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second substrate, a first electrode and a second electrode
which are formed on the first substrate, and a protrusion
(21) Appl. No.: 12/185,865 which is disposed under one of the first electrode and the
second electrode, the liquid crystal layer having an isotropic
state when there is no applied electric field, and an anisotropic
(22) Filed: Aug, 5, 2008 state when an electric field is applied.
005
200 179 181 178
A 171 {317 181 o
180 210 \ 1811 1812 191 182 191 181 182 181 [ 182 174 1815 1
L j | ] 1 I

\1?11
/

l_—1—co
4 1.

I

o \\ \ k \

AN ] ]

L 15155124 140156165 130 170
———

hpw N (|



Patent Application Publication  Jun. 18,2009 Sheet 1 of 8 US 2009/0153761 A1

FIG. 1

—— 174

—172

74

8
161a— \ ( 21 182 g
2




Patent Application Publication  Jun. 18,2009 Sheet 2 of 8 US 2009/0153761 A1

FIG. 2
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FIG. 5
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FIG. 6
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2007-0131244, filed on Dec. 14, 2007 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a display device.
[0004] 2. Discussion of the Related Art

[0005] Liquid crystal displays (LCDs) have been widely

used due to their improved performance over conventional
displays, and their small size and light weight.

[0006] Intheliquid crystal display, transmittance of light is
determined by an alignment state of a liquid crystal layer.
Since the light transmittance depends on physical movement
of the liquid crystal layer, low response speed may occur in
liquid crystal displays.

[0007] Recently, a blue phase liquid crystal, the respond
speed of which is approximately 3 ps, has been developed.
Since an operation temperature range of the blue phase liquid
crystal is very narrow, a monomer is added and polymerized
to stabilize a crystal structure of the blue phase liquid crystal.
[0008] However, in the display device using the blue phase
liquid crystal described above, a driving voltage is relatively
high, and the light transmittance is low.

SUMMARY OF THE INVENTION

[0009] A display device, in accordance with an embodi-
ment of the present invention, includes a first substrate, a
second substrate disposed to face the first substrate, a liquid
crystal layer disposed between the first substrate and the
second substrate, a first electrode and a second electrode
formed on the first substrate, and a protrusion disposed under
one of the first electrode and the second electrode, wherein
the liquid crystal layer has an isotropic state when there is no
applied electric field, and an anisotropic state when an electric
field is applied.

[0010] Theheight ofthe protrusion may be more than about
Y of an average distance between the first substrate and the
second substrate.

[0011] The distance between the first substrate and the sec-
ond substrate may be more than about 4.5 pm.

[0012] Theprotrusion may have awidth of approximately 1
um to approximately 10 pm.

[0013] An electric field may be generated between the first
electrode and the second electrode, and the electric field is a
horizontal electric field which is substantially parallel with
the first substrate and the second electrode.

[0014] The liquid crystal layer may include a cross-linked
blue phase liquid crystal.

[0015] The liquid crystal layer may further include a cured
polymer.
[0016] The first electrode and the second electrode may

each have a width of about 1 um to about 10 pm.

[0017] The first electrode and the second electrode may be
respectively disposed to have a distance of approximately 3
um to approximately 6 pm between them.

[0018] The first electrode and the second electrode may
respectively have each slit pattern.
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[0019] The first electrode and the second electrode may
include portions that interlock with each other. At this time,
the first electrode and the second electrode may be each
formed in a fan rib shape

[0020] The display device may further include a first thin
film transistor formed on the first substrate, and connected
with the first electrode, and a second thin film transistor
formed on the first substrate, and connected with the second
electrode.

[0021] Thedisplay device may further include a plurality of
gate lines formed on the first substrate, wherein the first thin
film transistor and the second thin film transistor may be
connected with the same gate line.

[0022] Thedisplay device may further include a plurality of
data lines formed on the first substrate, wherein the first thin
film transistor and the second thin film transistor may be
connected with different data lines.

[0023] The protrusion may be formed of an organic mate-
rial.
[0024] A cross sectional shape of the protrusion may com-

prise at least one of a semicircular shape and a half oval shape.
[0025] A cross sectional shape of the protrusion may
include at least one of a triangular shape, arhombus shape and
other polygonal shape.

[0026] The height of the protrusion may be substantially
the same as the distance between the first substrate and the
second substrate.

[0027] The area of a surface of the protrusion which faces
the first substrate may be larger than the area of a surface of
the protrusion which faces the second substrate, and a cross
sectional shape of the protrusion may comprise a rhombus
shape.

