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(57) ABSTRACT

A liquid crystal display device is provided including gate
lines on a substrate. Data lines cross the gate lines. A first
insulation layer is between the gate lines and the data lines.
Pixel electrodes are in pixel regions bounded by crossing
portions of the gate lines and the data lines. A common
electrode is on the second insulation layer. The common
electrode partially covers the pixel regions and the data lines.
A second insulation layer is between the pixel electrodes and
the common electrode. Holes are in the common electrode to
expose the second insulation layer. The holes are at overlap-
ping portions of the common electrode and the data lines.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2007-0093631, filed on
Sep. 14, 2007, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to a liquid crystal dis-

play device, and more particularly to a liquid crystal display
device with lower power consumption.

[0004] 2. Discussion of Related Art

[0005] A liquid crystal display displays images by control-
ling the light transmittance of a liquid crystal with dielectric
anisotropy. The liquid crystal display device includes a liquid
crystal panel where liquid crystal cells are arranged in a
matrix and a driving circuit for driving the liquid crystal
panel.

[0006] The liquid crystal panel displays predetermined
images corresponding to thelight transmittance of eachliquid
crystal cell. A liquid crystal panel can be categorized into a
vertical electric field application type or a horizontal electric
field application type according to a direction of electric field
for driving a liquid crystal.

[0007] The vertical electric field application type liquid
crystal panel drives a twisted nematic (TN) liquid crystal by
vertical electric field formed between a common electrode
and a pixel electrode disposed to oppose each other on an
upper substrate and a lower substrate. The vertical electric
field application type liquid crystal panel has an advantage of
a good aperture ratio but a disadvantage of a narrow viewing
angle.

[0008] The horizontal electric field application type liquid
crystal panel drives an in-plane switch (IPS) liquid crystal by
utilizing horizontal electric field between a pixel electrode
and a common electrode disposed to be parallel with each
other on a lower substrate. Such a horizontal electric field
application type liquid crystal panel has an advantage of a
wide viewing angle but a disadvantage of low aperture ratio
and transmittance.

[0009] Recently, in order to solve the disadvantage of the
horizontal electric field application type liquid crystal panel,
a fringe field switching (hereinafter, referred to as “FFS”)
type liquid crystal panel has been proposed, which operates
by utilizing a fringe field. The FFS type liquid crystal panel
includes a common electrode and a pixel electrode having an
insulating layer therebetween. Such a FFS type liquid crystal
panel drives a liquid crystal between the upper and lower
substrates by utilizing the fringe field between the common
electrode and the pixel electrode, thereby improving aperture
ratio and transmittance.

[0010] The common electrode of such a FFS type liquid
crystal display device is formed to cover an effective display
region of the liquid crystal panel on the insulating layer.
However, if the common electrode is formed to cover the
effective display region of the liquid crystal panel, there is
high capacitance in an overlapped region with a data line. The
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high capacitance in the overlapped region with the data line
causes the liquid crystal panel to have higher power consump-
tion.

SUMMARY OF THE INVENTION

[0011] An aspect of an embodiment of the present inven-
tion 1s directed toward a liquid crystal display device with
lower power consumption. According to an exemplary
embodiment of the present invention, a liquid crystal display
device includes gate lines on a substrate and data lines cross-
ing the gate lines. A first insulation layer is between the gate
lines and the data lines. Pixel electrodes are in pixel regions
bounded by crossing portions of the gate lines and the data
lines. A common electrode partially covers the pixel regions
and the data lines. A second insulation layer is between the
pixel electrodes and the common electrode. Holes are in the
common electrode to expose the second insulation layer. The
holes are at overlapping portions of the common electrode
and the data lines.

[0012] In one exemplary embodiment, the pixel regions
include thin film transistors coupled to the gate lines, to the
data lines, and to the pixel electrodes. The holes are posi-
tioned between the thin film transistors.

[0013] Inoneexemplary embodiment, eachoftheholeshas
awidth narrower than a width a corresponding one of the data
lines.

[0014] Inoneexemplary embodiment, the width of each of
the holes is at least about 1 pm less than the width of the
corresponding one of the data lines.

