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(57) ABSTRACT

An electronic display device includes a display unit that dis-
plays images and a barrier unit between the display unit and a
user, and provides images to the user as two-dimensional
images or stereoscopic images. The barrier unit includes first
electrodes on a first surface, the first electrodes being spaced
apart from each other, second electrodes on the first surface,
at a first gap from the first electrodes and between the first
electrodes, auxiliary electrodes on a second surface, corre-
sponding to the first gap, the auxiliary electrodes configured
to be driven in synchronization with any one of the two-
dimensional images and the stereoscopic images, a common
electrode on a third surface, and aliquid crystal layer between
the common electrode and first, second, and auxiliary elec-
trode. A barrier driver controls the barrier unit in accordance
with whether two-dimensional images or stereoscopic
images are to be displayed.
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FIG.5
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ELECTRONIC DISPLAY DEVICE

BACKGROUND

[0001] 1.Field

[0002] Embodiments relate to an electronic display device
and, more particularly, to an electronic image device capable
of displaying stereoscopic images.

[0003] 2. Description of the Related Art

[0004] An electronic image device displaying stereoscopic
images is adevice that provides different images to an observ-
er’s left eye and right eye, such that the observer perceives a
stereoscopic effect about viewed images. Among such elec-
tronic display devices, autostereoscopy devices allow an
observer to view stereoscopic images without putting on a
device, e.g., polarizing spectacles using binocular parallax.

[0005] The general autostereoscopy device includes a dis-
play unit that divides a pixel into a pixel for the left eye and a
pixel for the right eye and displays a left-eye image and a
right-eye image, and a barrier unit located in front of the
display unit that divides the left-eye image and the right-eye
image implemented on the display unit in a left-eye direction
and a right-eye direction with respect to the observer. The
barrier unit may be a liquid crystal panel including transpar-
ent electrodes and liquid crystal layers, and may optically
form a light shielding unit and a light transmitting unit
according to electrical signals applied to the transparent elec-
trodes.

[0006] When the pixels located along a horizontal direction
on a screen are divided into odd-numbered pixels and even-
numbered pixels in the display unit, the display unit divides
one frame into two periods by a known time-division scheme
and displays the left-eye images and the right-eye images in
the odd-numbered pixels and the even-numbered pixels,
respectively, during a first period, and the right-eye images
and the left-eye images in the odd-numbered pixels and the
even-numbered pixels, respectively, during a second period.
Further, the barrier unit is synchronized with driving of the
display unit to change the position of the light shielding umt
and the light transmitting unit for the first period and the
second period.

[0007] Thebarrierunitincludes a common electrode, alter-
nating first and second electrodes, and a liquid crystal layer
between the common electrode and the first and second elec-
trodes. When a common voltage is applied to the common
electrode and a liquid crystal driving voltage is applied to the
first electrodes, a region where the first electrodes are located
in the barrier unit becomes the light shielding unit. When a
common voltage is applied to the common electrode and the
liquid crystal driving voltage is applied to the second elec-
trodes, aregion where the second electrodes are located in the
barrier unit becomes the light shielding unit.

[0008] In the above-mentioned time-division driving
scheme, the observer can view all the pixels on the display
unit, i.e., the odd-numbered pixels and the even-numbered
pixels, such that the observer can view stereoscopic images
having the same resolution as two-dimensional images. How-
ever, in the barrier unit, in order to prevent a short circuit
between the first electrodes and the second electrodes, they
are separated by a predetermined gap from each other, such
that light emitted from the display unit leaks through the gap
between the first electrodes and the second electrodes during
operation of the barrier unit.
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[0009] Therefore, there is a problem in that the electronic
display device in the related art increases crosstalk to degrade
the image quality of the stereoscopic image and the contrast
of the screen.

[0010] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0011] Embodiments are therefore directed to an electronic
display device including a display unit that displays images
and a barrier unit that is arranged to be opposite to the display
unit and displays two-dimensional images or stereoscopic
images, which substantially overcome one or more of the
problems due to the limitations and disadvantages of the
related art.

[0012] Itis therefore a feature of an embodiment to provide
an electronic display device including a display unit and a
barrier unit that decreases crosstalk when displaying stereo-
scopic images.

[0013] Tt is therefore another feature of an embodiment to
provide an electronic display device including a display unit
and a barrier unit that provides a high luminance two-dimen-
sional image.

[0014] At least one of the above and other features and
advantages may be realized by providing an electronic dis-
play device including a display unit that displays images, a
barrier unit, between the display unit and a viewer, the barrier
unit configured to provide images to a user as two-dimen-
sional images or stereoscopic images, and a barrier driver
configured to control the barrier unit in accordance with
whether two-dimensional images or stereoscopic images are
to be displayed. The barrier unit may include first electrodes
on a first surface, the first electrodes being spaced apart from
each other, second electrodes on the first surface, at a first gap
from the first electrodes and between the first electrodes,
auxiliary electrodes on a second surface, corresponding to the
first gap, the auxiliary electrodes configured to be driven in
synchronization with any one of the two-dimensional images
and the stereoscopic images, a common electrode on a third
surface, and a liquid crystal layer between the common elec-
trode and first, second, and auxiliary electrode.

[0015] The second surface may be a transparent insulation
layer covering the first electrodes and the second electrodes,
and the auxiliary electrodes are on the transparent insulation
layer. The barrier unit may include a first alignment layer on
the transparent insulation layer and covering the auxiliary
electrodes, and a second alignment layer on the common
electrode.

[0016] The first surface may be a transparent insulating
layer covering the auxiliary electrodes, and the first and sec-
ond electrodes may be on the transparent insulating layer. The
barrier unit may include a first alignment layer on the trans-
parent insulation layer and covering the first electrodes and
the second electrodes, and a second alignment layer on the
common electrode.

[0017] A width of each of the auxiliary electrodes may be
larger than the first gap.

