pattern and light transmitting
portions arranged in a stripe pattern. Therefore, a right eye
image realized by right eye sub-pixels reaches the right eye of
the user through the light transmitting portions of the parallax
barrier, and a left eye image realized by left eye sub-pixels
reaches the left eye of the user through the light transmitting
portions of the parallax barrier. Accordingly, the user can
perceive the image displayed on the image display unit as a
stereoscopic image.

[0009] However, since the electronic display having the
parallax barrier is designed to divide the image into the right
and left eye images to display the 3D image, the resolution of
the 3D image is reduced to be half the resolution of the 2D
image.

[0010] To solve this problem, a time-division driving type
of electronic display has been developed. The time-division
driving type electronic display alternately displays the left
and right eye images on the display unit at a predetermined
time intervals. In order to realize this, the parallax barrier
forms the light blocking portions and the light transmitting
portions such that patterns of the light blocking portions and
light transmitting portions change with each other. By
employing this time-division driving method instead of the
space-division driving method, the electronic image display
can display the 3D image with resolution that is not deterio-
rated.

[0011] In the time-division driving method, the parallax
barrier is required to operate to quickly change patterns of the

Feb. 26, 2009

light blocking portion and the light transmitting portion. Gen-
erally, electrodes forming the parallax barrier are alternately
arranged to form the light blocking portion and the light
transmitting portion. Minute gaps are formed between the
arranged electrodes, and therefore light leaks from the gaps.
Since the light causes an increase of crosstalk of a 3D image,
quality and contrast of the screen are deteriorated.

SUMMARY OF THE INVENTION

[0012] In accordance with present invention an electronic
display device is provided for realizing a high quality stereo-
scopic image having high resolution by using a parallax bar-
riet.

[0013] According to an exemplary embodiment of the
present invention, an electronic display device includes a
display unit and a barrier. The display unit displays an image
corresponding to a 2D or a 3D. The barrier faces the display
unit and provides a 2D image or 3D image to a user. The
barrier includes first and second substrates facing each other.
First and second electrodes are alternately formed on the first
substrate while having first gaps therebetween. A third elec-
trode is formed on the second substrate. A dark colored layer
1s formed to correspond to the first gap. A liquid crystal layer
is disposed between the first and second substrates.

[0014] The barrier includes a first alignment layer formed
on the first substrate while covering the first and second
electrodes, and a second alignment layer formed on the sec-
ond substrate while covering the third electrode. The dark
colored layer is formed on at least one of the first alignment
layer and the second alignment layer.

[0015] The plurality of first electrodes and the plurality of
second electrodes are provided in the electron display device.
The barrier further includes a first connection electrode for
electrically connecting the first electrodes and a second con-
nection electrode for electrically connecting the second elec-
trodes. The dark colored layer is formed to correspond to
second gaps formed between the first connection electrode
and the second electrodes and between the second connection
electrode and the first electrodes.

[0016] The first electrodes and the second electrodes are
formed of a transparent material, and the third electrodes may
be integrally formed on the front surface of the second sub-
strate.

[0017] The barrier is a normally white mode liquid crystal
display. In the display unit, a first pixel and a second pixel
corresponding to a pattern of the first and second electrodes
are alternately and repeatedly arranged along an arrangement
direction of the first electrode. A liquid crystal driving voltage
is applied to the first electrode. A left-eye image is displayed
on the first pixel and a right-eye image is displayed on the
second pixel during a first period. The liquid crystal driving
voltage is applied to the second electrode. The right-eye
image is displayed on the first pixel, and the left-eye image is
displayed on the second pixel during a second period. The
left-eye image and the right-eye image are realized in a time-
division method. The barrier is in an off-state when the dis-
play unit displays a 2D image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a cross-sectional view of an electronic
display according to a first exemplary embodiment of the
present invention.
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[0019] FIG. 2A and FIG. 2B are cross-sectional views rep-
resenting electronic display devices according to exemplary
variations of the exemplary embodiment of the present inven-
tion.

[0020] FIG. 3 is a diagram representing a first electrode, a
second electrode, and a dark colored layer that are formed on
a first substrate in the barrier shown in FIG. 1.

