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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2007-0007763 filed on Jan. 25, 2007, the
contents of which are incorporated herein by reference in
their entirety.

BACKGROUND OF THE INVENTION

[0002] (a) Technical Field

[0003] The present disclosure relates to a liquid crystal
display, and more particularly to a liquid crystal display for
reducing an edge image retention while preventing an aper-
ture ratio from being decreased.

[0004] (b) Discussion of the Related Art

[0005] Liquid crystal displays (LCDs) are flat panel dis-
plays. LCDs include two panels on which field generating
electrodes and polarizers are disposed, and a liquid crystal
layer interposed between the panels. In the LCD, a voltage is
applied to the field generating electrodes to generate an elec-
tric field in the liquid crystal layer. Then, the alignment of
liquid crystal modules of the liquid crystal layer is determined
by the electric field to control the polarization of incident
light, thereby displaying images.

[0006] In a rubbing vertically aligned (RVA) mode LCD,
liquid crystals are vertically arranged while rubbing an align-
ment layer. In the RVA mode LCD, a contrast ratio is large and
a reference viewing angle is wide.

[0007] However, unlike a typical VA mode LCD, the RVA
mode LCD has a image retention appearing at lateral sides of
the LCD due to the rubbing operation.

[0008] Liquid crystals aligned in the rubbing direction are
re-aligned when an electric field is applied to the LCD, and
then the liquid crystals are aligned in the rubbing direction
again after the electric field is eliminated. Liquid crystals in
an area where the rubbing direction is opposite to the electric
field direction cannot be quickly aligned again to the rubbing
direction when the electric field is eliminated due to a column
spacer. This may cause a image retention. The image reten-
tion may be observed in a main viewing angle direction,
which is the rubbing direction, and may not be observed in
other directions.

[0009] The image retention appearing at the lateral sides
can be eliminated by widening a light blocking member.
However, the entire aperture ratio can be decreased as the
light blocking member becomes wider.

SUMMARY OF THE INVENTION

[0010] According to an exemplary embodiment of the
present invention, a liquid crystal display (LCD) comprises a
substrate, a light blocking member formed on the substrate,
an alignment layer formed on the substrate, and a column
spacer formed on thelight blocking member, wherein a cross-
section of the column spacer includes a first edge facing a
rubbing direction of the alignment layer and has at least one
straight line part, and a second edge forming the rest of the
cross-section excluding the first edge, and the straight line
part of the first edge and the rubbing direction of the align-
ment layer form an acute angle.

[0011] Theacute angle can be less than or equal to about 15
degrees.
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[0012] The first edge of the column spacer may include two
edges of a triangle and a vertex where the two edges of the
triangle meet, and the second edge of the column spacer
comprises an arc.

[0013] The cross-section of the column spacer can be tri-
angular shaped.
[0014] The cross-section of the column spacer can be

rhombus shaped.

[0015] The first edge of the column spacer may include two
edges of a triangle and a curved line part where the two edges
meet, and the second edge of the column spacer comprises an
arc.

[0016] According to an exemplary embodiment of the
present invention, a liquid crystal display (LCD) comprises a
first substrate, a gate line and a data line formed on the first
substrate, a thin film transistor connected with the gate line
and the data line, a pixel electrode connected with the thin
film transistor, a second substrate facing the first substrate, a
common electrode formed on the second substrate, a liquid
crystal layer interposed between the first and second sub-
strates, the liquid crystal layer including liquid crystal mol-
ecules, an alignment layer interposed between the liquid crys-
tal layer and at least one of the first substrate and the second
substrate, the alignment layer aligning the liquid crystal mol-
ecules, and a column spacer interposed between the first
substrate and the second substrate, wherein a cross-section of
the column spacer includes a first edge facing a rubbing
direction of the alignment layer and has at least one straight
line part, and a second edge including the rest of the cross-
section excluding the first edge, and the straight line part of
the first edge and the rubbing direction of the alignment layer
form an acute angle.

