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7) ABSTRACT

Disclosed is an IP-FFS mode LCD realizing high screen
quality by preventing a lowering of transmittance. The
IP-FES mode LCD comprises: a transparent insulating sub-
strate; a plurality of gate bus lines and data bus lines
cross-arranged on the substrate; a plurality of common bus
lines arranged to be parallel with the gate bus line; a thin film
transistor arranged at the intersection of the gate bus line and
the data bus line; a counter electrode arranged in each unit
pixel, including a first body arranged on the edge of one side
of unit pixel to be parallel with the data bus line and a
plurality of first branches, the end of one side being in
contact with the first body, wherein the first branches have
a predetermined angle symmetric with respect to the com-
mon bus line; and a pixel electrode arranged in each unit
pixel, including a second body arranged on the lower part of
the other end of the first branch on the other edge of the unit
pixel, being parallel with the data bus line and a plurality of
second branches, the other end being in contact with the
second body and the one end being extended to the upper
part of the first branch, wherein the second branches are
arranged on the same layer with the first branches, forming
parallel between the first branches.
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IN PLANE FRINGE FIELD SWITCHING MODE
LCD REALIZING HIGH SCREEN QUALITY

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a Liquid Crystal
Display (hereinafter, referred to as LCD) and, more particu-
larly, to an In Plane Fringe Field Switching Mode LCD
wherein a counter electrode and a pixel electrode are formed
on the same layer.

[0003] 2. Description of the Prior Art

[0004] InTN (Twisted Nematic) mode LCD, liquid crystal
molecules are twisted in 90° by the voltage applied to a
counter electrode on an upper substrate and a pixel electrode
on a lower substrate, thereby realizing display. The TN mode
LCD has advantages that it is easy to drive and the fabri-
cation process is simple. However, it also has disadvantages
that viewing angle is narrow and response time is slow,
thereby there are limitations in its application.

[0005] Therefore, In Plane Switching (hereinafter, referred
to as IPS) mode LCD has been proposed to solve the
problem of the TN mode. The IPS mode LCD has advan-
tages of wide viewing angle and rapid response time,
however, it has disadvantages of low aperture ratio and
transmittance due to the fact that counter and pixel elec-
trodes are made of opaque metals.

[0006] In order to overcome low aperture ratio and trans-
mittance of the IPS mode LCD, a Fringe Field Switching
(hereinafter, referred to as FFS) mode LCD has been pro-
posed by the present applicant. In the FFS mode LCD, the
counter electrode and the pixel electrode are made of trans-
parent metals, for example, ITO and the distance between
the counter electrode and the pixel electrode is narrower
than a cell gap, thereby realizing high brightness and wide
viewing angle.

[0007] And, the present applicant also has proposed an In
Plane Fringe-Field Switching (hereinafter, referred to as
IP-FFS) mode LCD realizing high screen quality by arrang-
ing the counter and pixel electrodes on the same layer.

[0008] FIG. 1 is a plan view showing the electrode
structure of conventional IP-FFS mode LCD.

[0009] Referring to FIG. 1, a gate bus line 12 and a data
bus line 16 are cross-arranged. A thin film transistor 17 is
arranged at the intersection of the gate bus line 12 and the
data bus line 16, as a switch. A common bus line 14 is
arranged on the center of unit pixel defined by the gate bus
line 12 and the data bus line 16, being parallel with the gate
bus line 12.

[0010] A counter electrode 18 and a pixel electrode 19 are
formed on the same layer by ITO patterning, respectively
including bodies 184, 194 and a plurality of branches 18b,
19bh, 19c. The branches of counter electrode and pixel
electrode 18b, 19b are alternately arranged, having a pre-
determined angle symmetric with respect to the common bus
line 14. The counter electrode 18 is in contact with the
common bus line 14. The pixel electrode 19 is in contact
with the thin film transistor 17, further including a center
branch 19¢ on the upper part of common bus line 14, being

1. Field of the Invention
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parallel with the common bus line. The center branch 19¢ is
formed in order to form storage capacitance.

