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7) ABSTRACT

An exemplary liquid crystal display includes a first substrate
(110), a second substrate (120) opposite to the first substrate,
and a liquid crystal layer (130) therebetween. The first
substrate includes a common electrode (140) having a
plurality of slits (141). The second substrate includes a
plurality of gate lines (121) and data lines (122). The slits are
provided at positions corresponding to the gate lines and the
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LIQUID CRYSTAL DISPLAY

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display with a common electrode pattern having slits or
intervals that are located corresponding to positions of data
lines and gate lines.

BACKGROUND

[0002] Liquid crystal displays (LCDs) generally have
advantages of lightness in weight, a thin profile, flexible
sizing, and low power consumption. For these reasons,
LCDs are widely used in products such as laptops, personal
digital assistants, mobile phones, and so on.

[0003] Referring to FIG. 9, this is a top view of a part of
a display panel 10 of a conventional liquid crystal display.
The display panel 10 includes a plurality of parallel gate
lines 15 and a plurality of parallel data lines 16. The plurality
of gate lines 15 and the plurality of data lines 16 are
insulated from and cross each other, thereby cooperatively
defining a plurality of pixel units (not labeled). Fach pixel
unit includes a thin film transistor 20, and a pixel electrode
27 connected to the thin film transistor 20. The thin film
transistor 20 is connected to a corresponding one of the gate
lines 15, and to a corresponding one of the data lines 16.

[0004] Referring also to FIG. 10, this shows a cross-
sectional view of part of the display panel 10, corresponding
to line X-X of FIG. 9. The display panel 10 includes a first
substrate 11, a second substrate 12 arranged opposite to the
first substrate 11, and a liquid crystal layer 13 interposed
between the substrates 11, 12. A plurality of spacers 17 is
disposed between the first substrate 11 and the second
substrate 12, thereby maintaining a consistent cell gap. A
common electrode 14 is disposed on an inside of the first
substrate 11. The gate lines 15 are disposed on the second
substrate 12, and the pixel electrodes 27 are disposed at the
second substrate 12 and insulated from the gate lines 15. The
gate lines 15 are overlapped by corresponding portions of
the common electrode 14.

[0005] Referring also to FIG. 11, this shows a cross-
sectional view of part of the display panel 10, corresponding
to line XI-XI of FIG. 9. The data lines 16 are formed at an
inside of the second substrate 12, and the pixel electrode 27
is insulated from the data lines 16. The data lines 16 are
overlapped by corresponding portions of the common elec-
trode 14.

[0006] Referring also to FIG. 12, this shows an equivalent
circuit diagram of an exemplary one of the thin film tran-
sistors 20. The thin film transistor 20 includes a gate 21, a
source 22, and a drain 23. The gate 21 is connected to the
corresponding gate line 15, the source 22 is connected to the
corresponding data line 16, and the drain 23 is connected to
the pixel electrode 27. A parasitic capacitor 28 formed by the
gate line 15 and the overlapping portion of the common
electrode 14 is connected to the gate line 15. A parasitic
capacitor 29 formed by the data line 16 and the overlapping
portion of the common electrode 14 is connected to the data
line 16.

[0007] When the display panel 100 is operating, firstly, a
gate voltage A is transferred to the gate 21 through the gate
line 15. The source 22 is connected to the drain 23 if the
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voltage A is larger than a threshold voltage of the thin film
transistor 20. Secondly, if the source 22 is duly connected to
the drain 23, a data voltage B is transferred to the source 22
through the data line 16, and begins to charge the pixel
electrode 27 through the drain 23. If the voltage A is less
than the threshold voltage, the source 22 is disconnected
from the drain 23. The potential difference between the pixel
electrode 27 and the common electrode 14 changes the tilt
angle of liquid crystal molecules of the liquid crystal layer
13 at the pixel unit. Thereby, a desired amount of light
transmission occurs at the pixel unit, and all the pixel units
cooperate to make up an image that is displayed on a screen
of the display panel 10.

[0008] The gate voltage A charges the parasitic capacitor
28 before being transferred to the gate 21, and the data
voltage B charges the parasitic capacitor 29 before being
transferred to the data 22. Therefore, signal distortion and
delay are liable to occur during the transference of these
voltages. These problems can in turn cause image flickering
and impairment of the quality of images displayed on the
screen.

[0009] Accordingly, what is needed is a liquid crystal
display configured to overcome the above-described prob-
lems.

SUMMARY

[0010] An exemplary liquid crystal display includes a first
substrate, a second substrate opposite to the first substrate,
and a liquid crystal layer between the first substrate and the
second substrate. The first substrate includes a common
electrode, and plural slits are defined at the common elec-
trode. The second substrate includes a plurality of gate lines
and data lines. The slits are provided at positions corre-
sponding to the gate lines and the data lines respectively.

[0011] A detailed description of embodiments of the
present invention is given below with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

[0013] FIG. 11is a top view of a part of a display panel of
a liquid crystal display in accordance with a first embodi-
ment of the present invention.