[0021] FIG. 4A shows a pixel arrangement of the display
unit during a first period t;.

[0022] FIG. 4B shows a pixel arrangement of the display
unit during a second period t,.

[0023] FIG. 5 is a diagram representing the first electrode,
the second electrode, and the dark colored layer formed on the
first substrate in the electronic display device according to
another exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0024] Referring to FIG. 1, an electronic display of an
exemplary embodiment of the present invention includes a
display unit 100 and a barrier 200.

[0025] The display unit 100 displays right and left eye
images each having a predetermined pattern. In this case, the
patterns of the left and right eye images can be realized by first
and second images that are alternately displayed with a pre-
determined image frequency.

[0026] Any display device may be used as the display unit
100. For example, the display unit 100 may be one of a
cathode ray tube (CRT), a liquid crystal display (LCD), a
plasma display panel (PDP), a field emission display (FED),
and an organic light emitting display (OLED).

[0027] The barrier 200 may be formed of a normally white
mode LCD that transmits light in an off-state and blocks the
light in an on-state.

[0028] In more detail, the barrier 200 includes first and
second substrates 10, 12, a plurality of first electrodes 14, a
plurality of second electrodes 16, a third electrode 18, and a
liquid crystal layer 20. Further, the barrier 200 includes a first
alignment layer 22 and a second alignment layer 24.

[0029] The first and second substrates 10, 12 face each
other with a predetermined interval therebetween. Each of the
first and second substrates 10, 20 is formed of a rectangular
glass plate having a pair of short sides and a pair of long sides.
[0030] The first electrodes 14 and the second electrodes 16
are formed on one surface of the first substrate 10 toward the
second substrate 12. The third electrode 18 is formed on one
surface of the second substrate 12 toward the first substrate
10. The third electrode 18 may be integrally formed on the
surface of the second substrate 12, or a plurality of third
electrodes 18 may be formed such that the first and second
electrodes cross the third electrodes. The electrodes 14,16, 18
may be formed of a transparent material such as indium tin
oxide (ITO) or indium zinc oxide (1Z0).

[0031] The first alignment layer 22 is formed on the first
substrate 10 while covering the first electrodes 14 and the
second electrodes 16. The second alignment layer 24 is
formed on the second substrate 12 while covering the third
electrode 18. The first alignment layer 22 and the second
alignment layer 24 align liquid crystal molecules of the liquid
crystal layer 20 in a predetermined direction.

[0032] In addition, a dark colored layer 26, which is
referred to as a black matrix, is formed between the first
electrodes 14 and the second electrodes 16.
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[0033] While the dark colored layer 26 is illustrated to be
formed on the first alignment layer 22 in FIG. 1, the dark
colored layer 26 may be formed on the second alignment
layer 24 (refer to FIG. 2A), or it may be formed on the first
alignment layer 22 and the second alignment layer 24 (refer to
FIG. 2B).

[0034] A pair of polarizing plates 28, 28' are disposed on
respective outside surfaces of the first substrate 10 and the
second substrate 12. A configuration of the first electrodes 14,
the second electrodes 16, and the dark colored layer 26 will
now be described.

[0035] FIG. 3 is a diagram representing the first electrodes
14, the second electrodes 16, and the dark colored layer 26
that are formed on the first substrate 10 in the barrier 200
shown in FIG. 1. For better understanding and ease of
description, the first alignment layer shown in FIG. 1 is omit-
ted in FIG. 3.

[0036] Referringto FIG. 3, the first electrodes 14 formed on
the first substrate 10 are extended along a first direction (e.g,,
the Y-axis direction in the drawings) of the first substrate 10.
The first electrodes 14 are formed on the first substrate 10 in
astripe pattern while having predetermined intervals therebe-
tween. On the first substrate 10, a first connection electrode
14a electrically connecting the first electrodes 14 is formed
along a second direction (e.g., the X-axis direction in the
drawings) of the first substrate, and is connected to each
terminal of the first electrodes 14.

[0037] The second electrodes 16 are also extended in the
first direction. The second electrodes 16 are respectively
formed between the first electrodes 14 in a stripe pattern. In
addition, on the first substrate 10, a second connection elec-
trode 164 for electrically connecting the second electrodes 16
1s formed in the second direction, and is connected to each
terminal of the second electrodes 16.