[0015] Inone exemplary embodiment, side edge of each of
the data lines overlap with the common electrode by at least
about 1 wm and a central portion of each of the data lines
overlap with a corresponding one of the holes.

[0016] In one exemplary embodiment, the common elec-
trode comprises at least one slit hole in portions overlapping
the pixel electrodes.

[0017] In one exemplary embodiment, an additional sub-
strate is positioned to face the substrate and a liquid crystal
injected between the additional substrate and the substrate
and driven by utilizing a fringe field between the common
electrode and the pixel electrodes.

[0018] According to another exemplary embodiment of the
present invention, a liquid crystal display device is provided
including pixel electrodes, data lines supplying signals to the
pixel electrodes, a common electrode, an insulating layer
between the pixel electrodes and the common electrode, and
at least one hole in the common electrode at an overlapping
portion of the common electrode and the data electrodes.
[0019] In one exemplary embodiment, a width of the at
least one hole is narrower than a width of an adjacent one of
the data lines.

[0020] According to an exemplary embodiment of the
present invention, a liquid crystal display device is provided
including pixel electrodes and data lines supplying signals to
the pixel electrodes. An insulating layer is on the pixel elec-
trodes and the data lines. A common electrode is on the
insulation layer. Holes are in the common electrode in por-
tions adjacent to and covering the data lines.

[0021] In one exemplary embodiment, a width of each of
the holes is narrower than a width of the adjacent data lines.
[0022] In one exemplary embodiment, gate lines are on a
lower substrate. The insulation layer is on the lower substrate
and covers the gate lines. Thin film transistors are coupled to
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the gate lines, to the data lines, and to the pixel electrodes. The
holes are positioned between the thin film transistors.

[0023] In one exemplary embodiment, a width of each of
the holes is at least 1 um less than the width of the adjacent
data lines.

[0024] In one exemplary embodiment, a width of each of
the holes is at least 2 um less than the width of the adjacent
data lines.

[0025] Inoneexemplary embodiment, side edges of each of
the data lines overlap with the common electrode by at least 1
um and central portions of the data lines overlap with the
holes.

[0026] In one exemplary embodiment, the common elec-
trode includes atleast one slithole in portions overlapping the
pixel electrodes.

[0027] Inoneexemplary embodiment, an upper substrate is
positioned to face the lower substrate, and a liquid crystal
injected between the upper substrate and the lower substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve to
explain the principles of the present invention.

[0029] FIG.1isa plan view schematically showing aliquid
crystal display device according to an embodiment of the
present invention.

[0030] FIG.2isacross-sectional view schematically show-
ing the liquid crystal display device taken along line II-II'
shown in FIG. 1.

[0031] FIG. 3 is a view schematically showing the hole
shown in FIG. 1.

[0032] FIGS. 4A to 4D are graphs showing light leakage
corresponding to the width of the hole shown in FIG. 3.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0033] In the following detailed description, only certain
exemplary embodiments of the present invention are shown
and described, by way of illustration. As those skilled in the
art would realize, the described embodiments may be modi-
fied in various different ways, all without departing from the
sprit or scope of the present invention. Accordingly, the draw-
ings and description are to be regarded as illustrative in nature
and not restrictive. In addition, when an element is referred to
as being “on” another element, it can be directly on another
element or be indirectly on another element with one or more
intervening elements interposed therebetween. Also, when an
element is referred to as being “connected to” another ele-
ment, it can be directly connected to another element or be
indirectly connected to another element with one or more
intervening elements interposed therebetween. Hereinafter,
like reference numerals refer to like elements.

[0034] FIG.1is a plan view schematically showing a FFS
type liquid crystal display device according to an embodi-
ment of the present invention and FIG. 2 is a cross-sectional
view schematically showing the liquid crystal display device
taken along line II-IT' of FIG. 1.

[0035] Referring to FIGS. 1 and 2, the liquid crystal display
device includes data lines 6 and gate lines 8 crossing the data
lines 6 on a lower substrate 30, thin film transistors 10 posi-
tioned in pixel regions bound by or defined by crossing por-
tions of the data lines 6 and the gate lines 8, pixel electrodes
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4 formed in the pixel regions to allow the pixel electrodes 4 to
couple to the thin film transistors 10, and a common electrode
2 formed with the pixel electrodes 4 to form fringe fields in the
pixel regions.