[0018] The barrier unit may include a first connecting part
that electrically connects the first electrodes, a second con-
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necting part that electrically connects the second electrodes,
and a third connecting part that electrically connects the aux-
iliary electrodes.

[0019] The barrier unit may include a first polarizing plate
below the first and second surfaces, and a second polarizing
plate above the third surface, the polarizing axes of the first
and second polarizing plates being orthogonal.

[0020] When the display unit displays the two-dimensional
images, the barrier driver may supply a common voltage to
the first electrodes, the second electrodes, the auxiliary elec-
trodes, and the common electrode.

[0021] When the display unit displays stereoscopic images,
the display unit may be configured to divide one frame into a
first period and a second period, and display first images for
the first period and second images for the second period. The
barrier driver may be configured to apply a liquid crystal
driving voltage to the first electrodes and the auxiliary elec-
trodes during the first period, and apply the liquid crystal
driving voltage to the second electrodes and the auxiliary
electrodes during the second period.

[0022] The display unit may include a plurality of scan
lines that transfer a plurality of selection signals, a plurality of
data lines that transfer a plurality of data signals, and a plu-
rality of pixels connected to the scan lines and the data lines,
the barrier unit including a plurality of regions divided along
ascan direction of the display unit, first and second electrodes
being provided to each of the plurality of regions.

[0023] The display unit may be configured to divide one
frame into a first period and a second period, and display first
images for the first period and second images for the second
period by driving the first electrodes in accordance with the
first images and the second electrodes in accordance with the
second images. The barrier driver may be configured to con-
trola region, among the plurality ofregions, corresponding to
amixing region where the first images and the second images
are mixed to be a non-transmitting region. The first images
may be displayed along a scan direction for the first period
and the second images maybe displayed along a scan direc-
tion for the second period, and the mixing region is a region
where the first image and the second image are mixed while
displaying the first image and then the second image.

[0024] The first images may be generated by synthesizing
the left-eye images and the right-eye images according to an
order from the left eye to the right eye. The second images
may be generated by synthesizing the left-eye images and the
right-eye images according to an order from the right eye to
the left eye.

[0025] The barrier driver may be configured to apply the
liquid crystal driving voltage to the auxiliary electrodes dur-
ing the first and second periods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other features and advantages will
become more apparent to those of ordinary skill in the art by
describing in exemplary embodiments with reference to the
attached drawings, in which:

[0027] FIG. 1illustrates a partial cross-sectional view of an
electronic display device according to a first exemplary
embodiment;

[0028] FIG. 2 illustrates a top plan view of first electrodes
and second electrodes in a configuration of a barrier unit
shown in FIG. 1;

[0029] FIG. 3 illustrates a top plan view of auxiliary elec-
trodes in a configuration of the barrier unit shown in FIG. 1;
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[0030] FIG. 4 illustrates a perspective view of a first polar-
izing plate and a second polarizing plate in a configuration of
a barrier unit shown in FIG. 1,

[0031] FIG. 5 illustrates a schematic diagram of a time-
division driving scheme of the electronic display device
according to the first exemplary embodiment;

[0032] FIG. 6 illustrates a schematic top plan view of an
operating state of the barrier unit for the first period shown in
FIG. 5;

[0033] FIG. 7 illustrates a partial cross-sectional view of
the barrier unit of an operating state of the barrier unit for the
first period shown in FIG. 5;

[0034] FIG. 8 illustrates a schematic top plan view of an
operating state of the barrier unit for the second period shown
in FIG. 5;

[0035] FIG. 9 illustrates a partial cross-sectional view of
the barrier unit of an operating state of the barrier unit for the
second period shown in FIG. 5;

[0036] FIG. 10 illustrates a partial enlarged view of the
barrier unit shown in FIG. 1

[0037] FIG. 11 illustrates a partial cross-sectional view of
an electronic display device according to a second exemplary
embodiment;

[0038] FIG. 12 illustrates a top plan view of first electrodes
and second electrodes of a barrier unit among electronic
display devices according to a third exemplary embodiment;
[0039] FIG. 13 illustrates a schematic diagram of an elec-
tronic display device according to a third exemplary embodi-
ment;

[0040] FIG. 14 illustrates a top plan view of auxiliary elec-
trodes of the barrier unit among the electronic display devices
according to a third exemplary embodiment;

[0041] FIG. 15 illustrates a diagram of a process where left
and right images are displayed for the first period and right
and left images are displayed for the second period, on the
display unit according to the third exemplary embodiment;
and

[0042] FIG. 16 illustrates a diagram of barrier driving sig-
nals transferred from a barrier driving unit to a plurality of
wire units in the electronic display device according to the
third exemplary embodiment.

DETAILED DESCRIPTION

[0043] Korean Patent Application No. 10-2009-0003837,
filed on Jan. 16, 2009, in the Korean Intellectual Property
Office, and entitled: “Electronic Display Device,” is incorpo-
rated by reference herein in its entirety.

[0044] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
[0045] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
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only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0046] FIG. 1illustrates a partial cross-sectional view of an
electronic display device according to a first exemplary
embodiment. Referring to FIG. 1, an electronic display
device 100 may include a display unit 12 that displays images
and a barrier unit 14 located in front of the display unit 12.
[0047] Thedisplay unit 12 may include a plurality of pixels
each of which includes sub-pixels of red, green, and blue. The
display unit 12 applies two-dimensional image signals to all
the pixels, thereby making it possible to display the two-
dimensional images. On the other hand, the display unit 12 is
separately applied with left-eye image signals and right-eye
image signals per each pixel or sub-pixel, thereby making it
possible to separately display the left-eye images and the
right-eye images.

[0048] The control of the image signal may be performed
through an image signal controlling unit (not shown).
[0049] Any display device, e.g., a liquid crystal display
device, an organic light emitting display device, a plasma
display panel, a cathode ray tube, etc., may be used as the
display unit 12.

[0050] The barrier unit 14 may be a liquid crystal panel
including a liquid crystal layer and transparent electrodes.
The barrier unit 14 may form a light shielding unit and a light
transmitting unit according to electrical signals applied to the
transparent electrodes.