[0028] The display device may further include a sub elec-
trode formed on the second substrate to face the first electrode
or the second electrode under which the protrusion is not
disposed.

[0029] The sub electrode may be applied with the same
voltage as a voltage applied to the first or second electrode
facing the sub electrode.

[0030] The display device may further include a buried
electrode disposed under and insulated from the first elec-
trode and the second electrode.

[0031] The buried electrode may be applied with substan-
tially the same voltage as a voltage which is applied to one of
the first electrode and the second electrode.

[0032] A display device, in accordance with an embodi-
ment of the present invention, includes a first substrate, a
second substrate disposed to face the first substrate, a liquid
crystal layer disposed between the first substrate and the
second substrate, a first electrode and a second electrode
formed on the first substrate, and a protrusion disposed under
one of the first electrode and the second electrode, wherein
the liquid crystal layer comprises a cross-linked blue phase
liquid crystal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Embodiments of the present invention can be under-
stood in more detail from the following description of the
exemplary embodiments, taken in conjunction with the
accompanying drawings, in which:

[0034] FIG.1isalayout view of a display device according
to an exemplary embodiment of the present invention;
[0035] FIG. 2 is a sectional view taken along line II-1I in
FIG. 1;
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[0036] FIG. 3 illustrates a process of stabilizing a blue
phase liquid crystal, according to an exemplary embodiment
of the present invention;

[0037] FIG. 4 illustrates a property of liquid crystal varying
depending on an electric field application to the blue phase
liquid crystal, according to an exemplary embodiment of the
present invention;

[0038] FIG. 5 is a graph illustrating relation between an
interval between a first substrate and a second substrate, and
transmittance of a light;

[0039] FIG. 6isa graph illustrating a distribution state of a
driving voltage depending on the height of a protrusion;
[0040] FIG.7isasectional view of a display device accord-
ing to an exemplary embodiment of the present invention;
[0041] FIG. 81isa sectional view of a display device accord-
ing to an exemplary embodiment of the present invention;
[0042] FIG.9is a sectional view of a display device accord-
ing to an exemplary embodiment of the present invention; and
[0043] FIG. 10 is a sectional view of a display device
according to an exemplary embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE INVENTION

[0044] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings, wherein like reference
numerals may refer to like elements. The present invention
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein.

[0045] In the accompanying drawings, thickness may be
enlarged to clearly illustrate various layers and areas. When a
first unit such as a layer, an area, a substrate, etc. is described
as ‘on’ a second unit, this may mean that the first unit is
provided directly on the second unit, or that a third unit is
provided therebetween. Referring to the accompanying draw-
ings, a display device using an amorphous silicon (a-Si) thin
film transistor (TFT) formed by a five mask process is illus-
trated. Also, referring to the accompanying drawings, two
thin film transistors are used in a single pixel. However, the
embodiments of the present invention are not limited thereto.
[0046] An exemplary embodiment of the present invention
will be described by referring to FIGS. 1 and 2. FIG. 1 is a
layout view of a display device 901 according to an exem-
plary embodiment of the present invention, and FIG. 2 is a
sectional view taken along line II-II in FIG. 1.

[0047] As shown in FIGS. 1 and 2, the display device 901
includes a first display substrate 100, a second display sub-
strate 200, and a liquid crystal layer 300.

[0048] The first display substrate 100 includes a first sub-
strate 110, first electrodes 181 formed on the first substrate
110, second electrodes 182 formed on the first substrate 110
and distanced from the first electrodes 181, and protrusions
191 disposed under the first electrodes 181 or the second
electrodes 182.

[0049] In FIGS. 1 and 2, the protrusions 191 are disposed
under the first electrodes 181. However, the embodiments of
the present invention are not limited thereto. Alternatively, the
protrusions 191 may be disposed under the second electrodes
182.

[0050] Also, the liquid crystal layer 300 includes a cross-
linked blue phase liquid crystal. The blue phase is one of a
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liquid crystal phase appearing in a temperature range of a few
K (absolute temperature) between a cholesteric phase and an
isotropic phase.

[0051] When using the blue phase liquid crystal, alignment
layers on the first substrate 110 and the second substrate 210
may be omitted. The blue phase liquid crystal is optically in
an isotropic state when voltage is not applied, and a director
aligned in an electric field direction increases to have a refrac-
tive anisotropy to change an inputted polarization state when
the applied voltage increases.