[0017] Theacute angle can be less than or equal to about 15
degrees.
[0018] Alightblocking member canbe formed between the

second substrate and the common electrode.

[0019] The first edge of the column spacer may include two
edges of a triangle and a vertex where the two edges of the
triangle meet, and the second edge of the column spacer
comprises an arc.

[0020] A redcolorfilter, agreen color filter, and a blue color
filter can be formed in a triangular configuration on the sec-
ond substrate, wherein the column spacer is formed at a
location contacting each of the red color filter, the green color
filter, and the blue color filter.

[0021] The first edge of the column spacer may include two
edges of a triangle and a curved line part where the two edges
meet, and the second edge of the column spacer comprises an
arc.

[0022] A redcolorfilter, agreen color filter, and a blue color
filter can be formed in a triangular configuration on the sec-
ond substrate, wherein the column spacer is formed at a
location contacting each of the red color filter, the green color
filter, and the blue color filter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Exemplary embodiments of the present invention
can be understood in more detail from the following descrip-
tions taken in conjunction with the accompanying drawings,
in which:

[0024] FIG. 1 is a layout view of a liquid crystal display
(LCD) according to an exemplary embodiment of the present
invention;
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[0025] FIG. 2is a cross-sectional view taken along the line
1I-1T of FIG. 1;
[0026] FIG. 3 is a view illustrating an alignment state of a

rubbing direction of an alignment layer in a color filter array
panel and a column spacer according to an exemplary
embodiment of the present invention;

[0027] FIG. 4 shows a column spacer according an exem-
plary embodiment of the present invention;

[0028] FIG. 5to FIG. 7 show a column spacer according to
exemplary embodiments of the present invention; and
[0029] FIG. 8 is a layout view of an LCD according to an
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0030] Exemplary embodiments of the present invention
will be described below in more detail with reference to the
accompanying drawings. The present invention may, how-
ever, be embodied in many different forms and should not be
construed as limited to the exemplary embodiments set forth
herein.

[0031] Itwill be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. A color filter array
panel for a liquid crystal display (LCD) and an LCD having
the color filter array panel according to an exemplary embodi-
ment of the present invention are described with reference to
FIG. 1 to FIG. 3.

[0032] FIG.1is alayout view of an LCD according to an
exemplary embodiment of the present invention. FIG. 2 is a
cross-sectional view taken along the line II-1I of FIG. 1. FIG.
3 is a view illustrating an alignment state of a rubbing direc-
tion of an alignment layer in a color filter array panel and a
column spacer according to an exemplary embodiment of the
present invention.

[0033] TheLCD accordingto an exemplary embodiment of
the present invention includes a thin film transistor (TFT)
array panel 100 and a color filter array panel 200 facing each
other, a liquid crystal layer 3 interposed between the TFT
array panel 100 and the color filter array panel 200, and lower
and upper polarizers 12 and 22 formed on an external surface
of the two panels 100 and 200.

[0034] A plurality of gate lines 121 and a plurality of stor-
age electrode lines 131 are formed on an insulation substrate
110. The insulation substrate 110 may comprise, for example,
transparent glass or plastic.

[0035] Each gate line 121 extends substantially in a hori-
zontal direction, and transmits a gate signal. Each gate line
121 includes a plurality of downwardly protruded gate elec-
trodes 124 and a wide end portion 129 for connecting, for
example, a different layer or an external driving circuit.