[0011] Inthe IP-FFS mode LCD, the counter electrode and
the pixel electrode are arranged on the same layer by ITO
patterning, thereby having advantages in afterimages and
cost reduction, compared with FFS mode LCD wherein the
counter electrode has a plate structure and the pixel elec-
trode has a slit structure, arranged on the different layers.
And, in the IP-FFS mode LCD, the counter electrode and the
pixel electrode are arranged in the unit pixel to form two
domains, thereby preventing color shift generation.

[0012] As a result, the IP-FFS mode LCD has advantages
in afterimages and cost reduction, compared with the FES
mode LCD, thereby realizing high screen quality.

[0013] However, in the IP-FFS mode LCD, a short may be
generated between the counter electrode and the pixel elec-
trode since they are formed on the same layer. In order to
prevent the short generation, branches of counter electrode
and pixel electrode are arranged with a distance of over 3
um. The body of counter electrode also maintains the same
distance with the branch end of pixel electrode and the body
of pixel electrode maintains the same distance, over 3 um,
with the branch end of counter electrode.

[0014] When the body of counter electrode and the branch
end of pixel electrode, and the body of pixel electrode and
the branch end of counter electrode are arranged with a good
distance, electric fields are formed between each body and
branch end. The direction of electric field corresponds to
initial arrangement of rubbed liquid crystal molecules.
Therefore, liquid crystal molecules are not twisted in the
regions between the body of each electrode and the branch
end thereof, thereby lowering transmittance of the IP-FES
mode LCD.

SUMMARY OF THE INVENTION

[0015] Therefore, an object of the present invention is to
provide an IP-FFS mode LCD capable of realizing high
screen quality by preventing lowering of transmittance.

[0016] Inorderto accomplish the above-mentioned object,
the present IP-FFS mode LCD comprises: a transparent
insulating substrate; a plurality of gate bus lines and data bus
lines cross-arranged on the substrate to define a unit pixel;
a plurality of common bus lines arranged on the center of
unit pixels to be parallel with the gate bus line; a thin film
transistor arranged at the intersection of the gate bus line and
the data bus line; a counter electrode arranged in each unit
pixel, including a first body arranged to be parallel with the
data bus line on the edge of one side of the unit pixel and a
plurality of first branches, the end of one side being in
contact with the first body wherein the first branches are
made of ITO and arranged having a predetermined angle
symmetric with respect to the common bus line; and a pixel
electrode arranged in each pixel to be in contact with the thin
film transistor, including a second body arranged to be
parallel with the data bus line on the lower part of the other
end of the first branch and a plurality of second branches, the
end thereof being in contact with the second body and the
other end is extended to the upper part of first branch
wherein the second branches are made of ITO and arranged
on the same layer of the first branches, to be parallel with
each other between the first branches.
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[0017] And, the IP-FFS mode LCD of the present embodi-
ment further comprises a gate insulating layer interposed
between the gate bus line and the data bus line and a
protective layer between the data bus line and first and
second branches of counter and pixel electrodes.

[0018] According to the present embodiment, the first
body of counter electrode is formed in a built-in type with
the common bus line and the second body of the pixel
electrode is arranged on the same layer with the data bus
line. And, the first branch of counter electrode is in contact
with the first body by a first contact hole passing through the
protective layer and the gate insulating layer, and the second
branch of pixel electrode is in contact with the second body
by a second contact hole passing through the protective
layer. Moreover, the pixel electrode further comprises a
center branch arranged on the upper part of common bus line
to form storage capacitance.

[0019] According to another embodiment of the present
invention, the IP-FFS mode LCD includes a transparent
insulating substrate; a plurality of gate bus lines and data bus
lines cross-arranged on the substrate to define a unit pixel;
a plurality of common bus lines arranged on the central part
of unit pixels to be parallel with the gate bus line, having a
storage capacitance electrode arranged adjacent to the data
bus line in unit pixel and parallel therewith; a thin film
transistor arranged at the intersection of the gate bus line and
the data bus line; a counter electrode arranged in each unit
pixel, including a first body arranged on one edge of unit
pixel to be parallel with the data bus line and a plurality of
first branches, the end of one side being in contact with the
first body and the end of other side being separated from the
storage capacitance electrode, wherein the first branches are
made of ITO and arranged having a predetermined angle
symmetric with respect to the common bus line; and a pixel
electrode arranged in each unit pixel to be in contact with the
thin film transistor, including a second body arranged on the
edge of other side of unit pixel to be parallel with the data
bus line and overlap with the storage capacitance electrode
and a plurality of second branches extended from the second
body to the upper part of first body, wherein the second
branches are made of ITO and arranged on the same layer
with the first branches, forming parallel between the first
branches.