[0051] FIG. 2 illustrates a top plan view of first electrodes
and second electrodes in a configuration of the barrier unit 14
of FIG. 1 according to an embodiment. FIG. 3 illustrates a top
plan view of auxiliary electrodes in a configuration of the
barrier unit 14 of FIG. 1 according to an embodiment.
[0052] Referring to FIGS. 1 to 3, the barrier unit 14 may
include a first substrate 16 and a second substrate 18 arranged
to be opposite to each other at a predetermined distance, first
electrodes 20 and second electrodes 22 inside the first sub-
strate 16, auxiliary electrodes 26 located at the first electrodes
20 and the second electrodes 22 with transparent insulation
layers 24 and other layers therebetween, a common electrode
28 inside the second substrate 18, and a liquid crystal layer 30
located between the first substrate 16 and the second substrate
18.

[0053] The first electrodes 20 and the second electrodes 22
may be formed in a stripe shape having a long side along a
vertical direction (y-axis direction in the drawings) of the
display unit 12.

[0054] The first electrodes 20 may be parallel and spaced at
a distance from each other along a horizontal direction
(X-axis direction in the drawings) of the display unit 12. The
second electrodes 22 between the first electrodes 20 may be
located in parallel with the first electrodes 20. The first elec-
trodes 20 and the second electrodes 22 may be separated from
each other by a first gap (G, see FIG. 2) therebetween to
prevent an electrical short circuit therebetween.

[0055] A first connection unit 32 may be located at one end,
e.g., an upper end as illustrated in FIG. 2, of the first elec-
trodes 20, thereby electrically connecting the first electrodes
20. A second connection unit 34 may be located at one end,
e.g., a lower end as illustrated in FIG. 2, of the second elec-
trodes 22, thereby electrically connecting the second elec-
trodes 22.

[0056] The auxiliary electrodes 26 may be located on the
transparent insulation layers 24, corresponding to the first gap
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G. In other words, each auxiliary electrode 26 may be located
corresponding to a portion between the first electrode 20 and
the second electrode 22 along a thickness direction (z-axis in
the drawings) of the barrier unit 14. A width W ofthe auxiliary
electrode 26 may be formed to be equal to or larger than the
first gap G. As one example, FIG. 1 shows a case where the
auxiliary electrode 26 is formed with the same width W as the
first gap G.

[0057] Theauxiliary electrodes 26 may be isolated from the
first electrodes 20 and the second electrodes 22 by the trans-
parent insulation layers 24. The auxiliary electrodes 26 may
also be formed in a stripe shape having a long side along a
vertical direction (y-axis direction in the drawings) of the
display unit 12.

[0058] A third connection unit 36 is located at one end or
both ends of the auxiliary electrodes 26 to electrically connect
the auxiliary electrodes 26. As one example, F1G. 3 shows a
case where a third connection unit 36 is located at both ends
of the auxiliary electrodes 26.

[0059] Thecommon electrode 28, as seen in FIG. 1, may be
formed at the entire effective region of the second substrate
18.

[0060] The first electrodes 20, the second electrodes 22, the
auxiliary electrodes 26, and the common electrode 28 are
formed of a transparent conductive layer, e.g., indium tin
oxide (ITO) or indium zinc oxide (IZ0).

[0061] Referring again to FIG. 1, the barrier unit 14 may
further include a first alignment layer 38 on a transparent
insulation layer 24 while covering auxiliary electrodes 26, a
second alignment layer 40 on the common electrode 28, a first
polarizing plate 42 on an outer surface of the first substrate 16,
and a second polarizing plate 44 on an outer surface of the
second substrate 18.

[0062] The first alignment layer 38 and the second align-
ment layer 40 perform a role of arranging a liquid crystal
material forming theliquid crystal layer 30 in a specific state.
The liquid crystal layer 30 may be formed of a twisted nem-
atic (TN) type of liquid crystal having a twist angle of 90° in
astate where a voltage is not applied. The first polarizing plate
42 and the second polarizing plate 44, which are linear polar-
izing plates, are arranged so that their polarizing axes are
orthogonal to each other.

[0063] FIG. 4 illustrates a perspective view of the first
polarizing plate 42 and the second polarizing plate 44 shown
in FIG. 1. In FIG. 4, the polarizing axis of the first polarizing
plate 42 is represented by an arrow A1 and the polarizing axis
of the second polarizing plate 44 is represented by an arrow
A2.

[0064] The barrier unit 14 having the above-mentioned
structure may control a voltage applied to the first electrodes
20, the second electrodes 22, the auxiliary electrodes 26, and
the common electrode 28 to control light transmission for
each position.

[0065] Hereinafter, a process where the electronic display
device 100 displays two-dimensional images and stereo-
scopic images will be described.

[0066] First, in order for the electronic display device 100
to display two-dimensional images, the two-dimensional
images are applied to all the pixels included in the display umt
12, such that the display unit 12 displays the two-dimensional
images. At this time, the liquid crystal driving voltage is not
applied to the first electrodes 20, the second electrodes 22, the
auxiliary electrodes 26, and the common electrode 28, all of
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which are included in the barrier unit 14, such that the barrier
unit 14 becomes a transmitting type over the entire region.
[0067] In the present exemplary embodiment, since the
liquid crystal layer 30 is formed of the TN type of liquid
crystal and the polarizing axis (Al, see FIG. 4) of the first
polarizing plate 42 and the polarizing axis (A2, see F1G. 4) of
the second polarizing plate 44 are orthogonal to each other,
light that 1s linearly polarized in the A1 direction by the first
polarizing plate 42 is transmitted through the second polar-
izing plate 44 in a state where the polarizing axis of the light
is twisted by 90°, after passing through the liquid crystal layer
30.