[0036] A predetermined voltage is applied to the storage
electrode lines 131. Each storage electrode line 131 includes
a trunk line extending substantially parallel to the gate lines
121, and a plurality of first and second storage electrodes
1334 and 1335 branched from the trunk line. The storage
electrodes 133a and 133b respectively include a fixed end
connected to the trunk line and a free end disposed opposite
the fixed end. The shape and arrangement of the storage
electrode lines 131 may be modified in various different
ways.
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[0037] On the gate lines 121 and the storage electrode lines
131, a gate insulating layer 140 comprising, for example,
silicon nitride (SiNx) or silicon oxide (SiOx) is formed.
[0038] On the gateinsulating layer 140, a plurality of semi-
conductor stripes 151 comprising, for example, hydrogenated
amorphous silicon (hydrogenated a-Si) or polysilicon are
formed. The semiconductor stripes 151 extend substantially
in a vertical direction and have a plurality of projections 154
protruding toward the gate electrodes 124. A plurality of
ohmic contact stripes and islands (“ohmic contacts™) 161 and
165 are formed on the semiconductor stripes 151. The ohmic
contacts 161 and 165 may comprise a material such as, for
example, n+ hydrogenated amorphous silicon that is heavily
doped with an n-type impurity such as phosphorous, or sili-
cide. Each of the ohmic contact stripes 161 has a plurality of
projections 163, and a pair of a projection 163 and an ohmic
contact island 165 is disposed on each projection 154 of the
semiconductor stripes 151.

[0039] On the ohmic contacts 161, 163, and 165 and the
gate insulating layer 140, a plurality of data lines 171 and a
plurality of drain electrodes 175 are formed.

[0040] The data lines 171 transfer data signals, and extend
substantially in a vertical direction to intersect the gate lines
121. Fach of the data lines 171 has a plurality of source
electrodes 173 extending toward the gate electrodes 124 and
a wide end portion 179 for connecting with, for example,
another layer or an external driving circuit.

[0041] The drain electrodes 175 are formed to be separated
from the data lines 171, and face the source electrodes 173
with the gate electrodes 124 interposed therebetween.
[0042] One gate electrode 124, one source electrode 173,
and one drain electrode 175 form a single TF T along with one
projection 154 of the semiconductor stripes 151. A channel of
the TFT is formed on the projection 154 between the source
electrode 173 and the drain electrode 175.

[0043] The ohmic contacts 161, 163, and 165 are formed
between the semiconductor stripes 151 and 154 positioned
under the ohmic contacts 161, 163, and 165, and the data lines
171 and drain electrodes 175 positioned on the ohmic con-
tacts 161, 163, and 165 to reduce the contact resistance ther-
ebetween. A passivation layer 180 is formed on the data lines
171, the drain electrodes 175, and exposed portions of the
semiconductor stripes 151. The passivation layer 180 can be
formed of an inorganic insulator or an organic insulator, and
may have a flat surface.

[0044] A plurality of contact holes 182 and 185 respec-
tively exposing the end portions 179 of the data lines 171 and
the drain electrodes 175 are formed in the passivation layer
180. A plurality of contact holes 181 exposing the end por-
tions 129 of the gate lines 121, a plurality of contact holes
183a partially exposing the storage electrode lines 131
located close to the fixed end of the first storage electrodes
1334, and a plurality of contact holes 1835 partially exposing
ends of the free ends of the first storage electrodes 133 are
formed in the passivation layer 180 and the gate insulating
layer 140.

[0045] A plurality of pixel electrodes 191, a plurality of
overpasses 84, and a plurality of contact assistants 81 and 82
are formed on the passivation layer 180. The pixel electrodes
191 are physically and electrically connected to the drain
electrodes 175 through the contact holes 185, and a data
voltage is applied from the drain electrodes 175 to the pixel
electrodes 191. The pixel electrodes 191 receiving the data
voltage form an electric field along with a common electrode
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270 of the color filter array panel 200 receiving the common
voltage to thereby determine the alignment of the liquid crys-
tal molecules of the liquid crystal layer 3 interposed between
the two electrodes 191 and 270.

[0046] The contact assistants 81 and 82 are respectively
connected with the end portions 129 of the gate lines 121 and
the end portions 179 of the data lines 171 through the respec-
tive contact holes 181 and 182.

[0047] The overpasses 83 cross the gate lines 121 and are
connected to the exposed portions of the storage electrodes
131 and the exposed ends of the free ends of the storage
electrodes 133a through contact holes 1834 and 18354. The
contact holes 1834 and 1835 are formed opposite each other
with respect to the gate lines 121.