[0052] Whenusing the blue phase liquid crystal, the display
device 901 is in a normally black mode. That is, the display
device 901 displays black when the voltage is not applied.
[0053] Since an operation temperature range of the blue
phase liquid crystal is not wide, a monomer of non liquid
crystal is added to a low molecular weight liquid crystal
which is capable of expressing the blue phase, and an ultra-
violetray is applied to the monomer to be polymerized. When
polymerized, a crystal structure is stabilized so that the cross-
linked blue phase liquid crystal can be manufactured. The
cross-linked blue phase liquid crystal is a type in which a
network of polymers is formed among a low molecular
weight liquid crystal.

[0054] As an alignment varies depending on horizontal
electric fields (in plane switching) formed by the first elec-
trodes 181 and the second electrodes 182, the liquid crystal
layer 300 adjusts transmittance.

[0055] Themonomerofthe non liquid crystal is a substance
polymerizable by heat or an ultraviolet ray, and an acrylate
series monomer may be exemplarily used. Alternatively, as
the monomer of the non liquid crystal, substances including a
polymerizable group, such as a vinyl group, an acryloyl
group, a fumarate group, etc. may be used. Also, as necessary,
an initiator initiating polymerization of a cross-linking agent
and the monomer may be used. As the initiator, acetophenone,
benzophenone, etc. may be used. Also, a chiral dopant for
expressing a chiral nematic phase may be added to the liquid
crystal layer 300.

[0056] As the low molecular weight liquid crystal, a sub-
stance which is capable of expressing the blue phase between
the cholesteric phase (chiral nematic phase) and the isotropic
phase is used. The low molecular weight liquid crystal
includes a molecular structure such as biphenyl, cyclohexyl,
etc., and may have chirality itself, or use a substance express-
ing the cholesteric phase by adding the chiral dopant.
[0057] The blue phase liquid crystal used in the display
device 901 according to the present exemplary embodiment
will be described in more detail by referring to FIGS. 3 and 4.
[0058] As shown in FIG. 3, when a chiral phase is induced
in a positive liquid crystal, and the blue phase is formed at
approximately 1K range, a light curable polymer is formed to
stabilize the blue phase up to a normal temperature range so
that the blue phase liquid crystal can be manufactured.
[0059] Since the blue phase stabilized in a wider tempera-
ture range due to the addition of the polymer has a larger Kerr
constant, the blue phase is capable of a gray scale expression
when an electric field is applied, and has an optical isotropy
when there is no voltage application.

[0060] AsshowninFIG. 4, the blue phase liquid crystal has
optical isotropy, expresses the blue phase, and does not have
double refraction when there is no voltage application. When
the voltage is applied, the blue phase liquid crystal has optical
isotropy and double refraction. The electric field applied to
the blue phase liquid crystal is applied in a horizontal direc-
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tion, that is, in direction crossing a direction of light trans-
mitting through the liquid crystal layer 300.

[0061] Also, a chiral pitch of the blue phase liquid crystal
used in the display device according to the present exemplary
embodiment may be less than about 300 pm, and for example,
may be approximately 200 um. As a result, the chiral pitch of
the blue phase liquid crystal may be prevented from overlap-
ping a wavelength area of a visible ray. Since the wavelength
area of the visible ray is approximately 350 pm to 650 um, the
chiral pitch of the blue phase liquid crystal may be less than
300 um.

[0062] Also, theblue phase liquid crystal has a large dielec-
tric constant and refractive index, and has a nematic state.

[0063] The first display substrate 100 further includes a
plurality of gate lines 121 formed on the first substrate 110, a
plurality of data lines 161a and 1615 and a plurality of thin
film transistors 101 and 102. Also, the first display substrate
100 further includes color filters 175.

[0064] Thethin film transistors 101 and 102 are disposed in
asingle pixel. That is, the single pixel includes a first thin film
transistor 101 and a second thin film transistor 102. The first
thin film transistor 101 is electrically connected with the first
electrode 181, and the second thin film transistor 102 is elec-
trically connected with the second electrode 182. The first
thin film transistor 101 and the second thin film transistor 102
are connected with the same gate line 121. Also, the first thin
film transistor 101 and the second thin film transistor 102 are
respectively connected with different data lines 161a and
1615. Different voltages are applied to the first electrode 181
and the second electrode 182, and a horizontal electric field is
generated between the first electrode 181 and the second
electrode 182. Accordingly, the blue phase liquid crystal of
the liquid crystal layer 300 is moved by the electric field
generated between the first electrode 181 and the second
electrode 182.