[0038] Therefore, the first and second electrodes 14,16 are
alternately formed along the second direction, and a first gap
G1 of a predetermined width is formed between the first
electrodes 14 and the second electrodes 16. In addition, the
dark colored layer 26 is formed to correspond to the first gap
G1.

[0039] In the exemplary embodiment of the present
embodiment, the dark colored layer 26 corresponding to the
first gap G1 is formed on the first alignment layer 22 in the
stripe pattern in the first direction to cover the first gap G1.
Accordingly, the dark colored layer 26 has a width that is
substantially the same as the width of the first gap G1, which
may be approximately 1 to 20 um. InFIG. 3, it can be seen that
the dark colored layer 26 has the same width as the first gap
a1

[0040] A pixel arrangement and an operation of the display
unit 100 will now be described. F1G. 4A and F1G. 4B respec-
tively show pixel arrangements of the display unit 100 during
first and second periods t,, t,. The display unit 100 includes
first pixel groups 30 and second pixel groups 32 that extend in
the first direction (e.g. the Y-axis direction). The first pixel
groups 30 and the second pixel groups 32 are alternately
disposed along the second direction.

[0041] As shown in FIG. 4A, during the first period t,, the
first pixel group 30 displays a left-eye image (L, L5, L) in
response to a left-eye image signal, and the second pixel
group 32 displays a right-eye image (Rz, Rz, Rz) in response
to a right-eye image signal. Accordingly, a first image is
displayed in the display unit 100 during the first period t,.
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[0042] 1In addition, during the first period t, for displaying
the first image in the display unit 100, a liquid crystal driving
voltage is applied to the first electrode 14 through the first
connection electrode 14a, and a reference voltage (e.g., a
ground voltage) is applied to the second electrode 16 through
the second connection electrode 16a. Further, the reference
voltage is applied to the third electrode 18. Here, the first
electrode 14 and the dark colored layer 26 are formed to be the
light blocking portion, and the second electrode 16 is formed
to be the light transmitting portion.

[0043] Asshownin FIG. 4B, during the second period t,, as
opposed to the first period, the first pixel group 30 displays the
right-eye image (Rz, R, Rp) in response to the right-eye
image signal, and the second pixel group 32 displays the
left-eye image (L, L. L) in response to the left-eye image
signal. Accordingly, a second image is displayed in the dis-
play unit 100 during the second period t,.

[0044] During the second period t, for displaying the sec-
ond image in the display unit 100, the reference voltage is
applied to the first electrode 14 through the first connection
electrode 144, and the liquid crystal driving voltage is applied
to the second electrode 16 through the second connection
electrode 164. In addition, the reference voltage is applied to
the third electrode 18. Here, the first electrode 14 is formed to
be the light transmitting portion, and the second electrode 16
and the dark colored layer 26 are formed to be the light
blocking portion.

[0045] By driving the display unit 100 and the barrier 200
as described above, the left eye of a user sees an image
realized through the first pixel group 30 during the first period
t;, and an image realized through the second pixel group 32
during the second period t,. In addition, the right eye of the
user sees an image realized through the second pixel group 32
during the first period t,, and an image realized through the
first pixel group 30 during the second period t,. Accordingly,
since the user observes a stereoscopic image in a time-divi-
sion method rather than a space-division method, the user
may see the stereoscopic image having a resolution that is
substantially the same as that of a 2D image.

[0046] In the above driving operation, the dark colored
layer 26 blocks light transmitted through the first gap G1.
Accordingly, since the barrier 200 transmits light correspond-
ing to the width of the first electrode 14 or the second elec-
trode 16, the left-eye image and the right-eye image may be
clearly separated.

[0047] Therefore, the electronic display device according
to the exemplary embodiment of the present embodiment
may prevent a 3D image from being deteriorated by crosstalk.