[0048] The color filter array panel 200 is described with
reference to FIG. 2 and FIG. 3.

[0049] A light blocking member 220 is formed on an insu-
lation substrate 210 comprising, for example, transparent
glass or plastic. The light blocking member 220 can be, for
example, a black matrix.

[0050] Thelight blocking member 220 faces the pixel elec-
trodes 191 and has a plurality of openings 225 having sub-
stantially the same shape as the pixel electrodes 191. The light
blocking member 220 prevents light leakage between the
pixel electrodes 191. The light blocking member 220 may
have portions corresponding to the gate lines 121 and the data
lines 171, and portions corresponding to the TFTs.

[0051] A plurality of color filters 230 are formed on the
substrate 210.
[0052] Anovercoat250is formed on the color filter 230 and

the light blocking member 220. The overcoat 250 may com-
prise an organic insulating member. The overcoat 250 pre-
vents the color filters 230 from being exposed to the outside,
and provides a flat surface. The overcoat 250 may be omitted
according to an exemplary embodiment of the present inven-
tion.

[0053] A common electrode 270 is formed on the overcoat
250.
[0054] A column spacer 320 for maintaining a constant gap

between the two panels 100 and 200 is formed on the common
electrode 270. The column spacer 320 is formed on a portion
which is not used to display an image because an opaque thin
film is formed on the portion. A cross-sectional area of the
column spacer 320 becomes gradually decreased toward the
TFT array panel 100 from the color filter array panel 200.
However, the cross-sectional area of the column spacer 320
may be constant according to an exemplary embodiment of
the present invention. The column spacer 320 may be formed
on the pixel electrode 191 of the TFT array panel 100. The
cross-section of the column spacer 320 can be configured to
prevent occurrence of a image retention.

[0055] Lower and upper alignment layers 11 and 21 are
coated on an inner surface of the display panels 100 and 200,
and are rubbed. In FIG. 1 to FIG. 3, an arrow RD1 shows a
rubbing direction of the upper alignment layer 21, and an
arrow RD2 shows a rubbing direction of the lower alignment
layer 11. The rubbing directions RD1 and RD2 of the upper
and lower alignment layers 21 and 11 are opposite to each
other, for example, as shown in FIG. 2. In an exemplary
embodiment, the image retention is observed in the rubbing
direction RD1 of the upper alignment layer 21 formed on the
color filter array panel 200. This direction (RD1) is referred to
as a main viewing angle direction.

[0056] The liquid crystal molecules 310 of the liquid crys-
tal layer 3 are vertically aligned with respect to the two panels
100 and 200 when there is no electric field generated. The
liquid crystal molecules 310 are sloped with a pre-tilt angle in
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the rubbing directions RD1 and RD2 at portions where the
liquid crystal molecules 310 contact the upper and lower
alignment layers 21 and 11, and the liquid crystal molecules
310 in the center portion of the liquid crystal layer 3 are
vertically aligned with respect to the two panels 100 and 200.
When the electric field is applied, the liquid crystal molecules
310 lean to the rubbing directions RD1 and RD2. According
to an exemplary embodiment of the present invention, since
the slope directions of the liquid crystal molecules 310 are
controlled when the electric field is applied, a moving speed
of the liquid crystal molecules 310 is fast and a viewing angle
is wide. However, the liquid crystal molecules 310 near the
column spacer 320 are prevented from leaning in the rubbing
directions RD1 and RD2.