[0065] The first electrode 181 and the second electrode 182
respectively have a slit pattern, and may be formed to have a
fan rib shape so that the first and second electrodes 181 and
182 interlock with each other as shown in FIG. 1. Since the
protrusions 191 are disposed under the first electrodes 181,
the horizontal electric field is efficiently formed between the
first electrodes 181 and the second electrodes 182. That is, the
second electrodes 182 are formed to be planar, but the first
electrodes 181 are formed to have a shape having a height
instead of a planar shape by the protrusions 191 disposed
under the first electrodes 181. The widths of the first electrode
181 and the second electrode 182 are each approximately 1
um to approximately 10 um, and the first electrode 181 and
the second electrode 182 are respectively disposed to have a
distance of approximately 3 um to approximately 6 pm
between the first and second electrodes 181 and 182. The
distance between the first electrode 181 and the second elec-
trode 182 may be decreased. However, due to manufacturing
constraints and process margin considerations, the distance
between the first electrode 181 and the second electrode 182
may be in the range of about 3 um to about 6 um.

[0066] It may be more difficult to form a minute pattern of
the protrusions 191 in comparison with forming the elec-
trodes 181 and 182. Accordingly, the protrusions 191 are
disposed under the first electrodes 181 or the second elec-
trodes 182. As a result, the distance between the electrodes
181 and 182 can be appropriately maintained, and concur-
rently, the horizontal electric field can be efficiently formed
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between the first electrode 181 and the second electrode 182
by means of the protrusion 191.

[0067] In order to achieve a positive effect on light trans-
mittance, the distance between the first electrode 181 and the
second electrode 182 can be larger than the widths of the first
electrode 181 and the second electrode 182. To decrease a
driving voltage, the distance between the first electrode 181
and the second electrode 182 can be less than the widths of the
first electrode 181 and the second electrode 182. According to
an embodiment of the present invention, the widths of the first
electrode 181 and the second electrode 182 are smaller than or
the same as the distance between the first electrode 181 and
the second electrode 182. However, the embodiments of the
present invention are not limited thereto. Alternatively, the
widths of the first electrode 181 and the second electrode 182
may be larger than the distance between the first electrode 181
and the second electrode 182.

[0068] Also, an average distance between the first substrate
110 and the second substrate 210 may be more than about4.5
um. The average distance between the first substrate 110 and
the second substrate 210 refers to a space substantially
between the first substrate 110 and the second electrode 210
filled with the liquid crystal layer 300. For example, the first
substrate 110 and the second substrate 210 may un-uniformly
have distances between them of about 4 pm to about 12 pm,
and a total average distance between the first substrate 110
and the second substrate 210 is more than about 4.5 pm.

[0069] FIG. 51s a graph illustrating a relationship between
the distance between the first substrate 110 and the second
substrate 210, and the light transmittance.

[0070] As shown in FIG. 5, in the display device 901 using
the blue phase liquid crystal, when the average distance
between the first substrate 110 and the second substrate 210 is
more than about 4.5 pm, the light transmittance is showed to
be near to about 100%. On the other hand, when the average
distance between the first substrate 110 and the second sub-
strate 210 is excessively large, it is difficult to uniformly and
stably maintain the distance between the two display sub-
strates 100 and 200. However, in the blue phase liquid crystal,
the distance between the first substrate 110 and the second
substrate 210 is not required to be uniform.

[0071] Also, the protrusion 191 has a height of more than
about Ys of the average distance between the first substrate
110 and the second substrate 210. For example, when the
average distance between the first substrate 110 and the sec-
ond substrate 210, that is, an average height of the liquid
crystal layer 300 filled between the first substrate 110 and the
second substrate 210 is about 6 pm, the height of the protru-
sion 191 is more than about 1 pm. With a consideration of the
distance between the two display substrates 100 and 200
generally applied to the display device 901, the protrusion
191 may have the height of about 1 um to about 6 um.
[0072] FIG. 6 illustrates a distribution state of the driving
voltage depending on the height of the protrusion 191. As
shown in FIG. 6, as the height of the protrusion 191 increases,
the driving voltage decreases. As shown in FIG. 6, the
decrease in driving voltage is more level when the height of
the protrusion 191 is more than % of the average distance
between the first substrate 110 and the second substrate 210,
for example, in the range of about 1 pm to about 6 pm.
[0073] The configuration of the display device 901 will be
described in more detail by referring to FIG. 2.
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[0074] FIG. 2 illustrates the first thin film transistor 101.
The second thin film transistor 102 may have the substantially
same configuration as the first thin film transistor 101.
[0075] The first substrate 110 includes material such as
glass, quartz, ceramic, plastic or the like formed to be trans-
parent.

[0076] On the first substrate 110, a plurality of gate lines
121 shown in FIG. 1, a plurality of gate electrodes 124
branched from the gate lines 121, and a plurality of storage
electrode line 128 are provided.

