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7) ABSTRACT

The present invention comprises an upper substrate; a data
bus line and a storage capacitance bus line on a lower
substrate; a gate bus line at the position of bisecting the unit
pixel; a thin film transistor on the gate bus line; a counter
electrode; and a pixel electrode. The pixel electrode com-
prises a frame shaped body unit formed on the edge in
counter electrode and a plurality of slant slits arranged with
a regular distance to divide the body unit into several parts,
forming a predetermined angle with the gate bus line. The
angle of slant slits in the pixel electrode is symmetric with
respect to the gate bus line. The storage capacitance bus line
is partially overlapped with both the upper edge of pixel
electrode in one unit pixel and the lower edge of pixel
electrode in the closest unit pixel. According to the present
invention, the black matrix area is reduced by eliminating or
minimizing the light leakage through modifying the pixel
structure, thereby improving the aperture ration and trans-
mittance.
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 6
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FRINGE FIELD SWITCHING LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD FOR
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a fringe field
switching liquid crystal display device and a method for
manufacturing the same and, more particularly, to a fringe
field switching liquid crystal display device having
improved aperture ratio and transmittance and a method for
manufacturing the same.

[0003] 2. Description of the Prior Art

[0004] A fringe field switching liquid crystal display
device has been proposed to improve low aperture ratio and
transmittance of In-Plane switching liquid crystal display
device. In the fringe field switching liquid crystal display
device, a counter electrode and a pixel electrode are formed
of transparent conductor, and the distance is narrower than
that of upper and lower substrates, thereby forming a fringe
field between the electrodes.

[0005] The fringe filed switching liquid crystal display
device has high aperture ratio and transmittance since most
of molecules are operated in a pixel region. However, when
an electric field is formed between the counter and the pixel
electrodes, liquid crystal molecules with refractive anisot-
ropy are operated to a predetermined direction at the same
time. Therefore, it can cause color shift problem that a
predetermined color is expressed according to viewing
angle. The fringe field switching liquid crystal display
device having the following structure has been proposed to
solve the above problems.

[0006] Referring to FIG. 1, a conventional fringe field
switching liquid crystal display device has a structure that a
storage capacitance bus line 108 is arranged at the position
of bisecting a unit pixel defined by a gate bus line 100 and
a data bus line 102. A thin film transistor 104 as a switching
device is arranged at the intersection of the gate bus line 100
and the data bus line 102, and in the unit pixel, a counter
electrode (not shown) is arranged to be overlapped with a
pixel electrode 106.

[0007] The pixel electrode 106 is in contact with a source
electrode in the thin film transistor 104 through a via hole
105, comprising a body unit formed in a frame shape and
slant slits arranged with a regular distance to divide the body
unit into several parts, forming a predetermined angle with
the gate bus line 100. The slant slits are arranged symmetric
with respect to the storage capacitance bus line 108. There-
fore, the fringe field is also formed symmetric with respect
to the storage capacitance bus line 108.

[0008] And, liquid crystal molecules are arranged sym-
metric with respect to the storage capacitance bus line 108,
thereby the major axis and the minor axis of liquid crystal
molecules are to be seen in any direction of screen. As a
result, it is possible to compensate refractive anisotropy of
liquid crystal molecule and prevent color shift.

[0009] However, the conventional fringe field switching
liquid crystal display has a disadvantage that when a cross
talk pattern signal is applied to panel, an electric field is
formed on the region 112 between the edge of pixel elec-
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trode 106 and counter electrode (not shown) and the gate bus
line 100 and data bus line 102, thereby generating undesir-
able light leakage.

[0010] In order to prevent this light leakage, as shown in
FIG. 1, a method has been proposed that a large black
matrix 110 is formed in a pixel region considering coupling
margin and viewing angle. However, aperture ratio and
brightness are lowered by the large black matrix.

[0011] Considering power consumption, it is required to
improve aperture ratio, thereby increasing brightness in a
BRIGHT state. However, the conventional art has a limita-
tion in remarkably reducing the black matrix on upper
substrate to improve aperture ratio of panel.

SUMMARY OF THE INVENTION

[0012] Therefore, the present invention has been made to
solve the problems and an object of the present invention is
to provide a fringe field switching liquid crystal display
device having improved aperture ratio and transmittance and
a method for manufacturing the same, wherein the pixel
structure is modified to prevent light leakage and reduce or
eliminate black matrix, having more slits by enlarging the
size of pixel electrode.