[0057] According to an exemplary embodiment of the
present invention, the cross-section of the column spacer 320
may be formed in a combined shape of a triangle and an
ellipse to reduce an area A where the liquid crystal molecules
310 cannot lean in the rubbing directions RD1 as shown in
FIG. 1 to FIG. 3. That is, a cross-section of a column spacer
320 facing the rubbing direction RD comprises two edges of
a triangle and a vertex of the two edges, and a cross-section
that does not face the rubbing direction RD comprises an arc
of an ellipse. Hereinafter, the edge of the cross-section facing
the rubbing direction RD is referred to as a “counter edge”,
and the edge of the cross-section that does not face the rub-
bing direction RD is referred to as a “non-counter edge”.
[0058] In an exemplary embodiment, the two edges of the
triangle, forming the counter edge of the column spacer 320,
and the rubbing direction RD respectively form acute angles
0, and ©,, wherein both angles ®, and 8, are less than about
15°. This is to prevent the column spacer 320, which faces the
liquid crystal molecules 310, from preventing the liquid crys-
tal molecules 310 from leaning in the rubbing direction RD
because the orientation of the liquid crystal molecules 310 is
disheveled when the acute angles ®, and ©, formed by the
counter edge and the rubbing direction are greater than about
15°.

[0059] Thenon-counter edge of the column spacer 320 may
be formed in various shapes. In an exemplary embodiment,
the non-counter edge of the column spacer 320 comprises an
ellipse to reduce a portion standing against the rubbing direc-
tion RD and to prevent a cross-sectional area of the column
spacer 320 from being reduced.

[0060] The shape of the column spacer 320 can be formed
such as, forexample, a triangle or arhombus as shown in FIG.
5 and FIG. 6. An area of the column spacer 320 standing
against the rubbing direction RD is reduced and the cross-
sectional area of the column spacer 320 can be maintained. In
an exemplary embodiment, as shown in FIG. 7, the vertex of
the counter edge can be rounded, that is, the counter edge can
be formed by two edges of the triangle and a curved line part
where the two edges meet. In this exemplary embodiment, the
vertex part of the column spacer 320 can be prevented from
being damaged due to pressure.

[0061] In an exemplary embodiment, when the column
spacer 320 is formed in a location where two edges of a
triangle, forming the counter edge, are inclined at less than
about 15 degrees with respect to the rubbing direction RD1,
liquid crystals can lean in the rubbing direction RD1, thereby
reducing the region A where a image retention occurs.
[0062] Thepolarizers 12 and 22 are formed on the external
surface of the panels 100 and 200. In an exemplary embodi-
ment, polarization axes of the two polarizers 12 and 22
orthogonally cross one another and one of the two polariza-
tion axes is parallel to the gate lines 121. In an exemplary
embodiment, acute angles formed by the polarization axes of
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the two polarizers 12 and 22 and the rubbing directions RD1
and RD2 of the two alignment layers 11 and 21 are about 45°.
When the LCD is provided as a reflective LCD, one of the two
polarizers 12 and 22 can be omitted.
[0063] The.CD accordingto an exemplary embodiment of
the present invention may further include a phase retardation
film (not shown) for compensating for the delay of the liquid
crystal layer 3. The LCD may include a backlight unit (not
shown) for supplying light to the polarizers 12 and 22, the
phaseretardation film, the display panels 100 and 200, and the
liquid crystal layer 3.
[0064] FIG. 8 is a layout view of an LCD according to an
exemplary embodiment of the present invention.
[0065] As shown in FIG. 8, pixels in neighboring pixel
columns can be alternately disposed in the LCD according to
an exemplary embodiment. That is, a green pixel G of a
second pixel column is disposed between a blue pixel B and
ared pixel R ofa first pixel column, and a blue pixel B of the
first pixel column is disposed between a red pixel R and a
green pixel G of the second pixel column. In this exemplary
embodiment, a red pixel R, a green pixel G, and a blue pixel
B, aligned forming a triangular shape in two adjacent pixel
arrays, are used as a unit for one dot.
[0066] In a pixel alignment according to an exemplary
embodiment, the column spacer 320 is disposed on a location
contacting all of the red pixel R, the greed pixel G, and the
blue pixel B aligned in the triangular shape and used as the
unit for one dot. The location where the column spacer 320 is
formed is an area which is not used for displaying an image
and which allows a high degree of freedom in disposing the
column spacer 320.
[0067] To reduce a portion of the column spacer 320 facing
the liquid crystal molecules, two edges of a triangle, forming
the counter edge of the column spacer 320, are disposed to
make angles that are less than about 15 degrees with respect
to the rubbing direction RD.
[0068] According to an exemplary embodiment of the
present invention, occurrence of a image retention appearing
at lateral sides of the LCD can be reduced by reducing a
portion of a column spacer of the LCD facing the rubbing
direction.
[0069] Although exemplary embodiments of the present
invention have been described herein with reference to the
accompanying drawings, it is to be understood that the
present invention should not be limited to those precise
embodiments and that various other changes and modifica-
tions may be made by one of ordinary skill in the related art
without departing from the scope or spirit of the invention. All
such changes and modifications are intended to be included
within the scope of the invention as defined by the appended
claims.
What is claimed is:
1. A liquid crystal display (LCD) comprising:
a substrate;
a light blocking member formed on the substrate;
an alignment layer formed on the substrate; and
a column spacer formed on the light blocking member,
wherein a cross-section of the column spacer includes a
first edge facing a rubbing direction of the alignment
layer and has at least one straight line part, and a second
edge forming the rest of the cross-section excluding the
first edge, and the straight line part of the first edge and
the rubbing direction of the alignment layer form an
acute angle.
2. The LCD of claim 1, wherein the acute angle is less than
or equal to about 15 degrees.
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3. The LCD of claim 1, wherein the first edge of the column
spacer includes two edges of a triangle and a vertex where the
two edges of the triangle meet, and the second edge of the
column spacer comprises an arc.