[0014] FIG. 2 is a cross-sectional view of part of the
display panel shown in FIG. 1, corresponding to line II-1I
thereof.

[0015] FIG. 3 is a cross-sectional view of part of the
display panel shown in FIG. 1, corresponding to line ITI-1II
thereof.

[0016] FIG. 4 is a top view corresponding to the view of
the display panel of FIG. 1, showing a first substrate of the
display panel, the first substrate having a common electrode,
the common electrode having first slits and second slits.

[0017] FIG. 5is a top view of a part of a display panel of
a liquid crystal display in accordance with second embodi-
ment of the present invention.

[0018] FIG. 6 is a cross-sectional view of part of the
display panel shown in FIG. 5, corresponding to line VI-VI
thereof.

In the drawings, all the views are schematic.
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[0019] FIG. 7 is a cross-sectional view of part of the
display panel shown in FIG. 5, corresponding to line VII-VII
thereof.

[0020] FIG. 8 is a top view corresponding to the view of
the display panel of FIG. 5, showing a first substrate of the
display panel, the first substrate having a plurality of insu-
lated common electrodes.

[0021] FIG. 9 is a top view of a part of a display panel of
a conventional liquid crystal display.

[0022] FIG. 10 is a cross-sectional view of part of the
display panel shown in FIG. 9, corresponding to line X-X
thereof.

[0023] FIG. 11 is a cross-sectional view of part of the
display panel shown in FIG. 9, corresponding to line XI-XI
thereof.

[0024] FIG. 12 is an equivalent circuit diagram of an
exemplary one of thin film transistors of the display panel of
FIG. 9.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0025] Referring to FIG. 1, this shows atop view of a part
of a display panel 100 of a liquid crystal display of a first
embodiment of the present invention. The display panel 100
includes a plurality of parallel gate lines 121 and a plurality
of parallel data lines 122. The plurality of gate lines 121 and
the plurality of data lines 122 are insulated from and cross
each other, thereby cooperatively defining a plurality of
display units (not labeled). Each display unit includes a thin
film transistor 123, and a pixel electrode 124 connected to
the thin film transistor 123. The thin film transistor 123 is
connected to a corresponding one of the gate lines 121, and
to a corresponding one of the data lines 122.

[0026] Referring also to FIG. 2, this shows a cross-
sectional view of part of the display panel 100, correspond-
ing to line 11-I1 of FIG. 1. The display panel 100 includes
a first substrate 110, a second substrate 120 arranged oppo-
site to the first substrate 110, and a liquid crystal layer 130
interposed between the substrates 110, 120. A common
electrode 140 is disposed on an inside of the first substrate
110. The gate lines 121 are disposed on the second substrate
120, and the pixel electrodes 124 are disposed at the second
substrate 12 and insulated from the gate lines 121. Each gate
line 121 is connected with a corresponding row of the thin
film transistors 123, as shown in FIG. 1. The common
electrode 140 is made from indium tin oxide or indium zinc
oxide. A plurality of first slits 141 is formed in the common
electrode 140 at positions corresponding to the gate lines
121.

[0027] Referring also to FIG. 3, this shows a cross-
sectional view of part of the display panel 100, correspond-
ing to line III-III of FIG. 1. The data lines 122 are formed
at an inside of the second substrate 120, and are insulated
from the pixel electrodes 124. Each data line 122 is con-
nected with a corresponding column of the thin film tran-
sistors 123, as shown in FIG. 1. A plurality of second slits
142 are formed in the common electrode 140 at positions
corresponding to the data lines 122.

[0028] When the display panel 100 is operating, at each
display unit, the potential difference between the pixel

Jun. 28,2007

electrode 124 and the common electrode 140 changes the tilt
angle of liquid crystal molecules of the liquid crystal layer
130 at the display unit. Thereby, a desired amount of light
transmission occurs at the pixel unit, and all the display units
cooperate to make up an image displayed on a screen of the
display panel 100.

[0029] Referring to FIG. 4, this is a top view of the first
substrate 110 with the common electrode 140 having the first
and second slits 141, 142. The common electrode 140
formed at the first substrate 110 includes the plurality of first
and second slits 141, 142, which are strip-shaped. The first
and second slits 141, 142 are formed at positions corre-
sponding to the gate and data lines 121, 122 respectively.
Widths of the first and second slits 141, 142 are accordance
with widths of the gate and data lines 121, 122 respectively,
as shown in FIG. 1.

[0030] Referring to FIG. 5, this shows a top view of a part
of a display panel 200 of a second embodiment of the
present invention. The display panel 200 includes a plurality
of parallel gate lines 221, a plurality of parallel data lines
222, and a plurality of common lines 224 substantially
parallel with the gate lines 221. The plurality of gate lines
221 and the plurality of data lines 222 are insulated form and
cross each other, thereby cooperatively defining a plurality
of display units (not labeled). Each display unit includes a
thin film transistor (not labeled) connected to a correspond-
ing one of the gate and data lines 221, 222 respectively, and
a pixel electrode 223 connected to the thin film transistor.
The pixel electrode 223 includes an opening 226 at position
according to the common line 224.