[0036] The gate lines 8 supply gate signals from a gate
driver to the thin film transistors 10. The gate lines 8 are
integrally formed with the gate electrodes of the thin film
transistors 10.

[0037] The data lines 6 supply data signals from a data
driver to the thin film transistors 10. The data lines 6 are
integrally formed with the source/drain electrodes of the thin
film transistors 10. As one example, the data lines 6 may be
formed on different layers from the gate lines 8, with a first
insulating layer 20 therebetween.

[0038] The thin film transistors 10 supply the data signals,
which are supplied to the data lines, to the pixel electrodes 4
in response to the gate signals supplied to the gate lines 8. The
thin film transistors 10 include gate electrodes coupled to the
gate lines 8, source electrodes coupled to the data lines 6, and
drain electrodes coupled to the pixel electrodes 4.

[0039] The pixel electrodes 4 are formed in each pixel
region to allow them to couple to the thin film transistors 10.
Also, the pixel electrodes 4 are formed on an insulating layer
20. The pixel electrodes 4 receive the data signals via the thin
film transistors 10.

[0040] The common electrode 2 is formed to face the pixel
electrodes 4 on a second insulating layer 12. The common
electrode 2 is formed to cover effective display regions where
the pixel regions are formed, thereby forming the fringe
fields. If the pixel electrodes 4 receiving the data signals and
the common electrode 2 receiving acommon voltage form the
fringe fields, liquid crystals positioned between the common
electrode 2 and the upper substrate rotates. Consequently, the
light transmittance transmitting the pixel regions is changed
according to the rotation degree of the liquid crystal, imple-
menting gray levels. Meanwhile, one region of the common
electrode 2 overlapped with the pixel electrodes 4 is formed
with at least one slit hole 3.

[0041] Inanembodiment ofthe present invention, the com-
mon electrode 2 in the regions where the common electrode 2
and the data lines 6 are overlapped is formed with holes 40.
Actually, the holes 40 are overlapped with the data lines 6 as
well as formed between the thin film transistors 10, and
formed to expose the second insulating layer 12. Herein, ifthe
holes 40 are positioned between the thin film transistors 10,
only capacitance can be reduced without a problem of reli-
ability. In other words, if the holes 40 are formed in the
common electrode 2, the capacitance between the common
electrode 2 and the data lines 6 can be minimized or reduced,
thereby making it possible to lower power consumption.
[0042] FIG. 3 is a view schematically showing the width of
thehole formed in the common electrode. Referring to FIG. 3,
the width L1 (width direction) of the hole 40 formed in the
common electrode 2 is formed to be narrower than the width
L2 of the data 6 (the width direction length of the data line 6).
[0043] Ifthe hole 40 is formed in the common electrode 2,
the light supplied from the backlight is emitted to the outside,
resulting in light leakage.

[0044] For example, if the width L.2 of the data line 6 is set
to 3 um and the width L1 of the hole 40 is set to 4 um, a large
amount of light is emitted to the outside as shown in FIG. 4a.
If the width 1.2 of the data line 6 is set to 3 um and the width
L1 of the hole 40 is set to 3 um, less light is emitted as shown
in FIG. 4b.
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[0045] However, if the width L1 of the hole 40 is formed to
be narrower than the width L2 of the data line 6, the light
leakage can be substantially reduced or prevented. For
example, if the width L2 of the data line 6 is set to 3 um and
the width L1 of the hole 40 is set to 2 pum, very little light is
emitted to the outside as shown in FIG. 4C. And, if the width
L1 of the hole 40 is set to 1 wm, almost no light is emitted to
the outside as shown in FIG. 4D.

[0046] In other words, in order to reduce or to prevent a
light leakage phenomenon in an exemplary embodiment of
the present invention, the width 11 of the hole 40 is formed to
be narrower than the width L2 of the data line 6. For example,
the width L1 of the hole 40 may be formed to be narrower by
at least about 1 pm than the width L2 of the data line 6. Also,
in order to substantially prevent the light leakage phenom-
enon in the present invention, the width L1 of the hole 40 may
be formed to be narrower by about 2 pm than the width L.2 of
the data line 6. In this case, both edges of the data line 6 are
overlapped with the common electrode 2 by about 1 um (or by
1 pm) and the central portion of the data line 6 is overlapped
with the hole 40.