4. The LCD of claim 1, wherein the cross-section of the
column spacer is triangular shaped.

5. The LCD of claim 1, wherein the cross-section of the
column spacer is thombus shaped.

6. The LCD of claim 1, wherein the first edge of the column
spacer includes two edges of a triangle and a curved line part
where the two edges meet, and the second edge of the column
spacer comprises an arc.

7. A liquid crystal display (LCD) comprising:

a first substrate;

a gate line and a data line formed on the first substrate;

a thin film transistor connected with the gate line and the

data line;

a pixel electrode connected with the thin film transistor;
a second substrate facing the first substrate;
a common electrode formed on the second substrate;

a liquid crystal layer interposed between the first and sec-
ond substrates, the liquid crystal layer including liquid
crystal molecules;

an alignment layer interposed between the liquid crystal
layer and at least one of the first substrate and the second
substrate, the alignment layer aligning the liquid crystal
molecules; and

a column spacer interposed between the first substrate and
the second substrate,

wherein a cross-section of the column spacer includes a
first edge facing a rubbing direction of the alignment
layer and has at least one straight line part, and a second
edge including the rest of the cross-section excluding the
first edge, and the straight line part of the first edge and
the rubbing direction of the alignment layer form an
acute angle.

8. The LCD of claim 7, wherein the acute angle is less than
or equal to about 15 degrees.

9. The LCD of claim 7, further comprising a light blocking
member formed between the second substrate and the com-
mon electrode.

10. The LCD of claim 7, wherein the first edge of the
column spacer includes two edges of a triangle and a vertex
where the two edges of the triangle meet, and the second edge
of the column spacer comprises an arc.

11. The LCD of claim 10, further comprising a red color
filter, a green color filter, and a blue color filter formed in a
triangular configuration on the second substrate,

wherein the column spacer is formed at a location contact-

ing each of the red color filter, the green color filter, and
the blue color filter.

12. The LCD of claim 7, wherein the first edge of the
column spacer includes two edges of a triangle and a curved
line part where the two edges meet, and the second edge of the
column spacer comprises an arc.

13. The LCD of claim 12, further comprising a red color
filter, a green color filter, and a blue color filter formed in a
triangular configuration on the second substrate, wherein the
column spacer is formed at a location contacting each of the
red color filter, the green color filter, and the blue color filter.
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