[0077] A gate wiring including the gate lines 121, the gate
electrodes 124, and the storage electrode lines 128 is formed
of metal such as Al, Ag, Cr, Ti, Ta, Mo, Cu, etc. or alloy
including these.

[0078] InFIG. 2, the gate wiring 121, 124 and 128 is illus-
trated in a single layer. Alternatively, the gate wiring 121, 124
and 128 may be formed of multi layers including a metal layer
of Cr, Mo, Ti, Ta, or alloy including these, and a metal layer of
Al series or Ag series having a small specific resistance.
Alternatively, the gate wiring 121, 124 and 128 may be
formed of other various metals or conductive bodies. The
multi layers may be capable of being patterned under the
same etching condition.

[0079] A gate insulating layer 130 formed of silicon nitride
SiNx, etc. 1s formed on the gate wiring 121, 124 and 128.
[0080] On the gate insulating layer 130, a data wiring
including a plurality of data lines 161a and 1615 shown in
FIG. 1 crossing the gate lines 121, a plurality of source elec-
trodes 165 branched from the data lines 161a and 1615, and a
plurality of drain electrodes 166 distanced from the source
electrodes 165 is formed.

[0081] Like the gate wiring 121, 124 and 128, the data
wiring 161a, 1615, 165 and 166 may be formed of a conduc-
tive material such as chrome, molybdenum, aluminum, cop-
per, or alloy including these, etc., and may be formed as a
single layer or multi layers.

[0082] Also, a semiconductor layer 140 is formed on the
gate insulating layer 130 over the gate electrodes 124, and
under the source electrodes 165 and the drain electrodes 166.
In detail, portions of the semiconductor layer 140 overlaps the
gate electrodes 124, the source electrodes 165 and the drain
electrodes 166. One gate electrode 124, one source electrode
165 and one drain electrode 166 are three electrodes of the
thin film transistor 101. The semiconductor layer 140
between the source electrodes 165 and the drain electrodes
166 is channel areas of the thin film transistors 101.

[0083] Also, ohmic contacts 155 and 156 are formed
between the semiconductor layer 140, and the source elec-
trodes 165 and the drain electrodes 166 to respectively reduce
a contact resistance therebetween. The ohmic contacts 155
and 156 are formed of silicide or amorphous silicon doped
with an n-type impurity with high density.

[0084] On the data wiring 161a, 1615, 165 and 166, a
passivation layer 170 made of a low dielectric insulating
material such as a-Si:C:0, a-Si:O:F, etc. formed by a plasma
enhanced chemical vapor deposition (PECVD), an inorganic
insulating material such as a silicon nitride, silicon oxide,
etc., or an organic insulating material is formed.

[0085] Thecolor filters 175 having the three primary colors
are disposed in sequence on the passivation layer 170. The
color of the color filter 175 is not limited to the three primary
colors. The color filter 175 provides color to light transmitting
in the display device 901.

Jun. 18, 2009

[0086] The color filters 175 are formed on the passivation
layer 170. However, the embodiments of the present inven-
tion are not limited thereto. Alternatively, the color filters 175
may be formed between the passivation layer 170 and the data
wiring 161a, 1615, 165 and 166. Also, the color filter 175 may
be formed on the second display substrate 200 instead of the
first display substrate 100.

[0087] A capping layer 179 is formed on the color filters
175. The capping layer 179 protects the organic layers includ-
ing the color filters 175. The capping layer 179 may be omit-
ted. The capping layer 179 may be formed of various mate-
rials such as an inorganic layer, etc. including material similar
to the passivation layer 170.

[0088] The protrusions 191 and first protective members
190 are formed on the capping layer 179.

[0089] The protrusions 191 are formed on pixel areas and
the first protective members 190 are formed on thin film
transistor areas.

[0090] The protrusions 191 may be formed of a photosen-
sitive organic material by an exposing developing process.
However, the embodiments of the present invention are not
limited thereto, and the protrusions 191 may be formed of
other various materials.

[0091] Each protrusion 191 includes a section having a
semicircular shape or a half oval shape. Also, the width ofthe
protrusion 191 is about 1 um to about 10 pm. Also, the width
of the protrusion 191 is more than about ¥ of the average
distance between the first substrate 110 and the second sub-
strate 210.

[0092] The first electrodes 181 and the second electrodes
182, and second protective members 180 are formed on the
protrusions 191 and the capping layer 179.

[0093] InFIG. 2, the first electrodes 181 are formed on the
protrusions 191, and the second electrodes 182 are formed
directly on the capping layer 179. The second protective
members 180 are formed on the first protective members 190.