[0013] In order to accomplish the object, the present
invention comprises: an upper substrate; a data bus line and
a storage capacitance bus line arranged on a lower substrate
opposing to the upper substrate to define a unit pixel; a gate
bus line arranged at the position of bisecting the unit pixel
and to be parallel with the storage capacitance bus line; a
thin film transistor arranged on the gate bus line; a counter
electrode arranged in the unit pixel; and a pixel electrode
overlapped with the counter electrode to form a fringe field
and electrically contacted with the thin film transistor
through a via hole, wherein the pixel electrode comprises a
frame shaped body unit on the edge in the counter electrode
and a plurality of slant slits arranged with a regular distance
to divide the body unit into several parts, forming a prede-
termined angle with the gate bus line, and the angle of the
slant slits in pixel electrode is symmetric with respect to the
gate bus line, and the storage capacitance bus line is over-
lapped with both the upper edge of pixel electrode in one
unit pixel and the lower edge of pixel electrode in the closest
unit pixel.

[0014] The method for manufacturing a fringe field
switching liquid crystal display according to the present
invention comprises the steps of: forming a counter elec-
trode on a transparent insulating layer; forming a storage
capacitance bus line on upper and lower outer sides of the
transparent insulating layer having the counter electrode to
define a unit pixel; forming a gate bus line at the position of
bisecting the unit pixel; forming an insulating layer on the
transparent insulating substrate having the gate bus line and
the storage capacitance bus line and then, forming an active
layer on the insulating layer over the gate bus line; forming
a data bus line and source/drain electrodes extended from
the data bus line on the insulating layer having the active
layer; forming a protective layer on the source/drain elec-
trodes and on the data bus line and then, forming a via hole
exposing a part of the source electrode; and forming a pixel
electrode comprising a plurality of slits, being in contact
with the source electrode through the via hole.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1is a top view of unit pixel in a fringe field
switching liquid crystal display device according to a con-
ventional art.

[0016] FIGS. 2 and 3 are top views of unit pixel in a
fringe field switching liquid crystal display device according
to the present invention.

[0017] FIG. 4 is a top view of unit pixel in a fringe field
switching liquid crystal display device according to another
embodiment of the present invention.

[0018] FIG. 51is a drawing showing a method of forming
a counter electrode of fringe field switching liquid crystal
display device according to the present invention.

[0019] FIG. 6 is a drawing showing a method of forming
an insulating layer on the counter electrode of fringe field
switching liquid crystal display device according to the
present invention.

[0020] FIG. 7 is a drawing showing a method of forming
a gate bus line and a storage capacitance bus line of fringe
field switching liquid crystal display device according to the
present invention

[0021] FIG. 8 is a drawing showing a method of forming
an active layer of fringe field switching liquid crystal display
device according to the present invention.

[0022] FIG. 9 is a drawing showing a method of forming
a data bus line and source/drain electrodes of fringe field
switching liquid crystal display device according to the
present invention

[0023] FIG. 10is a drawing showing a method of forming
a protective layer and a via hole of fringe field switching
liquid crystal display device according to the present inven-
tion.

[0024] FIG. 11 is a drawing showing a method of forming
a pixel electrode of fringe field switching liquid crystal
display device according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] The objects and features of the invention may be
understood with reference to the following detailed descrip-
tion of an illustrative embodiment of the invention, taken
together with the accompanying drawings.

[0026] Referring to FIG. 2, a fringe field switching liquid
crystal display device of the present invention comprises: a
black matrix 210 formed on an upper substrate (not shown);
a data bus line 202 and a storage capacitance bus line 208
arranged on a lower substrate 201 opposing to the upper
substrate (not shown) to define a unit pixel; a gate bus line
200 arranged at the position of bisecting the unit pixel and
to be parallel with the storage capacitance bus line 208; a
thin film transistor 204 arranged on the gate bus line 200; a
counter electrode (not shown) formed in the unit pixel; and
a pixel electrode overlapped with the counter electrode to
form a fringe field, being electrically in contact with the thin
film transistor 204 through a via hole 205.

[0027] The pixel electrode 206 includes a frame shaped
body unit on the edge in counter electrode (not shown) and
a plurality of slant slits arranged with a regular distance to
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divide the body unit into several parts, forming a predeter-
mined angle with the gate bus line 200. The angle of the
slant slits in pixel electrode 206 is symmetric with respect to
the gate bus line 200. Here, the slit in the pixel electrode has
a width(l) of less than 8 gm and the distance(w) between the
slits is less than 8 um. A part of the pixel electrode 206 is
eliminated to reduce parasitic capacitance (Cgs) between the
source electrode(not shown) of thin film transistor 204 and
the gate bus line 200.