[0068] Therefore, when a voltage is not applied, an entirety
of the barrier unit 14 becomes transmitting, which is referred
to as anormally white mode. The barrier unit 14 configured in
the normally white mode has an effect of lowering power
consumption when the electronic display device 100 mainly
displays two-dimensional images rather than stereoscopic
images.

[0069] Next, in order for the electronic display device 100
to display the stereoscopic image (or three-dimensional
image), left-eye image signals and right-eye image signals
per pixel or sub-pixel, may separately be applied to the dis-
play unit 12, such that the left-eye images and the right-eye
images are separately displayed to produce stereoscopic
images. Further, the liquid crystal driving voltage is sequen-
tially applied to the first electrodes 20 or the second electrodes
22 and the auxiliary electrodes 26 in the barrier unit 14 to
optically form the light shielding unit and the light transmit-
ting unit.

[0070] FIG. 5 illustrates a schematic diagram showing a
time-division driving scheme of the electronic display device
100 of the present exemplary embodiment when stereoscopic
images are generated by a time-division scheme in which a
frame may be divided into periods, e.g., a first period T1 and
a second period T2. FIG. 5 (a) illustrates a diagram showing
one set of displaying images (first images) that are synthe-
sized in an order of left eye-right eye-left eye-right eye along
ahorizontal direction of the display unit 12 for the first period
T1. FIG. 5 (b) illustrates a diagram showing one set of dis-
plaving images (second images) that are synthesized in an
order of right eye-left eye-right eye-left eye along a horizontal
direction of the display unit 12 for the second period T2.
[0071] Referring to FIG. 5 (a), odd-numbered pixels (OP)
(or sub-pixels) of the display unit 12 become pixels (or sub-
pixels) for the left eye for the first period T1 and even-num-
bered pixels (EP) (or sub-pixels) become pixels for the right
eye. Further, the barrier unit 14 alternately and repeatedly
forms a light shielding unit 46 and a light transmitting unit 48
along the horizontal direction of the display unit 12 one by
one. At this time, a path projecting the left-eye images and the
right-eye images in the observer’s left eye and right eye direc-
tions is formed.

[0072] Referring to FIG. 5 (b), odd-numbered pixels (OP)
(or sub-pixels) of the display unit 12 become pixels (or sub-
pixels) for the right eye for the second period T2 and even-
numbered pixels (EP) (or sub-pixels) become pixels (or sub-
pixels) for the left eye. In addition, the barrier unit 14
alternately and repeatedly forms the light transmitting unit 48
and the light shielding unit 46 along the horizontal direction
of the display unit 12 one by one.

[0073] At this time, a path projecting the right-eye images
and the left-eye images, respectively, in the observer’s right
eye and left eye directions is formed. As such, the left-eye
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image and the right-eye image that are separated by the bar-
rier unit 14 have a predetermined disparity from each other,
and the observer observing the electronic display device 100
obtains depth information like viewing actual stereoscopic
objects to perceive the stereoscopic effect. Further, since one
frame is displayed by being divided into the first period T1
and the second period T2, the observer views all the pixels of
the display unit 12, such that the observer can view the ste-
reoscopic images having the same resolution as the two-
dimensional images.

[0074] FIGS. 6 and 7 illustrate a principle of the barrier unit
14 optically forming the light shielding unit 46 and the light
transmitting unit 48 for the first period T1. Referring to FIGS.
6 and 7, the common voltage (for example, 0V) is applied to
the common electrode 28, the liquid crystal driving voltage is
applied to the first electrodes 20 and the auxiliary electrodes
26, and the second electrodes 22 receive the common voltage
or are floated.

[0075] At this time, the liquid crystals are vertically aligned
along the thickness direction of the barrier unit 14 (z-axis
direction of FIG. 7) in a region where the first electrodes 20
and the auxiliary electrodes 26 are located due to the voltage
difference between the common electrode 28 and the first
electrodes 20 and the voltage difference between the common
electrode 28 and the auxiliary electrodes 26. Therefore, in the
region where the first electrodes 20 and the auxiliary elec-
trodes 26 are located, light that is linearly polarized in the Al
direction (see FIG. 4) by the first polarizing plate 42 is not
transmitted by the second polarizing plate 44. In other words,
the polarizing axis of light that is linearly polarized in the Al
direction is maintained while passing through the liquid crys-
tal layer 30, and is subsequently blocked by the second polar-
izing plate 44.

[0076] As a result, the region where the first electrodes 20
and the auxiliary electrodes 26 are located in the middle of the
barrier unit 14 optically becomes the light shielding unit 46.
The remaining region, i.e., the region where the second elec-
trodes 22 are located, becomes the light transmitting unit 48.
[0077] Next, FIGS. 8 and 9 show a principle of the barrier
unit 14 optically forming the light shielding unit 46 and the
light transmitting unit 48 for the second period T2. Referring
to FIGS. 8 and 9, the common voltage is applied to the
common electrode 28, the liquid crystal driving voltage is
applied to the second electrodes 22 and the auxiliary elec-
trodes 26, and the first electrodes 20 receive the common
voltage or are floated.

[0078] At this time, the liquid crystals are vertically aligned
along the thickness direction of the barrier unit 14 (z-axis
direction of FIG. 9) in a region where the second electrodes 22
and the auxiliary electrodes 26 are located due to the voltage
difference between the common electrode 28 and the second
electrodes 22 and the voltage difference between the common
electrode 28 and the auxiliary electrodes 26. Therefore, in the
region where the second electrodes 22 and the auxiliary elec-
trodes 26 are located, light that is linearly polarized in the Al
direction (see FIG. 4) by the first polarizing plate 42 is not
transmitted by the second polarizing plate 44. In other words,
the polarizing axis of light that is linearly polarized in the Al
direction is maintained while passing through the liquid crys-
tal layer 30, and is subsequently blocked by the second polar-
izing plate 44.

[0079] As a result, the region where the second electrodes
22 and the auxiliary electrodes 26 are located in the middle of
the barrier unit 14 optically becomes the light shielding unit
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46. The remaining region, i.c., the region where the first
electrodes 20 are located, becomes the light transmitting unit
48.

