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A liquid crystal display including: a first common electrode
line and a second common electrode line located near an edge
of a panel and at least partly surrounding a plurality of pixels
on the panel; a first common line positioned at an i* horizon-
tal row of the pixels and coupled to the first common electrode
line; and a second common line positioned at an i+1? hori-
zontal row of the pixels and coupled to the second common
electrode line; wherein each of the pixels includes a common
electrode coupled to the first common line or the second
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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2007-0087044, filed on
Aug. 29,2007, 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 and a driving method thereof, and, more particularly, to
a liquid crystal display and a driving method thereof for
lowering power consumption.

[0004] 2. Discussion of Related Art

[0005] Liquid crystal displays display images by control-
ling light transmittance of liquid crystals using electric fields.
Such liquid crystal displays are classified as a vertical electric
field type or a horizontal electric field type, according to the
direction of the electric field driving the liquid crystals.
[0006] In the vertical electric field type liquid crystal dis-
play, a common electrode formed on an upper substrate and a
pixel electrode formed on a lower substrate are opposite to
each other to drive liquid crystals (for example, Twisted
Nematise (TN) mode liquid crystals) using of a vertical elec-
tric field formed therebetween. Such a vertical electric field
type liquid crystal display has an advantage ofa large aperture
ratio and a disadvantage of a narrow viewing angle.

[0007] In the horizontal electric field type liquid crystal
display, liquid crystals (for example, In Plane Switch (IPS)
mode liquid crystals) are driven using of a horizontal electric
field between a pixel electrode and a common electrode par-
allel with each other on a lower substrate. Such a horizontal
electric field type liquid crystal display has an advantage of a
wide viewing angle.

[0008] Liquid crystal displays may be driven in an inver-
sion method so that flicker is reduced. For example, the liquid
crystal display is driven using of a frame inversion method, a
line inversion method, a column inversion method, a dot
inversion method, etc,

[0009] In the horizontal electric field type liquid crystal
display, a common electrode is formed in an electrode line
shape so that power consumption becomes high during inver-
sion driving. When the horizontal electric field type liquid
crystal display is driven in a line inversion method, the volt-
age supplied to the common electrode is changed per one
horizontal period (1H) so that power consumption is high.
Therefore, it is desireable to provide a horizontal electric field
type liquid crystal display with reduced power consumption.

SUMMARY OF THE INVENTION

[0010] An aspect according to an exemplary embodiment
of the present invention is to provide a liquid crystal display
and a driving method thereof with reduced power consump-
tion by dividing common electrodes for reducing or minimiz-
ing resistance.

[0011] An embodiment of the present invention provides a
liquid crystal display including: a first common electrode line
and a second common electrode line located near an edge of
apanel and at least partly surrounding a plurality of pixels on
the panel; a first common line positioned at an i” horizontal
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row of the pixels and coupled to the first common electrode
line; and a second common line positioned at an i+1? hori-
zontal row of the pixels and coupled to the second common
electrode line; wherein each of the pixels includes a common
electrode coupled to the first common line or the second
common line.

[0012] The liquid crystal display may further include a
driving circuit for supplying a first common voltage to the
first common electrode line and a second common voltage
having an opposite polarity to the first common voltage to the
second common electrode line.

[0013] The driving circuit may supply the first and second
common voltages, and the common voltages may be inversed
in polarity between two sequentially adjacent frames.
[0014] The liquid crystal display may further include: a
plurality of gate lines respectively at the i” horizontal row of
the pixels and the i+1% horizontal row of the pixels and
coupled to the pixels, and a plurality of data line extending in
a direction crossing the gate lines and coupled to the pixels.
[0015] Each of the pixels may include a thin film transistor
including a gate electrode coupled to a corresponding one of
the gate lines, a source electrode coupled to a corresponding
one of the date lines, and a drain electrode coupled to a pixel
electrode that is parallel to the common electrode.

[0016] The first common electrode line and the second
common electrode line may include a source/drain metal.
[0017] The common electrode may include a pixel elec-
trode metal located in a different layer from the source/drain
metal.

[0018] Both ends of the first common line may be coupled
to respective sides of the first common electrode line utilizing
first contact holes, and both ends of the second common line
may be coupled to respective sides of the second common
electrode line utilizing second contact holes.