[0028] The gate bus line 200 has a width of approximately
from 10 to 30 um, and the storage capacitance bus line 208
has a width of approximately from 10 to 40 pm. The storage
capacitance bus line 208 is overlapped with both the upper
edge of pixel electrode in one unit pixel and the lower edge
of pixel electrode in the closest unit pixel, thereby having a
charging rate sufficient to completely switch the pixel.

[0029] And, the storage capacitance bus line 208 and the
pixel electrode 206 are overlapped with each other on upper
and lower edges in the unit pixel, thereby preventing gen-
eration of undesirable electric field and remarkably reducing
or eliminating a black matrix on the upper substrate (not
shown).

[0030] In the drawing, a reference code 210 indicates an
imaginary edge line of the black matrix in the unit pixel. It
is not required to be formed on the upper substrate (not
shown) over the storage capacitance bus line 208 or on the
upper substrate (not shown) over the inner parts of unit
pixel. The edge of black matrix 210 has a predetermined
length less than 5 um, overlapped with the edge of pixel
electrode 206, thereby preventing generation of light leak-
age.

[0031] When a liquid crystal having positive dielectric
anisotropy is employed, it is rubbed to be parallel with the
gate bus line 202. On the other hand, when the liquid crystal
has negative dielectric anisotropy, it is rubbed to be parallel
with the data bus line 202. Therefore, liquid crystal mol-
ecules, arranged between the data bus line 202 and the pixel
electrode 206, are not operated in applying voltage. That is,
it is possible to maintain ‘black’ state without light leakage
and therefore, eliminate black matrix (not shown) from the
upper substrate.

[0032] The thin film transistor 204 is arranged on the gate
bus line 200 and in the unit pixel as a switching device, and
a hole is arranged in a predetermined shape, for example, a
rectangular shape, on the pixel electrode 206, not overlapped
with the pixel electrode, for a correct switching operation.
The pixel electrode 206 is contacted electrically with the
thin film transistor 204 through the via hole 205.

[0033] An upper part of the slant slit patterns in the pixel
electrode 206 form counterclockwise an angle of over 0° to
45° and below with respect to the gate bus line 200, while
a lower part of the slant slit patterns in the pixel electrode
206 form clockwise an angle of over 0° to 45° and below to
be symmetric with the upper part of the slant slit patterns.

[0034] In the above-mentioned structure, the data bus line
202 cross-arranged with the gate bus line 200 is formed on
the right long side of unit pixel, and the thin film transistor
204 on the gate bus line 200 is arranged on the right long
side of the unit pixel, that is, around the data bus line 202.

[0035] Although it is not shown in the drawing, it is also
possible that the upper part of the slant slit patterns in the
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pixel electrode 206 form clockwise an angle of over 0° to
45° and below with respect to the gate bus line 200, while
a lower part of the slant slit patterns in the pixel electrode
206 form counterclockwise an angle of over 0° to 45° and
below to be symmetric with the upper part of the slant slit
patterns.

[0036] In this structure, the data bus line 202 cross-
arranged with the gate bus line 200 is formed on the right
long side of unit pixel, and the thin film transistor 204 on the
gate bus line 200 is arranged on the right long side of the unit
pixel, that is, around the data bus line 202.

[0037] Referring to FIG. 3, it is also possible that the data
bus line 302 cross-arranged with the gate bus line 300 is
formed on the left long side of unit pixel, and the thin film
transistor 304 on the gate bus line 300 is arranged on the left
long side of the unit pixel, that is, around the data bus line
302.

[0038] Although it is not shown in the drawing, the
counter electrode is formed in a rectangular plate shape or
comprising a body unit and slant slits as the pixel electrode.
In the latter case, the slant slits in the counter electrode is
arranged between the slant slits of the pixel electrode or
partially overlapped with those of the pixel electrode. Here,
the range of the partially overlapped between the slant slits
in the counter electrode and the slant slits in the pixel
electrode does not exceed 4 um.

[0039] Although it is not shown in the drawing, polarizing
plates are arranged on the rear sides of upper and lower
substrates, wherein transmittance axes thereof are cross-
arranged and one of the transmittance axes is parallel with
the rubbing direction of upper or lower substrate.

[0040] FIG. 4 shows another embodiment of the present
invention. It has the same structure with FIG. 2 except that
a part of the pixel electrode 506 is e¢liminated to reduce
parasitic capacitance (Cgs) in the region where the gate line
500 and the pixel electrode 506 are overlapped.

[0041] Amethod of manufacturing a fringe field switching
liquid crystal display according to the present invention will
be described in the following.