[0080] As described above, the liquid crystal driving volt-
age is applied to the auxiliary electrodes 26 for both the first
period T1 and the second period T2 to optically form the light
shielding unit 46. In other words, the auxiliary electrodes 26
serve as a black layer upon implementing the stereoscopic
images. Therefore, when displaying the stereoscopic images,
the auxiliary electrodes 26 serving as the black layer effec-
tively suppress the leakage of light due to the gap G between
the first electrodes 20 and the second electrodes 22.

[0081] On the other hand, when implementing the two-
dimensional images, the auxiliary electrodes 26 do not
receive the liquid crystal driving voltage. Therefore, the aux-
iliary electrodes 26 are transparent and the luminance of the
two-dimensional images is not deteriorated.

[0082] As such, the electronic display device 100 according
to the present exemplary embodiment prevents light from
leaking from the barrier unit 14, such crosstalk may be sup-
pressed when displaying stereoscopic images. As a result, the
electronic display device can increase the image quality of the
stereoscopic images and the contrast of the screen. Further, an
aperture ratio of the auxiliary electrodes 26 of the electronic
display device 100 according to the present exemplary
embodiment may be about 50% or less, which results in
improving the image quality of the stereoscopic images. In
addition, when displaying two-dimensional images, the elec-
tronic display device according to embodiments does not
cause luminance deterioration of the screen.

[0083] FIG. 10 illustrates a partial enlarged view of the
barrier unit shown in FIG. 1 in accordance with an embodi-
ment. Referring to FIG. 10, a width B1 ofthe first electrode 20
and a width B2 of the second electrode 22 may be identical.
The first gap G between the first electrode 20 and the second
electrode 22 may be equal to a width W of the auxiliary
electrode 26.

[0084] Since the region where the first electrode 20 and the
auxiliary electrode 26 are located serves as the light shielding
unit 46 for the first period T1, the width S1 of the light
shielding unit 46 may be represented by (B1+2G). Since the
region where the second electrode 22 is located serves as the
light transmitting unit 48, a width S2 of the light transmitting
unit 48 may be identical to B2. Since B1 is identical to B2, the
widths of the light shielding unit and the light transmitting
unit, which are implemented during the second period T2,
may be defined by S1 and S2.

[0085] In the present exemplary embodiment, since the
width S1 of the light shielding unit 46 is formed to be larger
than the width S2 of the light emitting unit, the aperture ratio
of the barrier unit 14, which is calculated by S2/P (a ratio of
width of the light transmitting unit 48 to pitch), becomes 50%
or less. When the width W of the auxiliary electrode 26 is
larger than the first gap G, the aperture ratio of the barrier unit
14 can be further reduced.

[0086] FIG. 11 illustrates a partial cross-sectional view of
an electronic display device 101 according to a second exem-
plary embodiment. The electronic display device 101 may
have the same configuration as the electronic display device
100 according to the above-mentioned first exemplary
embodiment, other than a structure where the auxiliary elec-
trodes 26 are arranged between the first substrate 16 and the
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first and second electrodes 20 and 22 in a barrierunit 141. The
same reference numerals refer to the same members as in the
first exemplary embodiment.

[0087] The first electrodes 20 and the second electrodes 22
may be on the transparent insulation layer 24 covering the
auxiliary electrodes 26 and may be covered with the first
alignment layer 38. The width W of the auxiliary electrodes
26 may be equal to, as illustrated in FIG. 11, or larger than the
first gap G between the first electrodes 20 and the second
electrodes 22.

[0088] FIG. 12 illustrates a top plan view of first electrodes
20 and second electrodes 22 of a barrier unit 142 of electronic
display devices according to a third exemplary embodiment.
Referring to FIG. 12, the electronic display device according
to the present exemplary embodiment has the same configu-
ration as the electronic display device according to any one of
the above-mentioned first and second exemplary embodi-
ments, other than a structure where the barrier unit 142 is
divided into a plurality of regions R1 to R4 along a scan
direction (y-axis direction of FIG. 12) of the display unit. First
electrodes 20 and second electrodes 22 are separately pro-
vided in each of the plurality of regions R1 to R4. The same
reference numerals refer to the same members as in the first
exemplary embodiment.

[0089] For convenience of explanation, the connection
units of the first electrodes 20, which are located in 1/4 to 4/4
regions R1 to R4, are called a first wire unit L1, a second wire
unit L2, a third wire unit L3, and a fourth wire unit L4.
Further, the connection units of the second electrodes 22,
whichare located in 1/4 to 4/4 areas R1 to R4, are called a fifth
wire unit L5, a sixth wire unit L6, a seventh wire unit L7, and
an eighth wire unit L8

[0090] FIG. 13 illustrates a schematic view of an electronic
display device according to the third exemplary embodiment.
Referring to FIG. 13, in the present exemplary embodiment,
a display unit 121 may include a plurality of scan lines S1 to
Sn that transfer the selection signals and a plurality of data
lines D1 to Dm that are formed to intersect the scan lines S1
to Sn while maintaining insulation from the scan lines S1 to
Sn and transfer data signals. Each sub-pixel 50 is located at an
intersecting region of the scan lines and the data lines.
[0091] Thebarrierunit 142 may be connected with a barrier
driver 52. The barrier driver 52 may generate a plurality of
barrier driving signals CB and may transfer them to the bar-
rier unit 142 to control the plurality of regions R1 to R4.
[0092] Thescan lines S1 to Sn may be located parallel with
the horizontal direction of the display unit 121. The data lines
D1 to Dm may be located in parallel with the vertical direc-
tion of the display unit 121. Therefore, the scan direction,
which sequentially applies the selection signals to the scan
lines S1 to Sn, becomes the vertical direction of the display
unit 121.