[0020] And, the IP-FFS mode LCD of the present embodi-
ment further comprises a gate insulating layer interposed
between the gate bus line and the data bus line and a
protective layer between the data bus line and the first and
the second branches of counter and pixel electrodes.

[0021] According to the present embodiment, the first
body of counter electrode is formed in built-in type with the
common bus line and second body of pixel electrode is
formed in built-in type with the second branch through ITO
patterning. And, the first branch of counter electrode is in
contact with the first body by a contact hole passing through
the protective layer and the gate insulating layer. Moreover,
the pixel electrode further comprises a center branch
arranged on the upper part of common bus line to form
storage capacitance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The objects and features of the invention may be
understood with reference to the following detailed descrip-
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tion of an illustrative embodiment of the invention, taken
together with the accompanying drawings.

[0023] FIG. 1 is a plan view showing an electrode struc-
ture of conventional IP-FFS mode LCD.

[0024] FIG. 2 is a plan view showing an IP-FFS mode
LCD according to an embodiment of the present invention.

[0025] FIG. 3 is a plan view showing an IP-FFS mode
LCD according to another embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] Referring to FIG. 2, a plurality of gate bus lines 22
and data bus lines 26 are cross-arranged on a transparent
insulating substrate, desirably, on a glass substrate (not
illustrated) . A gate insulating layer (not illustrated) is
interposed between the gate bus line 22 and the data bus line
26. Acommon bus line 24 is arranged on a center part of unit
pixel defined by the gate bus line 22 and the data bus line 26,
being parallel with the gate bus line 22. A thin film transistor
27 is arranged at the intersection of the gate bus line 22 and
the data bus line 26, as a switching device. A counter
electrode 28 and a pixel electrode 29 are arranged in each
unit pixel, respectively including bodies 28a, 292 and a
plurality of branches 28b, 29b, 29c. A protective layer (not
illustrated) is interposed between the data bus line 26 and the
branches 28b, 29b, 29¢ of counter electrode 28 and pixel
electrode 29.

[0027] The body of counter electrode is arranged on the
edge of one side of unit pixel to be parallel with the data bus
line 26. The body 28a of counter electrode is formed at the
same time with the gate bus line 22 and the common bus line
24, in a built-in type with the common bus line 24. The
branches 28b of counter electrode are formed on the pro-
tective layer through ITO patterning and arranged having a
predetermined angle symmetric with respect to the common
bus line 24. In the branches 28b of counter electrode, the end
of one side is in contact with the body 284 and the end of the
other side is arranged on the upper part of body 294 of pixel
electrode. The body 28a and the branch 286 of counter
electrode maintain a contact C1 by a first contact hole (not
illustrated) passing through the protective layer and the gate
insulating layer.

[0028] The body 29« of pixel electrode is arranged on the
edge of the other side of unit pixel to be parallel with the data
bus line 26. The body 294 of the pixel electrode is formed
on the gate insulating layer at the same time with the data
bus line 26. The branches 29b, 29¢ of pixel electrode are
formed on the same layer with the branches 28b of the
counter electrode, that is, on the protective layer, through
ITO patterning and arranged between branches 28b of
adjacent counter electrode to be parallel therewith.

[0029] The pixel electrode 29 further includes a center
branch 29¢ arranged on the upper part of common bus line
24, being parallel therewith, to form storage capacitance.
The body 29a and the branches 29b, 29¢ of the pixel
electrode maintain contact C2 by a second contact hole (not
illustrated) passing through the protective layer.

[0030] The bodies 28a, 294 of the counter and the pixel
electrodes are formed to have a predetermined width, desir-
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ably, 6 um. The branches 28b, 29b, 29¢ of the counter and
pixel electrodes also have a predetermined width, desirably,
less than 8 um and the center branch 29¢ of pixel electrode
has a width of approximately 8 um to have storage capaci-
tance. The branches 28b, 295 of counter and pixel electrodes
are arranged with a distance of less than 10 um, more
desirably, 3~10 um.