[0094] Also, the first electrodes 181 are connected with the
first thin film transistors 101, and the second electrodes 182
are connected with the second thin film transistors 102. The
first electrodes 181 and the second electrodes 182 are formed
of a transparent conductive body such as indium tin oxide
(ITO), etc. In more detail, each first electrode 181 includes an
electrode unit 1812 formed on the protrusion 191, and a
connecting unit 1811 connecting the electrode unit 1812 and
the thin film transistor 101. Also, portions of the first electrode
181 or the second electrode 182 are overlapped with the first
storage electrode line 128 of the gate wiring to form a storage
electric capacity.

[0095] Also, the passivation layer 170 and the color filters
175 include a plurality of contact holes 171 and 172 exposing
portions of the drain electrodes 166. The first electrodes 181
and the second electrodes 182 are respectively electrically
connected with the drain electrodes 166 of the first thin film
transistors 101 and the second thin film transistors 102
through the contact holes 171 and 172. Also, the color filters
175 further includes a plurality of opening units 174 formed
on the first storage electrode lines 128.

[0096] An alignment state of the blue phase liquid crystal of
the liquid crystal layer 300 is changed depending on the
horizontal electric fields generated between the first elec-
trodes 181 and the second electrodes 182, and accordingly,
the light transmittance is adjusted.
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[0097] The second display substrate 200 includes the sec-
ond substrate 210. Like the first substrate 110, the second
substrate 210 includes glass, quartz, ceramic or the like
formed to be transparent.

[0098] Alternatively, the second substrate 210 may be
formed of plastic to reduce weight and thickness. The plastic
may exemplarily include polycarbonate, polyimide, poly-
ethersulfone (PES), polyarylate (PAR), polyethylenenaph-
thalate (PEN), polyethylene terephthalate (PET), etc.

[0099] Also, the first display substrate 100 and the second
display substrate 200 are not limited to the above configura-
tion. Alternatively, the embodiments of the present invention
may be applied to display devices including various known
configurations instead of the configuration of the display
device 901 shown in FIGS. 1 and 2.

[0100] As described above, the display device 901 accord-
ing to an exemplary embodiment of the present invention can
reduce the driving voltage, or improve the light transmittance.
In addition, the thin film transistors are protected by the first
and second protective members 180 and 190 formed along
with the protrusion 191 and the first and second pixel elec-
trodes 181 and 182.

[0101] Hereinafter, an exemplary embodiment of the
present invention will be described by referring to FIG. 7.
FIG. 7is a sectional view of a display device 902 according to
an exemplary embodiment of the present invention.

[0102] As shown in FIG. 7, the display device 902 includes
a plurality of protrusions 192 including a section having a
substantially polygonal shape. As side inclination angles of
the protrusions 192 increases, that is, sides of the protrusions
192 approach to be vertical, that is, about 90 degrees with
respect to a surface of a first substrate 110 and a second
substrate 210, horizontal electric fields can be further effi-
ciently generated between first electrodes 110 and second
electrodes 210.

[0103] Accordingly, the display device 902 according to an
exemplary embodiment of the present invention can reduce a
driving voltage, or improve transmittance of a light.

[0104] An exemplary embodiment of the present invention
will be described by referring to FIG. 8. FIG. 8 is a sectional
view of a display device 903 according to an exemplary
embodiment of the present invention.

[0105] Asshownin FIG. 8, the height of one protrusion 193
is formed to be substantially the same as an average distance
between a first substrate 110 and a second substrate 210. The
average distance between the first substrate 110 and the sec-
ond substrate 210 refers to a space between the first substrate
110 and the second substrate 210 substantially filled with a
liquid crystal.

[0106] The protrusions 193 are formed between the first
substrate 110 and the second substrate 210 as a wall type.
Also, the area of a surface of the protrusion 193 facing the
substrate 110 is larger than the area of a surface of the pro-
trusion 193 facing the second substrate 210. Also, the protru-
sion 193 may include a section having a rhombic shape.
However, the embodiments of the present invention are not
limited thereto. Alternatively, the section of the protrusion
193 may have various shapes such as an oval shape, a polygo-
nal shape including a triangular shape, etc. The sum of the
height of the protrusion 193 and the thickness of the first
electrode 181 substantially equals the average height of a
liquid crystal layer 300 filled between the first substrate 110
and the second substrate 210.

Jun. 18, 2009

[0107] Accordingly, the protrusions 193 are disposed under
afirstelectrodes 181 ora second electrodes 182, or under both
the first and second electrodes 181, 182 to help horizontal
electric fields to be further efficiently generated between the
first electrodes 181 and the second electrodes 182, and stably
maintain the distance between the first substrate 110 and the
second substrate 210.