[0047] A the liquid crystal display device according to an
exemplary embodiment of the present invention forms the
hole to expose the data electrode in the portion where the
common electrode and the data electrode are overlapped,
making it possible to reduce the capacitance between the
common electrode and the data electrode. Therefore, power
consumption can be lowered.

[0048] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. A liquid crystal display device comprising:

gate lines on a substrate;

data lines crossing the gate lines;

a first insulation layer between the gate lines and the data

lines;

pixel electrodes in pixel regions bounded by crossing por-

tions of the gate lines and the data lines;

a common electrode partially covering the pixel regions

and the data lines;

a second insulation layer between the pixel electrodes and

the common electrode; and

holes in the common electrode to expose the second insu-

lation layer, the holes being at overlapping portions of
the common electrode and the data lines.

2. The liquid crystal display device as claimed in claim 1,
wherein:

the pixel regions comprise thin film transistors coupled to

the gate lines, to the data lines, and to the pixel elec-
trodes, and

the holes are positioned between the thin film transistors.

3. The liquid crystal display device as claimed in claim 1,
wherein each of the holes has a width narrower than a width
a corresponding one of the data lines.

4. The liquid crystal display device as claimed in claim 3,
wherein the width of each of the holes is at least about 1 pm
less than the width of the corresponding one of the data lines.

5. The liquid crystal display device as claimed in claim 3,
wherein side edge of each of the data lines overlap with the
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common electrode by at least about 1 pm and a central portion
of each of the data lines overlap with a corresponding one of
the holes.

6. The liquid crystal display device as claimed in claim 1,
wherein the common electrode comprises at least one slit hole
in portions overlapping the pixel electrodes.

7. The liquid crystal display device as claimed in claim 1,
further comprising an additional substrate positioned to face
the substrate and a liquid crystal injected between the addi-
tional substrate and the substrate and driven by utilizing a
fringe field between the common electrode and the pixel
electrodes.

8. A liquid crystal display device comprising:

pixel electrodes;

data lines supplying signals to the pixel electrodes;

a common electrode;

an insulating layer between the pixel electrodes and the

common electrode; and

at least one hole in the common electrode at an overlapping

portion of the common electrode and the data electrodes.

9. The liquid crystal display device as claimed in claim 8,
wherein a width of the at least one hole is narrower than a
width of an adjacent one of the data lines.

10. A liquid crystal display device comprising:

pixel electrodes;

data lines supplying signals to the pixel electrodes;

an insulating layer on the pixel electrodes and the data

lines;

a common electrode on the insulation layer; and

holes in the common electrode in portions adjacent to and

covering the data lines.

11. The liquid crystal display device as claimed in claim
10, wherein a width of each of the holes is narrower than a
width of the adjacent data lines.

12. The liquid crystal display device as claimed in claim
10, further comprising:

gate lines on a lower substrate, the insulation layer being on

the lower substrate and covering the gate lines; and
thin film transistors coupled to the gate lines, to the data
lines, and to the pixel electrodes,

wherein the holes are positioned between the thin film

transistors.

13. The liquid crystal display device as claimed in claim
10, wherein a width of each of the holes is at least 1 um less
than the width of the adjacent data lines.

14. The liquid crystal display device as claimed in claim
10, wherein a width of each of the holes is at least 2 um less
than the width of the adjacent data lines.

15. The liquid crystal display device as claimed in claim
14, wherein side edges of each of the data lines overlap with
the common electrode by at least 1 pm and central portions of
the data lines overlap with the holes.

16. The liquid crystal display device as claimed in claim
10, wherein the common electrode includes at least one slit
hole in portions overlapping the pixel electrodes.

17. The liquid crystal display device as claimed in claim
12, further comprising;

an upper substrate positioned to face the lower substrate;

and

a liquid crystal injected between the upper substrate and

the lower substrate.
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