[0031] Although it is not shown in the drawings, a lower
substrate having the above structure are combined with an
upper substrate having a color filter, with a liquid crystal
layer interposed, thereby completing IP-FFS mode LCD.
The horizontal alignment layers are attached to inner sides
of each substrate and polarizing plates are attached to outer
sides thereof.

[0032] According to the present invention, the body of
counter electrode is arranged on the substrate having a
common bus line and the body of pixel electrode is arranged
on a gate insulating layer having a data bus line. Therefore,
it is possible to extend the branches of counter and pixel
electrodes arranged on the protective layer to the upper part
of bodies of pixel and counter electrodes, respectively.

[0033] As aresult, in the IP-FFS mode LCD of the present
invention, the initial arrangement of rubbed liquid crystal
molecules has a predetermined angle with the direction of
electric field in the regions between the body of counter
electrode and the branch end of pixel electrode and between
the body of pixel electrode and branch end of counter
electrode. Therefore, liquid crystal molecules are twisted by
electric field in the regions, thereby realizing high screen
quality without lowering of transmittance.

[0034] FIG. 3 is a plan view showing IP-FES mode LCD
according to another embodiment of the present invention.
The clements have the same structures with those in the
above-mentioned embodiment. The following explanation is
focused on the points different from the above embodiment.

[0035] The present embodiment is similar to the former
one in that a counter electrode 38 is formed in a built-in type
with a common bus line 34, branches 38a are formed on a
protective layer through ITO patterning, and the body 38a
and the branches 385 maintain contact C1 by a contact hole
passing through the protective layer and the gate insulating
layer.

[0036] The pixel electrode 39 comprises a body 39a and
branches 39b, 39¢, being in contact with a thin film transistor
37. However, the body and the branches 39a, 395, 39¢ are
formed on the protective layer in a built-in type through [TO
patterning.

[0037] And, a storage capacitance electrode 35 is addi-
tionally formed on the lower part of body 39a of pixel
electrode to form storage capacitance, being parallel with the
data bus line 36. The storage capacitance electrode 35 is
formed at the same time with the gate bus line 32 and the
common bus line 34, overlapping with the body 39« of pixel
electrode with the gate insulating layer and the protective
layer interposed, thereby forming additional storage capaci-
tance.

[0038] According to the present embodiment, the IP-FFS
mode LCD has increased storage capacitance, compared
with the former embodiments. Therefore, the transmittance
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is slightly decreased, however, it is possible to prevent
lowering of screen quality by the storage capacitance.

[0039] That is, the IP-FFS mode LCD has a very small
amount of storage capacitance, compared with that in FES
mode LCD. This is because the IP-FFS mode LCD can
obtain storage capacitance only by overlap of common bus
line and center branch of pixel electrode. On the other hand,
the FFS mode LCD can obtain storage capacitance by
overlap of counter electrode having plate structure and pixel
electrode having slit structure. The storage capacitance is
essential element to accomplish improvement of screen
quality, thereby causing lowering of screen quality when the
storage capacitance is decreased below a predetermined
level.

[0040] In the IP-FFS mode LCD of the above embodi-
ment, storage capacitance is formed between the common
bus line and center branch of pixel electrode, and addition-
ally, it is also formed between the storage capacitance
electrode and the body of pixel electrode, thereby it is
possible to obtain storage capacitance to a desired level.
Therefore, the liquid crystal molecules are not twisted in the
region between the body of pixel electrode and the branch
end of counter electrode, thereby lowering the transmittance,
compared with the former embodiments. However, it is
possible to prevent lowering of screen quality due to storage
capacitance.

[0041] As described above, the present invention can
improve transmittance and thereby, accomplish high screen
quality LCD since the counter electrode and the pixel
electrode respectively comprise bodies and branches and
each branch end is extended to the upper part of the other
body. And, it has an advantage in obtaining storage capaci-
tance by additionally forming storage capacitance electrode.