[0093] In this case, since the display unit 121 displays the
images along the scan direction, when the left and right
images are displayed for the first period T1 and then the right
and left images are displayed, the left and right images and the
right and left images may be mixed on the display unit 121.
Therefore, the barrier unit 142 according to the present exem-
plary embodiment is divided into the plurality of regions R1
to R4 along the scan direction, and each region may be oper-
ated in synchronization with the images that are sequentially
changed along the scan direction.

[0094] To this end, as described above, the first electrodes
20 and the second electrodes 22 are separately provided in the
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plurality of regions R1 to R4. Further, as shown in FIG. 14, the
auxiliary electrodes 26 are located corresponding to the first
gap between the first electrodes 20 and the second electrodes
22 throughout the barrier unit 142 regardless of the regions.
When displaying stereoscopic images, the liquid crystal driv-
ing voltage may always be applied to the auxiliary electrodes
26.

[0095] FIGS. 12 and 14 show the case where the barrier unit
142 is divided into four regions R1 to R4. However, the
number of regions of the barrier unit 142 is not limited to the
example shown.

[0096] Hereinafter, an operation of the electronic display
device according to a third exemplary embodiment will be
described with reference to FIGS. 15 and 16. FIG. 15 illus-
trates a diagram showing a process where the left and right
images 1 are displayed on the display unit 121 for the first
period T1 and the right and left images 2 are displayed
thereon for the second period T2. FIG. 15 illustrates a state
where the images are displayed in each region of the display
unit 121 over time and the barrier unit 142 is operated in
synchronization therewith. FIG. 16 illustrates a diagram
showing the barrier driving signals (CB) transferred from the
barrier driver 52 to the plurality of wire units L1 to L8 in the
electronic display device according to the third exemplary
embodiment.

[0097] The first to fourth wire units L1 to L4 are respec-
tively applied with four barrier driving signals CB11 to CB14,
and the fifth to eighth wire units L5 to L8 are respectively
applied with four barrier driving signals CB21 to CB24. The
barrier driving signals CB11to CB14 and CB21 to CB 24 that
are applied to the first to eighth wire units L1 to L8 alternately
have the liquid crystal driving voltage V1 and the common
voltage Vcom.

[0098] Writing periods T11 to T14 and T21 to T24 are
periods during which new images are applied to the display
unit 121. If the plurality of selection signals are sequentially
applied to the scan lines S1 to Sn of the display unit 121, the
plurality of data signals are written to the pixels along the data
lines D1 to Dm. Sustain periods T15 and T25 are periods that
sustain the images for a predetermined period according to
the written data signals.

[0099] First, the right and left images 2' of the frame imme-
diately before the current frame are displayed on the entire
screen immediately before a point in time when the left and
right images 1' starts to display. At the present time, if the left
and right images 1 of the frame start to write into the display
unit 121, the left and right images 1 start to display along the
scan direction of the display unit 121. Hereinafter, for conve-
nience of explanation, the overall time required to change
from the right and left images 2' to the left and right images 1
is setto be 1.

[0100] In the present exemplary embodiment, the barrier
unit 142 is divided into four regions R1 to R4, and the display
unit 121 is also divided into four regions R1 to R4. The
writing periods T11 to T14 and T21 to T24 are assumed to be
equal, so each writing period has a duration of 1/4.

[0101] Each of the barrier driving signals CB11 to CB14
and CB21 to CB24 having the level of the liquid crystal
driving voltage V1 is applied to the first to fourth wire units .1
to L4 and the fifth to eighth wire units L5 to L8 in synchro-
nization with a point in time when any one of the plurality of
selection signals is transferred to each region of the display
unit 121. The liquid crystal driving voltage V1 is sequentially
applied to the first to fourth wire units L1 to L4 corresponding
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to the left and right images 1 of the current frame for the first
period T1. The liquid crystal driving voltage V1 is sequen-
tially applied to the fifth to eighth wire units L5 to L8 corre-
sponding to the right and left images 2 ofthe current frame for
the second period T2. However, the common voltage Veom is
applied to the first to fourth wire units L1 to L4 and the fifth
to eighth wire units L5 to L8 corresponding to a region where
the right and left images 2 and the left and right images 1 are
mixed, thereby optically forming the light shielding unit.

[0102] First, during the period T11, after starting to change
from the right and left images 2' to the left and right images 1,
the left and right images 1 are displayed in the region R1 of the
display unit 121, and the right and left images 2' remain in the
regions R2 to R4. At this time, the left and right images 1 and
the right and left images 2' are mixed in the region R1 before
the left and right images 1 are displayed throughout the region
R1,1i.e., for the entire period T11. Therefore, since the image
of the current frame and the image of the frame just before the
current frame are mixed, the image quality is deteriorated.

[0103] To prevent this, the barrier driving signals CB11 and
CB21 become the liquid crystal driving voltage V1 such that
the liquid crystal driving voltage V1 is applied to the first wire
unit L1 and the fifth wire unit L5. Therefore, the image on the
region RI of the display unit 121 is blocked.

[0104] Further, the barrier driving signals CB22, CB23,
and CB24 are the liquid crystal driving voltage V1 and the
barrier driving signals CB12, CB13, and CB14 are the com-
mon voltage Vcom, such that the right and left images 2'
stereoscopic images are displayed as in the remaining regions
R2,R3, and R4 of the display unit 121.

[0105] During the period T12, the left and right images 1
are displayed in the region R1 and the region R2 ofthe display
unit 121 along the scan direction, and the right and left images
2' remain in the region R3 and the region R4. At this time, the
left and right images 1 and the right and left images 2' are
mixed in the region R2 of the display unit 121, the barrier
driving signals CB12 and CB22 become the liquid crystal
driving voltage V1 such that the liquid crystal driving voltage
V1is applied to the second wire unit [.2 and the sixth wire unit
L6. Therefore, the image on the region R2 of the display umt
is blocked.