[0019] Another embodiment of the present invention pro-
vides a driving method for a liquid crystal display including:
applying a first common voltage of positive polarity to a first
common electrode line located near an edge of a panel and at
least partly surrounding a plurality of pixels on the panel
driving a i frame period and transferring the first common
voltage to a first common line positioned at an i” horizontal
row of pixels; and applying a second common voltage of
negative polarity to a second common electrode line located
near the edge of the panel and at least partly surrounding the
plurality of pixels on the panel driving the i frame period and
transferring the second common voltage to a second common
electrode line positioned at an i+1” horizontal row of pixels,
wherein the polarities of the first and second common volt-
ages supplied to the first common electrode line and the
second common electrode line are inversed in two sequen-
tially adjacent frames.

[0020] Another embodiment of the present invention pro-
vides a liquid crystal panel including: a first common elec-
trode line and a second common electrode line located near a
periphery ofaliquid crystal panel and at least partly surround-
ing a plurality of pixels on the liquid crystal panel; a first
common line positioned at an i horizontal row of pixels and
coupled to the first common electrode line; a second common
line positioned at an i+1% horizontal row of pixels and
coupled to the second common electrode line, wherein each
of the pixels includes a common electrode coupled to the first
common line or the second common line; a driving circuit for
supplying a first common voltage to the first common elec-
trode line and a second common voltage having an opposite
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polarity to the first common voltage to the second common
electrode line, wherein the common voltages are inversed in
polarity between two sequentially adjacent frames; a plurality
of gate lines respectively at the i” horizontal row of pixels and
the i+1™ horizontal row of pixels and coupled to the pixels;
and a plurality of data line extending in a direction crossing
the gate lines and coupled to the pixels.

[0021] Each of the pixels may include a thin film transistor
including a gate electrode coupled to a corresponding one of
the gate lines, a source electrode coupled to a corresponding
one of the date lines, and a drain electrode coupled to a pixel
electrode that is parallel to the common electrode.

[0022] Ends of the first common line may be coupled to
respective portions of the first common electrode line utiliz-
ing first contact holes, and ends of the second common line
may be coupled to respective portions of the second common
electrode line utilizing second contact holes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] 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.

[0024] FIG.1isa plan view showing a lower substrate of a
liquid erystal display according to an embodiment of the
present invention;

[0025] FIG. 2 is a cross-sectional view showing a lower
substrate taken along lines “II-II” of FIG. 1;

[0026] FIG. 3 is a schematic plan view showing an elec-
trode line according to an embodiment of the present inven-
tion,;

[0027] FIG. 4 is a cross-sectional view showing one
example of a coupling process of the common line and the
common electrode line of FIG. 3;

[0028] FIG.5isaschematic view showing a common volt-
age supplied to the common electrode lines of FIG. 3; and
[0029] FIG. 6isa schematic view showing a panel driven in
an line inversion method using of the common voltage of FIG.
5.

DETAILED DESCRIPTION

[0030] In the following detailed description, only certain
exemplary embodiments of the present invention have been
shown and described, simply by way of illustration. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention. Accord-
ingly, the drawings and description are to be regarded as
illustrative in nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

[0031] FIG.1isa plan view showing a lower substrate of a
liquid crystal display according to an embodiment of the
present invention, and FIG. 2 is a cross-sectional view show-
ing a lower substrate taken along the lines “II-II” of FIG. 1.
[0032] Referring to FIGS. 1 and 2, the liquid crystal display
includes: a gate line 2 and a data line 4 that cross each other on
a lower substrate 1; a thin film transistor 30 located at each
location where the gate line 2 and the data line 4 cross; a pixel
electrode 22 and a common electrode 24 that make a horizon-
tal electric field on a pixel region where the gate line 2 and the
data line 4 cross; and a common line 26 coupled to the com-
mon electrode 24.
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[0033] The gate line 2 supplies a scan signal to a gate
electrode 6 of the thin film transistor 30. The data line 4
supplies a data signal to the pixel electrode 22 through a drain
electrode 10 of'the thin film transistor 30. The gate line 2 and
the data line 4 cross to define a pixel region. The common line
26 is formed to be parallel to the gate line 2, having the pixel
region therebetween, and supplies a common voltage for
driving liquid crystals to the common electrode 24. The com-
mon line 26 is supplied with the common voltage whose
voltage is changed in a frame unit from a first common elec-
trode line and a second common electrode line. The detailed
explanation thereof will be provided later.