[0042] Although the preferred embodiments of the inven-
tion have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

What is claimed is
1. An IP-FFS mode L.CD comprising:

a transparent insulating substrate;,

a plurality of gate bus lines and data bus lines cross-
arranged on the substrate, to define a unit pixel;

a plurality of common bus lines arranged on the center
part of unit pixels, being parallel with the gate bus line;

a thin film transistor arranged at the intersection of the
gate bus line and the data bus line;

a counter electrode arranged in each unit pixel, including
a first body arranged on the edge of one side of unit
pixel to be parallel with the data bus line and a plurality
of first branches, the end of one side being in contact
with the first body, wherein the first branches are made
of ITO and arranged having a predetermined angle
symmetric with respect to the common bus line; and

a pixel electrode arranged in each unit pixel to be in
contact with the thin film transistor, including a second
body arranged on the lower part of the other end of the
first branch on the other edge of the unit pixel, being
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parallel with the data bus line and a plurality of second
branches, the other end being in contact with the second
body and the one end being extended to the upper part
of the first branch, wherein the second branches are
made of ITO and arranged on the same layer with the
first branches, forming parallel between the first
branches.

2. The IP-FFS mode LCD according to claim 1, further
comprising a gate insulating layer interposed between the
gate bus line and the data bus line and a protective layer
between the data bus line and first and second branches of
the counter and pixel electrodes.

3. The IP-FFS mode LCD according to claim 1, wherein
the first body of the counter electrode is formed in a built-in
type with the common bus line.

4. The IP-FFS mode LCD according to claim 1, wherein
the second body of the pixel electrode is arranged on the
same layer with the data bus line.

5. The IP-FFS mode LCD according to claim 2, wherein
the first branch of the counter electrode is in contact with the
first body by a first contact hole passing through the pro-
tective layer and the gate insulating layer.

6. The IP-FFS mode L.CD according to claim 2, wherein
the second branch of the pixel electrode is in contact with the
second body by a second contact hole passing through the
protective layer.

7. The IP-FFS mode LCD according to claim 1, wherein
the pixel electrode further comprises a center branch
arranged on the upper part of the common bus line to form
storage capacitance.

8. An IP-FFS mode L.CD comprising:

a transparent insulating layer;

a plurality of gate bus lines and data bus lines cross-
arranged on the substrate, to define a unit pixel;

a plurality of common bus lines arranged on the center
part of unit pixels, being parallel with the gate bus line
and having a storage capacitance electrode arranged in
the unit pixel, adjacent to the data bus line and parallel
therewith;

a thin film transistor arranged at the intersection of the
gate bus line and the data bus line;
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a counter electrode arranged in the unit pixel, including a
first body arranged on the edge of one side of the unit
pixel to be parallel with the data bus line and a plurality
of first branches, the end of one side being in contact
with the first body and the end of the other side being
separated from the storage capacitance -electrode,
wherein the first branches are made of ITO, having a
predetermined angle symmetric with respect to the
common bus line; and

a pixel electrode arranged in each unit pixel to be in
contact with the thin film transistor, including a second
body arranged on the edge of the other side of unit pixel
to be parallel with the data bus line and overlap with the
storage capacitance electrode and a plurality of second
branches extended from the second body to the upper
part of the first body, wherein the second branches are
made of ITO and arranged on the same layer with the
first branches, forming parallel between the first
branches.

9. The IP-FFS mode LCD according to claim 8, further
comprising a gate insulating layer interposed between the
gate bus line and the data bus line and a protective layer
between the data bus line and the first and the second
branches of counter and pixel electrodes.

10. The IP-FFS mode LCD according to claim 8, wherein
the first body of counter electrode is formed in a built-in type
with the common bus line.

11. The IP-FFS mode LCD according to claim 8, wherein
the second body of pixel electrode is formed in a built-in
type with the second branches through ITO patterning.

12. The IP-FFS mode LCD according to claim 9, wherein
the first branch of counter electrode is in contact with the
first body by a contact hole passing through the protective
layer and the gate insulating layer.

13. The IP-FFS mode L.CD according to claim 8, wherein
the pixel electrode further comprises a center branch
arranged on the upper part of the common bus line to form
storage capacitance.
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