[0106] Further, the barrier driving signals CB11, CB23,
and CB24 are the liquid crystal driving voltage V1 and the
barrier driving signals CB21, CB13, and CB14 are the com-
mon voltage Vcom, such that the left and right images 1 are
displayed as the stereoscopic images in the region RI of the
display unit 121, and the left and right images 2' are displayed
as the stereoscopic images in the region R3 and the region R4.

[0107] During a period T13, the left and right images 1 are
displayed in the regions R1 to R3 of the display unit 121, and
the right and left images 2' remain in the region R4. The
barrier driving signals CB13 and CB23 become the liquid
crystal driving voltage V1 for this period T13, such that the
liquid crystal driving voltage V1 is applied to the third wire
unit L3 and the seventh wire unit 7. Therefore, the image on
the 3/4 region R3 of the display unit is blocked.

[0108] Inaddition, the barrier driving signals CB11, CB12,
and CB24 are the liquid crystal driving voltage V1 and the
barrier driving signals CB21, CB22, and CB14 are the com-
mon voltage Veom, such that the left and right images 1 are
displayed as the stereoscopic images in the regions R1 and R2
of the display unit 121, and the left and right images 2' are
displayed as the stereoscopic images in the region R4.
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[0109] During a period T14, the left and right images 1 are
displayed in the entire region of the display unit 121. The
barrier driving signals CB14 and CB24 become the liquid
crystal driving voltage V1 for this period T14, such that the
liquid crystal driving voltage V1 is applied to the fourth wire
unit L4 and the eighth wire unit L8. Therefore, the image on
the region R4 of the display unit is blocked.

[0110] Further, the barrier driving signals CB11, CB12,
and CB13 are the liquid crystal driving voltage V1 and the
barrier driving signals CB21, CB22, and CB23 become the
common voltage Vcom, such that the left and right images 1
are displayed as the stereoscopic images in the regions R1 to
R3 of the display unit 121.

[0111] The next period is the sustain period T15, and the
leftand right images 1 are displayed in the entire region of the
display unit 121 and are sustained for a predetermined period.
At this time, the barrier driving signals CB11 to CB14 are the
liquid crystal driving voltage V1 and the barrier driving sig-
nals CB21 to CB24 are the common voltage Vcom. There-
fore, the left and right images 1 are displayed as the stereo-
scopic images in the entire region of the display unit 121.

[0112] Next, the operation for the second period T2 will be
described.
[0113] During the period T21, after starting to change from

the left and right images 1 to the right and left images 2, the
right and left images 2 are displayed in the region R1 of the
display unit 121, and the left and right images 1 remain in the
remaining regions R2 to R4. The barrier driving signals CB11
and CB21 become the liquid crystal driving voltage V1 for
thisperiod T21, such that the liquid crystal driving voltage V1
is applied to the first wire unit L1 and the fifth wire unit L5.
Thereby, the image on the region RI of the display unit is
blocked.

[0114] Further, the barrier driving signals CB12, CB13,
and CB14 are the liquid crystal driving voltage V1 and the
barrier driving signals CB22, CB23, and CB24 become the
common voltage Vcom, such that the left and right images 1'
are displayed as the stereoscopic images in the remaining
regions R2 to R4 of the display unit 121.

[0115] During the period T22, the right and left images 2
are displayed inthe region R1 and the region R2 ofthe display
unit 121, and the left and right images 1 remain in the region
R3 and the region R4. The barrier driving signals CB12 and
CB22 become the liquid crystal driving voltage V1 for this
period T22, such that the liquid crystal driving voltage V1 is
applied to the second wire unit [.2 and the sixth wire unit 6.
Therefore, the image on the region R2 of the display unit is
blocked.

[0116] Inaddition, barrierdriving signals CB21,CB13, and
CB14 are the liquid crystal driving voltage V1 and the barrier
driving signals CB11, CB23, and CB24 become the common
voltage Vcom, such that the right and left images 2 are dis-
played as the stereoscopic images in the region R1 of the
display unit 121 and the left and right images 1 are displayed
as the stereoscopic images in the region R3 and the region R4.

[0117] During the period T23, the right and left images 2
are displayed in the regions R1 to R3 of the display unit 121,
and the left and right images 1 remain in the region R4. The
barrier driving signals CB13 and CB23 become the liquid
crystal driving voltage V1 for this period T23, such that the
liquid crystal driving voltage V1 is applied to the third wire
unit L3 and the seventh wire unit 7. Therefore, the image on
the region R3 of the display unit is blocked.
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[0118] Further, barrier driving signals CB21, CB22, and
CB14 are the liquid crystal driving voltage V1 and the barrier
driving signals CB11, CB12, and CB24 become the common
voltage Veom, such that the right and left images 2 are dis-
played as the stereoscopic images in the region R1 and the
region R2 ofthe display unit 121, and the left and right images
1 are displayed as the stereoscopic images in the region R4.
[0119] During the period T24, the right and left images 2
are displayed in the entire region of the display unit 121. The
barrier driving signals CB14 and CB24 become the liquid
crystal driving voltage V1 for this period T24, such that the
liquid crystal driving voltage V1 is applied to the fourth wire
unit [4 and the eighth wire unit L8. Therefore, the image on
the region R4 of the display unit is blocked.

[0120] Further, the barrier driving signals CB21, CB22,
and CB23 are the liquid crystal driving voltage V1 and the
barrier driving signals CB11, CB12, and CB13 become the
common voltage Vcom, such that the right and left images 2
are displayed as the stereoscopic images in the regions R1 to
R3 of the display unit 121.

[0121] The next period is the sustain period T25, and the
right and left images 2 are displayed in the entire region of the
display unit 121 and sustained for a predetermined period. At
this time, the barrier driving signals CB21 to CB24 become
the liquid crystal driving voltage V1 and the barrier driving
signals CB11 to CB24 are the common voltage Vcom. There-
fore, the right and left images 2 are displayed as the stereo-
scopic images in the all regions R1 to R4 of the display unit
121.