[0034] Thethin film transistor 30 charges and maintains the
data signal of the data line 4 in the pixel electrode 22 in
response to the scan signal of the gate line 2. TTo achieve this,
the thin film transistor 30 includes the gate electrode 6
coupled to the gate line 2, a source electrode 8 coupled to the
data line 4, and the drain electrode 10 coupled to the pixel
electrode 22. Also, the thin film transistor 30 further includes:
an active layer 14 forming a channel between the source
electrode 8 and the drain electrode 10, overlapping with the
gate electrode 6 having a gate insulating layer 12 therebe-
tween; and an ohmic contact layer 16 for making the active
layer 14 to have ohmic-contact with the source electrode 8
and the drain electrode 10.

[0035] The pixel electrode 22 is formed, on the pixel
region, to be coupled to the drain electrode 10 of the thin film
transistor 30 through a contact hole 20 that penetrates through
a protection layer 18.

[0036] Thecommon electrode 24 is coupled to the common
line 26 in the pixel region. The common electrode 24 is
formed to be parallel to the pixel electrode 22 in the pixel
region. Accordingly, a horizontal electric field is formed
between the pixel electrode 22 supplied with the data signal
through the thin film transistor 30 and the common electrode
24 supplied with the common voltage through the common
line 26. The liquid crystal molecules arranged in a horizontal
direction between a lower substrate 1 and an upper substrate
rotate utilizing dielectric anisotropy. The light transmittance
of the pixel region is changed according to rotation degree of
the liquid crystal molecules, thereby displaying images.

[0037] The structure of the lower substrate 1, as shown in
FIG. 2, shows one example of a horizontal electric field type
liquid crystal display, but the present invention is not limited
thereto. In fact, the present invention can be applied to cur-
rently well-known various types of horizontal electric field
type liquid crystal displays.

[0038] FIG. 3 is a schematic plan view showing an elec-
trode line structure according to an embodiment of the
present invention. FIG. 3 shows that a data line 4, a gate line
2, and a common line 26 are coupled to one driving circuit
102, however, the present invention is not limited thereto.
When a liquid crystal display 1s utilized in a small-sized
display such as a cellular phone, the data line 4, the gate line
2, and the common line 26 may be coupled to one driving
circuit 102, as shown in FIG. 3. However, when the liquid
crystal display is utilized in a large-sized display, such as
television, etc., the data line 4, the gate line 2, and the com-
mon line 26 may be coupled to multiple different drivers.
[0039] Referring to FIGS. 2 and 3, when a gate electrode 6
is formed, the gate lines 2 are formed of gate metal concur-
rently with the gate electrode 6. Such gate lines 2 are sequen-
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tially supplied with scan signals from the driving circuit 102
to select pixels in a horizontal line (or horizontal row of
pixels).

[0040] When a source electrode 8 and a drain electrode 10
are formed, the data lines 4 are formed of source/drain metal
concurrently with the source electrode 8 and the drain elec-
trode 10. The data lines 4 are supplied with the data signals
from the driving circuit 102 in synchronization with the scan
signals. Then, the data signals are supplied to the selected
pixels using of the scan signals.

[0041] A first common electrode line 104 and a second
common electrode line 106 are formed of the source/drain
metal concurrently with the source electrode 8 and the drain
electrode 10. The first common electrode line 104 and the
second common electrode line 106 are formed to surround the
pixels atornear an edge (or periphery) ofa panel 100 from the
both sides of the driving circuit 102. As can be seen in FIG. 3,
in one exemplary embodiment, the display region having
pixels is surrounded by each of the first and second common
electrodes at the top, left, and right edges of the panel 100.