[0042] Referring to FIG. 5, a counter clectrode 203 is
formed of transparent conductor such as ITO on a transpar-
ent insulating substrate 201 such as glass. FIG. 5B shows
the cross section of FIG. SA by I-I line and FIG. 5C shows
that by II-IT line (It is also applied in FIGS. 6 to 11). As
shown in the drawing, the counter electrode 203 is formed
on the substrate 201 except the region where a gate line 200
is to be formed.

[0043] Referring to FIG. 6, an insulating layer 207 may be
additionally formed on the substrate 201 having the counter
electrode 203.

[0044] Subsequently, as shown in FIG. 7, a gate bus line
200 and a storage capacitance bus line 208 are formed on the
substrate 201. FIG. 7C shows the cross section of FIG. 7A
by II-II line, wherein the gate bus line 200 is arranged on the
center of the substrate 201 and the counter electrode 203 is
arranged on both sides thereof. Between the counter elec-
trodes 203, the storage capacitance bus line 208 is formed to
apply a part of the counter electrode 203.

[0045] The gate bus line 200 and the storage capacitance
bus line 208 are formed of one selected from a group
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comprising molybdenum-tungsten alloy (MoW) , alumi-
num-neodymium alloy (AINd) and an opaque metal having
a stacked structure of molybdenum/aluminum (Mo/Al). The
storage capacitance bus line 208 is formed on upper and
lower outer sides of unit pixel and the gate bus line 200 is
arranged at the position of bisecting the unit pixel. The unit
pixel is defined by the upper and lower storage capacitance
bus lines 208 and a data bus line 202 to be formed in the
following step.

[0046] Referring to FIG. 8, an insulating layer 211 is
formed of silicon oxide such as SiON on the gate bus line
200 and the storage capacitance bus line 208 and an active
layer 213 is formed on the gate bus line 200. The active layer
213 is formed in stacking shape by depositing silicon nitride,
amorphous silicon and doped amorphous silicon (SiN/a-Si/
n+ a-Si) continually.

[0047] Referring to FIG. 9, a data bus line 202 is formed
on the insulating layer 211 having the active layer 213. On
the active layer 213, source/drain electrodes 202a, 2025 are
formed, extended from the data bus line 202. The data bus
line 202 is also formed of one selected from a group
comprising molybdenum-tungsten alloy (MoW) and an
opaque metal having a stacked structure of molybdenum/
aluminum (Mo/Al).

[0048] Referring to FIG. 10, a protective layer 215 is
formed of silicon nitride such as SiN on the insulating layer
211 having the data bus line 202 and source/drain electrodes
202a, 202b, and then, the layer 215 is selectively removed
to form a via hole 205 exposing a part of source electrode
202a on the lower portion.

[0049] Referring to FIG. 11, a pixel electrode 206 is
formed in a slit shape, with a transparent conductor ITO on
the protective layer 215, thereby completing a fringe field
switching liquid crystal display device according to the
present invention.

[0050] As described above, according to the present
invention, the gate bus line is arranged on the center in the
unit pixel to eliminate light leakage due to electric field
between the gate bus line and the data bus line. Therefore,
it is possible to prevent color shift and eliminate or reduce
light leakage, thereby reducing black matrix. As a result, the
present invention has an improved aperture ratio and trans-
mittance.

[0051] 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. A fringe field switching liquid crystal display device
comprising;

an upper substrate;

a data bus line and a storage capacitance bus line arranged
on a lower substrate opposing to the upper substrate to
define a unit pixel,

a gate bus line arranged at the position of bisecting the
unit pixel and to be parallel with the storage capaci-
tance bus line;

a thin film transistor arranged on the gate bus line;

a counter electrode formed in the unit pixel; and
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a pixel electrode overlapped with the counter electrode to
form a fringe field and electrically contacted with the
thin film transistor through a via hole;

wherein the pixel electrode comprises a frame shaped
body unit on the edge of counter electrode and a
plurality of slant slits arranged with a regular distance
to divide the body unit into several parts, forming a
predetermined angle with the gate bus line, and the
angle of slant slits in the pixel electrode is symmetric
with respect to the gate bus line, and the storage
capacitance bus line is partially overlapped with both
the upper edge of pixel electrode in one unit pixel and
the lower edge of pixel electrode in the closest unit
pixel.

2. The fringe field switching liquid crystal display device
according to claim 1, wherein the gate bus line has a width
of from 10 to 30 um.

3. The fringe field switching liquid crystal display device
according to claim 1, wherein the storage capacitance bus
line has a width of from 10 to 40 um.

4. The fringe field switching liquid crystal display device
according to claim 1, wherein the upper substrate has a black
matrix on the inner side and the edge thereof is overlapped
with the edge of pixel electrode by 0 to 5 um.