[0108] Accordingly, the display device 903 according to an
exemplary embodiment of the present invention can reduce a
driving voltage, or improve transmittance of a light.

[0109] An exemplary embodiment of the present invention
will be described by referring to FIG. 9. FIG. 9 is a sectional
view of a display device 904 according to an exemplary
embodiment of the present invention.

[0110] As shown in FIG. 9, the display device 904 includes
a plurality of protrusions 191 disposed under first electrodes
181 or second electrodes 182. That is, the first electrodes 181
or the second electrodes 182 are formed on the protrusions
191, and the other are formed without the protrusions 191. In
FIG. 9, the first electrodes 181 are illustrated to be formed on
the protrusions 191, but the embodiments of the present
invention are not limited thereto. Alternatively, the second
electrodes 182 may be formed on the protrusions 191.
[0111] Also, the display device 904 further includes a plu-
rality of sub electrodes 183 formed on the second substrate
210 to face the first electrodes 181 or the second electrodes
182 which are not formed on the protrusions 191. In FIG. 9,
the first electrodes 181 are formed on the protrusions 191, and
the sub electrodes 183 are disposed to face the second elec-
trodes 182. The sub electrodes 183 are applied with substan-
tially the same voltage as a voltage applied to the second
electrodes 182, that is, the electrodes that the sub electrodes
183 face.

[0112] Horizontal electric fields are formed between the
first electrodes 181 which are formed on the protrusions 191
on the first substrate 110, and the second electrodes 182
which are not formed on the protrusions 191 on the first
substrate 110 and the sub electrodes 183 which are disposed
to face the second electrodes 182 on the second substrate 210.

[0113] Accordingly, the display device 904 according to an
exemplary embodiment of the present invention can reduce a
driving voltage, or improve transmittance of a light.

[0114] An exemplary embodiment of the present invention
will be described by referring to FIG. 10. FIG. 10 is a sec-
tional view of a display device 905 according to an exemplary
embodiment of the present invention.

[0115] As shown in FIG. 10, the display device 905
includes a plurality of protrusions 191 disposed under first
electrodes 181 or second electrodes 182. That is, the first
electrodes 181 or the second electrodes 182 are formed on the
protrusions 191, and the other are formed without the protru-
sions 191. In FIG. 10, the first electrodes 181 are illustrated to
be formed on the protrusions 191, but the embodiments of the
present invention are not limited thereto. Alternatively, the
second electrodes 182 may be formed on the protrusions 191.

[0116] Also, the display device 905 further includes a plu-
rality of buried electrodes 184 disposed to be insulated under
the first electrodes 181 and the second electrodes 182. The
buried electrodes 184 are applied with substantially the same
voltage as a voltage applied to the first electrodes 181 or the
second electrodes 182. The buried electrodes 184 help hori-
zontal electric fields to be efficiently generated between the
first electrodes 181 and the second electrodes 182.
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[0117] Accordingly, the display device 905 according an
exemplary embodiment of the present invention can reduce a
driving voltage, or improve transmittance of a light.

[0118] As described above, the embodiments of the present
invention provide a display device reducing a driving voltage,
and improving transmittance of a light.

[0119] Although a few exemplary embodiments of the
present invention have been shown and described, it will be
appreciated by those skilled in the art that changes may be
made in these exemplary embodiments without departing
from the principles and spirit of the invention, the scope of
which is defined in the appended claims.

What is claimed is:

1. A display device, comprising:

a first substrate;

a second substrate disposed to face the first substrate;

a liquid crystal layer disposed between the first substrate

and the second substrate;

a first electrode and a second electrode formed on the first

substrate; and

a protrusion disposed under one of the first electrode and

the second electrode,

wherein the liquid crystal layer has an isotropic state when

there is no applied electric field, and an anisotropic state
when an electric field is applied.

2. The display device of claim 1, wherein the height of the
protrusion is more than about Y of an average distance
between the first substrate and the second substrate.

3. The display device of claim 2, wherein the distance
between the first substrate and the second substrate is more
than about 4.5 pm.

4. The display device of claim 2, wherein the protrusion has
a width of approximately 1 pum to approximately 10 pm.

5. The display device of claim 3, wherein an electric field is
generated between the first electrode and the second elec-
trode, and

the electric field is a horizontal electric field which is sub-

stantially parallel with the first substrate.

6. The display device of claim 5, wherein the liquid crystal
layer comprises a cross-linked blue phase liquid crystal.

7. The display device of claim 6, wherein the liquid crystal
layer further comprises a cured polymer.

8. The display device of claim 2, wherein the first electrode
and the second electrode each have a width of about 1 um to
about 10 um.