[0042] The common line 26 (first common line) positioned
atani” (iis an odd number or an even number) horizontal line
(or horizontal row of pixels) is electrically coupled to the first
common electrode line 104. The common line 26 positioned
at the i horizontal line (or horizontal row of pixels) is elec-
trically coupled to both sides of the first common electrode
line 104. As described above, the both sides of the first com-
mon electrode line 104 formed to surround the edge of the
panel 100 are coupled to the common line 26 positioned at the
i horizontal line (or horizontal row of pixels), making it
possible to reduce or minimize the resistance of the common
line 26.

[0043] The common line 26' (second common line) posi-
tioned at an i+1” horizontal line (or horizontal row of pixels)
is electrically coupled to the second common electrode line
106. In fact, the common line 26' positioned at the i+1”
horizontal line (or horizontal row of pixels) is electrically
coupled to both sides of the second common electrode line
106. As described above, both sides of the second common
electrode line 106 formed to surround the edge of the panel
100 are coupled to the common line 26' positioned at the i+17
horizontal line (or horizontal row of pixels), making it pos-
sible to minimize the resistance of the common line 26'.

[0044] The first common electrode line 104 and the second
common electrode line 106 are formed of a source/drain
metal, and the common lines 26, 26' are formed of a pixel
electrode metal forming a pixel electrode 22. Therefore, as
shown in FIG. 4, the common lines 26, 26' are electrically
coupled to the first common electrode line 104 and the second
common electrode line 106, respectively, utilizing respective
contact holes 200 positioned on both ends of the first common
electrode line 104 and the second common electrode line 106.

[0045] FIG.S5isaschematic view showing a common volt-
age supplied to first and second common electrode lines.

[0046] Referring to FIG. 5, the polarity of the common
voltage supplied to the first and second common electrode
lines is supplied such that its polarity is inversed in a frame
unit, and the voltages of the first and second common elec-
trodes have different polarities. For example, the first com-
mon electrode line can be supplied with positive polarity
voltage for a i (j a is a natural number) frame period and can
be supplied with negative polarity voltage for a j+1% frame
period. Concurrently, the second common electrode line is
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supplied with negative polarity voltage for thej™ frame period
and is supplied with positive polarity voltage for the j+1%
frame period.

[0047] In other words, in the described embodiment of the
present invention the voltage supplied to the first and second
common electrode lines is inversed in a frame inversion
method. Here, the first common electrode line is coupled to a
common line 26 positioned at an i horizontal line (or hori-
zontal row of pixels), and the second common electrode line
is coupled to a common line 26' positioned at an i+1” hori-
zontal line (or horizontal row of pixels) so that the polarity is
inversed between two sequential horizontal lines (or horizon-
tal rows of pixels).

[0048] In other words, when the common voltages that are
inversed in sequentially adjacent frames are supplied to the
first and second common electrode lines, the voltage is
applied to a panel in a shape where its polarity is inversed
between sequentially adjacent horizontal lines (or horizontal
rows of pixels), i.e., a line inversion method, as shown in FIG.
6. That is to say, the described embodiment of the present
invention can drive a liquid crystal display in a line inversion
method, while supplying the common voltage in a frame
inversion method. Therefore, the present invention can
reduce or minimize power consumption.

[0049] In an exemplary embodiment of the present inven-
tion, a horizontal electric field type liquid crystal is injected
between a lower substrate 1 and an upper substrate. Here, the
common electrode is arranged in a line shape. For example,
an In Plane Switch (IPS) mode liquid crystal or a Fringe Field
Switching (FFS) mode liquid crystal may be injected between
the lower substrate 1 and the upper substrate.

[0050] As described above, with the liquid crystal display
and the driving method thereof according to an embodiment
of the present invention, the first common electrode line and
the second common electrode line surround the panel at (or
near) the edge (or periphery) of the panel and are coupled to
the common line, making it possible to reduce or minimize
resistance. Also, with described embodiment of the present
invention, the common line positioned at the i” horizontal
line (or horizontal row of pixels) is coupled to the first com-
mon electrode line and the common line positioned at the
i+1? horizontal line (or horizontal row of pixels) is coupled to
the second common electrode line. Therefore, the voltages
having polarity opposite to each other are supplied to the first
commor electrode line and the second common electrode line
and are inversed between sequentially adjacent frames, mak-
ing it possible to drive the liquid crystal display in a line
inversion method. Therefore, power consumption may also
be lowered.