[0031] Referring also to FIG. 6, this shows a cross-
sectional view of part of the display panel 200, correspond-
ing to line VI-VI of FIG. 5. The display panel 200 includes
a first substrate 210, and a second substrate 220 arranged
opposite to the first substrate 210, and a liquid crystal layer
230 interposed between the substrates 210, 220. A plurality
of protrusions 211 is formed on the first substrate 210. A
plurality of common electrodes 240 is disposed on inside of
the first substrate 210 and covers the protrusions 211. A
plurality of intervals 241 formed on the first substrate 241
separating each one of the common electrodes 240. The
intervals 241 are formed at positions according to the gate
and data lines 221, 222 and the widths thereof are accor-
dance with the gate and the data lines 221, 222 shown in
FIG. 5.

[0032] The gate lines 221 and the common lines are both
formed at the first substrate 220 and insulated to each other.
A plurality of connecting electrodes 225 is formed at the
common electrode 240 and connected with the common
electrode 240 allowing the common line 224 connecting to
the common electrode 240. The pixel electrode 223 are
formed at the second substrate 220 and insulated with the
gate lines 221 and the common line 224. The connecting
electrode 223 is insulated with the pixel electrode 226 by an
opening 226 formed therebetween. A liquid crystal layer 230
is interposed between the first and second substrates 210,
220. Each gate line 221 is connected with a corresponding
row of the thin film transistor as shown in FIG. 5.

[0033] Referring to FIG. 7, this shows a cross-sectional
view of part of the display panel 200, corresponding to line
VII-VII of FIG. 5. The data lines 22 are formed at the first
substrate 220, and the intervals 241 are formed on the first
substrate 210 at positions according to the data lines 222.
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[0034] Referring to FIG. 8, this is a top view of the first
substrate 210 with the plurality of insulated common elec-
trodes 240. The common electrodes 240 formed at the first
substrate 210 are arranged in a matrix. Each common
electrode 240 covers one protrusion 211, and is surrounded
by four corresponding intervals 241.

[0035] Advantages of the above-described display panels
100, 200 include the following. The amount of overlapping
of the gate lines 121 and the data lines 122 by corresponding
portions of the common electrode 140 is reduced by the first
and second slits 141, 142 respectively. Similarly, the amount
of overlapping of the gate lines 221 and the data lines 222
by the common electrodes 240 is reduced or even eliminated
by the intervals 241. Therefore parasitic capacitance
between the gate lines 121 and the common electrode 140,
and between the data lines 122 and the common electrode
140, is reduced. Similarly, parasitic capacitance between the
gate lines 221 and the common electrodes 240, and between
the data lines 222 and the common electrodes 240, is
reduced. Thus signal distortion and delay and image flick-
ering can be avoided, and the quality of images displayed by
the display panels 100, 200 can be improved.

[0036] While the invention has been described by way of
examples and in terms of preferred and exemplary embodi-
ments, it is to be understood that the invention is not limited
thereto. To the contrary, the above description is intended to
cover various modifications and similar arrangements as
would be apparent to those skilled in the art. Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:
1. A liquid crystal display, comprising:
a first substrate comprising a common electrode having a
plurality of slits;

a second substrate opposite to the first substrate, the
second substrate comprising a plurality of gate lines
and a plurality of data lines; and

a liquid crystal layer between the first substrate and the
second substrate;

wherein the slits are provided at positions corresponding
to the gate lines and the data lines respectively.
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2. The liquid crystal display as claimed in claim 1,
wherein widths of a plurality of the slits are accordance with
widths of the corresponding gate lines.

3. The liquid crystal display as claimed in claim 1,
wherein the widths of a plurality of the slits are accordance
with widths of the corresponding data lines.

4. The liquid crystal display as claimed in claim 1,
wherein the common electrode is made from indium tin
oxide.

5. The liquid crystal display as claimed in claim 1,
wherein the common electrode is made from indium zinc
oxide.

6. A liquid crystal display, comprising:

a first substrate comprising a plurality of protrusions and
a plurality of common electrodes covering the protru-
sions, the common electrodes separated from each
other by a plurality of intervals;

a second substrate opposite to the first substrate, the
second substrate comprising a plurality of gate lines, a
plurality of data lines. a plurality of connecting elec-
trodes, and a plurality of common lines, the common
lines connected to the connecting electrodes respec-
tively; and

a liquid crystal display between the first substrate and the
second substrate;

wherein the intervals are provided at positions corre-
sponding to the gate lines and the data lines electrodes
respectively, and the common electrodes are connected
to the common lines by the connecting electrodes
respectively.

7. The liquid crystal display as claimed in claim 6,
wherein widths of a plurality of the intervals are accordance
with widths of the corresponding gate lines.

8. The liquid crystal display as claimed in claim 6,
wherein widths of a plurality of the intervals are accordance
with widths of the corresponding data lines.

9. The liquid crystal display as claimed in claim 6,
wherein each of the common electrodes is made from
indium tin oxide.

10. The liquid crystal display as claimed in claim 6,
wherein each of the common electrodes is made from
indium zine oxide.
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