[0048] Since the electronic display device according to the
exemplary embodiment of the present embodiment partially
blocks the light generated in the display unit 100 of the dark
colored layer 26, luminance of a finally realized screen may
be deteriorated. However, the dark colored layer 26 does not
affect the luminance of the screen since the width of the dark
colored layer 26 is only several to tens of microns (jum), and
the luminance deterioration may be compensated by increas-
ing luminance of the display unit 100. For example, when a
liquid crystal display is formed as the display unit 100, the
final luminance of the electronic display device may be main-
tained at a desired level by increasing luminance of a back-
light provided to the liquid crystal display.

[0049] In addition, the electronic device according to the
exemplary embodiment of the present invention inputs a 2D
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image signal to the pixels ofthe display unit 100, and turns off
the barrier to realize a 2D image mode.

[0050] The electronic display device according to another
exemplary embodiment of the present invention will now be
described with reference to FIG. 5.

[0051] FIG. 5isa diagram representing the first electrodes,
the second electrodes, and the dark colored layer formed on
the first substrate in the electronic display device according to
another exemplary embodiment of the present invention. For
convenience, like parts of the exemplary embodiments of the
present invention are assigned like reference numerals, and
detailed descriptions thereof will be omitted.

[0052] As shown in FIG. 5, a second gap G2 is formed
between the first electrodes 14 and the second connection
electrode 164 and between the second electrodes 16 and the
first connection electrode 14a. Here, the second gap G2 may
communicate with the first gaps G1.

[0053] A dark colored layer 27 according to this exemplary
embodiment of the present invention is formed to correspond
to the first gap G1 and the second gap G2. Here, in a like
manner of the above exemplary embodiment of the present
invention, the dark colored layer 27 may be formed on the first
alignment layer 22 of the first substrate 10, the second align-
ment layer 24 of the second substrate 12, or both the first
alignment layer 22 of the first substrate 10 and the second
alignment layer 24 of the second substrate 12.

[0054] As described, the dark colored layer 27 is formed to
correspond to gaps that may be formed between the first
electrodes 14 and the second electrodes 16 and blocks light
that may be unnecessarily transmitted from the barrier when
driving the electron display device, and therefore the 3d
image quality deterioration caused by crosstalk may be effi-
ciently prevented.

[0055] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:
1. An electronic display device comprising:
a display unit for displaying an image; and
a barrier facing the display unit for converting the image
into a two-dimensional image or a three-dimensional
image,
wherein the barrier comprises:
a first substrate and a second substrate facing each other,
first electrodes and second electrodes alternating on the
first substrate and having first gaps between adjacent
first electrodes and second electrodes,
a third electrode on the second substrate,
a dark colored layer aligned with the first gaps, and
a liquid crystal layer between the first substrate and the
second substrate.
2. The electronic display device of claim 1, wherein the
barrier further comprises:
a first alignment layer on the first substrate covering the
first electrodes and the second electrodes; and
a second alignment layer on the second substrate covering
the third electrode,
wherein the dark colored layer is on at least one of the first
alignment layer and the second alignment layer.
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3. The electronic display device of claim 2, wherein the
barrier further comprises:

a first connection electrode for electrically connecting the

first electrodes, and

a second connection electrode for electrically connecting

the second electrodes, and

wherein the dark colored layer is aligned with second gaps

between the first connection electrode and the second
electrodes and between the second connection electrode
and the first electrodes.

4. The electronic display device of claim 1, wherein the
first electrodes and the second electrodes are transparent, and
the third electrode is integrally formed on a front surface of
the second substrate.

5. The electronic display device of claim 1, wherein the
barrier is a normally white mode liquid crystal display.

6. The electronic display device of claim 5, wherein the
barrier turned off when the display unit displays the two-
dimensional image.
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7. The electronic display device of claim 1,
wherein, in the display unit, a first pixel and a second pixel
corresponding to a pattern of the first electrodes and
second electrodes are alternately and repeatedly
arranged along an arrangement direction of the first elec-
trode,
wherein a liquid crystal driving voltage is applied to the
first electrode, a left-eye image is displayed on the first
pixel, and a right-eye image is displayed on the second
pixel during a first period, and
wherein the liquid crystal driving voltage is applied to the
second electrode, the right-eye image is displayed onthe
first pixel, and the left-eye image is displayed on the
second pixel during a second period.
8. The electronic display device of claim 7, wherein the
left-eye image and the right-eye image are provided using a
time-division driving.
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