[0051] 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 comprising:

a first common electrode line and a second common elec-
trode line located near an edge of a panel and at least
partly surrounding a plurality of pixels on the panel;

afirst common line positioned at an i” horizontal row of the
pixels and coupled to the first common electrode line;
and



US 2009/0058785 Al

asecond common line positioned at an i+1” horizontal row
of the pixels and coupled to the second common elec-
trode line; wherein

each of the pixels comprises a common electrode coupled

to the first common line or the second common line.

2. The liquid crystal display as claimed in claim 1, further
comprising a driving circuit for supplying a first common
voltage to the first common electrode line and a second com-
mon voltage having an opposite polarity to the first common
voltage to the second common electrode line.

3. The liquid crystal display as claimed in claim 2, wherein
the driving circuit supplies the first and second common
voltages, and wherein the common voltages are inversed in
polarity between two sequentially adjacent frames.

4. The liquid crystal display as claimed in claim 1, further
comptrising:

aplurality of gate lines respectively at the i” horizontal row

of the pixels and the i+1” horizontal row of the pixels
and coupled to the pixels, and

aplurality of data line extending in a direction crossing the

gate lines and coupled to the pixels.

5. The liquid crystal display as claimed in claim 4, wherein
each of the pixels comprises a thin film transistor comprising
a gate electrode coupled to a corresponding one of the gate
lines, a source electrode coupled to a corresponding one of the
date lines, and a drain electrode coupled to a pixel electrode
that is parallel to the common electrode.

6. The liquid crystal display as claimed in claim 5, wherein
the first common electrode line and the second common elec-
trode line comprise a source/drain metal.

7. The liquid crystal display as claimed in claim 6, wherein
the common electrode comprises a pixel electrode metal
located in a different layer from the source/drain metal.

8. The liquid crystal display as claimed in claim 1, wherein
both ends of the first common line are coupled to respective
sides of the first common electrode line utilizing first contact
holes, and both ends of the second common line are coupled
to respective sides of the second common electrode line uti-
lizing second contact holes.

9. A driving method for aliquid crystal display comprising:

applying a first common voltage of positive polarity to a

first common electrode line located near an edge of a
panel and at least partly surrounding a plurality of pixels
on the panel driving a j frame period and transferring
the first common voltage to a first common line posi-
tioned at an i horizontal row of pixels; and

applying a second common voltage of negative polarity to

asecond common electrode line located near the edge of
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the panel and at least partly surrounding the plurality of
pixels on the panel driving the j* frame period and
transferring the second common voltage to a second
common electrode line positioned at an i+1% horizontal
row of pixels,

wherein the polarities of the first and second common
voltages supplied to the first common electrode line and
the second common electrode line are inversed in two
sequentially adjacent frames.

10. A liquid crystal panel comprising;

a first common electrode line and a second common elec-
trode line located near a periphery of a liquid crystal
panel and at least partly surrounding a plurality of pixels
on the liquid crystal panel;

a first common line positioned at an i horizontal row of
pixels and coupled to the first common electrode line;

a second common line positioned at an i+1% horizontal row
of pixels and coupled to the second common electrode
line, wherein each of the pixels comprises a common
electrode coupled to the first common line or the second
common line;

adriving circuit for supplying a first common voltage to the
first common electrode line and a second common volt-
age having an opposite polarity to the first common
voltage to the second common electrode line, wherein
the common voltages are inversed in polarity between
two sequentially adjacent frames;

aplurality of gate lines respectively at the i* horizontal row
of pixels and the i+1” horizontal row of pixels and
coupled to the pixels; and

a plurality of data line extending in a direction crossing the
gate lines and coupled to the pixels.

11. The liquid crystal panel as claimed in claim 10, wherein
each of the pixels comprises a thin film transistor comprising
a gate electrode coupled to a corresponding one of the gate
lines, a source electrode coupled to a corresponding one of the
date lines, and a drain electrode coupled to a pixel electrode
that is parallel to the common electrode.

12. The liquid crystal panel as claimed in claim 10, wherein
ends of the first common line are coupled to respective por-
tions of the first common electrode line utilizing first contact
holes, and ends of the second common line are coupled to
respective portions of the second common electrode line at
both ends of the second common line utilizing second contact
holes.
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