9. The display device of claim 8, wherein the first electrode
and the second electrode are respectively disposed at a dis-
tance of approximately 3 um to approximately 6 um from
each other.

10. The display device of claim 9, wherein the first elec-
trode and the second electrode each have a slit pattern.

11. The display device of claim 10, wherein the first elec-
trode and the second electrode comprise portions that inter-
lock with each other.

12. The display device of claim 11, wherein the first and
second electrodes are each formed in a fan rib shape.
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13. The display device of claim 2, further comprising a first
thin film transistor formed on the first substrate, and con-
nected with the first electrode, and

a second thin film transistor formed on the first substrate,

and connected with the second electrode.

14. The display device of claim 13, further comprising a
plurality of gate lines formed on the first substrate,

wherein the first thin film transistor and the second thin film

transistor are connected with the same gate line.

15. The display device of claim 13, further comprising a
plurality of data lines formed on the first substrate,

wherein the first thin film transistor and the second thin film

transistor are connected with different data lines.

16. The display device of claim 2, wherein the protrusion is
formed of an organic material.

17. The display device of claim 2, wherein a cross sectional
shape of the protrusion comprises at least one of a semicir-
cular shape and a half oval shape.

18. The display device of claim 2, wherein a cross sectional
shape of the protrusion comprises at least one of a triangular
shape, a rhombus shape and other polygonal shape.

19. The display device of claim 2, wherein the height of the
protrusion is substantially the same as the distance between
the first substrate and the second substrate.

20. The display device of claim 19, wherein the area of a
surface of the protrusion which faces the first substrate is
larger than the area of a surface of the protrusion which faces
the second substrate.

21. The display device of claim 20, wherein a cross sec-
tional shape of the protrusion comprises a rhombus shape.

22. The display device of claim 1, further comprising a sub
electrode formed on the second substrate to face the first
electrode or the second electrode under which the protrusion
is not disposed.

23. The display device of claim 22, wherein the sub elec-
trode is applied with the same voltage as a voltage applied to
the first or second electrode facing the sub electrode.

24. The display device of claim 22, further comprising a
buried electrode disposed under and insulated from the first
electrode and the second electrode.

25. The display device of claim 24, wherein the buried
electrode is applied with substantially the same voltage as a
voltage which is applied to one of the first electrode and the
second electrode.

26. A display device, comprising:

a first substrate;

a second substrate disposed to face the first substrate;

a liquid crystal layer disposed between the first substrate

and the second substrate;

a first electrode and a second electrode formed on the first

substrate; and

a protrusion disposed under one of the first electrode and

the second electrode,

wherein the liquid crystal layer comprises a cross-linked

blue phase liquid crystal.

* ok % %k %



patsnap

TRAFROE) ERIEE
NIF(2E)E US20090153761A1 K (2E)R 2009-06-18
RS US12/185865 iR 2008-08-05

FRIFRE (R FRM)A(GE)  #M5LJO
FihE

YUN JAE SUNG
REER

BE(ZF R AGR) PARK HONG-JO
Ziffd
YUN SUNG-JAE
SEER

HATFRB(ERRA(E) PARK HONG-JO
FiFE

YUN SUNG-JAE
SBEER

W& B A PARK HONG JO
LEE HYEOK JIN
YUN SUNG JAE
KIM HEE SEOP

REAA PARK, HONG-JO
LEE, HYEOK-JIN
YUN, SUNG-JAE

KIM, HEE-SEOP

IPCHEE G02F1/136 GO2F1/1333

CPCH¥%(= GO02F1/133707 G02F2001/134381 G02F1/13731 G02F1/134363

iR 1020070131244 2007-12-14 KR

H 20 FF 32k US8223305

SAEBEEHE Espacenet USPTO

HE(F) i

—TETREE , 27 E-ERE-ER , RENEXNE-ER KR &t | W m
B, REEE—ERME_ERZA,FE—BMME—BR , KRESE— A i '\ i IFEHTSI\E R R R L (1
BRERBES-SRNE-LRI—THNRE  ABREXERMN |
B EEEERMRE , #EERNEGNEEEERERS. |

I

' ] ¥ 1
WM % om0 w0 "o 134!


https://share-analytics.zhihuiya.com/view/fa4f4b52-443d-4576-ba2d-b6872b7f264b
https://worldwide.espacenet.com/patent/search/family/040752729/publication/US2009153761A1?q=US2009153761A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090153761%22.PGNR.&OS=DN/20090153761&RS=DN/20090153761