[0122] The electronic display device according to embodi-
ments can prevent light from leaking from the barrier unit
when displaying the stereoscopic images. As a result, the
electronic display device according to embodiments sup-
presses crosstalk, thereby making it possible to increase the
stereoscopic image quality and the contrast of the screen.
Further, the electronic image quality according to the
embodiments does not cause luminance deterioration of the
screen when displaying the two-dimensional images, making
it possible to implement the high-luminance screen.

[0123] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they are
used and are to be interpreted in a generic and descriptive
sense only and not for purpose of limitation. Accordingly, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:
1. An electronic display device, comprising:
a display unit that displays images;
a barrier unit, between the display unit and a viewer, the
barrier unit configured to provide images to a user as
two-dimensional images or stereoscopic images,
wherein the barrier unit includes:
first electrodes on a first surface, the first electrodes
being spaced apart from each other;

second electrodes on the first surface, at a first gap from
the first electrodes and between the first electrodes;

auxiliary electrodes on a second surface, corresponding
to the first gap, the auxiliary electrodes configured to
be driven in synchronization with any one of the two-
dimensional images and the stereoscopic images;

a common electrode on a third surface; and
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aliquid crystal layer between the common electrode and
first, second, and auxiliary electrode; and

a barrier driver configured to control the barrier unit in
accordance with whether two-dimensional images or
stereoscopic images are to be displayed.

2. The electronic display device as claimed in claim 1,

wherein:

the second surface is a transparent insulation layer cover-
ing the first electrodes and the second electrodes; and

the auxiliary electrodes are on the transparent insulation
layer.

3. The electronic display device as claimed in claim 2,

wherein the barrier unit further includes:

a first alignment layer on the transparent insulation layer
and covering the auxiliary electrodes; and

a second alignment layer on the common electrode.

4. The electronic display device as claimed in claim 1,
wherein:

the first surface is a transparent insulating layer covering
the auxiliary electrodes; and

the first and second electrodes are on the transparent insu-
lating layer.

5. The electronic display device as claimed in claim 4,

wherein the barrier unit further includes:

a first alignment layer on the transparent insulation layer
and covering the first electrodes and the second elec-
trodes; and

a second alignment layer on the common electrode.

6. The electronic display device as claimed in claim 1,
wherein a width of each of the auxiliary electrodes is larger
than the first gap.

7. The electronic display device as claimed in claim 1,
wherein the barrier unit further includes:

a first connecting part that electrically connects the first

electrodes;

asecond connecting part that electrically connects the sec-
ond electrodes; and

a third connecting part that electrically connects the auxil-
iary electrodes.

8. The electronic display device as claimed in claim 1,

wherein the barrier unit further includes:

a first polarizing plate below the first and second surfaces;
and

asecond polarizing plate above the third surface, the polar-
izing axes of the first and second polarizing plates being
orthogonal.

9. The electronic display device as claimed in claim 8,
wherein, when the display unit displays the two-dimensional
images, the barrier driver supplies a common voltage to the
first electrodes, the second electrodes, the auxiliary elec-
trodes, and the common electrode.

10. The electronic display device as claimed in claim 8,
wherein, when the display unit displays stereoscopic images:

the display unit is configured to divide one frame into a first
period and a second period, and display first images for
the first period and second images for the second period;
and

the barrier driver is configured to apply a liquid crystal
driving voltage to the first electrodes and the auxiliary
electrodes during the first period, and apply the liquid
crystal driving voltage to the second electrodes and the
auxiliary electrodes during the second period.

11. The electronic display device as claimed in claim 10,

wherein the first images are generated by synthesizing left-
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eye images and right-eye images according to an order from
the left eye to the right eye and the second images are gener-
ated by synthesizing the left-eye images and the right-eye
images according to an order from the right eye to the left eye.

12. The electronic display device as claimed in claim 1,
wherein the display unit includes:

a plurality of scan lines that transfer a plurality of selection

signals;

a plurality of data lines that transfer a plurality of data

signals; and

aplurality of pixels connected to the scan lines and the data

lines, the barrier unit including a plurality of regions
divided along a scan direction of the display unit, first
and second electrodes being provided to each of the
plurality of regions.

13. The electronic display device as claimed in claim 12,
wherein:

the display unit is configured to divide one frame into a first

period and a second period, and display first images for
the first period and second images for the second period
by driving the first electrodes in accordance with the first
images and the second electrodes in accordance with the
second images; and

the barrier driver is configured to control a region, among

the plurality of regions, corresponding to a mixing
region where the first images and the second images are
mixed to be a non-transmitting region.

14. The electronic display device as claimed in claim 13,
wherein the first images are displayed along a scan direction
for the first period and the second images are displayed along
a scan direction for the second period, and the mixing region
is a region where the first image and the second image are
mixed while displaying the first image and then the second
image.

15. The electronic display device as claimed in claim 13,
wherein the first images are generated by synthesizing the
left-eye images and the right-eye images according to an
order from the left eye to the right eye and the second images
are generated by synthesizing the left-eye images and the
right-eye images according to an order from the right eye to
the left eye.

16. The electronic display device as claimed in claim 13,
wherein the barrier driver is configured to apply the liquid
crystal driving voltage to the auxiliary electrodes during the
first and second periods.

17. A barrier system for use with a display unit, compris-
ing:

abarrier unit to be positioned between the display unit and

aviewer, the barrier unit configured to provide images to

a user as two-dimensional images or stereoscopic

images, wherein the barrier unit includes:

first electrodes on a first surface, the first electrodes
being spaced from each other;

second electrodes on the first surface, at a first gap from
the first electrodes and between the first electrodes;

auxiliary electrodes on a second surface, corresponding
to the first gap, the auxiliary electrodes configured to
be driven in synchronization with any one of the two-
dimensional images and the stereoscopic images;

a common electrode on a third surface; and

aliquid crystal layer between the common electrode and
first, second, and auxiliary electrode; and

a barrier driver configured to control the barrier unit in

accordance with whether two-dimensional images or
stereoscopic images are to be displayed.
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