5. The fringe field switching liquid crystal display device
according to claim 1, wherein the pixel electrode has a hole
not to be overlapped with the thin film transistor.

6. The fringe field switching liquid crystal display device
according to claim 1, wherein an upper part of the slant slit
patterns in the pixel electrode form counterclockwise an
angle of over 0° to 45° and below with respect to the gate
bus line, while a lower part of the slant slit patterns in the
pixel electrode form clockwise an angle of over 0° to 45°
and below to be symmetric with the upper part of the slant
slit patterns.

7. The fringe field switching liquid crystal display device
according to claim 6, wherein the data bus line cross-
arranged with the gate bus line is arranged on the right long
side in the unit pixel and the thin film transistor on the gate
bus line is arranged on the right long side in the unit pixel.

8. The fringe field switching liquid crystal display device
according to claim 1, wherein an upper part of the slant slit
patterns in the pixel electrode form counterclockwise an
angle of over 0° to 45° and below with respect to the gate
bus line, while a lower part of the slant slit patterns in the
pixel electrode form clockwise an angle of over 0° to 45°
and below to be symmetric with the upper part of the slant
slit patterns.

9. The fringe field switching liquid crystal display device
according to claim 8, wherein the data bus line cross-
arranged with the gate bus line is arranged on the left long
side in the unit pixel and the thin film transistor on the gate
bus line is arranged on the left long side in the unit pixel.

10. The fringe field switching liquid crystal display device
according to claim 6 or 8, wherein the slit in the pixel
electrode has a width of less than 8 um.

11. The fringe field switching liquid crystal display device
according to claim 6 or 8, wherein the distance between the
slits of the pixel electrode is less than 8 um.

12. The fringe field switching liquid crystal display
according to claim 1, wherein the counter electrode is a
transparent electrode having a rectangular plate shape or a
transparent electrode comprising a frame shaped body unit
and a plurality of slant slits arranged with a regular distance
to divide the body unit into several parts, forming a prede-
termined angle with the gate bus line.
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13. The fringe field switching liquid crystal display device
according to claim 12, wherein the slant slits in the counter
electrode is arranged between the slant slits of the pixel
electrode or partially overlapped with those of the pixel
electrode.

14. The fringe field switching liquid crystal display device
according to claim 13, wherein the range of the partially
overlapped between the slant slits in the counter electrode
and the slant slits in the pixel electrode does not exceed 4
um.
15. A method of manufacturing a fringe field switching
liquid crystal display device comprising the steps of:

forming a counter electrode on a transparent insulating
substrate;

forming a storage capacitance bus line on upper and lower
outer sides to define a unit pixel on the transparent
insulating substrate having the counter electrode and
forming a gate bus line at the position of bisecting the
unit pixel,

forming an insulating layer on the transparent insulating
substrate having the gate bus line and the storage
capacitance bus line and then, forming an active layer
on the insulating layer over the gate bus line;

forming a data bus line and source/drain electrodes
extended from the data bus line on the insulating layer
having the active layer;

forming a protective layer on the source/drain electrodes
and the data bus line and then, forming a via hole
exposing a part of the source electrode; and

forming a pixel electrode being in contact with the source
electrode through the via hole, comprising a plurality of
slits.

16. The method of manufacturing a fringe field switching
liquid crystal display device according to claim 15, further
comprising the step of forming an insulating layer on the
transparent insulating substrate having the counter electrode
between the steps of forming the counter electrode and
forming the storage capacitance bus line and the gate bus
line.

17. The method of manufacturing a fringe field switching
liquid crystal display device according to claim 15, wherein
the gate bus line is formed of one selected from a group
comprising molybdenum-tungsten alloy, aluminum-neody-
mium alloy and oblique metal having a stacked structure of
molybdenum/aluminum.

18. The method of manufacturing a fringe field switching
liquid crystal display device according to claim 15, wherein
the storage capacitance bus line is formed of one selected
from a group comprising molybdenum-tungsten alloy, alu-
minum-neodymium alloy and oblique metal having a
stacked structure of molybdenum/aluminum.

19. The method of manufacturing a fringe field switching
liquid crystal display device according to claim 15, wherein
the active layer is formed in stacking shape by depositing
silicon nitride, amorphous silicon and doped amorphous
silicon continually.

20. The method of manufacturing a fringe field switching
liquid crystal display device according to claim 15, wherein
the data bus line is formed of one selected from a group
comprising molybdenum-tungsten alloy and oblique metal
having a stacked structure of molybdenum/aluminum.
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